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OF THE STATE OF HAWAII
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D. KAPUA’ALA SPROAT, ESQ. DR. LAWRENCE H. MIIKE

ISAAC H. MORIWAXE, ESQ. HEARING OFFICER

Earthjustice State of Hawaii, DLNR

850 Richards Street, Suite 400 Commission on Water Resource Management

Honolulu, HI 96813 P.O. Box 621

ATTORNEYS FOR PETITIONERS Honolulu, HI 96809

HUT 0 NA WAT EHA AND MAUI
TOMORROW FOUNDATION, INC.

ImanageDB:980861 .1



PATRICK WONG, ESQ.
Department of the Corporation Counsel
County of Maui
200 South High Street
Wailuku, Hawaii 96793

ATTORNEY FOR COUI’1TY OF MAUI
DEPARTMENT OF WATER SUPPLY

PAUL R. MANCINI, ESQ.
Mancini Welch & Geiger, LLP
Kahului Building
33 Lono Avenue, Suite 470
Kahului, HI 96732
ATTORNEY FOR WAILUKU WATER
COMPANY, LLC

PAMELA W. BUNN, ESQ.
UNDSEY KASPEROWICZ, ESQ.
Paul Johnson Park & Niles
ASB Tower, Suite 1300
1001 Bishop Street
Honolulu, HI 96813
ATTORNEYS FOR OFFICE OF HAWAIIAN
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GILBERT S.C. KEITH-AGARAN, ESQ.
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24 N. Church Street, Suite 409
Wailuku, HI 96793
ATTORNEYS FOR WAILUKU WATER
CO., LLC

DATED: Honolulu, Hawaii, January 7, 2014.
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ELIJAH YIP
Attorneys for HAWAIIAN COMMERCIAL
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ALEXANDER & BALDWIN, INC.

FORM 10-K

Annual Report for the Fiscal Year
Ended December 31, 2007

PART I

ITEMS I & 2. BUSINESS AND PROPERTIES

Alexander & Baldwin, Inc. (“A&B”) is a multi-industry corporation with its primary operations centered in Hawaii. It was founded in 1870 and
incorporated in 1900. Ocean transportation operations, related shoreside operations in Hawaii, and intermodal. truck brokerage and logistics services are
conducted by a wholly-owned subsidiary, Matson Navigation Company, Inc. (“Matson”), and two Matson subsidiaries. Property development and
agribusiness operations are conducted by A&B and certain other subsidiaries of A&B.

The business industries of A&B are generally as follows:

A. Transportation - canying freight, primarily between various U.S. Pacific Coast, Hawaii, Guam, other Pacific island, and China ports;
chartering vessels to third parties; arranging domestic and international rail intermodal service, long-haul and regional highway brokerage,
specialized hauling, flat-bed and project work, less-than-truckload, expeditedlair freight services, and warehousing and distribution
services; and providing terminal, stevedoring and container equipment maintenance services in Hawaii.

B. Real Estate - engaging in real estate development and ownership activities, including planning, zoning, financing, constructing,

purchasing, managing and leasing, selling and exchanging, and investing in real property.

C. Agribusiness - growing sugar cane and coffee in Hawaii; producing bulk raw sugar, specialty food-grade sugars, molasses and green

coffee; marketing and distributing roasted coffee and green coffee; providing sugar, petroleum and molasses hauling. general trucking

services, mobile equipment maintenance and repair services, and self-service storage in Hawaii; and generating and selling, to the extent not

used in A&B’s operations, electricity.

For information about the revenue, operating profits and identifiable assets of A&B’s industry segments for the three years ended December 31,

2007, see Note 13 (“Industry Segments”) to A&B’s financial statements in Item 8 of Part II below.

DESCRIPTION OF BUSINESS AND PROPERTIES

A. Transportation

(1) Freight Services

Matson’s flawaii Service offers containership freight services between the ports of Long Beach, Oakland, Seattle, and the major ports in Hawaii on
the islands of Oahu, Kauai, Maui and Hawaii. Roll-on/roll-off service is provided between California and the major ports in Hawaii.

Matson is the principal carrier of ocean cargo between the U.S. Pacific Coast and I-Iawaii. Principal westbound cargoes carried by Matson to Hawaii

include dry containers of mixed commodities, refrigerated commodities, building materials, automobiles and packaged foods. Principal eastbound cargoes

carried by Matson



(ii) Centre Pointe Mai*etplace. In April 2005, A&B entered into a joint venture with lntertex Centre Poinie Marketplace, LLC for the

development of a 105,700-square-foot retail center on a 13.0-acre parcel in Valencia, California. Vertical construction commenced in 2007, and the sale of

several pad site buildings closed in 2007 and the remainder of the Center 15 expected to be sold in 2008.

(iii) Bridgeport Marketplace. In July 2005, A&B entered into a joint venture with Intertex Bridgeport Marketplace. LLC for the development of

a 27.8-acre parcel in Valencia, California. The parcel was subdivided into a 5-acre parcel for a public park, a 7.3-acre parcel sold to a church in 2007, and a

15.5-acre parcel for the development of a 131,000-square-foot retail center. Vertical construction of the center commenced in the first quarter of 2007 and the

center is expected to open in late-2008.

(iv) Bakersfield - Panama Grove. In November 2006, A&B entered into a joint venture with Intertex P&G Retail, LLC, for the development

of a 550,000-square-foot retail center on a 57.3-acre commercial parcel in Bakersfield, California. The parcel was acquired in November 2006. Planning,

permitting and pre-leasing activities are ongoing.

(v) Palmda/e Trade & Commerce Center. In December 2007, A&B entered into a joint venture with Intertex Palmdale Trade & Commerce

Center LLC, for the development of a 315,000-square-foot mixed-use commercial office and light industrial condominium complex on 18.2 acres in Palmdale,

California, located 60 miles northeast of Los Angeles and 25 miles northeast of Valencia. Planning and development work are ongoing.

(vi) Savannah Logistics Park. In October 2007, A&B entered into an agreement to purchase a 1.0 million-square-foot industrial facility

consisting of two warehouse buildings located on 63 acres in Savannah, Georgia, approximately 12 miles from the Port of Savannah, the second largest U.S.

container port on the east coast. A&B closed the acquisition of both buildings in February 2008. The property will be treated as a development property until

the completion of tenant improvements by A&B and the delivery of the space to one or more tenants.

C. Agribusiness

(1) Production

A&B has been engaged in the production of cane sugar in Hawaii since 1870, and the production of coffee in Hawaii since 1987. A&B’s current

agribusiness and related operations consist of: (I) a sugar plantation on the island of Maui, operated by its Hawaiian Commercial & Sugar Company
(“HC&S”) division, (2) a coffee farm on the island of Kauai, operated by its Kauai Coffee Company, Inc. (“Kauai Coffee”) subsidiary, and (3) its Kahului
Trucking & Storage, Inc. (“KT&S”) and Kauai Commercial Company, Incorporated (“KCC”) subsidiaries, which provide all types of trucking services,
including sugar and molasses hauling on Maui and Kauai, mobile equipment maintenance and repair services on Maui, Kauai, and the Big Island, and self-
service storage facilities on Maui and Kauai.

HC&S is Hawaii’s largest producer of raw sugar, producing approximately 164,500 tons of raw sugar in 2007, or about 80 percent of the raw sugar

produced in Hawaii for the year (compared with 173,600 tons, or about 81 percent, in 2006). The decrease in production was due to a number of reasons,
including adverse weather conditions, the age of the crop, and various farming practices. HC&S harvested 16,895 acres of sugar cane in 2007 (compared
with 16,950 in 2006). Yields averaged 9.7 tons of sugar per acre in 2007 (compared with 10.2 in 2006). As a by-product of sugar production, HC&S also
produced approximately 51,700 tons of molasses in 2007 (compared with 55,900 in 2006).

In 2007, approximately 21,200 tons of sugar (compared with 15,500 tons in 2006) were processed by HC&S into specialty food-grade sugars that

were sold under HC&S’s Maui Brand® trademark or repackaged by distributors under their own labels. A multi-phase expansion of the production facilities

for these sugars commenced in 2006 and will be complete in early 2008.

During 2007. Kauai Coffee had approximately 3,000 acres of coffee trees under cultivation. The 2007 harvest yielded approximately 2.5 million

pounds of green coffee, compared with 2.7 million pounds in 2006. The
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mix of green coffee resulted in a slightly higher percentage of specialty and commodity green beans and a lower percentage of mid-grade green beans than in

2006.

HC&S and McBryde Sugar Company, Limited (“McBryde”), a subsidiary of A&B and the parent company of Kauai Coffee, produce electricity

for internal use and for sale to the local electric utility companies. HC&S’s power is produced by buming bagasse (the residual fiber of the sugar cane plant),

by hydroelectric power generation and, when necessary, by burning fossil fuels, whereas McBryde produces power solely by hydroelectric generation. The

price for the power sold by HC&S and McBryde is equal to the utility companies’ “avoided cost” of not producing such power themselves. In addition,

l-IC&S receives a capacity payment to provide a guaranteed power generation capacity to the local utility. See “Energy” below for power production and sales

data.

(2) Marketing of Sugar and Coffee

Approximately 87 percent of the bulk raw sugar produced by HC&S in 2007 was purchased, refined and marketed by C&H Sugar Company, Inc.
(“C&H”), in which A&B divested its equity position in 2005. C&H processes the raw cane sugar at its refinery at Crockett, California, and markets the

refined products primarily in the western and central United States.

The remaining 13 percent of the raw sugar is used by HC&S to produce specialty food-grade sugars, which are sold by HC&S to food and beverage

producers and to retail stores under its Maui Brand® label, and to distributors that repackage the sugars under their own labels. HC&S’s largest food-grade
sugar customers are Cumberland Packing Corp. and Sugar Foods Corporation, which repackage HC&S’s turbinado sugar for their “Sugar in the Raw”
products.

Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a cooperative consisting of two sugar cane growers in Hawaii (including HC&S), has
a supply contract with C&H, ending in December 2008. Pursuant to the supply contract, the growers sell their raw sugar to C&H at a price equal to the New
York No. 14 Contract settlement price, less a discount and less costs of sugar vessel discharge and stevedoring. This price, after deducting the marketing,
operating, distribution, transportation and interest costs of HS&TC, reflects the gross revenue to the I-Iawaii sugar growers, including HC&S.
Notwithstanding the supply contract, HC&S ananged directly with C&H for the forward pricing of a portion of its 2007 harvest, as described in Item 7A
(“Quantitative and Qualitative Disclosures About Market Risk”) of Part II below.

At Kauai Coffee, coffee marketing efforts are directed toward developing a market for premium-priced, estate-grown Kauai green bean (unroasted)
coffee. Most of the coffee crop is being marketed on the U.S. mainland as green bean coffee. In addition to the sale of green bean coffee, Kauai Coffee produces

and sells roasted, packaged coffee under the Kauai Coffee® trademark. Kauai Coffee’s customers include specialty and commodity brokers, hotels, and large

regional roasters.

(3) Sugar Competition and Legislation

Hawaii sugar growers produce more sugar per acre than most other major producing areas of the world, but that advantage is offset by Hawaii’s high

labor costs and the distance to the U.S. mainland market. Hawaiian refined sugar is marketed primarily west of Chicago. This is also the largest beet sugar
growing and processing area and, as a result, the only market area in the United States that produces more sugar than it consumes. Sugar from sugar beets is
the greatest source of competition in the refined sugar market for the Hawaiian sugar industiy.

The U.S. Congress historically has sought, through legislation, to assure a reliable domestic supply of sugar at stable and reasonable prices. The

current protective legislation is the Farm Security and Rural Investment Act of 2002 (“2002 Farm Bill”). The two main elements of U.S. sugar policy are the

tariff-rate quota (“TRQ”) import system and the price support loan program. The TRQ system limits imports by allowing only a quota amount to enter the

U.S. after payment of a relatively low tariff. A higher, over-quota tariff is imposed for imported quantities above the quota amount.
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The 2002 Farm Bill reauthorized the sugar price support loan program, which supports the U.S. price of sugar by providing for commodity-sccurcd
loans to producers. A loan rate (support price) oft 8 cents per pound for raw cane sugar is in effect for the 2003 through 2007 crops. The supply agreement
between HS&TC and C&H provides for a floor minimum price that is based on the loan rate. The 2002 Farm Bill expires on Scptcmbcr 30, 2008, and
Congress is currently in deliberations on a new Farm Bill.

In 2005, the U.S. approved a trade pact with Central America and the Dominican Republic, known as the Central America-Dominican Republic-
United States Free Trade Agreement (“CAFTA-DR”). In 2006, the first year of the agreement, additional sugar market access for participating countries
amounted to about 1.2 percent of current U.S. sugar consumption (107,000 metric tons), which will grow to about 1.7 percent (151,000 metric tons) in its
fifteenth year.

Implementation of the North American Free Trade Agreement (NAFTA) began in 1994. This agreement removed most barriers to trade and
investment among the U.S., Canada and Mexico. Under NAFTA, all non-tariff barriers to agricultural trade between the U.S. and Mexico were eliminated. In

addition, many tariffs were eliminated immediately, while others were phased out over periods of 5 to 15 years with full elimination beginning January 1,
2008. In 2008, Mexico can ship an unlimited quantity of sugar duty-free to the U.S. each year, even though the U.S. sugar market is already oversupplied.

U.S. domestic raw sugar prices remain suppressed. A chronological chart of the average U.S. domestic raw sugar prices, based on the average daily
New York No. 14 Contract settlement price for domestic raw sugar, is shown below (not adjusted for inflation):

U.S. R5wSur Prc5
. (ewYor1c o. 14 Cont.rict)

!,

.,.s..

Liberalized intemational trade agreements, such as the General Agreement on Tariffs and Trade, or GATT, include provisions relating to agriculture
that can affect the U.S. sugar or sweetener industries materially. Negotiations under the U.S-Central America Free Trade Agreement, or CAFTA, as well as
other trade discussions, have resulted in lower U.S. sugar prices.

(4) Coffee Competition and Prices

Kauai Coffee competes with coffee growers located worldwide, including in Hawaii. Coffee conmiodity prices have recovered from near record lows

and, in late 2007, rebounded to their highest levels in ten years. The market for specialty coffee in the United States is very competitive. Because of its quality

and branding, Kauai Coffee has been successful at selling most of its coffee at a premium, above commodity market prices. Kauai Coffee has long-term,

repeat customers that account for the bulk of its sales, though there is strong competition and the contracts are subject to renegotiation each year.

Approximately one-fifth of Kauai Coffee’s production is off-grade coffees, which are loosely tied to world commodity market prices. Kauai Coffee

engages in short-term contracts with established customers to ensure that it receives the best price possible for these coffees. These prices are subject to price

adjustments on an annual basis.

Kauai Coffee’s green bean coffee production volume and unit costs vary each year depending upon growing and hat-vesting conditions. The unit cost

per pound impacts the cost of goods for Kauai Coffee’s wholesale roasted and retail programs.
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(5) Properties and Water

The HC&S sugar plantation, the largest in Hawaii, consists of approximately 43,300 acres, including a small portion of leased lands. Approximately

34,600 acres are under cultivation, and the balance is leased to third parties, is not suitable for cane cultivation, or is used for plantation purposes such as

roads, reservoirs, ditches and plant sites.

On Kauai, approximately 3,000 acres are cultivated by Kauai Coffee.

The Hawaii Legislature, in 2005, passed Important Agricultural Lands (“IAL”) legislation to protect agricultural lands, promote diversified

agriculture, increase the State’s agricultural self-sufficiency, and assure the availability of agriculturally suitable lands. The Legislature is currently

considering a package of incentives whose passage is necessary to trigger the IAL system of land designation. A&B continues to work with the Legislature, as

well as other farmers and landowners, to ensure a satisfactory package of agricultural incentives is provided for IAL.

It is crucial for HC&S and Kauai Coffee to have access to reliable sources of water supply and efficient irrigation systems. A&B’s plantations

conserve Water by using a “drip” irrigation system that distributes water to the roots through small holes in plastic tubes. All but a small area of the cultivated

cane land farmed by HC&S is drip irrigated. All of Kauai Coffee’s fields are drip irrigated.

A&B owns 16,000 acres of watershed lands in East Maui, which supply a portion of the irrigation water used by HC&S. A&B also held four water

licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the years has supplied approximately two-thirds of the irrigation water

used by HC&S. The last of these water license agreements expired in 1 986, and all four agreements were then extended as revocable permits that were renewed

annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits with a long-term

water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has renewed the existing

permits on a holdover basis. A&B also holds rights to an irrigation system in West Maui, which provides approximately one-tenth of the irrigation water used

by HC&S. For information regarding legal proceedings involving A&B’s irrigation systems, see “Legal Proceedings” below.

D. Employees and Labor Relations

As of December31, 2007, A&B and its subsidiaries had approximately 2,255 regular full-time employees. About 965 regular full-time employees

were engaged in the agribusiness segment, 1,130 were engaged in the transportation segment, 65 were engaged in the real estate segment, and the remaining

were in administration. Approximately 49 percent were covered by collective bargaining agreements with unions.

At December31, 2007. the active Matson fleet employed seagoing personnel in 275 billets. Each billet corresponds to a position on a ship that

typically is filled by two or more employees because seagoing personnel rotate between active sea duty and time ashore. Approximately 22 percent of Matson’s

regular full-time employees and all of the seagoing employees were covered by collective bargaining agreements.

Historically, collective bargaining with longshore and seagoing unions has been complex and difficult. However, Matson and Matson Terminals

consider their relations with those unions, other unions and their non-union employees generally to be satisfactory.

Matson’s seagoing employees are represented by six unions. three representing unlicensed crew members and three representing licensed crew

members. Matson negotiates directly with these unions. Matson’s agreements with the Seafarer’s International Union and shore-based units of the Sailors

Union of the Pacific (“SUP”) and the Marine Firemen’s Union (“MFU”) were renewed in mid-2005 through June 2008 without service interruption. In

addition, the contracts that Matson has with the shipboard-based units of the SUP and MFU expire on July 1, 2008 for Matson’s ships built prior to 2003.

Negotiations on the seagoing contracts have customarily commenced in May.
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SSAT. the previously-described joint venture of Matson and SSA, provides stevedoring and terminal services for Matson vessels calling at U.S.

Pacific Coast ports. Matson, SSA and SSAT are members of the Pacific Maritime Association (“PMA”) which, on behalf of its members, negotiates collective

bargaining agreements with the ILWU on the U.S. Pacific Coast. The current six-year PMA/ILWIJ Master Contract, which covers all Pacific Coast longshore

labor, will expire on July 1, 2008. Matson Terminals provides stevedoring and terminal services to Matson vessels calling at Honolulu and on the islands of

Hawaii, Maui and Kauai, and for customer vessels on the island of Hawaii. Matson Terminals is a member of the Hawaii Stevedore Industry Committee

(“SIC”), which negotiates with the ILWU in l-lawaii on behalf of its members. The ILWU contract in Hawaii expires on June 30, 2008. Negotiations on both of

these agreements arc expected to begin in spring of 2008.

During 2007, Matson renewed its collective bargaining agreement with TLWU clerical workers at Long Beach through June 2010 without service

interruption.

During 2007, Matson contributed to rnultiemployer pension plans for vessel crews. If Matson were to withdraw from or significantly reduce its

obligation to contribute to one of the plans, Matson would review and evaluate data, actuarial assumptions, calculations and other factors used in determining

its withdrawal liability, if any. In the event that any third parties materially disagree with Matson’s determination, Matson would pursue the various means

available to it under federal law for the adjustment or removal of its withdrawal liability. Matson Terminals participates ins multiemployer pension plan for its

Hawaii ILWU non-clerical employees. For a discussion of withdrawal liabilities under the Hawaii longshore and seagoing plans, see Note 9 (“Employee

Benefit Plans”) to A&B’s financial statements in Item 8 of Part IT below.

Bargaining unit employees of HC&S are covered by two collective bargaining agreements with the ILWU. The agreements with the HC&S

production unit employees and clerical bargaining unit employees covering approximately 640 workers, expired on January 31, 2008, and are bcing

renegotiated. The bargaining unit employees at KT&S also al-c covered by two collective bargaining agreements with the ILWU. The agreement with the bulk

sugar employees will expire June 30, 2008 and is being renegotiated, while the agreement with all other employees was renegotiated in 2006 and will expire

March 31, 2009. There are two collective bargaining agreements with KCC employees represented by the ILWU. The agreements covering the production unit,

as well as clerical employees, expired on April 30, 2007. and are being renegotiated. A tentative agreement was reached with the KCC production unit in

February 2008. The clerical unit negotiations will start in February 2008. The collective bargaining agreement with the ILWU for the production unit employees

of Kauai Coffee was renegotiated and will expire on January 31, 2010.

E. Energy

Matson and Matson Terminals purchase residual fuel oil, lubricants, gasoline and diesel fuel for their operations. Residual fuel oil is by far

Matson’s largest energy-related expense. In 2007, Matson vessels used approximately 2.3 million bands of residual fuel oil (compared with 2.2 million barrels

in 2006).

Residual fuel oil p1-ices paid by Matson in 2007 started at $41.51 per barrel and ended the year at $80.10. The low for the year was $41.51 per

barrel in January and the high was 587.44 in December. Sufficient fuel fur Matson’s requirements is expected to be available in 2008.

As has been the practice with sugar plantations throughout Hawaii, HC&S uses bagasse, the residual fiber of the sugar cane plant, as a fuel to

generate steam for the production of most of the electrical power for sugar milling and irrigation pumping operations. In addition to bagasse, HC&S uses coal,

diesel, fuel oil, and recycled motor oil to generate power during factory shutdown periods when bagasse is not being produced. HC&S also generates a limited

amount of hydroelectric power. To the extent it is not used in A&B’s factory operations, HC&S sells electricity. In 2007, HC&S produced and sold,

respectively, approximately 218,000 MWH and 94,000 MWH of electric power (compared with 208,000 MWH produced and 98,000 MWH sold in 2006).

The decrease in power sold was due to drought conditions, which hindered hydro power produced and increased the use of power for irrigation pumping.

HC&S increased its use of oil from 28,500 barrels in 2006 to 31,100 barrels in 2007, most of which was low-cost, recycled motor oil. Coal used for power

generation was 68,100 short tons, about 8,400 tons more than that used in 2006.
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In 2007, McBryde produced approximately 31,800 MWH of hydroelectric power (compared with approximately 35,100 MWH in 2006). The decline

was due to an extended drought. To the extent it is not used in A&B’s coffee operations, McBryde sells electricity to Kauai Island Utility Cooperative. Power

sales in 2007 amounted to approximately 21,200 MWH (compared with 27,100 MWH in 2006).

F. Available Information

A&B files reports with the Securities and Exchange Commission (the “SEC”). The reports and other information filed include: annual reports on
Form 10-K, quarterly reports on Form 10-Q, current reports on Form 8-K and other reports and information filed under the Securities Exchange Act of 1934
(the “Exchange Act”).

The public may read and copy any materials A&B files with the SEC at the SEC’s Public Reference Room at 100 F Street, NE, Washington, DC
20549. The public may obtain information on the operation of the Public Reference Room by calling the SEC at l-800-SEC-0330. The SEC maintains an
Internet website that contains reports, proxy and information statements, and other information regarding A&B and other issuers that file electronically with
the SEC. The address of that website is www.sec.gov.

A&B makes available, free of charge on or through its Internet website, A&B ‘s annual reports on Form 10-K, quarterly reports on Form l0-Q,

current reports on Form 8-K and amendments to those reports filed or furnished pursuant to Section 13(a) or 15(d) of the Exchange Act as soon as reasonably

practicable after it electronically files such material with, or furnishes it to, the SEC. The address of A&B’s Internet website is www.alcxanderbaldwin.com.

ITEM IA. RISK FACTORS

The business of A&B and its subsidiaries (collectively, the “Company”) faces numerous risks, including those set forth below or those described

elsewhere in this Form 10-K or in the Company’s filings with the SEC. The risks described below are not the only risks that the Company faces, nor are they
necessarily listed in order of significance. Other risks and uncertainties may also impair its business operations. Any of these risks may have a material
adverse effect on thc Company’s business, financial condition, results of operations and cash flows. All forward-looking statements made by the Company or

on the Company’s behalf are qualified by the risks described below.

GENERAL

An economic decline or decrease in market demand for the Company’s services and products in Hawaii, the U.S. mainland, Guam or Asia may

adversely affect the Company’s operating results and financial condition.

A weakening of the economic drivers in Hawaii, which include tourism, military spending, construction starts, personal income growth, and

employment, or a decrease in market demand may adversely impact the level of freight volumes and real estate activity in Hawaii. A decline in the overall

economy or market demand in the U.S. mainland may reduce the demand for goods from Hawaii and Asia, travel to Hawaii and domestic transportation of

goods, adversely affecting inland and ocean transportation volumes and/or rates, the sale of Hawaii real estate to Mainland buyers, and the Hawaii real estate

markets generally. A change in the cost of goods or currency exchange rates may decrease the freight volume and/or rates from Asia to the United States.
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The Company may face new or increased competition.

The Company’s transportation segment may face new competition by established or start-up shipping operators that enter the Company’s markets.
The entry of a new competitor or the addition of ships or capacity by existing competition on any of the Company’s routes could result in a significant increase

in available shipping capacity that could have an adverse effect on the Company’s business. See also discussion under “Business and Properties -

Transportation - Competition” above.

For the Company’s real estate segment, there are numerous other developers, managers and owners of commercial and residential real estate and

undeveloped land that compete or may compete with the Company for management and leasing revenues, land for development, properties for acquisition and

disposition, and for tenants and purchasers for properties. Such competition could have an adverse effect on the Company’s business.

The Company’s signilicant operating agreements and leases could be replaced.

The significant operating agreements and leases of the Company in its various businesses expire at various points in the future and could be

replaced, thereby adversely affecting future revenue generation. For example, the Company’s agribusiness segment sells substantially all of its bulk raw sugar

through the cooperative HS&TC, which has a supply contract with C&H Sugar Company, Inc., ending in December 2008. Replacement of this supply

contract on less favorable terms to the Company may adversely affect the Company’s sugar business.

The reduction in availability of mortgage financing and the volatility and reduction in liquidity in the financial markets may adversely affect the

Company’s business.

During 2007, the mortgage lending industry experienced significant instability due to, among other things, defaults on subprime loans and a resulting decline

in the market value of such loans. In light of these developments, lenders, investors, regulators and other third parties have questioned the adequacy of lending

standards and other credit requirements for several loan programs made available to borrowers in recent years. This has led to tightened credit requirements,

reduced liquidity and increased credit risk premiums. A deterioration in credit quality among subprime and other nonconforming loans has caused almost all

lenders to eliminate subprime mortgages and most other loan products that are not conforming loans, FHA/VA-eligible loans orjumbo loans (which meet

conforming underwriting guidelines other than loan size). Fewer loan products and tighter loan qualifications may make it more difficult for some borrowers to

finance the purchase of homes in the Company’s residential projects. In addition, the tightening of credit in the commercial markets may adversely affect the

Company’s ability to secure construction and other financing for the Company’s residential and commercial projects. Furthermore, any protracted contraction

of liquidity in the commercial markets may adversely affect the Company’s ability to renew Its committed lines of credit in the future on equal or more

favorable terms. These developments may adversely affect the Company’s operations and financial results.

Rising fuel prices and availability may adversely affect the Company’s profits.

Fuel is a significant operating expense for the Company’s shipping and agribusiness operations. The price and supply of fuel is unpredictable and

fluctuates based on events beyond the Company’s control. Increases in the price of fuel may adversely affect the Company’s results of operattons based on

market and competitive conditions. Increases in fuel costs also can lead to other expense increases, through, for example, increased costs of energy, petroleum-

based raw materials and purchased transportation services. In the Company’s ocean transportation and logistics segments, the Company is able to utilize fuel

surcharges to partially recover increases in fuel expense, although increases in the fuel surcharge may adversely affect the Company’s competitive position and

may not correspond exactly with the timing of increases in fuel expense. Changes in the Company’s ability to collect fuel surcharges may adversely affect its

results of operations. Increases in energy costs for the Company’s leased real estate portfolio are typically recovered fiom lessees, although higher operating cost

reimbursements impact the ability to increase underlying rents. Rising fuel prices may also increase the cost of construction, including delivery costs to

l-Iawaii. and the cost of materials that are petroleum-based, thus affecting the Company’s development projects. Finally, rising fuel prices will impact the cost
of producing and transporting sugar.
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Changes to federal, state or local law or regulations may adversely affect the Company’s business.

The Company is subject to federal, state and local laws and regulations, including government rate regulations, land use regulations, government
administration of the U.S. sugar program, environmental regulations including those relating to air quality initiatives at port locations, and cabotage laws.
Changes to the laws and regulations governing the Company’s business could impose significant additional costs on the Company and adversely affect the
Company’s financial condition. For example, if the Jones Act and the regulations promulgated thereunder were repealed, amended, or otherwise modified, non

U.S. competitors with significantly lower costs may consequently enter any of the Jones Act routes or the Company’s business may be significantly altered,

all of which may have an adverse effect on the Company’s shipping business. In addition, changes in federal, state and local environmental laws impacting

the shipping business may require costly vessel modifications, the use of higher-priced fuel and changes in operating practices that may not all be able to be
recovered through increased recovery from customers. The real estate segment is subject to numerous federal, state and local laws and regulations, which, if

changed, may adversely affect the Company’s business. The agribusiness segment is subject to the federal government’s administration of the U.S. sugar

program, such as the Farm Bill that the U.S. Congress is working on, and the Company may be affected by any changes.

Work stoppages or other labor disruptions by the unionized employees of the Company or other companies in related industries may adversely

affect the Company’s operations.

As of December31, 2007, the Company had approximately 2,255 regular full-time employees, of which approximately 49 percent were covered by

collective bargaining agreements with unions. The Company’s transportation, real estate and agribusiness segments may be adversely affected by actions
taken by employees of the Company or other companies in related industries against efforts by management to control labor costs, restrain wage increases or

modif, work practices. Strikes and disruptions may occur as a result of the failure of the Company or other companies in its industry to negotiate collective

bargaining agreements with such unions successfully. For example, in its real estate segment, the Company may be unable to complete construction of its

projects if building materials or labor is unavailable due to labor disruptions in the relevant trade groups.

The loss of or damage to key vendor and customer relationships may adversely affect the Company’s business.

The Company’s business is dependent on its relationships with key vendors, customers and tenants. The ocean transportation business relies on its

relationships with freight forwarders, large retailers and consumer goods and automobile manufacturers, as well as other larger customers. Relationships with

railroads and shipping companies are important in the Company’s intermodal business. For agribusiness, HC&S’s relationship with C&H Sugar Company,

Inc. is important. The loss of or damage to any of these key relationships may affect the Company’s business adversely.

Interruption or failure of the Company’s information technology and communications systems could impair the Company’s ability to operate

and adversely affect its business.

The Company is highly dependent on information technology systems. For example, in the transportation segment, these dependencies pnmarily

include accounting, billing, disbursement, cargo booking and tracking, vessel scheduling and stowage, equipment tracking, customer service, banking,

payroll and employee communication systems. All information technology and communication systems are subject to reliability issues, integration and

compatibility concerns, and security-threatening intrusions. The Company may experience failures caused by the occurrence of a natural disaster, or other
unanticipated problems at the Company’s facilities. Any failure of the Company’s systems could result in interruptions in its service or production, reducing

its revenue and profits and damaging its reputation.

The Company is susceptible to weather and natural disasters.

The Company’s transportation operations are vulnerable to disruption as a result of weather and natural disasters such as bad weather at sea,

hurricanes, typhoons, tsunamis, floods and earthquakes. Such events will interfere with the Company’s ability to provide on-time scheduled service,

resulting in increased expenses and
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potential loss of business associated with such events. In addition, severe weather and natural disasters can result in interference with the Company’s teminal
operations, and may cause serious damage to its vessels, loss or damage to containers, cargo and other equipment, and loss of life or physical injury to its
employees, all of which could have an adverse effect on the Company’s business.

For the real estate segment, the occurrence of natural disasters, such as hurricanes, earthquakes, tsunamis, floods, fires, tomados and unusually
heavy or prolonged rain, could damage its real estate holdings, resulting in substantial repair or replacement costs to the extent not covered by insurance, a
reduction in property values, or a loss of revenue, and could have an adverse effect on its ability to develop, lease and sell properties. The occurrence of
natural disasters could also cause increases in property insurance rates and deductibles, which could rcduce demand for, or increase the cost of owning or
developing, the Company’s properties.

For the agribusiness segment, drought, greater than normal rainfall, hurricanes, earthquakes, tsunamis, floods, fires, other natural disasters or
agricultural pestilence may have an adverse effect on the sugar and coffee planting, hat-vesting and production, and the agribusiness segment’s facilities,
including dams and reservoirs.

Heightened security measures, war, actual or threatened terrorist attacks, efforts to combat terrorism and other acts of violence may adversely
impact the Company’s operations and profitability.

War, terrorist attacks and other acts of violence may cause consumer confidence and spending to decrease, or may affect the ability of tourists to get
to Hawaii, thereby adversely affecting the Company. Additionally, future terrorist attacks could increase the volatility in the U.S. and worldwide financial
markets. Acts of war or terrorism may be directed at the Company’s shipping operations or real estate holdings, or may cause the U.S. govemment to take
control of Matson’s vessels for military operation. Heightened security measures are likely to slow the movement of freight through U.S. or foreign ports,
across borders or on U.S. or foreign railroads or highways and could adversely affect the Company’s business and results of operations.

Loss of the Company’s key personnel could adversely affect its business.

The Company’s future success will depend, in significant part, upon the continued services of its key personnel, including its senior management
and skilled employees. The loss of the services of key personnel could adversely affect its future operating results because of such employee’s experience and
knowledge of its business and customer relationships. If key employees depart, the Company may have to incur significant costs to replace them and its
ability to execute its business model could be impaired if it cannot replace them in a timely manner. The Company does not expect to maintain key person
insurance on any of its key personnel.

The Company is involved in joint ventures and is subject to risks associated with joint venture relationships.

The Company is involved in joint venture relationships, and may initiate future joint venture projects. A joint venture involves certain risks such as:

• the Company may not have voting control over the joint venture;

• the Company may not be able to maintain good relationships with its joint venture partners:

• the venture partner at any time may have economic or business interests that are inconsistent with the Company’s;

• the venture partner may fail to fund its share of operations and development activities, or to fulfill its other commitments, including providing
accurate and timely accounting and financial information to the Company; and

• the joint venture or venture partner could lose key personnel.

In connection with its real estate joint ventures, the Company is sometimes asked to guarantee completion of a joint venture’s construction and
development of a project, or to indemnify a third party serving as surety for ajoint venture’s bonds for such completion. If the Company were to become

obligated under such arrangement, the Company maybe adversely affected.
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The Company is subject to, and may in the future be subject to, disputes, or legal or other proceedings, that could have an adverse effect on the

Company.

The nature of the Company’s business exposes it to the potential for disputes, or legal or other proceedings, relating to labor and employment matters,

personal injury and property damage, environmental matters, construction litigation, and other matters, as discussed in the other risk factors disclosed in this

section or in other Company filings with the SEC. In addition, Matson is a common carrier, whose tariffs, rates, rules and practices in dealing with its

customers are governed by extensive and complex foreign, federal, state and local regulations, which may be the subject of disputes or administrative andlor

judicial proceedings. These disputes, individually or collectively, could harm the Company’s business by distracting its management from the operation of its

business. If these disputes develop into proceedings, these proceedings, individually or collectively, could involve or result in significant expenditures or losses

by the Company, or result in significant changes to Matson’s tariffs, rates, rules and practices in dealing with its customers, all of which could have an

adverse effect on the Company’s future operating results, including profitability, cash flows, and financial condition. For a description of significant legal

proceedings involving the Company, see “Legal Proceedings” below.

TRANSPORTATION

The Company is subject to risks associated with conducting business in a foreign shipping market.

In February 2006, Matson launched its Hawaii/Guam/China service. The Company is subject to risks associated with conducting business in a

foreign shipping market, which include:

• challenges in operating in a foreign country and doing business and developing relationships with foreign companies;

• difficulties in staffing and managing foreign operations;

• legal and regulatory restrictions, including compliance with Foreign Corrupt Practices Act;

• dccrcascs in shipping rates;

• competition with established and new shippers;

• currency exchange rate fluctuations;

• political and economic instability; and

• challenges caused by cultural differences.

Any of these risks has the potential to adversely affect the Company’s operating results.

Acquisitions may have an adverse effect on the Company’s business.

The Company’s growth strategy includes expansion through acquisitions. Acquisitions may result in difficulties in assimilating acquired

companies, and may result in the diversion of the Company’s capital and its management’s attention from other business issues and opportunities. The

Company may not be able to integrate companies that it acquires successfully, including their personnel, financial systems, distribution, operations and

general operating procedures. The Company may also encounter challenges in achieving appropriate internal control over financial reporting in connection with

the integration of an acquired company.

The Company’s logistics services are dependent upon third parties for equipment, capacity and services essential to operate their business, and

if they fail to secure sufticient third party services, their business could be adversely affected.

The Company’s logistics services are dependent upon rail, truck and ocean transportation services provided by independent third parties. If they

cannot secure sufficient transportation equipment, capacity or services from these third parties at a reasonable rate to meet their customers’ needs and

schedules, customers may seek to have their transportation and logistics needs met by other third parties on a temporary or permanent basis. As a result, the

Company’s business, consolidated results of operations and financial condition could be adversely affected.
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Housing Policy, which requires developers of i-esidential developments of five or more units to sell or rent 40% to 50% of the total number of units at below
market rates, or pay significant fees or contribute property to the County for low-income housing. These requirements could make the cost of developing new
projects prohibitive. It is possible that increasingly stringent requirements will be imposed on developers in the future that could adversely affect the
Company’s ability to develop projects in the affected markets or could require that the Company satisfy additional administrative and regulatory
requirements, which could delay development progress or increase the development costs of the Company. Any such delays or costs could have an adverse
effect on the Company’s revenues and earnings.

AGRIBUSINESS

The unavailability of water for agricultural irrigation could adversely affect the Company.

It is crucial for the Company’s agribusiness segment to have access to reliable sources of water for the irrigation of sugar cane and coffee. As further

described in “Legal Proceedings” below, there are administrative hearing processes challenging the Company’s ability to divert water from streams in Maui. If
the Company is not permitted to divert stream waters for its use, it would have an adverse effect on the Company’s sugar operations.

A decline in raw sugar or coffee prices will adversely affect the Company’s business.

The business and results of operations of the Company’s agribusiness segment are substantially affected by market factors, principally the domestic

and international prices for raw cane sugar. These market factors are influenced by a variety of forces, including prices of competing crops, weather

conditions, and United States farm and trade policies. If the price for sugar or coffee were to decline, the Company’s agribusiness segment would be adversely

affected. See also discussion under “Business and Properties - Agribusiness - Competition and Sugar Legislation” above.

The Company is subject to risks associated with raw sugar and coffee production.

The Company’s raw sugar and coffee production are subject to risks, which include:

• weather and natural disasters;

• disease;

• weed control;

• uncontrolled fires, including arson;

• poor farming practices;

• government restrictions on farming practices due to cane burning;

• increases in costs, including, but not limited to fertilizei-, fuel, and drip tubing;

• water availability (see risk factor above regarding unavailability of water);

• equipment failures in factory or power plant; and

• labor, including labor availability (see risk factor above regarding labor disruptions).

Any of these risks has the potential to adversely affect the Company’s future agribusiness operating results.

OTHER

Earnings on pension assets, or a change in pension law and on key assumptions, may adversely affect the Company’s financial performance.

The amount of the Company’s employee retirement benefit costs and obligations are calculated on assumptions used in the relevant actuarial

calculations. Adverse changes in any of these assumptions due to economic or other factors, or lower returns on plan assets, may adversely affect the

Company’s operating results, cash flows, and financial condition. In addition, a change in federal law, including changes to the Employee Retirement Income

Security Act and Pension Benefit Guaranty Corporation premiums, may adversely affect the Company’s single-employer and multiemployer pension plans

and plan funding.
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The Company may have exposure under its multiemployer plans in which it participates that extends beyond its funding obligation with respect
to the Company’s employees.

The Company contributes to various rnultiemployer pension plans. In the event of a partial or complete withdrawal by the Company from any plan
that is underfunded, the Company would be liable for a proportionate share of such plan’s unfunded vested benefits. Based on the limited information
available from plan administrators, which the Company cannot independently validate, the Company believes that its portion of the contingent liability in the
case of a full withdrawal or termination may be material to its financial position and results of operations. In the event that any other contributing employer
withdraws from any plan that is underfunded, and such employer (or any member in its controlled group) cannot satisfy its obligations under the plan at the
time of withdrawal, then the Company, along with the other remaining contributing employers, would be liable for its proportionate share of such plan’s

unfunded vested benefits. In addition, if a multiemployer plan fails to satisfy the minimum funding requirements, the Intemal Revenue Service will impose
certain penalties and taxes.

The Company is required to evaluate its internal controls over financial reporting under Section 404 of the Sarbanes-Oxley Act of 2002, and any

adverse results from such evaluation could result in a loss of investor confidence in the Company’s financial reports and have an adverse effect
on the Company’s stock pt-ice.

Section 404 of the Sarbanes-Oxley Act requires that publicly reporting companies cause their managements to perform annual assessments of the
effectiveness of their intemal controls over financial reporting. Although the Company has concluded that its internal controls over financial reporting were

effective as of December 31, 2007, there can be no assurances that the Company will reach the same conclusion at the end of future years. If the Company is
unable to assert that its internal control over financial reporting is effective, or if the Company’s auditors are unable to express an opinion on the effectiveness

of the Company’s intemal controls, the Company could lose investor confidence in the accuracy and completeness of its financial reports, which wottld have

an adverse effect on the Company’s stock price.

The foregoing should not be construed as an exhaustive list of all factors that could cause actual results to differ materially from those expressed in

forward-looking statements made by the Company or on its behalf

ITEM lB. UNRESOLVED STAFF COMMENTS

None.

ITEM 3. LEGAL PROCEEDINGS

See “Business and Properties - Transportation - Rate Regulation” above for a discussion of rate and other regulatory matters in which Matson is

routinely involved.

On September 14, 1998, Matson was served with a complaint filed by the Government of Guam with the Surface Transportation Board (the

“Board”), alleging that Sea-Land Services, Inc., APL and Matson had charged unreasonable rates in the Guam trade since January 1991. Matson did not

begin its Guam Service until February 1996. On February 2, 2007, the Board issued a decision, setting a briefing schedule to determine whether there is

effective competition in the Guam trade, as requested by Matson. On August 30, 2007, the Board denied the petitions for reconsideration of its February 2,
2007 decision filed by the Government of Guam and intervenor Caribbean Shippers Association. In light of this decision, the Government of Guam filed a

motion to dismiss its complaint on September 18, 2007. On October 12, 2007, the Board dismissed the complaint and discontinued the proceeding.

A&B owns 16,000 acres of watershed lands in East Maui that supply a portion of the irrigation water used by HC&S. A&B also held four water

licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the years has supplied approximately two-thirds of the irrigation water

used by HC&S. The last of these Water license agreements expired in 1986, and all four agreements were then extended as revocable permits that were renewed
annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits with a long-term

water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has renewed the existing

peimits on a
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ITEM 6. SELECTED FINANCIAL DATA

The following linancial data should be read in conjunction with Item 8, “Financial Statements and Supplementary Data.” and Item 7, “Management’s

Discussion and Analysis of Financial Condition and Results of Operations” (dollars and shares in millions, except per-share amounts):

2007 2006 2005 2004 2003

Revenue:

Transportation:

Ocean transportation $1,006.9 $ 945.8 $ 878.3 $ 850.1 $ 776.3

Logistics services 433.5 444.2 431.6 376.9 237.7

Real Estate:

Leasing 108.5 100.6 89.7 83.8 80.3

Sales 117.8 97.3 148.9 82.3 63.8

Less amounts reported in discontinued operations’ (100.6) (101.2) (66.6) (16.3) (51.8)

Agribusiness 123.7 127.4 123.2 112.8 112.9

Reconciling Items2 (9.2) (14.2) (8.4) (6.5) --

Total revenue $1,680.6 $1,599.9 $1,596.7 $1,483.1 $1,219.2

Operating Profit:

Transportation:

Ocean transportation $ 126.5 $ 105.6 $ 128.0 $ 108.3 $ 93.2

Logistics services 21.8 20.8 14.4 8.9 4.3

Real Estate:

Leasing 51.6 50.3 43.7 38.8 37.0

Sales 744 49.7 44.1 34.6 23.9

Less amounts reported in discontinued operations’ (54.4) (46.7) (22.2) (7.2) (23.7)

Agribusiness 0.2 6.9 11.2 4.8 5.1

Total operating profit 220.1 186.6 219.2 188.2 139.8

Write-down of long-lived assets3 -. (2.3) -- (7.7)

Interest expense, let4 (18.8) (15.0) (13.3) (12.7) (11.6)

General corporate expenses (27.3) (22.3) (24.1) (20.3) (15.2)

Income from continuing operations before income

taxes 174.0 149.3 179.5 155.2 105.3

Income taxes (65.5) (55.8) (67.2) (58.9) (38.7)

Income from continuing operations $ 108.5 $ 93.5 $ 112.3 $ 96.3 $ 66.6

Prior year amounts restated for amounts treated as discontinued operations.

2 Includes intcr.scgittcni ras’cnac, interest inconto. and oilier otcomc classiflcd as revenue for segment rcpnrtittg ,utposr& Amouitis for 2003 ss crc not rttatrrial.

3 The 2005 and 2003 write-downs svrre for an other_thnn-tcmporary’ impairment in the Compatty’s ittvestntent in C&H. The Compatw’s iavcsintcttt in C&H was sold on Aogost 9, 2005 at the lien approxiomic

cartying value.

4 loclodes Ocean Transporiaiion otirrrsi rxpetisrofSl3.9 million frr 2007, 513.3 ntilliott for2006. 09.6 million for2005. S5.7 million for2Oll1. and S2.6 otillloit for 2003. Siibsianiiolly all oilier iiitercsi raproscwas

at the patent cotttpanv.
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2007 2006 2005 2004 2003

Identifiable Assets:

Transportation:

Matson Ocean Transportation $1,215.0 $ 1,185.3 S 1,113.0 $ 896.9 $ 936.5

Logistics services 58.6 56.4 70.3 56.5 45.4

Real Estate:

Leasing 595.4 525.5 478.6 436.5 451.2

Sales 408.9 295.0 227.3 224.5 161.6

Agribusiness 174.6 168.7 159.0 152.8 154.4
Other 26.6 20.3 22.7 11.0 10.5

Total assets $2,479.1 $2,251.2 82,070.9 $1,778.2 $1,759.6

Capital Additions:

Transportation:

Matson Ocean Transportation $ 65.8 $ 217.1 $ 173.9 $ 128.6 $ 133.2

Logistics services7 2.0 1.7 1.3 0.1 0.2

Real Estate:

Leasing6 124.5 93.0 78.8 10.2 49.7

Sales7’ 0.3 1.3 0.2 0.7 58.0

Agribusiness 20.5 15.0 13.0 10.2 12.6

Other 0.3 1.5 1.4 1.4 1.7

Total capital additions $ 213.4 $ 329.6 $ 268.6 $ 151.2 $ 255.4

Depreciation and Amortization:

Ocean Transportation:

Matson Ocean Transportation $ 63.2 $ 58.1 $ 59.5 $ 56.8 $ 51.0

Logistics services 1.5 1.5 1.4 1.2 0.9

Real Estate:

Leasing1 15.7 14.1 12.4 12.2 11.2

Sales 0.2 0.1 0.1 0.1 0.1

Agribusiness 10.7 10.1 9.4 9.0 8.2

Other 1.3 0.9 0.5 0.4 0.3

Total depreciation and amortization $ 92.6 $ 84.8 $ 83.3 $ 79.7 $ 71.7

5 Excludes expenditures related to Matson Integrated Logistics’ acquisitions. svhich are classified as Payntents for Purchases of Investotents in Cash Flosvs front Investing Acttvtses svttltrn the Coesoltdated Statements of

Cash Flows.

6 Represents gross capital additions to the leasing portfolio, including gross tax.defcned property purchases Stat are reflected as non.caslt transactions in tite Consolidated Statements s,fCaslr Flows.

7 Esclstdrs capital expenditures fer real estate devoloptstcttts Iteid for sale svhich nrc classified as Cash Flows li-cm Operattrtg Activities svitlsin tlte Cotrsolidated Statenrents of Cash FEtes. Operatitrg cash laws for capital

espetsdirares related toreal estatedevciepmetttssvere SllOnrilliots, S69 trillion. S34 teillion, S3flttsillion. andS3S millietn fortlsoyeitrs ended Decertrbrr3l, 2007. 2000. 2005.2004. and 2003. restrectively.

8 Capital expetsditures fortlse real estate sales segment in 2003 primarily represents espenditures related to the acqstisitiett of the Wailea resort developttsrnt lands. sslticlt cottsisted of 270 undeveloped acres comprised of

17 irsdivtdual devrlupttsetst parcels entitled for restdetrtial arrd consmcrcial ctses.
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2007 2006 2005 2004 2003

Earnings per share:

From continuing operations:

Basic $ 2.55 $ 2.16 $ 2.57 S 2.26 $ 1.60

Diluted $ 2.52 $ 2.14 5 2.55 S 2.23 $ 1.59

Net Income:

Basic $ 3.34 $ 2.84 $ 2.89 S 2.37 S 1.95

Diluted $ 3.30 $ 2.81 $ 2.86 $ 2.33 $ 1.94

Return on beginning equity 13.8% 12.1% 13.9% 12.4% 11.2%

Cash dividends per share $ 1.12 5 0.975 5 0.90 5 0.90 $ 0.90

At Year End

Shareholders of record 3,381 3,506 3,628 3,792 3,959

Shares outstanding 42.4 42.6 44.0 43.3 42.2

Long-term debt—non-current $ 452 $ 401 $ 296 $ 214 $ 330
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ITEM 7. MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF OPERATIONS

FORWARD-LOOKING STATEMENTS AND RISK FACTORS

The Company, from time to time, may make or may have made certain forward-looking statements, whether orally or in writing, such as forecasts

and projections of the Company’s future performance or statements of management’s plans and objectives. These statements are “forward-looking” statements

as that term is defined in the Private Securities Litigation Reform Act of 1995. Such forward-looking statements may be contained in, among other things,

SEC filings, such as the Forms 10-K, 10-Q and 8-K, the Annual Report to Shareholders, press releases made by the Company, the Company’s Intemet Web

sites (including Web sites of its subsidiaries), and oral statements made by the officers of the Company. Except for historical information contained in these

written or oral communications, such communications contain forward-looking statements. These include, for example, all references to 2008 or future years.

New risk factors emerge from time to time and it is not possible for the Company to predict all such risk factors, nor can it assess the impact of all such risk

factors on the Company’s business or the extent to which any factor, or combination of factors, may cause actual results to differ materially from those

contained in any forward-looking statements. Accordingly, forward-looking statements caimot be relied upon as a guarantee of future results and involve a

number of risks and uncertainties that could cause actual results to differ materially from those projected in the statements, including, but not limited to the

factors that are described in Part I, Item lAunder the caption of “Risk Factors” of this Form 10-K, which section is incorporated herein by reference. The

Company is not required, and undertakes no obligation, to revise or update forward-looking statements or any factors that may affect actual results, whether

as a result of new information, future events, or circumstances occurring after the date of this report.

OVERVIEW

Management’s Discussion and Analysis of Financial Condition and Results of Operations (“MD&A”) is designed to provide a discussion of the

Company’s financial condition, results of operations, liquidity and certain other factors that may affect its future results from the perspective of management.

The discussion that follows is intended to provide information that will assist in understanding the changes in the Company’s financial statements from year

to year, the primary factors that accounted for those changes, and how certain accounting principles, policies and estimates affect the Company’s financial

statements. MD&A is provided as a supplement to, and should be read in conjunction with, the consolidated financial statements and the accompanying notes

to the financial statements. MD&A is presented in the following sections:

Business Overview

• Critical Accounting Estimates

• Consolidated Results of Operations

Analysis of Operating Revenue and Profit by Segment

Liquidity and Capital Resources

• Contractual Obligations, Commitments, Contingencies and Off-Balance-Sheet Arrangements

• Business Outlook

Other Matters

BUSINESS OVERVIEW

Alexander & Baldwin, Inc. (“A&B”), founded in 1870, is a multi-industry corporation headquartered in 1-lonolulu that operates in five segments in

thi-ee industries—Transportation, Real Estate, and Agribusiness.

Transportation: The Transportation Industry consists of Ocean Transportation and Logistics Services segments. The Ocean Transportation segment

is an asset-based business that derives its revenue primarily through the carriage of containerized freight between various U.S. Pactlic Coast, Hawaii, Guam,

China and other Pacific
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island ports. The Ocean Transportation segment also has a 35 percent interest in an entity that provides terminal and stevedoring services at U.S. Pacific
Coast facilities to Matson and numerous international carriers.

The Logistics Services segment is a non-asset based business that is a provider of domestic and international rail intermodal service (“lntermodal”),
long-haul and regional highway brokerage, specialized hauling, flat-bed and project work, less-than-truckload, expeditedlair freight services, and warehousing
and distribution services (collectively “Highway”). As a non-asset based business, the Logistics Services segment does not own transportation assets. Rather,

the Logistics Services segment generates its revenues by purchasing transportation services from direct (asset-based) carriers and reselling those services to its
customers. By concentrating its buying power andlor consolidating shipments from multiple customers, the Logistics Services segment is able to negotiate
favorable rates from the direct carriers, while at the same time offering lower rates than customers would otherwise be able to negotiate themselves.

The Transportation Industry accounted for 80 percent, 54 percent, and 52 percent of the revenue, operating profit, and identifiable assets,
respectively, in 2007 on a consolidated basis before discontinued operations.

Real Estate: The Real Estate Industry is comprised of two segments. The Real Estate Sales segment generates its revenues through the development

and sale of commercial, residential, and other properties. The Real Estate Sales segment seeks to diversify its investments and create value by entering into
long-term, large projects as well as shorter-term development projects. partnering with other developers, developing newly purchased landholdings in Hawaii
and on the U.S. mainland, and entitling and developing the Company’s core landholdings in Hawaii.

The Real Estate Leasing segment owns, operates, and manages commercial properties. The Real Estate Leasing segment focuses on acquiring high-
quality retail, office, and industrial properties in good locations, primarily with tax-deferred 1031 proceeds, and on effectively managing those properties to
increase margins through higher occupancies and cost management. The Real Estate Leasing segment’s assets are well-diversified by geography and product-

type. Real Estate Leasing income also includes revenue from a variety of land leases, licenses, and other agreements related to real estate in Hawaii.

The Real Estate Industry accounted for 13 percent, 46 percent, and 41 percent of the revenue, operating profit, and identifiable assets, respectively, in
2007 on a consolidated basis before discontinued operations.

Agribusiness: Agribusiness, which contains one segment, is the largest grower of sugar cane and coffee in the State of Hawaii. The segment produces
bulk raw sugar, specialty food-grade sugars, molasses and green coffee; markets and distributes roasted coffee and green coffee; provides sugar, petroleum
and molasses hauling, general trucking services, mobile equipment maintenance and repair services, and self-service storage in Hawaii; and generates and
sells, to the extent not used in the Company’s operations, electricity.

The Agribusiness Industry accounted for 7 percent of the revenue and 7 percent of the identifiable assets in 2007 on a consolidated basis before

discontinued operations.

CRITICAL ACCOUNTING ESTIMATES

The Company’s significant accounting policies are described in Note I to the Consolidated Financial Statements. The preparation of financial
statements in conformity with accounting principles generally accepted in the United States of America, upon which the Management’s Discussion and
Analysis is based, requires that management exercise judgment when making estimates and assumptions about future events that may affect the amounts

reported in the financial statements and accompanying notes. Future events and their effects cannot be deteimined with absolute certainty and actual results
will, inevitably, differ from those critical accounting estimates. These differences could be material.

The Company considers an accounting estimate to be critical if (i) the accounting estimate requires the Company to make assumptions that are

difficult or subjective about matters that were highly uncertain at the time that the accounting estimate was made, and (ii) changes in the estimate that are

reasonably likely to occur in periods subsequent to the period in which the estimate was made, or use of different estimates that the Company could have
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CONSOLIDATED RESULTS OF OPERATIONS

The following analysis of the consolidated financial condition and results of operations of Alexander & Baldwin, Inc. and its subsidiaries

(collectively, the “Company”) should be read in conjunction with the consolidated financial statements and related notes thereto. Amounts in this narrative are

rounded to millions, but per-share calculations and percentages were calculated based on thousands. Accordingly, a recalculation of some per-share amounts

and percentages, if based on the reported data, may be slightly different than the more accurate amounts included herein.

(dollars in millions, except per-share amounts) 2007 Chg. 2006 Chg. 2005

OpcratingRcvcnue $ 1,681 5% $ 1,600 -- $ 1,597
Operating Costs and Expenses 1,515 4% 1,456 3% 1,418

Operating Income 166 1 5% 144 -20% 179

Other Income and (Expense) 8 60% 5 NM --

IncomeTaxes (66) l7% (56) -16% (67)

Discontinued Operations (net of taxes) 34 17% 29 107% 14

Netlncome $ 142 l6% $ 122 -3% $ 126

Basic Earnings Per Share $ 3.34 l8°h $ 2.84 -2% $ 2.89

Diluted Earnings Per Share $ 3.30 17% $ 2.81 -2% $ 2.86

OperatingRevenue for 2007 increased more than 5 percent, or $81 million, to $1,681 million. Ocean transportation revenue increased 7 percent in

2007, principally due to higher China service container volumes, improved yields and cargo mix, and higher fuel surcharge revenues, partially offset by lower

Hawaii service container volumes. Logistics services revenue decreased 2 percent in 2007, primarily due to lower volumes. Real estate leasing revenue increased

16 percent in 2007 (after subtracting leasing revenue from assets classified as discontinued operations), primarily due to additions to the leased portfolio and

higher lease rates. Real estate sales revenue almost tripled in 2007 (after subtracting revenue from discontinued operations) due principally to residential sales at

the Company’s Port Allen development and a commercial parcel on Maui. Because of the episodic nature of property sales, the Company views changes in real

estate sales revenues on a year-over-year basis before the reclassification of revenue to discontinued operations to be more meaningful in assessing segment
performance. Additionally, due to the timing of sales for development properties and the mix of properties sold, management believes performance is more

appropriately asscsscd over a multi-year period. Furthermore, year-over-year comparisons of revenue are not complete without the consideration of results from

the Company’s investment in its real estate joint ventures, which are not included in operating revenues, but are included in operating profit. The Analysis of

Operating Revenue and Profit by Segment that follows, provides additional information on changes in real estate sales revenue and operating profit.

Operating Revenue for 2006 increased by less than 1 percent. or $3 million, to $1,600 million. Real estate leasing revenue increased 21 percent in

2006 (after subtracting leasing revenue from assets classified as discontinued operations), primarily due to higher occupancies, higher lease rates, and

additions to the leased portfolio. Ocean transportation revenue increased 7 percent in 2006, principally due to higher fuel surcharge revenues as a result of

higher direct and indirect energy costs, initiation of the new China service, and improved yields and cargo mix. Logistics services revenue increased 3 percent

in 2006, primarily due to higher yields and mix, partially offset by a decline in volumes for freight transported by rail. Real estate sales revenue decreased by

92 percent in 2006 (after subtracting revenue from discontinued operations) due to the timing and mix of properties sold.

The reasons for business- and segment-specific year-to-year fluctuations in revenue growth are further described below in the Analysis of Operating

Revenue and Profit by Segment.
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Operating Costs and Expenses for 2007 increased by 4 percent, or $59 million, to $1,515 million. Ocean transportation costs increased 5 percent
in 2007, primarily due to higher vessel costs, terminal handling, and equipment repositioning costs. Real estate sales and leasing costs increased 40 percent,
primarily due to the timing and mix of development sales. Selling, General and Administrative costs (“SG&A”) increased by 13 percent in 2007 due to higher
personnel and benefit costs, including performance-based compensation. Agribusiness costs increased 2 percent in 2007, principally due to higher crop
production costs.

Operating Costs and Expenses for 2006 increased by 3 percent, or $38 million, to $1,456 million. Ocean transportation costs increased 12 percent
in 2006, primarily due to higher fuel costs, terminal handling, and equipment costs. Agribusiness costs increased 7 percent in 2006, principally due to higher
crop production costs and repairs to irrigation reservoirs. Real estate sales and leasing costs decreased 58 percent in 2006, primarily due to the timing and mix
of development sales. Selling, General and Administrative costs (“SG&A”) increased by 3 percent, or $4 million, to $146 million in 2006 due to higher
persoimel and benefit costs that included $2.8 million in non-cash stock option expense as a result of the adoption of SFAS No. 123R.

The reasons for changes in business- and segment-specific year-to-year fluctuations in operating costs, which affect segment operating profit, are more
fully described below in the Analysis of Operating Revenue and Profit by Segment.

Other Income and Expense in 2007 is comprised of equity in earnings of real estate joint ventures, interest revenue and interest expense. Equity in
income of real estate affiliates was $9 million higher in 2007 due principally to earnings from the Company’s Kai Malu joint venture project. Interest expense
of $19 million in 2007 was $4 million higher than 2006 due to higher average debt balances.

Other Income and Expense in 2006 is comprised of equity in earnings of real estate joint ventures, interest revenue and interest expense. Equity in
income of real estate affiliates was $11 million higher in 2006 compared to 2005 due principally to the Company’s share of earnings from its Hokua joint
venture, which completed sales of all 247 luxury residential units in the first quarter of 2006. Interest expense of$I5 million in 2006 was $2 million higher

than 2005 due to higher average debt balances.

Income Taxes were higher in 2007 compared with 2006 on an absolute and percentage basis due to higher income and a change in the effective income
tax rate. The higher effective income tax rate in 2007 was principally due to higher state income taxes, higher tax-deductible appreciated land donations in

2006, an increase in certain non-deductible expenses. and lower non-taxable Medicare-D benefits in 2007. Income Taxes were lower in 2006 compared with
2005 due primarily to lower pre-tax income. The effective tax rates in 2006 and 2005 were comparable.
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ANALYSIS OF OPERATING REVENUE AND PROFIT BY SEGMENT

Additional detailed information related to the operations and financial performance of the Company’s Industry Segments is included in Part II Item 6

and Note 13 to the Consolidated Financial Statements. The following information should be read in relation to the information contained in those sections.

Transportation Industry

Ocean Transportation; 2007 compared wit/i 2006

(dollars in millions) 2007 2006 Change

Revenue $ 1,006.9 $ 945.8 6%

Operating profit $ 126.5 $ I 05.6 20%

Operating profit margin 12.6% 1 1.2%

Volume (units):

Hawaii containers 167,500 173,200 -3%

Hawaii automobiles 110,100 118,700 -7%

China containers 51,200 32,700 57%

Guam containers* 14,600 13,500 8%

* Container volumes related to the Federated States of Micronesia (FSM) have been excluded for comparative purposes doe to the Conspauy’s nosy deployment in tlte Guam and Microttesia trades.

Ocean Transportation revenue increased $61.1 million, or 6 percent, in 2007 compared to 2006. The increase reflected a number of factors, including

$36.2 million related to improved yields and cargo mix, S44.3 million due principally to higher China, Guam and Micronesia service volumes, partially offset

by $16.3 in lower Hawaii volumes, and $18.1 million related to an increase in fuel surcharge revenues. These increases were partially offset by $6.4 million

of lower vessel charter revenue resulting from the expiration of the APL Alliance in the first quarter of 2006 and $2.1 million in lower govemment charter

service revenue.

Total Hawaii container volume was down 3 percent from 2006, clue to the reduction of volumes in certain segments, including construction matenals,

despite continued moderate growth in the Hawaii economy. Matson’s Hawaii automobile volume for 2007 was 7 percent lower than the same penod of last year,

due primarily to lower rental fleet turnover and slower retail auto sales. China volume increased 57 percent in 2007 as a result of the ramp-up of the China

service during 2006 as compared to relatively full ships throughout 2007. Guam container volume increased 8 percent from year-earlier levels due to general

market growth.

Operating profit increased $20.9 tiiillion, or 20 percent, in 2007 compared to 2006. This increase was primarily the result of revenue increases

described above, partially offset by the following operating expense changes. Vessel costs increased by $15.8 million due principally to higher direct and

indirect fuel costs, higher vcsscl wages, higher insurance and claims costs, and higher dry-dock expenses, partially offset by fleet optimization initiatives,

resulting in fewer operating vessel days in line with the lower volumes in the Hawaii service, as well as lower charter costs as a result ofthe off-hire of the M.V.

Greatland late in the first quarter of 2007. Terminal handling costs increased by $9.2 million, principally the result of higher tenninal handling fees.

Depreciation expenses increased $5.5 million due primarily to the acquisition of a new vessel late in the third quarter of 2006. Operations overhead increased

$4.0 million, primarily due to higher container repositioning costs arising asa result of increased China volumes destined for inland U.S. locations. General

and administrative costs increased $3.8 million due to higher payroll, professional fees, and legal expenses. The year-over-year variance was also negatively

impacted by a $3.3 million gain in 2006 on the sale of two surplus and obsolete vessels, a $2.6 million decrease in Matson’s share of SSAT joint venture

earnings, principally the result of lower temiinal volumes, and a $2.3 million decrease in interest income primarily due to lower cash balances.

37



Discontinued Operations: Real-es/ate— The revenue, operating profit, and after-tax effects of discontinued operations for 2007, 2006 and 2005 were
as follows (in millions, except per-share amounts):

2007 2006 2005

Sales Revenue $ 94.7 $ 89.7 $ 50.1
Leasing Revenue s 5. $ 1 1.5 $ 1 6.5
SalesOperatingProfit $ 50.8 $ 40.1 $ 13.9
LeasingOperatingProfit $ 3.6 $ 6.6 $ 8.3
After-tax Earnings $ 33.7 $ 29.0 $ 13.7
Basic Earnings Per Share $ 0.79 $ 0.68 $ 0.32
Diluted Earnings Per Share $ 0.78 $ 0.67 0.31

2007: The revenue and expenses of land leased to a retail tenant on Oahu, several commercial properties on Maui, and a commercial property in
California have been classified as discontinued operations. Additionally, the revenue and expenses of leased fee parcel on Maui was classified as discontinued
operations even though the Company had not sold the property by the end of 2007.

2006: The revenue and operating profit from the sale of two retail centers in Arizona, an office building on Maui, a commercial property on the island
of Hawaii, and several commercial parcels in Hawaii were included in discontinued operations.

2005: The sales of two office buildings in Honolulu, one warehouse/distribution complex in Ontario, California, one service center/warehouse complex,
consisting of three buildings in San Antonio, Texas, and the fee interest in a parcel in Maui were considered discontinued operations. Additionally, the revenue
and expenses of an office building in Wailuku, Maui and three parcels on Maui were classified as discontinued operations even though the Company had not

sold the properties by the end of 2005. The three parcels were sold in 2006.

Agribusiness

A’ribusiness: 2007 compared wit/i 2006

(dollars in millions) 2007 2006 Change

Revenue $ 123.7 $ 127.4 -3%
Operating profit $ 0.2 $ 6.9 -97%
Operating profit margin 0.2% 5.4%

Tons sugar produced 164,500 173,600 -5%

Agribusiness revenue decreased S3.7 million, or 3 percent, in 2007 compared with 2006. The decrease was principally due to $6.3 million in lower
raw sugar revenue as a result of lower sales volumes and prices., and $1.6 million in lower power revenue due psineipally to lower volumes sold. The decrease

was partially offset by $4.3 million in higher revenue from coffee sales, specialty sugar sales, land and quarry rent, and trucking and shop services.

Operating profit for 2007 decreased S6.7 million, or 97 percent, compared with 2006. The decrease in operating profit was primarily due to lower
sugar production, higher operating costs, and lower sugar prices. The decrease in operating profit was also due to $1.6 million in lower power revenue due
principally to lower volumes sold.

Compared with 2006, sugar production in 2007 was 5 percent, or 9,100 tons, lower due primarily to lower yields. Lower sugar yields were

principally the result of dry-weather conditions over the past two years and to certain agronomic practices. The average revenue per ton of sugar for 2007 was

$342, or 2 percent lower than the average revenue per ton of $350 in 2006.
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Approximately 87 percent of the Company’s sugar production was sold to Hawaiian Sugar & Transportation Cooperative (“HS&TC”) during 2007
under a marketing contract. The remainder was sold as specialty sugar. HS&TC sells its raw sugar to C&H at a price equal to the New York No. 14 Contract
settlement price, less a discount and less costs for sugar vessel discharge and stevedoring. This price, after deducting the marketing, operating, distribution,
transportation and interest costs of HS&TC, reflects the gross revenue to the Company.

Aeribusiness; 2006 compared with 2005

(dollars in millions) 2006 2005 Change

Revenue $ 127.4 $ 123.2 3%
Operating profit $ 6.9 $ 1 1.2 -38%
Operatingprofitmargin 5.4% 9.1%

Tons sugar produced 173,600 192,700 -10%

Agribusiness revenue increased $4.2 million, or 3 percent, in 2006 compared to 2005. Excluding the $5.5 million disaster relief payment received in
2005, revenue increased 8 percent due mainly to $4.3 million in higher repair services and trucking revenue, $4.1 million from higher power sales,
$2.6 million in higher equipment rentals and soil sales, and $2.2 million in higher specialty sugar and molasses sales. Lower revenue of $5.4 million from
lower bulk raw sugar sales volumes partially offset the previously noted increases. Operating profit decreased $4.3 million, or 38 percent, in 2006 compared
with 2005. 1-lowever, excluding the $5.5 million disaster relief payment received in 2005, operating profit increased 21 percent due mainly to the same factors
noted above. This 21 percent increase in operating profit reflected the effect of the factors mentioned above as well as higher 2006 crop production costs and
repair costs for irrigation reservoirs. Production costs were higher due to increases in personnel, materials and supplies, fertilizer, and chemicals expenses.
Also, 2006 included one additional week compared to 2005 (53 weeks in 2006 vs. 52 weeks in 2005).

Compared with 2005, sugar production in 2006 was 10 percent, or 19,100 tons, lower due primarily to dry-weather conditions during critical
growing months, less-than-optimal fertilizer applications last year, and a lower crop age. The average revenue per ton of sugar for 2006 was $350, or 2 percent

higher than in 2005.

LIQUIDITY AND CAPITAL RESOURCES

Overview: Cash flows provided by operating activities continue to be the Company’s most significant source of liquidity. Additional sources of
liquidity were provided by available cash and cash equivalent balances as well as borrowings on available credit facilities.

Cash Flows: Cash Flows from Operating Activities totaled $124 million for 2007, $106 million for 2006, and $278 million for 2005. The increase
in 2007 over 2006 was due principally to higher ocean transportation earnings, including higher distributions from Matson’s investment in SSAT, and higher
residential development sales proceeds, partially offset by higher expenditures for real estate developments held-for-sale and higher income tax payments. The
decrease in 2006 over 2005 was principally the result of higher 2005 proceeds from the sale of units in the Company’s Lanikea residential high-rise project in

Waikiki, higher year-to-date income tax payments, higher development expenditures for real estate inventory, and lower Matson earnings in 2006, partially
offset by proceeds received from the Company’s Hokua joint venture in 2006.

Cash Flows used in Investing Activities were $145 million for 2007, $124 million for 2006, and $305 million in 2005. Of the 2007 amount, $122
million was for capital expenditures that included $68 million for the purchase of ocean transportation-related assets, principally related to the modification of
the MVMokihona, $34 million for real estate leasing and property improvements (excluding non-cash 1031 transactions and real estate development activity),
and $20 million related to agricultural operations, primarily for the expansion of specialty sugar facilities. The $122 million for 2007 excludes $91 million of
1031 tax-deferred purchases since the Company did not actually take control of the cash during the exchange period. In 2006, the Company’s capital
expenditures, excluding purchases of property using tax-deferred proceeds, totaled $28 Imillion. This was comprised principally
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(e) Non-qualified benefit obligations includes estimated payments to executives and directors under the Company’s four non-qualified plans. The
$13 million noted in the column labeled “Thereafter” comprises estimated benefit payments for 2013 through 2017. Additional information
about the Company’s non-qualified plans is included in Note 9 to the Consolidated Financial Statements.

(f Operating lease obligations include principally land, office and terminal facilities, containers and equipment using long-term lease
arrangements that do not transfer the rights and risks of ownership to the Company. These amounts are further described in Note 8 to the
Consolidated Financial Statements.

The Company adopted FIN 48 on January 1, 2007. The Company has not provided a detailed estimate of the timing of payments due to the
uncertainty of when the related tax settlements are due.

Off Balance Sheet Arrangements: See Note 12 of the Consolidated Financial Statements, which is incorporated herein by reference, for a
description of contingent commitments that totaled approximately $117 million at December 31, 2007.

BUSINESS OUTLOOK

In 2007, the pace of growth in the Hawaii economy slowed, especially in the second half of the year. This moderation paralleled the general economic
contraction that characterized much of the U.S. domestic economy and is expected to continue in the near-term. Economic and market mcertainty arising from
the credit crisis and housing market downtum is high in early 2008, and this business outlook section must be qualified as a result.

The Company’s long-term strategic intent is to grow its asset base, earnings streams and cash flow generation prospects from within its core
competencies. To achieve its goals, the Company will continue its active real estate program, including development of new and current projects, expansion of
joint ventures, effective operation of income-producing properties and opportunistic and targeted investments in special situations. In the transportation
business, growth will be influenced by various initiatives, which include the expansion of Matson Integrated Logistics (“MIL”) into new service lines and
geographies through acquisitions and growth, extension of cross-selling opportunities to MIL and Matson customer bases, development of third-party logistics
services at Matson Global Distribution Services, and continuing margin growth in Matson’s expedited service from China. In the Agribusiness segment, near
tet-m growth opportunities primarily are a function of improving production levels achieved in the Company’s sugar operations, but in the future
may include an expansion of specialty sugar products or investments in altemative energy initiatives.

Real Estate — Leasing: The Company’s leasing, or commercial, portfolio consists of high-quality properties in attractive locations and generates
approximately 41 percent of the Company’s real estate operating profit in 2007, before discontinued operations, and comprises 24 percent of consolidated
identifiable assets. These properties are well diversified by geography, asset class, and tenancy, which provides protection against location-specific
downturns. The stability of the earnings and cash flow streams generated by the portfolio mitigates the economic impact that maybe caused by reduced sales
activity in the Company’s development activities. Year-end occupancy for the commercial portfolio averaged 97 percent for U.S. mainland properties and 98
percent for Hawaii properties. These near-record occupancies cannot be sustained itidefinitely. and the Company expects a slight decrease in its overall
portfolio occupancy in line with recent market trends. Financial results, however, are expected to remain strong as the Company expands its lease portfolio
footprint and improves the performance of its properties through re-tenanting and property repositioning. Hawaii market strength is expected to be sustained in
2008. As of year-end, market vacancy rates were at or near historic lows of 3.0 percent, 7.3 percent and 3.3 percent for industrial, office, and retail properties,
respectively.

Real Estate — Sales: The Company’s development activities, which are primarily concentrated in Hawaii, consist of a diversified “pipeline” of
projects including, but not limited to, primary residential and resort residential single-family, multi-family, and condominium units; commercial (industrial,
office, and retail) subdivisions, building, and condominiums; and raw and unproved land. To mitigate risk in its real estate portfolio, the Company
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adheres to disciplined underwriting, which may include self-imposed pre-sale orpre-leasing requirements, phased development, and joint ventures with third-

parties.

In the Hawaii primary residential market, which includes single family homes and condominiums, sales prices generally leveled off in 2007, although

year-over-year decreases in prices occurred in certain categories and sales volumes generally declined. Median year-over-year sales prices for single family

homes and condominiums on the island of Oahu, Hawaii’s largest market, were up 2.1 percent and 4.8 percent in 2007, respectively.

In 2008, the Company expects continued growth in its i-cal estate sales activity, driven primarily by the completion of the Company’s Keola La’i urban

condominium project. The project is expected to be completed in the first quarter of the year, with the majority of these sales expected to close in the first half of

2008.

One of the Company’s largest long-term projects is Kukui’ula, a 1,000-acre resort residential joint venture project on the island of Kauai, which is a

premier lifestyle destination development being built in partnership with an affiliate of DMB Associates, Inc. W1ile 2007 sales activity did not meet original

expectations due to softening real estate markets, the prospects for the development remain favorable. The contribution to profit from this development in the

near-term will be limited due to the percentage-of-completion method of accounting for revenue recognition. It is also expected that in 2008 the Company will

make additional capital contributions to the joint venture. Based on construction and operating costs to be incurred and revenue from lot sales over the next

three years, A&B’s additional contribution of capital to the joint venture could range from $70 million to $90 million over the next three years, a portion of

which could be financed by construction financing obtained by the venture.

Sales are expected to continue at other, smaller development projects in Hawaii in 2008. In addition to development sales, the Company regularly

makes dispositions of properties from its commercial portfolio when it believes the value of an asset has been maximized and the full fair market value for that

asset can be realized. This allows the Company to capture embedded value created by its property and asset management efforts and provides investment

capital for redeployment through tax-deferred 1031 exchanges. In 2008, several dispositions al-c expected.

Transportation: In 2007, Matson Navigation posted exceptionally strong earnings results, primarily due to the maturation of its Guam China

service. While the Guam China service was effectively full for the entire 2007 year, which will limit 2008 volume growth, the Company believes that this

service will continue to perform at a high level. Improvements in the rate structure of its highly-regarded China service, coupled with an increasingly positive

volume forecast for container service in Guam related to the commencement of infrastructure development preceding the future redeployment of 8,000 Marines

during the 2012-2014 timeframe, are expected to provide the catalysts for modest growth in 2008.

Performance in the Hawaii Service will continue to be influenced by the strength of Hawaii’s economy. It is expected that container volumes will be

steady to slightly down in 2008, and Matson will focus on cost containment efforts to protect operating profit margins. In late 2007, Matson modified one of

its C-9 class ships, the M. V. Mokihana, to add bi-weekly roll-on roll-off auto carnage capacity for more than 1,200 cars. The modification improves the

efficiency of Matson’s auto carriage and is expected to positively impact earnings in 2008. In addition, Matson will benefit from a reduction in the number of

scheduled dry dockings (from seven in 2007 to three in 2008) and to the full, year-long service of its interisland barge operations.

Matson Integrated Logistics (“MIL”) is expected take advantage of opportunistic acquisitions in the highly fragmented intermodal, truck brokerage,

and third party logistics warehousing sectors to propel earnings expansion in 2008. In addition to acquisitions, MIL expects to capture new business

opportunities as the result of an extension of its product offerings and its national footprint. In 2007, MIL created a subsidiary, Matson Global Distribution

Services, that deepens the company’s presence in its customers’ supply chains by offering integrated services in the movement of goods. While Matson Global

is in its formative stages, it is expected that additional opportunities will surface in this area and be realized in 2008.

Agribusiness: A&B, through its Hawaiian Commercial & Sugar (“HC&S”) operations on Maui. produces approximately 75 to 80 percent of the

sugar grown in Hawaii. This commodity-based industry poses specific challenges as margins decline. Revenue enhancement and cost containment are areas of

constant focus. In 2007,
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HC&S had its lowest production of sugar in over four decades, primarily as a result of drought conditions during critical growing months in the past two

years, as well as substandard agronomic practices. And while agriculture remains the best and highest use for much of the Company’s land, declining

margins in this segment impacted the Company’s profitability in 2007. It is expected that HC&S will not reach profitability in 2008. However, in addition to

the operations of HC&S, the Agribusiness segment includes power generation operations on Kauai and Maui, coffee operations on Kauai, and trucking

service companies and related business service companies on Maui, Kauai, and the island of Hawaii. These companies, in aggregate, are expected to offset the

negative impact of HC&S results and provide minimal profitability for the segment in total. In 2007, the Company continued construction of new facilities to

expand its specialty sugar production, distribution and marketing capabilities. The Company expects these investments to produce favorable results, and it is

encouraged by the growing market demand in this higher-margin segment of the food processing industry. In addition, the Company continues to evaluate the

expansion of its energy production capacity, including the production of ethanol from raw sugar, sugar juices, and molasses.

In addition to the economic and market information presented above, there are two primary sources of periodic economic forecasts for the state of

Hawaii; the University of Hawaii Economic Research Organization (UHERO) and the state’s Department of Business, Economic Development & Tourism

(DBEDT).

OTHER MATTERS

Management Changes: The following management changes occurred during 2007 and through February 15, 2008.

Son-Jai Paik was named vice president, human resources of A&B, effective January 1, 2007.

Paul K. Ito was promoted to vice president and named assistant treasurer of A&B, effective April 1, 2007, and continues in the position of controller

of A&B.

Kevin L. Halloran was promoted to vice president, corporate development and investor relations, effective April 26, 2007.

Meredith J. Ching was promoted to senior vice president, government and community relations, effective June 28, 2007.

FrankE. Kiger was promoted to general manager, Hawaiian Commercial & Sugar Company (l-IC&S), effective January 1,2008.
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ITEM 7A. QUANTITATIVE AND QUALITATIVE DISCLOSURES ABOUT MARKET RISK

A&B, in the normal course of doing business, is exposed to the risks associated with fluctuations in the market value of certain financial
instruments. A&B maintains a portfolio of investments, pension fund investments and, through its Capital Construction Fund, an investment in mortgage-
backed securities. Details regarding these financial instruments are described in Notes 1, 3, 4, 6 and 9 to the Consolidated Financial Statements.

The Company periodically uses derivative financial instruments such as interest rate and foreign currency hedging products to mitigate risks. The
Company’s use of derivative instruments is limited to reducing its risk exposure by utilizing interest rate or currency agreements that are accounted for as
hedges. The Company does not hold or issue derivative instruments for trading or other speculative purposes nor does it use leveraged financial instruments.

In February 2005, Matson entered into a right-of-first-refusal agreement with Aker Philadelphia Shipyard, which provides that, subsequent to the
delivery of the MV Maunalei, Matson has the right of first refusal to purchase each of the next four containerships of similar design built by Aker that are
deliverable before June 30, 2010. Matson may either exercise its right of first refusal and purchase the ship at an 8 percent discount from a third party’s
proposed contract price, or decline to exercise its right of first refusal and be paid by Aker 8 percent of such price. Notwithstanding the above, if Matson and

Aker agree to a construction contract for a vessel to be delivered before June 30, 2010, Matson shall receive an 8 percent discount. The right of first refusal was
accounted for as a derivative under FASB Statement No. 133, “Accounting for Derivative Instruments and Hedging Activities.” The amount recorded was not
material. Other than the right-of-first-refusal agreement, the Company had no other derivative financial instruments outstanding as of December31, 2007 or

2006.

A&B is exposed to changes in interest rates, primarily as a result of its borrowing and investing activities used to maintain liquidity and to fund

business operations. In order to manage its exposure to changes in interest rates, A&B utilizes a balanced mix of debt maturities, along with both fixed-rate and

variable-rate debt. The nature and amount of A&B’s long-term and short-term debt can be expected to fluctuate as a result of future business requirements,

market conditions, and other factors.

The Company’s fixed rate debt consists of $390 million in principal term notes. The Company’s variable rate debt consists of$l 19 million in

principal term notes. Other than in default, the Company does not have an obligation to prepay its fixed-rate debt prior to maturity and, as a result, interest rate

risk and the resulting changes in fair value would not have a significant impact on its fixed rate borrowings unless the Company was required to refinance

such debt.

The following table summarizes A&B’s debt obligations at December 31, 2007, presenting principal cash flows and related interest rates by the

expected fiscal year of repayment.

Expected Fiscal Year of Repayment as of December31, 2007 (dollars in millions)

Fair Value at

December 31,

2008 2009 2010 2011 2012 Thereafter Total 2007

Fixed rate $ 32 $ 32 $ 31 $ 27 $ 29 $ 239 $ 390 $ 383

Average interest rate 5.33% 5.28% 5.25% 5.29% 5.32% 5.27% 5.29%

Variable rate $ 25 $ -- $ . $ 42 $ 11 $ 41 $ 119 $ 119

Average interest rate 535% -- -- 5.37% 5.44% 5.44% 5.38%

A&B’s sugar plantation, HC&S, has a contract to sell its raw sugar production through 2008 to Hawaiian Sugar & Transportation Cooperative
(“HS&TC”), an unconsolidated sugar and marketing cooperative, in which A&B has an ownership interest. Under that contract, the price paid will fluctuate

with the New York No. 14 Contract settlement price for domestic raw sugar, less a fixed discount. A&B also has an agreement with C&H Sugar Company,

Inc., the primary purchaser of sugar from HS&TC, which allows A&B to forward price, with
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ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF INCOME

(In millions, except per-share amounts)

Year Ended December 31,

2007 2006 2005

Operating Revenue:

Ocean transportation $ 1,003 $ 936 $ 873

Logistics services 433 444 432

Property leasing 102 88 73

Property sales 23 8 98

Agribusiness 120 124 121

Total operating revenue 1,681 1,600 1,597

Operating Costs and Expenses:

Cost of ocean transportation services 789 754 673

Cost of logistics services 381 395 390

Cost of property sales and leasing services 60 43 103

Cost of agricultural goods and services 120 118 110

Selling, general and administrative 165 146 142

Total operating costs and expenses 1,515 1,456 1,418

Operatinglncome 166 144 179

Other Income and (Expense)

Gain on insurance settlement and other I -- 5

Equity in income of real estate affiliates 23 14 3

Interest income 3 6 5

Interest expense, net of amounts capitalized (19) (15) (13)

Income From Continuing Operations Before Income Taxes 174 149 179

Income taxes 66 56 67

Income From Continuing Operations 108 93 112

Income from discontinued operations, net of income taxes (see Note 2) 34 29 14

Netincome $ 142 S 122 S 126

Basic Earnings per Share of Common Stock:

Continuing operations $ 2.55 5 2.16 $ 2.57

Discontinued operations 0.79 0.68 0.32

Net income $ 3.34 $ 2.84 $ 2.89

Diluted Earnings per Share of Common Stock:

Continuing operations $ 2.52 $ 2.14 $ 2.55

Discontinued operations 0.78 0.67 0.31

Net income $ 3.30 $ 2.81 $ 2.86

Weighted Average Number of Basic Shares Outstanding 42.5 43.2 43.6

Weighted Average Number of Dilutive Shares Outstanding 43.1 43.6 44.0

See notes to consolidated financial statements.
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Cash Flow from Operating Activities:

ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF CASH FLOWS

(in millions)

Year Ended December 31,

2007 2006 2005

Net income

Adjustments to reconcile net income to net cash provided by operations:

Depreciation and amortization

Deferred income taxes

Gains on disposal of assets

Share-based expense

Equity in income of affiliates, net of distributions

Changes in assets and liabilities:

Accounts and notes receivable

inventories

Prepaid expenses and other assets

Deferred dry-docking costs

Liability for benefit plans

Accounts and income taxes payable

Other liabilities

Real Estate Developments Field for Sale:

Real estate inventory sales

Expenditures for new real estate inventory

Net cash provided by operations

Cash Flows fi-om Investing Activities:

Capital expenditures for property and developments

Receipts from disposal of income-producing property, investments and other assets

Deposits into Capital Construction Fund

Withdrawals from Capital Construction Fund

Payments for purchases of investments

Proceeds from sale and maturity of investments

Net cash used in investing activities

Cash Flows from Financing Activities:

Proceeds from issuance of long-term debt

Payments of long-term debt and deferred financing costs

Proceeds from (payments on) short-term bolTowings — net

Repurchases of capital stock

Proceeds from issuance of capital stock, including excess tax benefit

Dividends paid

Net cash provided by (used in) financing activities

Cash and Cash Equivalents:

Net (decrease) increase for the year

Balance, beginning of year

Balance, end of year

Other Cash Flow Information:

interest paid

income taxes refunded (paid), net

Non-cash Activities:

Debt assumed in real estate purchase

Tax-deferred property sales

Tax-deferred property purchases

$ 142 $ 122 $ 126

93 85 84

26 40 68

(64) (49) (28)

17 10 --

1 1 (17)

139 217

(88) (102)

15 --

(33) (72)

8 5

(48) (42)

(7) 6

(28) (12) 15

45 57 42

S 17 $ 45 S 57

$ (25) S (20) S (17)

$ iss) S (49) S 3

5 5

(1) (4)

(35) (8)

(6) (I)

6 (1)

(28) 39

21 4

(9)

(3)

12

(22)

(3)

19

14

11

(110)

124

(122)

18

(30)

30

(43)

4

(69)

106

(281)

61

(66)

159

(40)

45

(34)

278

(231)

25

(219)

150

t32)

2 43 2

(145) (124) (305)

104

(27)

(7)

11

(39)

42

$ —S

$ 83 $

$ (91) $

-- S II

60 5 55

(49) S (28)



See notes to consolidated financial statements.
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ALEXANDER & BALDWIN, INC.
CONSOLIDATED BALANCE SHEETS

(In millions, except per-share amount)

December 3 1,

2007 2006

ASSETS

Current Assets

Cash and cash equivalents $ 17 $ 45

Accounts and notes receivable, less allowances of $12 for 2007 and $14 for 2006 185 178

Inventories 21 1 9

Real estate held for sale 150 --

Income taxes receivable 1 5

Deferred income taxes 11 10

Prepaid expenses and other assets 36 28

Total current assets 421 285

Investments in Alliliates 184 149

Real Estate Developments 99 147

Property—net 1,582 1,499

Capital Construction Fund i

Benefit Plan Assets 80 56
Other Assets 112 114

Total $ 2,479 S 2,251

LIABILITIES AND SHAREHOLDERS’ EQUITY

Current Liabilities

Notes payable and current portion of long-term debt $ 57 $ 41

Accounts payable 156 136

Payrolls and vacation due 19 18

Uninsured claims 12 12

Accrued and other liabilities 78 50
Total current liabilities 322 257

Long-term Liabilities

Long-term debt 452 401

Deferred income taxes 468 442

Liability for benefit plans 50 52

Uninsured claims and other liabilities 57 72

Total long-term liabilities 1,027 967

Commitments and Contingencies

Shareholders’ Equity

Capital stock — common stock without par value; authorized, 150 million shares

($0.75 stated value per share); outstanding, 42.4 million shares in 2007 and 42.6

million shares in 2006 34 35

Additional capital 200 1 79

Accumulated other comprehensive loss (4) (19)

Retained earnings 911 843

Cost of treasuly stock (11) (Il)

Total shareholders’ equity 1,130 1,027

Total $ 2,479 S 2,251

See notes to consolidated financial statements.
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However, if the Company is not permitted to operate its vessels in eoastwise trade or unable to participate in the CCF and cargo preference program, it may
have a material adverse effect on the Company’s ocean transportation operations.

The Company and certain subsidiaries are parties to other various legal actions and are contingently liable in connection with claims and contracts
arising in the normal course of business, the Outcome of which, in the opinion of management after consultation with legal counsel, will not have a material
adverse effect on the Company’s financial position or results of operations.

13. INDUSTRY SEGMENTS

Operating segments are components of an enterprise that engage in business activities from which it may earn revenues and incur expenses, whose
operating results are regularly reviewed by the chief operating decision maker to make decisions about resources to be allocated to the segment and assess its
performance, and for which discrete financial information is available. The Company’s chief operating decision maker is its Chief Executive Officer. Based
on the foregoing, the Company has five segments that operate in three industries: Transportation, Real Estate and Agribusiness.

The Transportation Industry consists of two segments. Ocean Transportation carries freight between various U.S. Pacific Coast, major Hawaii ports,

Guam, China and other Pacific ports and provides terminal, stevedoring and container equipment management services in Hawaii. Logistics Services arranges
domestic and international rail intermodal service, long-haul and regional highway brokerage, specialized hauling, fiat-bed and project work, less-than-
truckload, expedited freight services, and warehousing and distribution services.

The Real Estate Industry consists of two segments, both of which have operations in Hawaii and on the U.S. mainland. The Real Estate Sales segment
generates its revenues through the development and sale of land, commercial and residential properties. The Real Estaie Leasing segment owns, operates, and
manages retail, office, and industrial properties, as well as leases vacant land and improved lands to third parties. When property that was previously leased
is sold, the revenue and operating profit are included with the Real Estate Sales segment.

Agribusiness, which consists of one segment, grows sugar cane and coffee; produces bulk raw sugar. specialty food-grade sugars, molasses and
green coffee; markets and distributes roasted coffee and green coffee; provides sugar, petroleum and molasses hauling, general trucking services, mobile

equipment maintenance and repair services, and self-service storage; and generates and sells, to the extent not used in the Company’s operations, electricity.

The accounting policies of the operating segments are the same as those described in the summary of significant accounting policies. Reportable
segments are measured based on operating profit, exclusive of non-operating or unusual transactions, interest expense, general corporate expenses, and income

taxes.
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Tndustiy segment information for each of the three years ended December 31, 2007 is summarized below (in millions):

For the Ymr
2007 2006 2005

Revenue:

Transportation:

Ocean tr005port4t:on
S 1,06.9 5 045.8 5 878.3

Logistics services
433.5 444.2 431.6

Real Estate:

Leasing
00.6 89.7

Soles
117.8 97.3 148.9

Less amounts reported in discontinued oporoti005t
(100.61 (101.2) (66.6)

Agrtbustttcss
123.7 127.4 123.2

Reconciling Items 2
9.21 (14.2) (8.4)

Tet.sl e.VCnOe
5 1.60(1.6 S 1599.9 S 1,596.7

Operating Penfit:

Transportaliotn:

Ocean trattspnrtotiott
S 26.5 S 1056 S 1280

Logistics services
21.8 20 8 144

Real Estate:

Lcastng
51.6 50.3 43.7

Sales
74.4 49.7 44.1

Less am000ls reported its discotttittued operations’
(54.41 (467) (22.2)

Agribusiness
(5.2 6.9 11.2

Total operating pro0l
220.1 186.6 219.2

Write-down of long.liscd asscts3
— (2.3)

Interest eXpettse, net° (10.01 (15.0) (13.3)

Ocncral corporate expenSes
27.31 22.3) (24.1)

ltsconsc front corstirsoing qtcratiorts before income taxes
S 174.0 $ 149.3 S 179.5

ldentifiohle Assets:

Ocean transportattoe
S 1,215.0 S 1,1853 S 1,1130

Logistics services
99.6 56.4 70.3

Real estate leasing
995.4 525.5 478.6

Real es6tte sales
41(9.9 295.0 227.3

Agribusirsess
174,6 168.7 159.0

Other
26.6 20.3 22.7

Total aeseLs
5 2.479,1 5 2.25 1.2 S 2,070.9

Copilot Additissnnr

Ocean transportation
S 60.8 5 217.1 S 173.9

Logistics services5 2.0 1.7 .3

Real estate leasing6 24.5 93.0 78.8

Real estate sales’ ((.3 1.3 0.2

Aeribusittess
20.5 15.0 (30

Other
0.3 1.5 1.4

Total capitol odditions
S 213.4 5 329.6 S 268.6

Depreciation and Amnrlizutinn:

Ocean transportation
5 63.2 5 58.1 S 59.5

Logistics services
1.5 I 5 (.4

Real estate leasittg’ 19.7 14.1 12.4

Real estate sales
11.2 0.1 0.1

At,ribosrssess
115.7 111.1 9.4

Otlter
1.3 0.9 0.5

Total depreciation and otttortizotiott
S 84.8 S 83.3
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1 Prier Year amounts restated for amounts treated as discontinued Operations. See Notes I and 2 fer additional information.

2 Includes iuter-seemcut revenue, interest income, and other inconte classified as revetrite for segment reporting proposes.

3 The 2005 svrite-dosvn svas loran other than temporary’ impairntcnt in tire Company’s investment in C&H. Tire Company’s investment in C&H was sold on August 9: 2005 at the their approximate carrying
value.

4 Ineludos Ocean Transportation interest ovpenseof St3.9 million for 2007. Sl3.3 nniltion for2006, and $9.6 million for 2005. Substantially all netter interest expense was at tire parent company.

5 Esetodes expenditures related to Matson Jntegnated Logistics’ acquisitions, iiticit are classified as Payments for Purultares af Investnrcnis in Cash Flows from Investing Activities within thu Cunsolidated Stateirtents of

Cash Finsvs.

6 Represents gross capital additians a the leasing poerfotio. inctoding gross tax-deferred property purchases ttiat are reflected as non-cash transactions in he Consolidated Statements of Cash Flows.

7 Excludes capital expendimecs far real estate developments reid for sale svttietr are classified as Cash Flows froum Operating Activities srittnin the Cansolidated Statements of Castm Fhmrsvs. Operating easti flnsvs for capital
expenditures related to real estate developments isere SI 0 million, S69 nrilhion. arid S34 million. for ttte years ettded December 31, 2007, 2006, and 2005, respectively.
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14. QUARTERLY INFORMATION (Unaudited)

Segment results by quarter for 2007 are listed below (in millions, except per-share amounts):

2007

Qi Q2 Q3 Q4
Revenue:

Transportation:

Oceantransportation $ 231.6 $ 253.1 $ 259.9 $ 262.3

Logistics services 102.9 112.4 110.4 107.8

Real Estate:

Leasing 28.8 26.4 26.3 27.0

Sales 6.5 0.4 78.5 32.4

Less amounts reported in discontinued

operations (1.9) (2.0) (75.4) (21.3)

Agribusiness 17.2 38.5 37.3 30.7

Reconciling Items 2 (2.0) (1.8) (2.4) (3.0)

Total revenue S 383.1 $ 427.0 $ 434.6 $ 435.9

Operating Profit (Loss):

Transportation:

Ocean transportation $ 18.8 $ 39.1 $ 38.5 $ 30.1

Logistics services 5.6 5.5 6.0 4.7

Real Estate:

Leasing 15.0 12.3 12.2 12.1

Sales 8.8 4.5 37.9 23.2

Less amounts reported in discontinued

operations’ (1.2) (1.4) (36.1) (15.7)

Agribusiness 3.6 0.5 (3.2) (0.7)

Total operating profit 50.6 60.5 55.3 53.7

Interest Expense (4.3) (4.1) (4.8) (5.6)

General Corporate Expenses (6.9) (6.6) (6.0) (7.8)

Income From Continuing Operations before Income
Taxes 39.4 49.8 44.5 40.3

lncometaxes (15.4) (18.6) (17.9) (13.6)

Income From Continuing Operations 24.0 31.2 26.6 26.7

Discontinued Operations’ 0.7 0.8 22.5 9.7

Net Income $ 24.7 $ 32.0 $ 49.1 S 36.4

Earnings Per Share:

Basic $ 0.58 $ 0.75 $ 1.15 $ 0.86

Diluted S 0.58 $ 0.74 $ 1.14 $ 0.85

See Note 2 for discussion of discontinued operations.

2 Includes mice—segment revenue, interest income. and othet ioeonto elassitied as rov0000 for segment reporting purposes.
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Segment results by quarter for 2006 are listed below (in millions, except per-share amounts):

2006

QI Q2 Q3 Q4
Revenue:

Transportation:

Ocean transportation $ 219.3 $ 243.6 $ 243.2 $ 239.7

Logistics services 108.4 116.4 113.1 106.3

Real Estate:

Leasing 24.6 24.4 25.5 26.1

Sales 23.8 36.8 5.0 31.7

Less amounts reported in discontinued

operations (26.6) (39.9) (4.8) (29.9)

Agribusiness 15.5 37.8 41.8 32.3

Reconciling Items 2 (6.1) (3.3) (2.7) (2.1)

Total revenue $ 358.9 $ 415.8 $ 421.1 $ 404.1

Operating Profit (Loss):

Transportation:

Ocean transportation $ 18.3 $ 24.4 $ 34.2 8 28.7

Logistics services 47 5.3 5.1 5.7

Real Estate:

Leasing 12.1 12.2 12.5 13.5

Sales 27.1 10.9 1.2 10.5

Less amounts reported in discontinued

operations’ (17.1) (17.0) (3.8) (8.8)

Agribusiness 6.5 3.1 0.6 (3.3)

Total operating profit si .6 38.9 49.8 46.3

Interest Expense (3.2) (3.0) (4.0) (4.8)

General Corporate Expenses (5.2) (5.1) (5.0) (7.0)

Income From Continuing Operations before Income
Taxes 43.2 30.8 40.8 34.5

Incometaxes (16.5) (11.2) (15.3) (12.8)

Income From Continuing Operations 26.7 19.6 25.5 21.7

Discontinued Operations’ 10.7 10.6 2.4 5.3

Net Income $ 37.4 $ 30.2 $ 27.9 $ 27.0

Earnings Per Share:

Basic $ 0.85 $ 0.69 $ 0.66 $ 0.64

Diluted $ 0.84 $ 0.68 $ 0.65 $ 0.63

Sec Note 2 ror discussion oidrscontinuod operations.

2 Includes ifltcr-sentmcntt revenue. interest income, arid other ineonic classified as revcnuc for segmcnt reporting purposes.
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15. PARENT COMPANY CONDENSED FINANCIAL INFORMATION

Set forth below are the unconsolidated condensed financial statements of Alexander & Baldwin, Inc. (“Parent Company”). The significant accounting
policies used in preparing these financial statements are substantially the same as those used in the preparation of the consolidated financial statements as
described in Note I, except that, for purposes of the tables presented in this footnote, subsidiaries are carried under the equity method.

The following table presents the Parent Company’s condensed Balance Sheets as of December 31, 2007 and 2006 (in millions):

2007 2006

ASSETS

Current Assets:

Cash and cash equivalents $ 3 5 2

Accounts and notes receivable, net 3 20

Prepaid expenses and other 19 14

Total current assets 25 36

Investments:

Subsidiaries consolidated, at equity 1,097 939

Property, at Cost 451 428

Less accumulated depreciation and amortization 212 1 99

Property --net 239 229

Due from Subsidiaries 87 68

Other Assets 47 34

Total S 1,495 S 1,306

LIABILITIES AND SHAREHOLDERS’ EQUITY

Current Liabilities:

Current portion of long-term debt $ 32 S 18

Accounts payable 6

Income taxes payable 10 12

Other 19 22

Total current liabilities 66 58
Long-term Debt 212 141

Other Long-term Liabilities 31 31

Deferred Income Taxes 56 49

Commitments and Contingencies

Shareholders’ Equity:

Capital stock 34 35

Additional capital 200 179

Accumulated other comprehensive loss (4) (19)

Retained eamings 911 843

Cost of treasury stock (11) (11)

Total shareholders’ equity 1,130 1,027

Total $ 1,495 S 1,306
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The following table presents the Parent Company’s condensed Statements of Income for the years ended December 31, 2007, 2006 and 2005 (in

millions):

2007 2006 2005

Revenue:

Agribusiness s 92 S 97 S 89

Property leasing 28 24 21

Property sales 6 1 3

Interest and other 8 9

Total revenue 12’7

Costs and Expenses:

Cost of agricultural goods and services 97 96 90

Cost of property sales and leasing services 14 11 10

Selling, general and administrative 28 24 24

Interest and other 12 7 9

Income taxes ts) 1 (8)

Total costs and expenses

Income (Loss) from Continuing Operations (12) (8) 2

Discontinued Operations, net of income taxes to

Income Before Equity in Income of Subsidiaries
Consolidated (12) 2 3

Equity in Income from Continuing Operations of
Subsidiaries Consolidated 120 104 112

Equity in Income from Discontinued Operations of
Subsidiaries Consolidated 34 16 II

Net Income 142 122 126

Other Comprehensive Income (Loss), net of income taxes 15

Comprehensive Income S157 S122 S128
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The following table presents the Parent Company’s condensed Statements of Cash Flows for the years ended December31, 2007, 2006 and 2005 (in

millions):

2007 2006 2005

Cash Flows from Operations (including dividends received from
subsidiaries) $17 $65 $89

Cash Flows from Investing Activities:

Capital expenditures (18) (35) (13)

Proceeds from disposal of property and investments 5 22

Net cash used by investing activities (13) (13) (12)

Cash Flows from Financing Activities:

Change in intercompany payables/reccivables (15) (6) (19)

Proceeds from (repayments of) long-term debt, net 85 5 8 (24)

Proceeds from issuance of capital stock, including tax benefit 8 5 Il

Repurehases of capital stock (33) (72) --

Dividends paid (48) (42) (39)

Net cash used in financing activities (3) (57) (71)

Cash and Cash Equivalents:

Net increase (decrease) for the year 1 (5) 6

Balance, beginning of year 2 7 1

Balance, end of year $ 3 $ 2 $ 7

Other Cash Flow Information:

Interest paid, net of amounts capitalized $ (12) $ (7) $ (7)

Income taxes paid, net of refhnds $ (55) $ (49) $ 3

Other Non-cash Information:

Depreciation expense $ (15) $ (13) $ (12)

Tax-deferred property sales $ — $ 13 $ 3

Tax-deferred property purchases $
— $ (13) $ (3)

General Information: The Parent Company is headquartered in Honolulu, Hawaii and is engaged in the operations that are generally described in Note

13, “Industry Segments.” Additional information related to the Parent Company is described in the foregoing notes to the consolidated financial statements.
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Long-lena Debt: At December31, 2007 and 2006, long-term debt consisted of the following (in millions):

2007 2006

Revolving Credit loans, 5.28% s s S 27

Term Loans:

5.53%, payable through 2016 50 50

5.56%, payable through 2016 25 --

5.55%, payable through 2017 59 --

4.10%, payable through 2012 35 35

7.55%, payable through 2009 15 1 5

7.42%, payable through 2010 9 Il

6.20%, payable through 2013 2 3

7.44%, payable through 2007 7

7.57%, payable through 2009 4 6

7.43%, payable through 2007
— 5

Total 244 1 59

Less current portion 32 18

Long-term debt $ 212 S 141

Long-term Debt Maturities:At December 31, 2007, maturities of all long-term debt during the next five years are $32 million annually in 2008, $18
million in 2009, $16 million in 2010, $55 million in 2011, $17 million in 2012, and $106 million thereafter.

Revolving credit Facilities: The Company has a revolving senior credit facility with six commercial banks that expires in December 2011. The
revolving credit facility provides for a commitment of $225 million. Amounts drawn under the facility bear interest at London Interbank Offered Rate
(“LIBOR”) plus 0.225 percent, provided the Company maintains an S&P/Moody’s rating of A-/A3 or better. The agreement contains certain restrictive
covenants, the most significant of which require the maintenance of minimum shareholders’ equity levels, minimum property investment values, and a
maximum ratio of total debt to earnings before interest, depreciation, amortization, and taxes. At December 31, 2007, $54 million was outstanding, $2 million
in letters of credit had been issued against the facility, and $169 million remained available for borrowing. As of December 31, 2007, $39 million drawn on
this facility was classified as non-current because the Company had the ability and intent to refinance the bslsnce on a long-term basis.

Real Estate Secured Term Debt: In June 2005, the Company, together with its real-estate subsidiaries, purchased an office building in Phoenix,
Arizona, and assumed $11 million of mortgage-secured debt. A&B owns approximately 24 percent of the Phoenix office building. At December31, 2007,
approximately $2 million of the $11 million was recorded on the parent company’s books, consistent with ownership of the property. The property is jointly
and severally owned by three Company entities.

Other Long-term Liabilities: Other Long-term Liabilities at December 31, 2007 and 2006 consisted principally of deferred compensation, executive
benefit plans, additional minimum pension liability, and self-insurance liabilities.

16. RELATED PARTY TRANSACTIONS

Related Party Transactions: Notes 3 and 4 includes additional information about transactions with unconsolidated affiliates, which affiliates
are/were also related parties, due to the Company’s minority interest investments.
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Hawaiian Sugar & Transportation Cooperative (“HS&TC”) is a raw sugar marketing and transportation cooperative that the Company uses to market
and transport its sugar to C&H. Under the terms of a supply contract between HS&TC and C&H, which expires with the 2008 crop, C&H is obligated to
purchase, and HS&TC is obligated to sell, all of the raw sugar delivered to HS&TC by the Hawaii sugar growers, at prices determined by the quoted
domestic sugar market. The price that the Hawaii sugar growers receive for the sale of raw sugar is the C&H contract price, reduced for the operating,
transportation and interest costs incurred by HS&TC, net of revenue generated by HS&TC for charter voyages. Revenue from raw sugar and molasses sold
to HS&TC was $53 million. $59 million, and $62 million, during 2007, 2006, and 2005, respectively. At December 31, 2007, 2006 and 2005, the
Company had amounts receivable from 1-JS&TC of$l5 million, $11 million and 7 million, respectively.

17. SUBSEQUENT EVENTS

On January 31, 2008, the Board of Directors authorized A&B to repurchase up to 2 million additional shares of its common stock. The new
authorization will expire on December 31, 2009.

From January 1,2008 through February 15, 2008, the Company repurchased 1,124,449 shares of its common stock at an average price of $44.24 per
share. The repurchases were made under a October 2006 share authorization that expires December 31, 2008. As of February 15, 2008, 2,203,823 shares
remain available for repurchase, including 203,823 shares subject to an authorization that expires December 31, 2008 and 2 million shares subject to an
authorization that expires December31, 2009.

In October 2007, A&B entered into an agreement to purchase a 1.0 million-square-foot industrial facility consisting of two warehouse buildings located
on 63 acres in Savannah, Georgia, approximately 12 miles from the Port of Savannah the second largest U.S. container port on the east coast. A&B closed the
acquisition of both buildings in February 2008 for approximately $48 million. The property will be treated as a development property until the completion of
tenant improvements by A&B and the deliveiy of the space to one or more tenants.
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PARTI

ITEMS I & 2. BUSINESS AND PROPERTIES

Alexander & Baldwin, Inc. (“A&B”) isa multi-indusity corporation wills its primary operations centered in Hawaii. It was founded in 1870 and incotporated in

1900. Ocean transportation operations, related shoreside operations in Hawaii, and intermodal, truck brokerage and logistics services are conducted by a wholly-owned

subsidiary, Matson Navigation Compatsy, Inc. (“Matson”), and two Matson subsidiaries. Property development and agribusiness operations are conducted by A&B attd certain

other subsidiaries ofA&B.

The business industries of A&B are generally as follows:

A. Transportation - carrying freight, primarily betw’eeti various U.S. Pacific Coast, Hawaii. Guam, China and other Pacific island ports; arranging domestic

and international rail intermodal service, long-haul and regional highway brokerage, specialized hauling, flat-bed and project work, less-than-truckload,

expedited/air freight services, and warehousing and distribution services; and providing terminal, stevedoring aitd Container equipment maintenance services

in Hawaii.

B. Real Estate - engaging in real estate development and ownership activities, including planning. zoning, financing, constructing, purchasing, managing and

leasing, selling and exchanging. and investing in real property.

C. Agm’ibttsimtess - growing sugar cane and coffee in Hawaii; producing bulk raw sugar, specialty lbod.grade sugars, molasses and green col’fee; marketing and

distributing roasted coffee and green coffee; providing sugar, petroleum and molasses hasting, general trucking services, mobile equipment maintenance and

repair services, and self-service storage in Hawaii: and generating and selling, to tIme extent not used in A&B’s operations, electricity.

For information about mIte revenue, operating profits and identifiable assets of A&B’s industry segments for the three years ended December 31,2008, see Note 13

l”lndustry Segtnents”) to A&B’s financial statements in Item 8 of Part II below.

DESCRIPTION OF BUSINESS AND PROPERTIES

A. Transportation



Property Location Type (sq. It.)

Heritage Business Park Dallas. TX Industrial 1,316,400
Ontario Distribution Center Ontario, CA Industrial 898,400

Midsiate 99 Distribution Center Visatia, CA Industrial 790,400
Savannah Logistics Park (Bldg. A) Savannah, GA Industrial 710,800

Sparks Business Center Sparks, NV Industrial 396,100

Republic Distribution Center Pasadena. TX Industrial 312,500

Centennial Plaza Salt Lake City, UT Industrial 244,000

Valley Freeway Corporate Park Kent, WA Industrial 228,200

1800 and 1820 Preston Park Piano, TX Office 198.600

Ninigret Office Park X and XI Salt Lake City, UT Office 185,200

San Pedro Plaza San Antonio, TX Office/Retail 171,900

2868 Prospect Park Sacramento, CA Office 162,900

Concorde Commerce Center Phoenix, AZ Office 140,700

Arbor Park Slropping Center San Antonio, TX Retail 139,500

Deer Valley Financial Center Phoenix, AZ Office 126,600

San Jose Avenue Warehouse City of Industry. CA Industrial 126,000

Southbank It Phoenix, AZ Office 120,800

Village at Indian Wells Indian Wells, CA Retail 104,600

Broadlands Marketplace Broomfteld, CO Retail 103,900

2890 Gateway Oaks Sacramento, CA Office 58,700

Wilshire Center Greeley, CO Retail 46,500
Royal MacArthur Center Dallas, TX Retail 44,000

A&B’s mainland commercial properties maintained an average occupancy rate of 95 percent in 2008, compared to 97 percent in 2007.

A&B’s mainland joint venture commercial developments are summarized bclosv:

(i) Crossroads Plcrra. In June 2004. A&B entet’ed into ajoint venture with lnmenex Hasley, LLC, for the development ofa 56,000-square-foot mixed-use

neighborhood retail center on 6.5 acres in Valencia, California. The property was acquired in August 2004. The sale of a pad site building closed in 2007, and construction of

tire center was substantially completed in 2008. Cttrrent occupancy is 56 percent.

(ii) Centre Politic Marketplace. In April 2005, A&B entered into a joint venture svittr Intertex Centre Pointe Marketplace, LLC for tire development ofa

t05,700-squarc-foot retail center on a 10.2-acre parcel in Valencia, California. The sale of several pad site buildings closed in 2007. Vertical construction was substantially

completed in 2008, svith five of seven buildings closed in 2008 and tire tsvo remaining buildings expected to be sold in 2010.

(iii) Bridgeport Marketplace. In July 2005, A&B entered into ajoirtm venture svith tntenex Bridgeport Marketplace. LLC for the development ofa 27.8-

acre parcel in Valemrcia, California. The parcel svas subdivided into a 5-acre parcel for a public park, a 7.3-acre parcel sold to a church in 2007, and a 15.5-acre parcel for the

development ofa 130,000-square-foot retail center. Vertical construction of the center consmenccd in 2007 and is nearing completion with 98 percent of tire retail and office space

under birtding leases.

(iv) Bakersfield - Partanta Grove. In November 2006, A&B entered into a joint venture xvith Intenex P&G Retail. LLC. for the planned development of a

575,000-square-foot retail center ott a 57.3-acre commercial parcel in Bakersfield. California Tire parcel was acquired itt November 2006. Development pians currently are on

told due to current economic conditions.

(v) Pa/rite/ale Trade & Contnnte,’ce Center. In Decenrber 2007, A&B entered into ajoint venture with lmntcrtex Palrndale Trade & Commerce Cetster LLC,

for the planned development ofa 315,000-square-foot mixed-use commercial office arid light industrial condominium complex on 18.2 acres in Palnndale, California, located 60

miles northeast of Los Angeles and 25 miles northeast of Valeneia. The parcel was coittrnhuted to tIne venture in 2008. Due to current market condrttons, tire venture is

reevaluating tire product design and timing of des’elopnment.

C. Agribusiness

(1) Produciion

A&B has been engaged in the production of cane sugar in Hasvaii since 1870, and the production of coffee in Hawaii since 1987. A&B’s cutrent agribtnsiness and

related operations consist of: (I) a sugar plantation omr tIre island of Maui, operated by its Hasvaiiair Commercial & Sugar Company (“HC&S”) division, (2) a coffee farm on the

istarrd of Kauai, operated by its Kauat Coffee Company, Inc. (“Kauai Coffee”) subsidiary, and (3) its Kahului Trucking & Storage, Inc. (“KT&S”) and Kauai Commercial

Company, Itseorporated (“KCC”) subsidiarres, which provide all types of trucking services, nnclstding sugar and molasses hauling on Maui and Kauai, mobile equipment

maintenance and repair services on Maui, Kauan. and tire Big Island, and self-service storage fbciiimmes on Muir and Kauai.

HC&S is Hawaii’s largest producer of raw sugar, producing approximately 145.200 toirs of raw sugar itt 2008, or about 75 percent of the raw sugar produced in

Hasvati for the year (conrpared svith 164,500 torts, or about 80 percent. in 2007). Tire prirrrary reason for the decline in sugar production has been the unprecedented continuing

drought conditions affecting the island of Matti. In 2008, I-IC&S had the lov,’est East Maui water deliveries on record since tire Company first began recording deliveries in

1925. Moreover. tltc nvo-yearpcriod beginning in 2007. and extending througlr 2008. nsanked two consecutive years of the lowest rainfall recorded. A chronic lack ofwater

that has extended throughout tire crop’s lifecycle has had seriocis adverse impacts onr crop yields. HC&S harvested 16.961 acres of sugar cane in 2008 (compared svitlt 16.895

in 2007). Yields averaged 8.6 torts of sugar per acre in 2008 (compared with 9.7 in 2007). As a bY-product of sugar production, HC&S also produced approximately 52,200

tons of tnolasses in 2008 (compared witlr 51,700 in 2007).

In 2008. approxitnately 27,500 tons of srmgar (compared svith 21,200 tons in 2007) were processed by HC&S into specialty food-grade sugars under HC&S’s Maui

Brand5’trademark or repackaged by distributors under their own labels. A multi-phase expanrsronm of time production facihtres for timese sugars ss’as conipieted in early 2008.

During 2008, Kauai Coffee had approxinsatelv 3.000 acres of coffee trees under culnivanion. The 200S harvest yielded approximately 3.0 nmillion pounds of greets

cofThc, compared with 2.5 million pounds in 2007. TIre prehimninany nrix of greens coffee has resulted iii a siiglrtty higher percentage of specialty and connimniodity green beans and a

lower percentage of mid-grade green beans titan in 2007.



HC&S and McBryde Sugar Company. Limited (‘McBryde”), a subsidiai-i’ of A&B and the parent company ofKauai Coffee, produce electricity for internal use and
for sale to the local electric utility companies. HC&S’s power is produced by burning bagasse (the residual fiber of the sugar cane plant), by ttydroelectnc power generation and,
when necessary, by burning fossil fuels, whereas MeBryde produces power solely by hydroelectric generation. The price for the power sold by HC&S and McBryde is equal to
the utility companies’ “avoided cost” of not producing such power themselves. In addition, HC&S receives a capacity payment to provide a guaranteed power generation
capacity to the beat utility. See “Energy” below for power production and sales data.

(2) Marketing of Sugar and Coffee

Approximately 81 percent of the bulk raw sugar produced by HC&S in 2008 was purchased by C&H Sugar Company, Inc. (“C&H”). C&H processes the raw
cane sugar at its refinery st Crockett, California, and markets the refined products primarily in site western and central United States.

The remaining 19 percent of the raw sugar was used by HC&S to produce specialty food-grade sugars, which are sold by HC&S to food and beverage producers and

to retail stores under its Maui Brand® label, and to distributors that repackage the sugars under their own labels. HC&S’s largest food-grade sugar customers are Cuniberland
Packing Corp. and Sugar Foods Corporation, which repackage HC&S’s turbinsdo sugar for their “Sugar in the Raw” products.

Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a cooperative consisting of two sugar cane growers in Hawaii (including HC&S), lisa a supply contract

with C&H, ending in December 2009. HS&TC has Ihe option to extend this supply contract by an additional year. Pursuant to the supply contract, the growers sell their ra’,v

sugar to C&H at a price equal to the New York No. 14 Contract settlement price, less a discount and less costs of sugar vessel discharge and stevedoring. This price, after
deducting the marketing, operating, distribution, transportation and interest costs of HS&TC, reflects the gross revenue to the Hawaii sugar growers, including
HC&S. Notwithstanding the supply contract, HC&S arranged directly with C&H for the forward pricing of a portion of its 2008 harvest, as described in Item 7A

(“Quantitative and Qualitative Disclosures About Market Risk”) of Part TI below. The other member of HS&TC has announced that it plans to withdraw from the sugar-
growing btisiness later this year. HC&S and the withdrawing member will need to resolve issttes relating to such withdrawal from HS&TC.

At Kauai Coffee, coffee marketing efforts are directed toward developing a market for premium-priced, estate-grown Kauai green bean (unroasted) coffee. Most of

the coffee crop is being marketed on the U.S. Mainland as green bean coffee. In addition to the sale of green bean coffee, Kauai Coffee produces and sells roasted, packaged

coffee under the Ksuai Coffee® trademark. Ksuai Coffee’s customers include specialty and csmmodity brokers, hotels, and large regional roasters.

(3) Sugar Competition and Legislation

Hawaii sugar growers produce more sugar per acre than most other major producing areas of the world, but that advantage is offset by Hawaii’s high labor costs and
the distance to the U.S. Mainland market. Flawaiinn refined sugar is marketed primarily west sfChicago. This is also the largest beet sugar growing and processing area and, as

a result, the only market area in tlte Uitited States thst produces more sugar than it consumes. Sugar from sugar beets is the greatest source of competition in the refined sugar
market for the Hawaiian sugar industry.

The U.S. Congress historically has sought, through legislation, to assure a reliable domestic supply of sugar at stable and reasonable prices. The cutrent tegistatisn is

the Food Conservation and Energy Act of 2008, which expires on December 31,2012 (“2008 Fann Bill”). The two main elements of U.S. sugar policy are the tariff-rate quota
(“TRQ”) import system and the price support loan program. The TRQ system limits imports from countries other than Canada and Mexico by allowing only a quota amount to
enter the U.S. after payment ofu relatively low tariff A higher, over-quota tariff is imposed for imported quantities above the quota amount. Also, a new but limited sucrose

ethanol program was added in 2008, which allows sugar to be diverted into ethanol when the market is deemed to be oversupplied.

The 2008 Farm Bill reauthorized the sugar price support loan program, which supports the U.S. price of sugar by providing for commodity-secured loans to
producers. A loan rate (support price) of 18 cents per pound (“cub”) for raw’ cane sugar is in effect for the 2008 crop. The loan rate increases by .25 c/lb each year up to

18.75 c/lb for 2011 and 2012 (the last year of the bill). The supply agreement between HS&TC and C&H provides for a floor minimum price that is based on the loan rate.

In 2005, the U.S. approved a trade pact with Central America and site Dominican Republic, known as the Central America-Dominican Republic-United States Free
Trade Agreement. In 2006, the first year of the agreement, additional sugar market access for participating countries amounted to about 1.2 percent of current U.S. sugar

consumption (107,000 metric tons), which will grow to about 1.7 percent (151,000 metric toss) in its fifteenth year.

Implementation of the North American Free Trade Agreement (NAFTA) began in 1994. This agreement removed most barriers to trade and investment among the
U.S., Canada and Mexico. Under NAFTA, all non-tariff barriers to agricultural trade between the U.S. and Mexico were eliminated. In addition, many tariffs were eliminated

immediately, while others were phased out over periods of 5 to 15 years with full elimination having begun Jatmuary 1, 2008. Starting in 2008, Mexico can ship an unlimited
quantity of sugar duty-free to the U.S. each year. even though the U.S. sugar market is already oversupplied.

U.S. domestic raw sugar priccs t eniam suppressed. A chronological chai t of the average U.S. domestic raw sugar prices, based on the average daily New York No.

14 Contract settlement price for domestic raw sugar. is shown below (not adjusted for inflation):

U.S. Raw Sugar Prices
(New York No. 14 Contract)
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U.S. sugar or swcetener industries materially. Negotiations under the U.S-Central America Free Trade Agreement, orCAFTA, as well as other trade discussions, have

resulted in lower U.S. sugar prices.

(4) Coffee Competition and Prices

Kauai Coffee competes with coffee grovels located worldwide, including in Hawaii. Coffee commodity priecs have been strong for the past several years. The market

for specialty coffee in sIte United States is vciy competitive. Because of its quality and branding, Kauai Coffee has been successful at selling most of its coffee at a premium.

above commodity market prices. Kauai Coffee has long-term, repeat customers that account for the bulk of its sales, though therein strong competition and the contracts arc

subject to renegotiation each year.

Approximately one-fifth of Kauai Coffee’s production is oftgrade coffees, which are loosely tied to world commodtty market prices. Kauat Coffee engages tn short-

term contracts with established custossers to ensure that it receives the best price possible for these coffees. These prices are subject to price adjustments on an annual basis.

Kauai Coffee’s oreen bean coffee production volume and unit costs vaty each year depending upon growing and harvesting conditions. The unit cost per pound

impacts the cost of goods for Kauai Coffee’s wholesale roasted and retail programs.

(5) Properties and Water

TIme HC&S sugar plantation, the largest In Hawaii, Consists of approximately 43,300 acres, including a small portion of leased lands. Approximately 34,700 acres are

under cultivation, and time balance is leased to third parties, is not suitable for cane csiltivation, or is used for plantation purposes such as moads, reservoirs, ditches and plant sites.

On Kauat, approximately 3,000 acres ame cultivated by Kastai Coffee.

The Hawaii Legislature, in 2005, passed important Agricultural Lands (“JAL”) legislation to fulfill the State constitutional mandate to protect agricultural lands,

promote diversified agriculture, increase the State’s agricultural self-sufficiency, and assure the availability of agriculturally suitable lands. In 2008, the Legislature passed a

package of incentives, which is necessary to trigger the IAL system of land designation. The Company is now in tIme process of filing vohtntary petitions to designate lands on

Maui and Kauai as IAL.

It is crucial for HC&S and Kauai Coffee is have access to reliable sources of water supply and efficient imgation systems. A&B’s plantations conserve water by using

a “drip” irrigation system that distribtites water to the roots through small holes in plastic tubes. All but a small area of the cultivated cane land farmed by HC&S is drip

irrigated. All ofKauai Coffee’s fields are drip irrignied.

A&B owns 16,000 acres of watershed lands in East Maui, which supply a portion of the irrigation water used by l-lC&S. A&B also held four water licenses to

atiother 30,000 acres owned by the State of Hawaii in East Maui, which over the years has supplied approximately two-thirds of the irrigation water used by l-lC&S. The last of

these water license agreements expired in 1986. and all four agreements were then extended as revocable permits that were renewed animally. In 2001, a request was madc to the

State Board cif Land and Natural Resources (the —BLNR”) to replace these revocable permits with a long-term water lease. Pending the conclusion by the BLNR of this contested

case hearing nit tIme i-cqticsm for time long-mcmm lease, die BLNR has renewed the existinim permits on a holdover basis. A&B also holds rights to an irrigation system in West Maui,

which piovides approximately one-tenth of the irrigation water used by HC&S. For mnfommation regarding legal proceedings involving A&B’s irrigation systems. Sec ‘Legal

Proceedings” below.

D. Employees and Labor Relations

As of December 31. 2008. A&B and its subsidiaries had approximately 2,160 regular full-time employees. About 969 regular full-tune employees were engaged in

the agribusiness segment. 1.069 were engaged in the transportation segment, 51 were engaged in the real estate oegment. and the remaining were in

administration. Approximately 49 percent svcre covered by collective bargaining agreements with unions.

At December 31.2008. tIme active Matson fleet employed seagoing personnel in 223 billets. Each billet corresponds to a position on a slop that typically is tilled by twa

or more employees becatise seagoing personnel rotate between active sea duty and time ashore. Approxinsately 22 percent of Matson’s regular lull-time employees and all of tIme

seagoing employees were covered by collective bargaisisg agreements.

Historically, collective bargaining with longshore and seagoing unions has been complex and difficult. However, Matson and Matson Terminals consider their relations

with those utmions, other unions and their non-union employees generally to be satisfactory.

Matson’s seagoing employees are represented by six unions, three representing unlicensed crew members and three representing licensed crew members. Matson

negotiates directly with these unions. Matson’s agreements with the Seafarer’s International Union, the Sailors Union of the Pacific and the Marine Firemen’s Union were

renewed in mid-2008 through June 2013 without service inmermptiotm. Contracts that Matson has with the Americati Radio Association exptre on June 15, 2009. Contracts that

Matson has with the Masters, Mates & Pilots (“MM&P”) and the Marine Engineers Beneficial Association (“MEBA”) for ships built prior to 2003 expire on June 15,

2009. Negotiations will commeisee in May 2009 for the contracts expiring in June 2009. Contracts that Matson has with MM&P and tlse MEBA for ships built after 2003

inclside provisions for a wage reopener svith negotiations completed by August 15, 2009.

SSAT. thepreviously-deseribed joint venture of Matson and SSA. provides stevedoring and terminal services for Matson vessels calling at U.S. Pacific Coast

ports. Matsoti, SSA and SSAT are members of the Pacific Maritime Association (“PMA”) which, on behalf of its members, negotiates collective bargainstg agreements with the

lLVU on the U.S. Pacific Coast. A new six-year PMA/ILWU Master Contract, which covers all Pacific Coast longshtore labor, was negotiated in 2008 without significant

disruption and will expire sit July 12014. Matson Terminals provides stevedoring and temsinal services to Matson and other vessel operators calling at Honolulu and on the

islands of Hawaii. Maui and Kauai. Matson Termtminals is a member of the Hawaii Stevedome Industry Committee, which negotiates with the IL\VU in Hawaii on behalf of its

members. The ILWU contract in Hawaii expired on dune 30, 2008. Negotiations commenced itt the spring of 2008 and recently concluded. Matson has smgmmed six-year

agreements with each of the IL\VlJ units. TIme current contracts will expire on June 30, 2014.

During 2008. Matson renewed its collective bargaining agreement with ILWU clerical workers at Honolulu and Oakland through June 2014 without service

Interruption.

During 2008, Matson contributed to rntiltiemployer pension plans for vessel crews. if Matson were to withdraw from or significantly redmmee its abligatisn to

contribute to one of the plans. Matson would review and evaluate data, actuarial assumptions, calculations and other factors used in detemmining us is ittmdraw at liability. ml any. in

time event that any third parties nmatermallv disagree with Matson’s determination, Matson would psirstme the various mesas available to it tsmder federal law for the adjsisiment or

removal of its withdrawal liability. Matson Terminals participates is a multiemploycr pension plan for its Hawaii ILWU non—clerical employees. For a discussion of withdrawal



liabilities tinder the Hawaii lonshore and seagoing plans. see Note 9 (‘Employee Benefit P]ans”) to A&B’s financial statements in Item 8 of Part II below.

Bargaining Unit employees of HC&S are covered by two collective bargaining agreetnents with the ILWU. The agreements with the HC&S productton unit employees

atid clerical bargainittg unit employees covering approximately 640 workers, expired on January 31, 2009. and are being renegotiated. The bargaining Unit employees at KT&S
also arc covered by two collective bargaining agreements with the ILWU. Both agreetnents were renegotiated. The bulk sugar employees agreement expires on June 30, 2014,

and the agreement with all other employees expires on March31, 2009, with rettegotiations expected to begiti in spring of 2009. There are two collective bargaining agreements

wilh KCC employees rcptcsented by the ILWU. These agreements were also renegotiated and expire on April 30, 2010. There is a collective bargainitig agreement with the

ILWU for the production ttnit employees of Kattai Coffee. This contract was renegotiated in 2007 and will expire on Januaty 31, 2010.

E. Energy

Matson and Matson Terminals purchase residual fuel oil, lubricants, gasoline and diesel fi.tel for their operations. Residual fuel oil is by far Matson’s largest energy-

related expense, lit 2008, Matson vessels pttrchased approximately 2.0 million barrels of residual fttel oil (compared with 2.3 million batrels in 2007).

Residual fuel oil prices paid by Matson in 2008 started at $77.67 per barrel and etided the year at $43.06. The low for the year was $34.48 per barrel in November

and the high was $126.57 in August. Sufficient fuel for Matson’s requirements is expected to be available in 2009.

As has been the practice with sugar plantations throughout Hawaii, HC&S uses bagasse, the residual fiber of the stigar cane plant, as a fuel to generate steam for the

production of most of the electrical power for sugar milling and irrigation pumping operaltons. In addition to bagasse, HC&S uses coal, diesel, fuel oil, and recycled motor oil to

generate power during factory shutdown periods when bagasse is not being produced. HC&S also generates a limited amount of hydroelectric power. To the extent tt ts not

ttsed in A&B’s factory operations, HC&S sells electricity. In 2008, HC&S produtced and sold, respectively, approximately 211,000 MWH and 91,300 MWH of electric power

(compared with 218,000 MWH produced and 94,000 MWH sold in 2007). The decrease in power sold was due to drought conditions, which hindered hydro power produced

and increased the use of po\ver for iti-igatiott pumpitsg. HC&S’s use of oil in 2008 of 26,600 barrels was 14 percent less than the 31,100 barrels used in 2007. The decrease

was due to a sttpply shortage of low-cost, recycled motor oil. Coal used for power generation wan 96,400 short tons, about 28,300 tons more than that used in 2007. More

coal was required because less bagasse was produced due to a smaller crop, and some of the coal had a lower heal value, requiring more ions to produce the same level of heat.

In 2008, McBryde produced approximately 32,000 MWH of hydroelectric power (compared with approximately 31,800 MWH in 2007). To the extent it is not used

in A&B’s coffee operations, McBtyde sells electricity to Kauai Island Utility Coopemtive. Power sales in 2008 amoutited to approximately 23,700 MW1-I (compared uvith 21,200

MWI-1 in 2007).

In the tlurd quarter of 21)1(8, l-lC&S was notified that the Hawaii Public Utilities Cotntnission (“PUC”) had issued a decision that provides for a tiew methodology of

calculating avoided energy costs, which resulted in a redstction in the avoided energy cost payable to energy prodttcers, begintiing itt Atigutsl 2008. The deeision affects the

Company’s power sales on Maui, but not on Kautai. Ifno changes were to occur to the decision or the terms of HC&S’s power sales contract with Maui Electric Company

(“MECO”), this decision could result in an approximately $6 million annual reduction in HC&S’s power revenue and profitability. The Company is curretitly evaluating its

options for a reconsideration or reversal of the PUC’s decision or for negotiating a new power contract with MECO, and the final osttcome of these actions cannot yet be

determined.

F. Availablelnforniathon

A&B liles reports with the Securities and Exchange Comtuission (the “SEC”). The reports and other tnformation filed incluide: annual reports ott Form 10-K,

quarterly reports on Form l0-Q, current reports on Form 8-K and oIlier reports and itiformation filed under the Securities Exchange Act of 1934 (the “Exchange Act”).

The public may read and copy any tuaterials A&B files with the SEC at the SEC’s Public Reference Room at 100 F Street, NE, Washtngton, DC 20549. The pttblic

may obtain information on the operation oftlie Public Reference Roont by calling the SEC at l-800-SEC-0330. The SEC rnatntatns an Internet websile that contains reports,

proxy and information statements, and other information regarding A&B atid other issuers that file electronically with the SEC. The address of that website is www.sec.gov.

A&B makes available, free of charge on or through its Internet website, A&B’s annual reports on Form 10-K, quarterly reports on Form I 0-Q, current reports on

Fonit 8-K and amendments to those reports filed or furnished pursttant to Section 13(a) or 15(d) of the Exchange Act as soon as reasonably practicttble slier it electronically files

such material with, or furnishes it to, the SEC. The address of A&B’s Internet website is www.alexanderbaldwin.com.

ITEM IA. RISK FACTORS

The business of A&B and its subsidiaries (collectively, the “Company”) faces rntmerosts risks, including those set forth below or those described elsewhere in this

Form 10-K or in the Company’s filings with tlte SEC. The risks described below are not the only risks that the Company faces, nor are they necessarily ltsted itt order of

significance. Other risks and uncertainties may also impair its business operations. Any of these risks may have a material adverse effect on the Company’s business, liquidity,

financial condition, results of operations and cash flows. All forward-looking statements made by the Company or on the Company’s behalf are qualified by the risks described

below.

Changes in U.S., global, or regional economic conditions that result in a further decrease in consumer confidence or market demand for tIme Company’s services and products

in Hawaii, the US, Mainland, Guam or Asia may adversely affect the Company’s financial position, results of operations, liquidity, or cnsh flows.

A coittittuation or further weakening of the U.S., Guam, Asian or global economies may adversely impact the level of freight volumes, freight rates, and real estate

leasing and development activity. Within the U.S., a continuation or further weakening of economic drivers in Hawaii, which include tostristn, military spending, construction

starts, personal income growth, and employmenl, and/or the further weakening of consumer confidence, market demand or the economy in the U.S. Mainland. may further

reduce the demand for goods to and from Hawaii and Asia, travel to Hawaii and domestic transportation of goods, adversely affecting inland and ocean transportation volumes

and/or rates, the sale of 1-lasvaii real estate to mainland buyers, and the real estate leasing and development markets. In addition, continued overcapacity in the global ocean

transportation market may adversely affect freight volumes and/or rates in the Company’s China service. Additionally, a change in the cost of goods or currency exchange rates

may cause these adverse effects as well.

The Company may face new or increased competition.

The Company’s transportation segment may face new cottipetition by established or start-up shipping operators that etitcr the Company’s markets. TIte esmty of a new

competitor or the addition of ships or capacity by existing competition on any of the Compatsy’s routes could result itt a significant increase in available shipping capacity that could

have an adverse effect on volumes and/or rates. See also discussion under “Butsiness and Properties - Transportation - Competition” above.



For the Company’s real estate segment, there are numerous other developerc, managers and owners ofcornmcrcial and residential real estate and undcvclopcd land that

COrnI)CtC or may compete with the Company for management and leasing revenues, land for development, properties for acqutsitlon and disposition, and for tenants and

purchasers for properties. Increased vacanctes or lack of development opportunities may lead to a deterioration itt results from the Conipatty’s real estate bssiness.

The Company’s significant operating agreements and teases could be replaced.

The sieniticant operating agrccntcnts and leases ofthc Company in its various businesses expire at various potnis in the fitttiie and may not be replaced or could be
replaced on less favorable terms, thereby adversely affecting future revenue generation. For example, the Company’s agribusiness segment sells substantially alt of its bulk raw

sugar through the cooperative HS&TC, which has a supply contract with C&H Sugar Company, Inc., ending in December 2009. Replacensent of this supply contract on less
favorable terms to the Company may adversely affect the Company’s sugar business.

The reduction in vaitabiItty of mortgage financing and the volatility and reduction in liquidity in the financial markets may adversely affect the Company’s real estate

business.

During 2008. the fitiancial industty continued to experience siniftcant instability due to. among other things, declining property values and increasing defaults on

loans, This has led to tightened credit requirements, reduced liquidity and increased credit risk premiums for virtually all borrowers. Fewer loan products and tighter loan

qualifications will make it more difficult for borrowers to finance the purchase of units in the Company’s residential projects. The tightening of credit in the commercial markets

may adversely sheet the Company’s ability to secure construction andior other financing for the Company’s residential and commercial projects, working capital requirements,

and/or investment needs. The absence of financing fur buyers ofcornmerciat properties wilt make it significantly more difficult for the Company to sell commercial properties and

will negatively impact the sales prices and other terms of such sales. Additionally, continuation or woi-sening of the liquidity crisis may impact the Company in other ways,

including the credit or solvency of customers, vendors, or joint venture partners, and the ability of partners to fund their equity obligations to the joint venture.

A downgrade in the CompanY’s credit rating or disruptions on the credit markets could restrict its ability to access the debt capital markets and/or increase the cost of debt.

Changes in the Company’s credit ratings may ultimately impact the Company’s ability to access debt in the private or public market and may also increase its borrowing

costs. If the Cotopany’s credit ratings fall below investment grade, its access to the debt capital markets may become restricted. Furthermore, the tightening in the credit markets

and die low level of liquidity its the financial markets resultitsg from the current turmoil in the financial industty may adversely affect the Company’s ability to access the debt

capital markets or to renew its committed lines of credit in the future and/or increase the Company’s cost of capital. Because the Company relies on its ability to draw on its

revolving credit facilities to support its operations, when required, continued volatility in the credit and fitiancial niarkets that prevents the Company flora accessing funds (for

example, a lender that does not fulfill its lending obligation), could have an adverse effect on the Company’s financial condition and cash flows. Additionally, the Company’s credit

agreements generally include an increase in interest rates if the Company’s ratings are downgraded.

Failure to cottiptv with certain restrictive financial covenants contained in the Company’s credit facilities could preclude the payment of dividends, impose restrictions on the

Company’s business segments, capital resources or other activities or otherwise adversely affect the Company.

The Company’s credit facilities contain certain restrictive financial covenants, the most restrictive of which include the maintenance of minirnstm shareholders’ equity

levels, a maximum ratio of debt to earnings befote interest, depreciation. amortization, and taxes, and the maintenance ofa nsi,tiinsm uitencnnibcied property inxestnscnt value.

If the Company does not maintain the required covenants, and that breach of covenants is not cured timely or waived by the lenders, resulting in delbult. the Company’s access

to credit may be limited or terminated, and the lenders could declare any outstanding amounts due and payable.

‘flie Cottipatsy is subject to potetttial insolvency of insurance carriers.

The Company purchases a variety of insurance products to transfer financial risk. Accordingly, the Company is subject to the risk that one or more of the insurers

nay heroine insolvent and would be unable to pay one or more claims that may be made its the futtire.

An iticrease itt fuel prices, or changes its Site Company’s ability to collect fuel surcharges, may adversely affect the Company’s profits.

Fuel is a significant operating expense for the Conipuny’s shipping and agrtbusntess operations. The price and supply 01 fuel is unpredictable and fluctuates based on

events beyond the Company’s control. Increases in the price of fuel nssy adversely affect the Company’s results of operations based on market and competitive conditions.

Increases in fuel costs also can lead to other expense increases, tltrouglt, for example, increased costa of energy, petroleum-based raw materials and purchased transportation

services. In the Company’s ocean transportation and logistica segments, the Company is able to utilize fuel surchargea to partially recover increases in fuel expense, although

increases in the fuel surcharge may adversely affect the Company’s competitive position and may not correspond exactly with the timing ot’mscreases in fuel expense. Changes in

the Company’s ability to collect fuel surcharges may adversely affect its results of operations. Increases in energy costs for the Company’s leased real estate portfolio are typically

recovered fi-om lessees, although higher operating coot reimbursements impact the ability to increase underlying rents. Rising fuel prices may also increase the cost of

construction, including dclivei-y costs to Hawaii, and the cost of materials that arc petroleum-based, thus affecting the Company’s development projects. Finally, iising fuel prices

will impact the cost of producing and transporting sugar.

Noncontpliance svitli, or cltanges to, federal, state or local law or regulations may adversely affect tIme Company’s business.

The Company is subject to federal, state and local laws and regulations, including govet’nment rate regulations, land usc regulations, government administration of lie

U.S. sugar program, environmental regulations including those relating to air quality initiatives at putt locatiotis, and cabotage lasvs. Noticompliatice with, or changes is. the laws

and regulations governing the Company’s business could impose significant additional costs on the Company and adversely affect the Company’s financial condition. For example.

if the Jones Act and tIme regulations protnulgated thereunder were repealed, amended, or othet’wise modified, non-U.S. competitors with significantly’ lower costs mar

consequently enter any of the Jones Act routes or the Company’s business nsay be signihicantly altered, all ofwltich may have an adverse effect on tIme Company’s shipping

business. In addition, changes in federal, state and local environmental laws impacting the shipping business, including passage of climate change legislation or other regitlatoty

initiatives in he United States that restrict emissions of greenhouse gasses. may require costly vessel modifications, the misc of higher-priced fitch and changes in operatitig

piactices dial may sot all be able to be recovered through increased payments front custorneis. The real estate segment is subject to numerous ledcual, stats and local laws and

regulations, which, if changed, may adversely affect the Company’s business. The agribusiness segment is subject to the t’ederal govenumetit’s administration of the U.S. sugar

program, such as the 2008 Farm Bill, and tIme Hawaii Public Utilities Commission’s regulation of avoided energy cost rates paid to tIme Company is connection ‘,vith ii sale of

elecmmic power. and the Company may be adversely affected by any changes.

Work stoppages or other labor disruptions by the unionized entployees of the Company or other companies in related industries may adversely affect the Company’s

operations.

As of December 31, 2008, the Company had approximately 2,160 i’egular full-time employees, of which approximately 49 percent were covered by collective



bargaining agreements with unions. The Company’s transportation, real estate and agribusiness segments may be adversely affected by actions taken by employees of the
Company or other companies in related industries against efforts by management to control labor costs, restrain wage increases or modify work practices. Strikes and disruptions
may occur as a result of tlte failure of the Company or other companies in its industry to negotiate collective bargaining agreements with such unions successfully. For example,
in its real estate segment, the Company may be unable to complete construction of its projects if building materials or labor is unavailable due to labor disruptions in the relevant
trade groups.

The loss of or damage In key vendor and customer relationships may adversely affect the Company’s business.

The Company’s business is dependent on its relationshipo with key vendors, customers atid tenants. The ocean transportation business relies on its relationships with
freight forwarders, large retailers and consumer goods and automobile manufacturers, as well as other larger customers. Relationships with railroads and shipping companies are
important in the Company’s intetmodal business. For agribusiness, HC&S’s relationship with C&H Sugar Compatty, Inc. is critical. The loss of or damage to any of these key
relationships may affect the Company’s business adversely.

Interruption or failure of the Company’s information technology and communications systems could impair the Company’s ability to operate and adversely affect its

business.

The Company is highly dependent on information technology systems. For example, in the transportation segment, these dependencies include accoutiting, billing,
disbursement, cargo booking and tracking, vessel scheduling and stowage, equipment tracking, customer service, banking, payroll and employee communication systems. All

infomsation technology and communication systems are subject to reliability issues, integration and compatibility esneems, and seeurtty-threateaing intrustons. The Company
may experience failures caused by the occurrence of a natural disaster, or other ttnanticipated problems at the Company’s facilities. Any failure of the Conipany’s systems could
result in interruptions in its service or production, reductions tn its revenue and proftts and damage to its reputation.

The Ciimpany is susceptible to weather and natural disasters.

The Company’s transportation operations are vulnerable to disruption as a result of weather and natural disasters such as bad weather at sea, lturricanes, typhoons,
tssnanmis. floods and eartlsquakets Such events will interfere with the Company’s ability to provide on-time scheduled service, resulting in increased expenses and potential loss of
business associated with such events. In addition, severe weather atsd natural disasters can result in interference with the Company’s terminal operations, and may cause serious
damage to its vessels, loss or damage to containers, cargo and other equipment, and loon of life or physical injury to its employees, all of which could have an adverse effect on
the Companys business.

For the real estate segment, the occurrence of natural disasters, such as hurricanes, earthquakes, tsunamis, floods, fires. tomados and unusually heavy or prolonged
rain, could damage its real estate holdings, resulting in substattlial repair or replacement costs to the extent not covered by insurance, a redttcmiun in properly values, or a loss of
revenue, and could have an adverse effect on its ability to develop, lease and sell properties. The occurrence of natural disasters could also cause increases in property insurance
rates and deductibles, which could reduce demand for, or increase the cost of owning or developing, the Company’s properties.

For the agribusiness segment, drought, greater than nomsnl rainfall, hurricanes, earthquakes, tsunamis, floods, fires, other natural disasters or agricultural pestilence

may have an adverse effect on the sugar and coffee planting, harvesting and production, and the agribusiness segment’s facilities, including dams and reservoirs.

Heightened security measures, war, actual or threatened terrorist attacks, efforts to combat terrorism and other acts of violence may adversely impact the Company’s

operations and profitability.

War, tetrorist attacks and other acts of violence may cause consumer confidence and spending to decrease, or may affect tlte ability or willingness of tourists to travel

to Hawaii, thereby adversely affecting l-lawaii’s economy and mIte Company. Additionally, future terrorist attacks could increase the volatility in the U.S. and worldwide financial

markets. Acts of war or terrorism maybe directed at the Company’s shipping operations or real estate holdings, or nay cause the U.S. government to take control of Matson’s
vessels for military operation. Heightened security measures are likely to slow the movement and increase the cost of freight through U.S. or foreign ports, across borders or on
U.S. or foreign railroads or highways and could adversely affect the Company’s business and results of operations.

Loss of the Company’s key personnel could adversely affect its business.

The Company’s future success will depend, in significant part, upon the continued services of its key personnel, including its senior management and skilled

employees. The loss of the services of key personnel could adversely affect its future operatittg results because of such employee’s experience and knowledge of its business and

customer relationships. If key employees depart, the Company may have to incur significant costs to replace them, and the Company’s ability to execute its business niodel could

be impaired if it cannot replace them in a timely manner. The Company does not expect to matntain key person insurance on any of its key personnel.

The Company is involved in joint ventures and is subject to risks associated with joint venture relationships.

The Company is involved in joint venture relationships, and may initiate future joint venture projects. A joint venture involves certain rinks such as:

• the Company nay not have voting control over the joint venture;
• the Company may not be able to maintain good relationships with its venture partners;
• the venture partner at any time may have economic or business interests that are inconsistent with the Company’s;
• the venture partner may fail to fund its share of capital for operations and development activities, orto fulfill its otlter commitments, including providuig accurate

and timely accounting and financial information to the Company;
• the joitit venture or venture partner could lose key personnel; and
• the venture partner could become insolvent, requiring tlte Company to assume all risks and capital requirements related to the joint venture project.

In connection with its real estatejoint ventures, the Company is Sometimes asked to guarantee completion ofajoint venture’s construction and development of a
project, or to indemnify a third party serving as surety for a joint venture’s bonds for such completion. If the Company were to become obligated under such arrangement, the

Company may be adversely afi’ecmed.

For information regarding certain recent developments involving the Kukui’ula project, see “Business Ouilook” in “Management’s Discussion and Analysis of Financial
Condition and Results of Operations” in Item 7 of Part II of this Form 10-K.

The Company is subject to, and may in the future be subject to, disputes, legal or other proceedings, or govcrnnient inquiries or investigations, that could have an adverse

effect on the Conipany.



The nature of the Company’s business exposes it to the potential for disputes, legal or other proceedings, or government inquiries or investigations, relating to

antitrust matters, labor and employment matters, personal injury and property damage, environmental matters, construction litigation, and other matters, as discussed in the

other risk factors disclosed in this section or in other Company filings with the SEC. For example, Matson is a common carrier, whose tariffs, rates, rules and practices in dealing

with its customers are governed by extensive and complex foreign, federal, state and local regulations, which may be the subject of disputes or administrative and/or judicial

proceedings. These disputes, individually or collectively, could harm the Company’s business by distracting its management from the operation of its business. If these disputes

develop into proceedings, these proceedings, individually or collectively, could involve or result in sigttiftcant expenditures or losses by the Company, or result in significant

changes to Matson’s tariffs, rates, rules and practices in dealing with its cetatomers, all of which could have an adverse effect on the Company’s future operating results,

including profitability, cash flows, and financial condition. As a real estate developer, the Company may face warranty and construction defect claims, as described below in the

“Real Estate” Section of this “Risk Factors” item. For a description of significant legal proceedings involving the Company, including proceedings involving the Company’s

irrigation systems on Maui, and a grand jury subpoena served on Matson on April 21, 2008 and subsequently filed civil lawsuits purporting to be class actions in which tlse

Company and Matson are named as defendants, and which allege violations of the antitrust laws and seek treble damages and injunctive retief see “Legal Proceedmgs” below.

TRANSPORTATION

The Company is subject to risks associated with conducting business in a foreign shipping market.

The Company, through Matson’s Hawaii/Guam/China service, is subject to risks associated with conducting business in a foreign shipping market, which include:

• challenges in operating in a foreigis country and doing business and developing relationslups with foreign companies:

• difficulties in staffing and managing foreign operations;
• legal and regulatory restrictions, including compliance with Foreign Corrupt Practices Act;

• global vessel overcapacity that may lead to decreases in volumes and/or shipping rates;

• competition with estabtished and new shippers;
• currency exchange rate fluctuations;

• tiotiscat and economic instability;
• protectionist measures that may affect the Company’s operation of its wholly-owned foreign enterprise; and

• challenges caused by cultural differences.

Any of these risks has the potential to adversely affect the Company’s operating results.

Compliance with environmental laws and regulations may adversely affect the Company’s business.

The Company’s vessel operations are subject to various federal, state and local environmental laws and regulations, including, hut not limited to, the Oil Pollution Act

of 1990, the Comprehensive Environmental Response Compensation & Liability Act of 1980, the Clean Water Act, the Invasive Species Act and the Clean Air Act. Continued

compliance with these laws and regulations may result in additional costs and changes in operating procedures that may adversely affect the Company’s business.

Acquisitions may have an adverse effect on the Company’s business.

The Company’s growth strategy includes expansion through acquisitions. Acquisitions may result in difficulties in assimilating acquired companies, and may result in

the diversion of the Company’s capital and its managemeist’s attention from other business issues and opportunities. The Company may not be able to integrate companies that it

acquires successfully, including their personnel, financial systems, distribution, operations and general operating procedures. The Company may also encounter challenges in

achieving appropriate iatemal control over financial reporting in connection with the integration of sit acquired company. The Company may pay a premium for an acquisition,

resulting in goodwill that may later be determined to be impaired, adversely affecting the Company’s financial condition and results of operations.

The Company’s logistics services are dependent upon third parties for equipment, capacity and services essential to operate the Conipany’s logistics business, and if the

Company fails to secure suflicient third party services, its business could be adversely affected.

The Company’s logistics services are dependent upon rail, truck and ocean transportation services provided by independent third parties. If the Company cannot secure

sufficient transportation equipment, capacity or services from these third parties at a reasonable rate to meet its customers’ needs and schedules. customers may seek to have

their transportation and logistics needs met by other third parties on a temporary or permanent basis. Ass result, the Company’s business, consolidated results of operations and

financial condition could be adversely affected.

The loss of several of the Coinpatmy’s major customers could have an adverse effect on the revenue and business of the Company’s logistics business,

The Company’s logistics business derives a significant portion of its revenues from its largest customers. For 2008, the Company’s logistics buoitiess’s largest ten

customers accounted for approximately 28 percent of the business’s revenue. A reduction in ortemlination of the Company’s logistics services by several of the logistics

business’s largest customers could have an adverse effect on the Company’s revenue and business.

REAL ESTATE

The Company is subject to risks associated with real estate construction and development,

The Company’s development projects are subject to risks relating to the Company’s ability to complete its projects on time and on budget. Factors ilium may result in a

development project exceeding budget or being prevented from completion include:

• an inability of the Company or buyers insecure sufficient financing or insurance on favorable terms, or at all:

• construction delays, defects, or cost overruns, which may increase project development costs;

an increase in commodity or construction costs, including labor coats;
• the discovery of hazardous or toxic substances, or other environmental, culturally-sensitive, or related issues;

• an inability to obtain zoning, occupancy and other required govenimental permits and authorizations;

• difficulty in complying with local, city, county and stale rules and regulations regarding permitting, zoning, subdivision, utilities, affordable housing, and water

quality as well as federal rules and regulations regarding air and water quality and protection of endangered species and their habitats;

• an inability to have access to reliable sources of water or to secure water service or nmeters i’or its projects;

an inability to secure tenants necessaiy to support the project;



• failure to achieve or sustain anticipated occupancy or sales levels;
• buyer defaults, including defaults under executed or binding contraCts; and

• an inability to sell the Company’s eonstmeted inventory.

Any of these risks has the potential to adversely affect the Company’s operating results.

A decline in leasing rental income could adversely affect the Company.

TIte Company owns a portfolio of commercial income properties. Factors that may adversely affect the portfolio’s profitability include:

• a significant number of the Company’s tenants are unable to meet their obligations;
• increases in non-recoverable operating and ownership costs;
• the Company is unable to lease space at its properties when the space becomes available;

• the rental rates upon a renewal or a new lease are significantly lower than prior rents or do not increase sufficiently to cover increases in operating and ownership

costs;
• the providing of lease concessions, such as flee or discounted rents and tenant improvement allowances; and

• the discovery of hazardous or toxic substances, or other environmental, culturally-sensitive, or related issues at the property,

Governniental entities have adopteil or may adopt regulatory requirements that may restrict the Company’s development activity.

The Company is subject to extensive and eonsplex laws and regulations that affect the land development process, including laws and regulations related to zoning and

permitted land uses. Government entities have adopted or may approve regulations or laws that could negatively impact the availability of land and development opportunities

within those areas. For example, in December 2007, Maui County adopted an ordinance requiring verification of water source availability and sustainability for all develspments

prior to submission of subdivision construction plans. This requirement adds further process delays and burdens the developer with identifytng and developing new svater

sources. It is possible that increasingly stringent rcqstircments will be imposed on developers in the future that could adversely affect the Company’s ability to develop projects in

the affected markets or could require that the Company satisfy additional administrative and regulatory requirements, which could delay development progress or increase the

development costs of tlte Company. Any such delays or costs could have an adverse effect on the Company’s revenues and earnings.

Real estate development projects are subject to warranty and construction defect claims in the ordtnary course of business that can be significant.

As a developer, the Company is subject to warranty antI construction defect claims arising in the ordinary course of business. The amounts payable under these

clainss, both in legal fees and remedying any construction defects, can be significant and exceed the profits made from the project. As a consequence, the Company may maintain

liability insurance, obtain indemnities and certificates of insurance from contractors generally covering claims related to workmanship and materials, and create warranty and other

reserves for projects based on historical experience and qualitative risks associated with the type of project built. Because of the uncertainties inherent to these matters, the

Company cannot provide any assurance that its insurance coverage, contractor arrangements and reserves will be adequate to address some or all of the Company’s warranty and

construction defect claims in the future. For example, contractual indemnities may be difficult to enforce, the Company may be responsible for applicable self-insured retentions,

and certain claims may not be covered by insurance or may exceed applicable coverage limits. Additionally, the coverage offered and the availability of liability insurance for

constrxtction defects could be linsited and/or costly. Accordingly, the Company cannot provide any assuiance that such coverage will be adequate or available at all, or available at

an acceptable cost.

AGRIBUSINESS

The lack of water for agricultural irrigation could adversely affect the Conspany.

It is crucial for the Company’s agribusiness segment to have access to reliable sources of water for the trrtgation of sugar cane and coffee. As further described in

“Legal Proceedings” below, there are administrative hearing processes challenging she Company’s ability to divert water from streams in Maui. In addition, the Company’s access

to water is subject to weather patterns that cannot be reliably predicted. If the Company is not permitted to diveil stream waters for its use or there is insufficient rainfall, it

would have an adverse effect on the Company’s sugar operations.

A decline in raw sugar or coffee prices will adversely affect tIme Company’s business,

The business and results of operations of the Company’s agribusiness segment are substantially affected by market factors, particularly the domestic prices for raw

cane sugar. These market factors are influenced by a variety of forces, including prices of competing crops and suppliers, weather conditions, and United Slates farm and trade

policies. If the price for sugar or coffee were to decline, the Company’s agribusiness segment would be adversely affected. See also discussion under “Business and Properties -

Agribusiness - Competition and Sugar Legislation” above.

The Company is subject to risks associated with raw sugar and coffee production.

The Company’s production of taw sugar and coffee is subject to numerous risks that could adversely affect the volume and quality of sugar or coffee produced,

including:

weather and natural disasters;
disease;
weed control;
uncontrolled fires, including arson;
poor farming practices;
government restrictions on farming practices clue to cane burning;
increases in costs, including. but not limited to fuel, fertilizer. herbicide, and drip tubing;
svater availability (see risk factor above regarding lack of water);
equipment failures in factory or power plant;
labor, including labor availability (see risk factor absse regarding labor disruptions); and

lack of demand for the Company’s production.

Any of these risks has the potential to adversely affect the Compaiiys future agribusiness operatiiig results.



Continued operating losses or negative cash flow’s of the Agribusiness segment will adversely al’fect the Company’s financial performance.

If the Company’s Agribusiness segment continues to generate operating losses or negative cash flows, the Company’s ftnanetal performance will be adversely affected

and will result in additional actions taken by the Company to reduce or eliminate these operating losses or negative cash flows. Such actions may result in an impairment loss and

restracturing costs that would adversely affect the Company’s financial performance,

The Company’s power soles contract may not be favorably modified and may adversely affect the Company’s Agribusiness segment.

As mentioned under “Business and Properties - Energy” above, HC&S was notified that tlte PUC had issued a decision that provides for a new methodology of

calculating avoided energy cost, which resulted in a reduction in the avoided energy cost payable to energy producers, beginning in August 2008. If no changes were to occur to

the decision or tlte terms of HC&S’s power sales cotitract with MECO, this decision could result in an approximately S6 million annual reduction in HC&S’s power revenue atsd

profitability. The Company is currently evaluating its optiotts for a reconsideration or reversal of the PUC’s decision or for negotiating a new power contract with MECO. The

inability to favorably address tltis matter may adversely affect the Company’s agribttsiness operations.

The other member of the HS&TC cooperative is expected to svitlidraw from I-IS&TC this year.

HC&S sells substantially all of its bulk raw sugar through HS&TC, a cooperative consisting of FIC&S and one other member. The other member of HS&TC has announced

that it plans to withdraw from the sugar-growing business later this year, The Company intends to negotiate with the departing member to resolve certain issues relating to such

withdrawal from HS&TC, but the Company is unable to predict, at this time, the outcome of such negotiations or the impact, if any, on the Company’s business.

OTHER

Earnings on pension assets, or a change in pension law or key assumptions, may adversely affect the Company’s financial performance.

The amount of the Company’s employee pettsion and postretirement benefit costs and obligations are calculated on assumptions used in the relevant actuai’ial

calculations. Adverse changes in any of these assumptiotts due to economic or other factors, changes in discount rates, higiter health care costs, or lower actual or expected

returns on plan assets, may adversely affect the Company’s operating restttts, rash Ilows, and financial condition. In addition, a change in federal law, including changes to the

Employee Retirement Income Security Act and Pension Benefit Guaranty Corporation premiums, may adversely affect the Company’s single-employer and multiemployer

pension plans and plan funding. These facturs, as well as a continued decline in the fair value of pension plan assets. may put upward pressure ott the cost of providing pension

and medical benefits and may increase future pension expense and reqiured funding coniribettions. For example, in 2008, the Company’s pension assets declined approximately 33

percent. As a result, the Company expects net periodic pension expense to increase to approxintately $20 million in 2009 and expects to make contributions totaling $0.4 million

to certain of its defined benefit pension plaits in 2009. If additional unfavorable changes to plan asset levels occur or there are further increases in the projected benefit obligation,

these changes may result in significant future expeitse or additional required contributions. Although the Company has actively sought to control increases in these costa, there

can be no assurance that it will be successful in limiling future cost and expense increases, and continued upward pressure in costs and expenses could further reduce the

profitability of the Company’s businesses.

The Conipany niay have exposure under its niultiemployer plans in which it participates ihat extends beyond its funding obligation with respect to the Company’s

employees.

The Company contributes to various multiemployer pension plans. In the event of a partial or complete withdrawal by the Company from any plan that is

underfunded, the Company would be liable for a proportionate shat’e of such plan’s unfunded vested benefits. Based on ilte limited information available front plan administrators,

which the Company eaitnoi iitdependenily validate, the Company believes that its portion of the contingent liability in the ease of a full withdrawal or termination maybe material to

its financial position and results of operations. In the event that atty other contributing employer withdraws from any plan that is underfunded, and such entployer (or any

isseinber in its controlled group) cannot satisfy its obligations under ilte plan at the tiitte of withdrawal, then the Company. along witlt the otlter remaining contributing employers,

would be liable for its proportionate share of suelt plait’s unfunded vested benefits. In addition, ifs nsultiemployer plan fails to satisfy the minimum funding requiretnents, the

Internal Revenue Service will impose certain penalties and taxes.

The Company is required to evaluate its internal controls over lintincial reporting under Section 404 of the Sarbanes-Oxley Act of 2002, and any adverse results from such

evaluation could result in a loss of investor confidence in the Company’s financial reports and have an adverse effect on the Company’s stock price.

Section 404 of the Sarbanes-Oxley Act requires that publicly reporting companies cause their managements to perform annttal assessments of the effectiveness of their

internal controls over financial reporting. Although the Company has concluded that its internal controls over financial reporting were effective as of December 31, 2008, there can

be no assurances that the Company will reach the same conclusion at the end of future years. If the Company is unable to assert that its internal control over financial reporting is

effective, or if the Company’s auditors are unable to express an opinion on the effectiveness of the Compatsy’s internal controls, the Company could lose investor coitfideitee in

the accuracy and completeness of its fittancial reports, which would have an adverse effect on the Company’s stock price.

The foregoing should not be construed as an exhaustive list of all factors that could cause actual results to differ materially from those expressed in fsrward-looking

statemeitta made by the Company or ott its behalf

ITEM lB. UNRESOLVED STAFF COMMENTS

None.

ITEM 3. LEGAL PROCEEDINGS

See “Business and Properties - Transpot’tation - Rate Regulation” above for a discussion of rate and other regulatoty matters in which Matson is routinely involved.

A&B owns 16,000 acres of watershed lands in East Maui tltat supply a significant portion of the irrigation water used by HC&S. A&B also held four water licenses

to another 30,000 acres owned by the State of Hawaii in East Maui, which over the years has ssipphied approximately two-thirds of the irrigation water used by HC&S. The last

of these water license agreements expired in 1986, and all four agreements were then exteisded as revocable permits that were renewed annually. In 2001, a request was made to

the State Board of Land and Natural Resources (the ‘BLNR”) to replace these revocable permits with a long-tei’m water lease. Pending the conclusioit by the BLNR ofthtis

contested ease hearing Ott the request for the loitg_term lease. the BLNR has retsewed the exisuisg permits on a holdover basis. If the Company is not pennitted to divert stream

waters from State lands in East Maui for its use, it would have a material adverse effect on the Cotispany’s sugar-growing operations.

In addition. ott May 24, 2001. petitioits were filed by a third party. requesting that the Commission on Water Resource Managentent of the State of Hawaii (“Water



(1) In January 2008, A&B’s Board of Directors authorized A&B to repurchase up to two million additional shares of its common stock. The
authorization wilt expire on December 31, 2009.

During 2008, the Company repurchased t,476,449 shares of its common stock for approximately $59 million, or an average of $40.33 per share. During 2007, the Company
repurchased 671,728 shares of its common stock for 533 million, or an average price of $48.62 per share. During 2006, the Company repurchased 1,653,795 slsares of its
stock for $72 million, or an average price of $43.34 per share. In January 2008. A&B’s Board of Directors authorized A&B to repurchase up to two million additional shares of
its common stock. The authorization expires on December 3 t,2009. A portion of the shares repurchased in 2008 were made under a previous share repurchase authorization
that expired on December 31, 2008. As of December 31 2008, 1,851,823 shares remain available for repurchase under the January 2008 authorization.

During the first quarter of 2008, I 0,244 shares were returned so the Company in connection with the exercise of options to purchase shares of the Company’s stock. The fair
value of these shares averaged S43.93 per share.

ITEM 6. SELECTED FINANCIAL DATA

Poor year amounts restated for amounts Seated as discontinued operations.
2 Includes inter-segment revenue, interest income, and other income classi lied as revenue for segment reporting purposes.
3 The Ocean Transportation segment includes approximately S5.2 million, 510.7 million. S13.3 million, $t 7.1 million and $4.7 mittion of equity in earnings from its investmettt in SSAT

for 2008, 2007, 2006, 2005 and 2004, respectively. The Real Estate Sales segment includes approximately $9.0 million, $22.6 million, $t4.4 million, $3.3 mittion and 53.3 million in
equity ut earnings from its various real estate joint ventures for 2008. 20117, 2006, 2005, and 2004, respectively.
The 2005 write-down was for an “other-than-tcntpunary” impairnsent in the Company’s investment in C&H Sugar Company, toe. eC&H”). The Company’s investment in C&H svas

sold on August 9, 2005 at the then approximate carrying valurr

tncludes Ocean Transportation interest expenseofSl t.6milliun tbr2008. Sl3.9 ntillion for2007, $13.3 ntillion for2006, $9.6 million for2005, and S5.7 million for2004. Ssihstantiatty
all other interest expense was at the parettt company.

SELECTED FINANCIAL DATA (CONTINUED)

Identifiable Assets:

Transportatiott:

Ocean Tranuportation°

Logistics services

Real Estate:

Total Nnntber of

Shares Purcltased
Average Price
Paid per Sltare

or Programs

Period

Oct 1 —31, 2008 42,000 28.93 42,000 2,t61,823

Nov 1 — 30, 2008 310,000 27.67 310,000 1,851,823

Dect—31,2008 -- -- — —

or Programs (I)

Ttae foltowing financial data should be read in conjunction with Items 8, “Financial Statements and Supplementary Data,”
Financial Condition and Results of Operations” Idollars and shares in millions, except per-share amounts):

and Item 7, “Maitagement’s Discstssiott and Analysis of

2008 2007 2006 2005 2004

$ 1,023.7 $ 1,006.9 S 945.8
436.0 433.5 444.2

Revenue:
Transportation:

Ocean transportation
Logistics services

Real Estate:
Leasing

Sales

Less amounts reported in diocontitsued operations
Agribusiness

Reconciling Items2

Total revenue

Operating Profit:
Transportation:

Ocean transportation3
Logistics services

Real Estate:

Leasing

Sales3

Less amounts reported in discontinued operations

Agribusiness

Total operating profit

Write-down of tong-lived assets4

Inieres] expense, net3

General corporate expenses
Income front continuing operations before income taxes

Income taxes

Income from continuing operattons

Income from discontinued operations

Net Itteonse

107.8
350.2

(133.0)
124.3

(10.7)

$ 1,898.3

S 105.8
18.5

47.8

95.6

(59.1)
(12.9)
195.7

(23.7)
(21.0)

151.0
(55.1)

95.9

36.5

S 132.4

108.5
117.8

(112.0)
123.7

(9.2)

$ 1,669.2

$ 126.5
21.8

51.6

74.4

(61.0)

0.2
213.5

(18.8)
(27.3)

167.4

(63.2)

104.2

38.0

S 142.2

$ 878.3
431.6

100.6 89.7
97.3 148.9

(111.7) (76.4)

127.4 123.2

(14.2) (8.4)

S 1,589.4 $ 1,556.9

S 105.6 $ 128.0
20.8 14.4

50.3 43.7

49.7 44.1

(52.3) (27.7)

6.9 11.2
181.0 213.7

(23)

(15.0) (13.3)
(22.3) (24.1)

143.7 174.0

(53.7) (65.1)

90.0 108.9
32.5 17.1

$ 122.5 $ 126.0

$ 850.1
376.9

83.8
82.3

(26.0)

112.8

(6.5)
S 1,473.4

$ 108.3
8.9

38.8

34.6

(12.6)
4.8

182.8

(12.7)

(20.3)

149.8

(56.9)
92.9

7.8

$ 100.7

2008 2007 2006 2005 2004

S 1,153.9 $ 1,215.0 S 1,185.3 $ 1,113.0 S 896.9
74.2 58.6 56.4 70.3 56.5

Leasing 590.2 595.4 525.5 478.6 436.5



Sales6 344.6 408.9 295.0 227.3 224.5

Agribusiness 172.2 174.6 168.7 159.0 152.8
Other 15.1 26.6 20.3 22.7 11.0

Totalassets S 2,350.2 $ 2,479.1 S 2,251.2 S 2,070.9 S 1,778.2

Capital Expenditures:

Transportation:
Ocean Transportation S 35.5 $ 65.8 5 217.1 S 173.9 S 128.6

Logistics services7 2.4 2.0 1.7 1.3 0.1
Real Estate:

Leasing8 100.2 124.5 93.0 78.8 10.2

Sales 0.6 0.3 1.3 0.2 0.7
Agribusiness 15.2 20.5 15.0 13.0 10.2

Other 0.8 0.3 1 .5 1.4 1.4

Total capital expenditures S 154.7 $ 213.4 $ 329.6 $ 268.6 $ 151.2

Depreciation and Amortization:
Transportation:
Ocean Transportation S 66.1 .8 63.2 S 58.1 .8 59.5 S 56.8
Logistics services 2.3 1 .5 1.5 1.4 1.2
Real Estate:

Leasing’ 17.9 15.7 14.1 12.4 12.2
Sales 0.2 0.2 0.1 0.1 0.1
Agribusiness 11.5 10.7 10.1 9.4 9.0

Other 2.7 1.3 0.9 0.5 0.4

Total depreciation and amortization S 100.7 5 92.6 S 84.8 $ 83.3 5 79.7

The Ocean Transportation segment includes approximately S44.6 million. $48.6 million, $49.8 million, $39.8 million and S23.0 million related to its investment in SSAT as of
December 31. 2008, 2007, 2006, 2005 and 2004, respectively. The Real Estate Sales segment includes approximately $162.t million, $134.t million, $98.4 million. SI 14.1 million, and
$83.9 million related to its investment tm various real estamejoist ventures as of December 31, 2008, 2007,2006,2005, and 2004, respectively.

7 Excludes expenditures related to Matson Integrated Logistics’ acquisitions, whiclm are classified as Payments for Purchases of lnvestntents in Cash Flows from Investing Activities
witltitt the Consolidated Statetneots of Casit Flows.

5 Represents gross capital additions to tlte leasing par folio. including gross tax-deterred property purchases that are reflected as non-cash transactions in the Consolidated Statements of
Caslt Flows.
Excludes capital expenditures for real estate developments held tsr sale wltich are classified as Cash Flows from Operating Activities within the Consolidated Statements of Cash Flows.
Operating cash flows for capital expenditures related to real estate developments were S39 million, SI 10 million, $69 million, $34 milliott, attd $30 millioit for 2008, 2007, 2006, 2005.
and 2004, respectively.

SELECTED FINANCIAL DATA (CONTINUED)

2008 2007 2006 2005 2004

Earnings per share:

Flora continuing operations:
Basic S 2.32 5 2.45 $ 2.08 S 2.50 $ 2.18
Diluted S 2.31 $ 2.42 $ 2.06 S 2.47 5 2.15

Net income:
Basic S 3.21 $ 3.34 5 2.84 5 2.89 $ 2.37
Diluted S 3.19 $ 3.30 S 2.81 $ 2.86 S 2.33

Return on beginning equity 11.7% 13.8% 12.1% 13.9% 12.4%

Cash dividendspershare S 1.235 $ 1.12 5 0,975 $ 0.90 $ 0.90

At Year End
Shareholders of record 3,269 3,381 3,506 3,628 3,792

Sharen outstanding 41.0 42.4 42.6 44.0 43.3
Long-term debt—non-current S 452 S 452 S 401 $ 296 S 214

ITEM 7. MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF OPERATIONS

FORWARD-LOOKING STATEMENTS AND RiSK FACTORS

The Company, from time to lime. may make or may have made certain I’orward-looking statements, whether orally or in writing, such as forecasts and projecttons of the

Company’s future performance or statements of managements plans and objectives. Tltese statements are “fonvard-tooking” statements as that term is defined in the Private

Securities Litigatioti Reform Act of 1995. Such forward-looking statements maybe contained in, among other things, SEC filings, such as the Forms 10-K. l0-Q and 8-K, the
Annual Report to Shareholders, press releases made by the Compatmy, the Company’s Internet Web sites (including Web sites of its subsidiaries), and oral statements made by
the officers of tIme Company. Except for historical ittformatioti cootaitted it these written or oral commuitications, such communications contain forward—looking statements. These

include, for example. all rcferemtces to 2009 or future years. Nen risk factors emerge from little to time and it is not possible for tIme Company to predict all such risk factors, nor
can it assess the impact of all such risk factors on the Company’s business or tIme extent to which any factor, or combination of factors, may cauoe actual results to differ
materially from those contained in atmy forward-looking statements. Accordimmgly. forward-looking statements cannot be relied upon as a guarantee of future results and involve a

number of risks and tincerlainties that could catmse actual results to differ materially from Ihose projecled in the statements, inchtding, but not limited to die factors that are

described itt Part I, liens IA under the captioti of “Risk Factors” of this Fot’m 10-K. which section is incorporated herein by reference. The Company is not required, and



undertakes no obligation, to revise or update forward-looking statements or any factors that may affect actual results, whether as a result of new infomsatios, future events, or

circumstances occunng after the date of this report.

OVERVIEW

Management’s Discussion and Analysis of Financial Condition and Results of Operations (“MD&A”) is designed to provide a discusston of the Company’s financial condition,

results of operations, liquidity and certain other factors that may affect its flature results fiom the perspective of management. The discussion that follows is intended to provide

information that will assist in understanding the changes in the Company’s financial statements from year to year, the primary factors that accounted for those changes, and how

certain accounting principles, policies and estimates affect the Company’s financial statements. MD&A is provided as a supplensent to, and should be read in conjunction with, the

consolidated financial statements and the aecompanyilig notes to the financial statements. MD&A is presented in the following sections:

Business Overview
• Critical Accounting Estimates
• Consolidated Results of Operations

Analysis of Operating Revenue and Profit by Segment
• Liquidity and Capital Resources
• Contractual Obligations, Commitments, Contingencies and Off-Balance-Sheet Arrangements
• Business Outlook
* Oilier Matters

BUSINESS OVERVIEW

Alexander & Baldwin, Inc. (“A&B”), founded in 1870, is a multi-industry corporation headquartered in Honolulu that operates in five segments in three industries

—Transportation. Real Estate, and Agribusiness.

Transportation: The Transportation Industry consists of Ocean Transportation and Logistics Services segments. The Ocean Transportation segment, which to conducted

through Matson Navigation Company. Inc. (“Matson”), a wholly-owned subsidiary of A&B, is an asset-based business that derives its revenue primarily through the carriage of

cotitainerized freight between various U.S. Pacific Coast, Hawaii, Gttam, China and sther Pacific island ports. Additionally, the Ocean Transportation segment has a 35 percent

ititerest in an entity that provides terminal and stevedoring services at U.S. Pacific Coast facilities.

The Logistics Services segment, which is conducted through Matson Ititegrated Logistics, Inc. (“MIL”), a wholly-owned subsidiary of Matson, is anon-asset based business that

is a provider of domestic and international rail intermodal service (“Intermodal”), long-haul and regioital highway brokerage, specialized hauling, fiat-bed atid project work, less-

than-truckload, expedited/air freight services, and warehousing and distribution services (collectively “Highway”). Warehousntg and distribution services are provided by Matson

Global Distribution Services, Inc. (“MGDS”), a wholly-owtted subsidiary ofMlL. MGDS’s operations also include Pacific American Services, LLC (“PACAM”), a San

Francisco bay-area regional warehousing, packaging, and distribution company acquired in the third quarter of 2008.

The Transportation Industry accounted for 72 percent, 49 percent, and 52 percent of the revenue, operating profit, and identifiable assets, respectively, in 2008 on a

coitsolidated basis beibre discontinued operations.

Real Estate: The Real Estate lndststry consists of two segnietots, boUt of which have operations in Hawaii and on the U.S. Mainland. The Real Estate Sales segment generates

its reveitties through the development aitd sale of land. and commercial and residential properties. The Real Estate Leasing segment owns, operates, and manages retail, office,

and indusmnal properties. Real estate activities are conducted through A&B Properties, Inc. and various other wholly-owned subsidiaries of A&B.

The Real Estate ltidustmy accounted for 22 pet’cettt. 56 percent, and 40 percent of the revenue, operating profit, and identifiable assets, respectively, in 2008 on a consolidated

basis before diseotitinued operations.

.4gribusiness: Agribusiness, a division of A&B, contains one segment and produces bulk raw sugar, specialty food grade sugars, and molasses; produces, markets, and

distributes roasted coffee and green cofike; provides getmeral trucking services, nmobile equipment maintenance, and repair services; and generates and sells, to the extent not ttsed

in the Company’s operations, electrictry.

The Agribusiness Industiy accounted for 6 percent of the revenue atid 8 percent of the identifiable assets in 2008 on a consolidated basis before discontinued operatiotis.

CRITICAL ACCOUNTING ESTIMATES

The Company’s significant accounting policies are described in Note 1 to the Consolidated Financial Statements. The preparation of financial statements in conformity with

accounting principles generally accepted in the United States of America, upon which the Management’s Discussion and Analysis is based, requires that management exercise

judgment when makittg estimates and assumptions about future events that may affect the amounts reported in the financial statements atid accompaitying notes. Future events

and their effects caimnot be determined with absolute certainty attd actual results will, inevitably, differ from those critical accounting estimates. These differences could be material.

The Company conoiders an accounting estimate to be critical if (i) the accounting estimate requires the Company to make assumptions that are difficult or subjective about

matters that were highly uncertain at tIme time that the accounting estimate was made, and (ii) changes in the estimate that are reasonably likely to occur in periods subsequent to

the period itt which the estimate was made, or use of differetim estimates that the Company could have used in the cum’renm period, would have a material impact on the financial

cottdition or results of operations. The most significant accounting estimates inherent in the preparation of the Company’s financial statements are described below.

Impairment of Lnng-Ltved Assets: The Companys long-lived assets are reviewed for impairment if events or circumstances indicate that the carrying amount of the long-lived

asset may not be recoverable. TIte Cotmspanvlmas evaluated certain long-lived assets for impairment; howevet’, no impairment charges were recorded as a result of this process.

These asset itnpaimlent loss analyses contain utmeertaitimies because they require managensent to make assumptions and apply considerable judgments to, among others, estimates

of the timing and amount of future cash tiows. expected useful lives of mIte assets, uncertainty about timntre events, including changes in economic conditions, changes in

operating perfomtance, changes in the use of the assets, and ongoing costs of maintenance and improvements of the assets, and thus, the accounting estimates may change from

period to period. If management uses different assumptions or if different conditions occur in future periods, the Company’s financial condition or its future operating results

could be mnaiermaltv inmpacted.

Impairment oflnvestmnents: The Company’s investments in unconsolidated affiliates are reviewed for impairment whenever there is evidence ofa loss in value. An investment is

written down to fair value if time impairment is other-than-temporary. In evalttnting the fair value of an investment, the Company reviews the discounted projected cash flows

associated with the investment and other relevant information. In evaluating whether au impairment is other—than-temporamy, the Compaity considers all available information,



Mainland improved 81.8 6.8 35.6

Hawaii development sales 217.4 14.9 4.5

Hawaii unimproved/other 29.2 12.7 13.5

TotalRevenue $ 350.2 $ 117.8 S 97.3

Operating profit before joint ventures

Earnings from joint ventures

_____________ _____________ _____________

Total Operating Profit

Operating profit margin

The higher revenue and higher operating profit results were due to the mix and timing of real estate sales in 2008 comparcd with 2007. as well as the treatment of income earned

from the Company’s joint ventures. The composition of these sales is described below.

2008: Real Estate Sales revenue included the aale of 330 residential units and two commercial units at the Company’s Keola La’i high-nor development in Honolulu, two

mainland shopping Centers, one nsainland office property, the Kahultu Town Tenace rental project, three improved Maui properties, a 130-acre agricultural parcel on Maui,

several leased fee parcels and other land parcels on Maui, and 30 Keala’ula single-family homes on Kauai. Operating profit included joint venture meome of $9.0 million,

principally related to sales at the Company’s Kai Malu residential development on Maui and the sale of several buildings at the Company’s Centre Pointe retail/office development

in Valencia, California, partially offset by the Company’s share of marketing and other operating expenses of its Kukui’ula projects. Real Estate Sales operating profit for 2008

included $7.7 million, representing a final insurance settlement for the 2005 fire at Kahului Shopping Center that was received in tite first quarter of 2008. Finally, the Company

recorded a $3 million impairment loss related to its investment in its Santa Barbarajoint venture project, SI .5 million of which was rccogisizcd at the joint venture level and

recorded by the Company as earnings in loss ofjoint venture, and $1.5 million of which was recognized by the Company ass reduction in operating profit from another-than-

temporary impairment of its investment in the joint venture.

2007: Real Estate Salcs revenue included the sale ofa four-acre land parcel groumtd leased to a retail tenant in Honolulu, two retail centers on Maut, two small commercial

buildings on a four-acre land parcel on Maui sold to the State of Hawaii, a commercial property in California, the final payment on an installment sale ofan agricultural parcel on

Kausi. and a commercial parcel on Maui. Closings also commenced on a single-fatnily residential dcvelopmctmt on Kauai. Operating profit included the margtn on the sales

reibrenced above as well as S22.6 million ofjoint Venture earnings, principally representing the results from the Company’s Kai Main and Valenetajomnt venture projects, partially

offset by the Company’s share of marketing and other operating expenses of its Kukut’ulajoint venture project.

2006: Real Estate Sales revenue included the sale of two retail centers in Arizotsa, a commercial property on the island of Hawaii, a Maui office building, several commercial

parcels on Maui, a commercial property on Oahu, and a 19-percent installment payment for an agricultciral parcel ott Kausi. Operating profit for 2006 was significantly higher as

a percentage of real estate sales revenue compared to 2005 because operating profit also included $14.4 million foi the Company’s earnings from its real estate joint ventures.

The joint venture earnings principally relate to a portion of the Company’s earnings from its Hokuajoint venture, which completed sales of all 247 residential condominium units

in January 2006, and joint venture earnings from the Company’s Kai Malu project, partially offset by higher marketing expenses related to the Company’s Kukui’ula project.

Di.cco,,tinued Operations; Real-Eslale — The reventte, operating profit, and after-tax effects of discontinued operations for 2008, 2007 and 2006 were as follows (in

millions, except per-share amounts):

2008 21107 2006

Sales Revenue $ 125.4 $ 94.8 $ 89.8
Leasing Revenue $ 7.6 $ 17.2 $ 21.9

Sales Operating Profit S 55.0 $ 50.8 $ 40.1

Leasing Operating Profit $ 4.1 S 10.2 $ 12.2

After-tax Earnings $ 36.5 $ 38.0 $ 32.5
Basic Earnings Per Share $ 0.89 S 0.89 $ 0.76

Diluted Earnings Per Share $ 0.88 $ 0.88 $ 0.75

2008: The revenue and expenses of two retail properties on the mainland, one mainland office property, a multi-tenant residential rental property, three commercial properties on

Maui, land provinusly Inased to a telecommunications tenant on Maui, and several land parcels on Maui, and have been classified as discontinued operations.

2007: The revenue and expenses of land leased ton retail tenant on Oahu, several commercial properties on Maui, a leased fee parcel on Maui. and a commercial property in

California have been classified as discontinued operations.

2006: Thc revenue and expenses from the sale of two retail centers in Arizona, an office building on Maui, a commercial property on the island of Hawaii, and several

commercial parcels in Hawaii were included in discontinued operations.

Agribusiness

.4c’rihnsi,,ess: 2008 compared nyu/i 2007

(dollars in millions) 2008 2007 Change

Revenue S 124.3 $ 123.7
Operating profit (loss) S (12.9) S 0.2 NM

Operating profit (loss) margin NM 0.2%

Tonssugarproduced 145,200 164,500 -12%

Agribusimmmcss revenue increased S0.6 million in 2008 compared with 2007. The increase was principally due to $6.1 million in higher power prices and volumes ,$4.6 million in

higher specialty sugar sales volumes, and $1.5 million in higher raw sugar prices, partially offbet by $8.8 million in lowei raw sugar sales volumes and $2.9 million in lower

revenue t’rom soil and molasses sales.

Operating loss for 2008 ‘,vas $12.9 millioim compared with an operating profit of S0.2 million for 2007. The operating loss was primarily due to $14.9 million in lower sugar

margins that were tIme result of lower production volumes and higher operating costs than 2007, $1.6 million in lower soil sales, SI .5 million in lower profits from other

operations and SI .2 million in lower itmolasscs sales prices. This unfavorable variance was partially offset by S6.l million in higher ponver revenue from higher prices.

S 86.6 S 51.8 S 35.3
9.0 22.6 14.4

5 95.6 S 74.4 $ 49.7

- - -

27.3% 63.2% 51.1%

Compared with 2007, sugar production in 2008 was 12 percent, or 19.300 toils, lower due to lower yields. Lower sugar yields were principally mIme result of extended drought



conditions. The average revenue per ton ofsugar for 2008 was S355, or 4 percent higher titan the average revenue per ton ofS342 in 2007.

Approximately 81 percent ofthe Company’s augar production was soid to Hawaiian Sugar & Transportation Cooperative (“HS&TC”) during 2008 under a markettng
contract. The remaittder was sold as specialty sugar. HS&TC sells its raw sugar to C&H Sugar Company, me. at a price equal to the New York No. 14 Contract settlement
price, less a discount and less costs for sugar vessel discharge and stevcdoring. This price, after deducting the marketing, operating, distribution, transportation and interest
costs of HS&TC, reflects the gross revenue to the Company. The Agreement for Delivery and Sale ofRaw Sugar with C&H Sugar Company, Inc. and HS&TC was amended
in December 2008. The agreement was extended for one year, with an option to extend it for one additional year.

.4 reribusinegs, 2007 contyared with 2006

(dollars in millions) 2007 2006 Change

Revenue S 123 7 $ 127 4 3/
Operating profit S 0.2 S 6.9 -97%
Operating profit snargtn 02 / 5 4/
Tons sugar produced 164,500 173,600 -5%

Agribusiness revenue decreased $3.7 million, or 3 percent, in 2007 compared with 2006. The decrease was principally due to S6.3 million in lower raw sugar revenue as a result
of lower sales volumes and prices, and $1.6 million in lower power revenue due principally to lower volumes sold. The decrease was partially offset by $4.3 million in higher
revenue lions coffee sales, specialty sugar sales, land and quarty rent, and tnseking and shop services.

Operating profit for 2007 decreased $6.7 million, or 97 percent, compared with 2006. The decrease in operating profit was primarily due to lower sugar production, htgher
operating costs, and lower sugar prices. The decrease in operating profit was also due to $1.6 million is lower power revenue due principally to lower volumes sold.

Compared with 2006, sugar production in 2007 was 5 percettt, or 9,100 tons, lower due primarily to lower yields. Lower sugar yields were principally the result of dry-weather
conditions over the past tv,’o years and to certain agronomic practices. The average revenue per ton of sugar for 2007 was $342, or 2 percent lower than the average revenue per
ton of $350 in 2006.

LIQUIDITY AND CAPITAL RESOURCES

Overview: During 2008, significant turmoil in the credit markets resulted in liquidity constraints across the market in general. However, the Company has not been
materially impacted by the liquidity crisis because of its significant cash flows from operations and its ability to borrow under Its debt facilities. The Company has a $325 million
revolving credit facility, which does not expire until December 2011. As of December 31,2008, the Company had approximately S249 million of available capacity uitder the
facility. Additionally, as ofDecensber 31, 2008, the Company had access to approximately $143 million of remaining capacity on a S400 million term facility, under which tlte

ability to draw additional amounts under the facility expires in April 2012, and $14 million of remaining capacity on a facility that expires in June 2015. The Company has
discussed credit availability with its letiders and currently believes that its lenders are willing and able to lend pursuant to the tetins of the respective credit facilities. Additionally,
the Company is currently in compliance with all of its covenants tinder its debt agreements. As a result, the Cotsipany believes its ability to generate cash and access capital under
its facilities will be adequate to meet anticipated future cash requirements to fund svorkiitg capital, capital expenditures, dividends, potential acquisitions, stock repurchases, and
other cash needs for the foreseeable future. There can be no assurance, however, that the Company will continue to generate cash flows at or above current levels or that it will
be able to nsaistain its ability to borrow under its available credit facilities.

While Matson is subjecl to restrictions on the transfer of net assets to A&B cinder certain debt agreements, these restrictions have not had any effect on the Company’s
shareholder dividcttd policy, and the Company does not anticipate that these restrictions will have any impact in the future. At December 31, 2008, the atssount of net assets of
Matson that may not be transferred to the Company was approximately $298 million.

On January 29, 2009, the Company commitled to a fourth series of senior promissory notes, Series D notes. totaling $100 million under its Prudential facility more fully
described in Note 7 to the Consolidated Financial Statements. The Cotnpany intends souse the proceeds for general corporate purposes. The funding date of the draw under the
facility will beat the Cotsspany’s discretion, but must occur by March 9, 2009. The totes carry interest at an asocial fixed-rate of6.9 percent with a final maturity on March 9,
2020. Interest will be paid semi-annually, commencing in September 2009, and the principal under the note will be repaid in annual installnsenms consmencing in March 2012.

Cash Flows: Cash flows provided by operating activities continue to be the Company’s most significant source of liquidity. Cash flows from operating activities totaled $275
million for 2008, $124 million for 2007, and $106 million for 2006. The increase in 2008 over 2007 was due principally to proceeds frotn the sale of 330 residential units and

two commercial units at the Company’s Keola La’i condominiuns project and to lower spending on real estate development inventory, partially offset by lower Agribusiness and
Matson earnings and higher income tax payments. The increase its 2007 over 2006 was due principally to higher Ocean Transportation segment earnings, including higher
distribsttions from Matson’s investment in SSAT, and higlmer residential development sales proceeds, partially offset by higher expenditures for real estate developments held-for-
sale and higher income tax payments.

Cash Ilowsused in investing activities were $149 million for2008, $145 million for 2007, and $124 million for 2006. Ofthe 2008 atSiount, $109 million was forcapital
expenditures, including $54 million related to real estate investments, such as the reverse 1031 acquisition of Savannah Logistics Center and other leasing portfolio
improvemetsts, $38 million related to the purchase of ocean transportation-related assets, and S15 milliots principally related to routine replacements for agricultural operations.

Other cash fiosvs used in investing activities included $41 million related to additional investments in joint vetsiure projects, and $24 million for tIme acquisition ofPACAM. These
cash outflows were partially offset by S27 million in cash proceeds received that were primarily related to property sales. The Sh49 million of cash used in investing activities for

2008 excludes S46 ndhlion of 1031 tax-deferred purchases since the Company did not actually take control of the cash during the exchange period.

Of the 2007 amount, $122 million was for capital expenditures that iitcluded S68 million for tIme purclmase of ocean transportation-related assets, $34 million for real estate leasing

atsd property improvements (excluding non-cash 1031 transactions and real estate development activity), and S20 million related to agricitltural operations, primarily for the

expansion ofspecialtysugsrfacilities. The $122 million for2007 excludes $91 nsihlion of 1031 tax-deferred purchases sincethe Compamty did not actually take control of the cash

during tlte exchange period.

In 2006. the Company’s capital expenditures, excluding purchases of property using tax-deferred proceeds, totaled S28t million. This was coitsprised principally ofSI47 million
for the purchase of the MVMam,nalei, which completed the Company’s four ship modernization and replacement strategy, equipment purchases for the ocean transportation
segment, primarily related to the Company’s new Chitia service, $46 million in expenditures related to property clevelopnsent activities, aitd S15 million related to routitse asset
replacements for agricultural operations and specialty sugar expansion activities. TIme cash used for transportation capital expenditures was partially funded by Capital Construction

Fund withdrawals. The amoutits reported as capital expenditures on the statement of cash flows in 2006 exclude S49 million of tax-deferred purchases since the Company did not
actually take control of mite cash during tIme exchange period. Additionally, expenditures for real estate held-for-sale are excluded from capital expenditures atsd included in Cash

Flows lions Operating Activities because they are considered an operating activity of the Company.



A company’s internal control over financial reporting is a process designed by, or under the supervision of, the company’s principal executive and principal financial

officers, or persons performing similar functions, and effected by the company’s board of directors, management, and other personnel to provide reasonable assurance regarding

tire reliability of financial reporting and the preparation of financial statements for external purposes in accordance with generally accepted accounting principles. A company’s

internal control over financial reporting includes those policies and procedures that (I) pertain to the maintenance of records that, in reasonahle detail, accurately and fairly reflect

the transactions and dispositions of the assets of the company; (2) provide reasonable assurance that transactions are recorded as necessary to permit preparation of financial

statements in accordance with generally accepted accounting principles, and that receipts and expenditures of the company are being made oniy in accordance with authorizations of

management and directors of the company; and (3) provide reasonable assurance regarding prevention or timely detection of unauthorized acquisition, use, or disposition of the

company’s assets that could have a material effect on the financial statements.

Because of the inherent limitations of internal control over financial reporting, including the possibility of collusion or improper management override of controls,

material misstatements due to error or fraud may not be prevented or detected on a timely basis. Also, projections of any evaluation of the effectiveness of the internal control

over financial reporting to future periods are subject to tire risk that the controls may become inadequate because of changes in conditions, or that the degree of compliance with

the policies or procedures may deteriorate.

In our opinion, the consolidated financial statements referred to above present fairly, in all material respects, the financial position of Alexander & Baldwin Inc. and

subsidiaries as of December 31, 2008 and 2007, and tire results of their operations and their cash flows for each of the titree years in the period ended December 31, 2008, in

conformity with accounting principles generally accepted in the United States of America. Also, in our opinion, the Company maintained, in all material respects, effective internal

control over financial reporting as of December 31,2008, based on the criteria established in linertial Control — httegrated Framework issued by the Committee of

Sponsoring Organizations of tire Treadway Commission.

As discussed in Note Ito the consolidated financial statements, the Company adopted the provisions of Financial Accounting Standards Board (“FASB”)

interpretation No. 48, Accounting for U,tcertaiimtv itt Income Taxes—an interpretation oJ FASB Statement No. 109 and FASB Staff Position FIN 48-I, Defuititiouu
of Settlement jim FASB Interpretation No. 48 on Jarntaty 1, 2007, and as discussed in Note 9. Statement of Financial Accounting Standards No. 158, Employers’
Accouittingfor Defined Beim efit Pensio,t and Other Postretirentent Plaits--air anicndnient of FASB Slatentents No. 87, 88, 106, arid 132(R) on December 31,

2006.

Is! DELOITfE & TOUCHE LLP

Honolulu, Hawaii
Februaiy 27, 2009

ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF INCOME

(in millions, except per—share amounts)

Year Ended December 31,
2008 2007 2006

Operating Revenue:
Ocean transportation S 1,021 $ 1,003 $ 936

Logistics services 436 433 444

Real estate leasittg 97 90 78

Real estate aalss 225 23 8

Agiibusiness 119 120 124

Total operating revenue 1898 1,669 1,590

Operating Costs and Expenses:
Cost of ocean transportation services 825 789 754

Coat of logistics services 381 381 395

Coat of real estate sales and leasing 237 55 38

Coat of agribusiness goods and services 133 120 118

Selling, aeneral and administrative 163 165 146

Total operating costs and expenses 1,739 1,510 1,451

Operating Income 159 159 139

Other Income and (Expense):
Gain on inaumnee settlement amid other 8 1 --

Equity in income of real estate affiliates 9 23 14

Tmpamnent loss on investment (2) —

ituterest income 1 3 6

Interest expense (24) (19) (15)

Income From Continuing Operations Before Income Taxes 151 167 144

Income taxes 55 63 54

income From Cisntinuing Operations 96 104 90

Income from discontinued operations, net of income taxes (see Note 2) 36 38 32

Net Income S 132 S 142 $ 122

Basic Earnings per Share of Common Stock:

Comitinuinti operations $ 2.32 $ 2.45 $ 2.08

Dtscontinued operations 0.89 0.89 0.76

Net income $ 3.21 $ 3.34 $ 2.84

Diluted Earnings per Share of Common Stock:

Continuing operations $ 2.31 $ 2.42 $ 2.06

Dtscontinued operations 0.88 0.88 - 0.75



Net income

See notes to consolidated financial statements.

S 3.19 $ 3.30 $ 2.81

41.2

41.5
42.5 43.2

43.1 43.6

ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF CASH FLOWS

Cash Flow from Operating Activities:
Net income
Adjustments to reconcile net income to net cash provided by operations:

Depreciation and amortization
Deferred income taxes

(In niillinns)

Gains on disposal of assets, net of impairnient losses

Casually gain from receipt of insurance proceeds
Share-based expense
Equity its ineotsse of affiliates, net of distributions

Changes in assets and liabilities:

Accounts and notes receivable
Inventories
Peepaid expenses and other assets
Deferred dry-docking costs

Liability for employee benefit plans

Accounts and income taxes payable
Other tiabitities

Real Estate Developments Held for Sale:

Real estate inventory sales

Expenditures for real estate inventory

Net cash providcd by operations
Cash Flows from Investing Activities:

Capital expenditures for property and developments
Proceeds from disposal of income-producing property, investtnents and other assets

Proceeds from insurance settlement related to 2005 casualty loss
Deposits into Capital Construction Futid
Withdrawals from Capital Construction Fund
Acquisition of businesses, net of cash acquired
Payments for purchases of investments

Proceeds from sale and maturity of investments

Net cash used its investing activities
Cash Flows from Financing Activities:

Proceeds from issuance of long-term debt
Payments of long-term debt and defetred fmnanctng costs

Proceeds from (payments on) short-term borrowings, net
Repurchases of capital stock
Procceda from issuance of capital stock, including excess lax benefit

Dividends paid

Net cash provided by (used in) financing activities

Cash and Cash Equivalents:
Net increase (decrease) for the year

Balance, beginning of year

Balance, end of year

Other Cash Flow Information:
litterest paid
Income taxes paid

Non-cash Activities:
Debt assunsed in real estate purchase

Tan-deferred property sales
Tax-deferred property purchases

YearEnded December 31,

2008 2007 2006

132 S 142 $ 122

101 93 85
19 26 40

(9l (64) (49)

(St -- —-

II 17 5

11 1 t

24 (9) 5
(6> (3) (I)

3 12 (35)
(9> (22) (6)

(3 (3) 6
(37 19 (28)

(17, 14 21

184 tt 4
(39, (tts) (69)

275 124 lsd

(109) (122)

19 18

(7> (30)

0 30

(27) —

(60t 43)

19 2

(149 (145)

S (25> S (25) S (20)
(63, $ (55) 5 (49)

S II S -- $
S 112 S 83 $

(46> S (91) S

Weighted Average Number of Shares Outstanding:
Basic
Diluted

(281)
St

(66)
159

(40)
43

(124)

217
(102)

(72)

5
(42)

6

(12)

57

$ 45

127
(138,

(5>

(59>

2
(51,

(124,

2
17

S 19

139

(88)

15
(33)

8
(48)

(7)

(28)
45

$ 17

60

(49)



See notes to onsolidated finaitcial statements

ALEXANDER & BALDWIN, INC.
CO’%SOLIDATED BALANCE SHEETS

(In mtlltons. except per-shaic amount)

December 31,
2008 2007

ASSETS
Current Assets

Cash and cash equivalents $ 19 $ 17

Accounts and notes recetvable, less allowances of $8 for 2008 and $12 for 2007 163 185

Inventories 28 21

Real estate held for sale 20 150

Deferred income taxes — 11

Section 1031 exchange proceeds 23 —

Prepatd expenses and other assetO 31 37

Accrued wtthdrawal (dcpostt), net to Capttal Construction Fund — --

Total current assets 284 421

Investments in Affiliates 208 184

Real Estate Developments 78 99

Property—net 1,590 1,582

Ensplo3ee Benefit Plan Assets 3 80

Other Assets 187 113

Total $ 2,350 $ 2479

LIABILITIES AND SHAREHOLDERS’ EQUITY

Current Liabilities
Notes payable and current portion of long-term debt S 52 $ 57

Accounts payable 105 156

Payroll and vacation benefits 18 19

Uninsured claims 10 12

Defened income taxes I --

Accrued and other liabiltties 52 78

Total current liabilities 238 322

Long term Liabilities
Long term debt 452 452

Deferred itacoistetaxeo 414 468

Employee benefit plans 122 50

Uninsured claims and other liabilities 52 57

Total long-term liabilities 1,040 1.027

Commitments and Contingencies (Note 12)
Shareholders’ Equity

Capital stock — common stock without par value; authorized, 150 million shates ($0 75 stated value per sliare;

outstanding, 41.0 million shares in 2008 and 42.4 million shares ti 2007 33 34

Additional c pit 1 204 200

Accumulated other comprehensive loss (96 (4)

Retained earnings 942 911

Coatoftreasurystock (11) (II)

Total shareholders’ equity 1,072 1,130

Total S 2,350 S 2,479

See notes to consolidated financial statentests

ALEXANDER & BALDWIN, INC.
CONSOLID TED STATEMENTS OF SHAREHOLDERS’ EQUITY

For she three years ended December 31, 2008

(In millions evcept per—share aitsounts)

Accumulated
Capital Stock Other

Issued In Treasury Compre Deferred
Stated Additional l,cnsivc Compen- Retasied

Shares Value Shares Cost Capital Loss s iion Earnings Total

Balance,December3l,2005 47.6 $ 36 3.6 $ (11) $ 175 $ (7) $ (6) $ 827 $ 1,014

Iset income and other



comprehensive income
Shares repurchased

Stock options exercised - net
Shares issued — incentive plan
Share-based compensation
Adjustment to isitially adopt
SFAS No. 1 23R
Adjustment to initially adopt
SFAS No. 158, oct of tax
Dividends ($0975 per shore)

Balance, December 31, 2006

Net incsme — — — — — — — t42 142
Other comprehensive income,
net of tax:

Defined benefit plans:
Net gain (loss) ‘—‘ — — — — 14 — — 14
Less: Amortization of net (gain)

loss — — — — ‘— I —
—

Total comprehensive income 157
Shares repurchased (0.7) (1) — — (4) — — (28) (33)
Shares issued 0.5 — — — 8 — — — 8
Share-based compensation — — — — 17 — — — 1 7
Adjuatment to initially adopt FIN 48 — — — — — — — 2 2

Dividends (SI 12 per share) — — — — — — — (48) (48)

Balance,flecember3i,2007 46.0 34 3.6 (11) 200 (4) — 911 1,130

Netincome — — — — — — — 132 132
Other comprehensive income, net of

tax:
Defined benefit plans:

Net loss/prior service cost — — — — — (93) — — (93)
Less: Amortizatinn of

net Ioss/ptior service cost — — — — — 1 —
— 1

Total comprehensive income 40

Shares repurchased (1.4) (1) — — (8) — — (50) (59)
Shares issued — — — — I — — — 1
Share-based compensation — — — — 11 — — — 11
Dividends ($1.23 per share) — — —‘— —‘- — — — (51) (51)

Balance,Deccmber3l,2008 44.6 $ 33 3.6 $ (11) $ 204 S (96) $ — 5 942 $ 1,072

See notes to consolidased financial statements.

ALEXANDER & BALDWIN, INC.
NOTES TO CONSOLIDATED FINANCIAL STATEMENTS

1. SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES

Descriptioit ofBusiness: Founded in 1870, Alexander & Baldwin, Inc. (“A&B” or the “Company”) is incorporated under site laws of the State of Hawaii. A&B operates in
five segments in three industries: Transportation, Real Estate and Agribusiness. These industries are described below:

Transportation: The Transportation Industry consists of Ocean Transportation and Logistics Services segments. The Ocean Transportation segment, which is
conducted through Matson Navigation Company, Inc. (“Matson”), a wholly-owned subsidiary of A&B, is an asses-based business that derives its revenue pritsiarily
through the catriage of containerized freight berween various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports. Additionally, the Ocean
Transportation segment has a 35 percent interest in an entity (SSA Tenninals, LLC or “SSAT”) that provides temsinal and stevedoring services as U.S. Pacific Coast
facilities. The Logistics Services segment is a non—asset based business that is a provider of domestic and international rail intcrmodal service (“Intennodal”), long-haul
and regional highway brokerage, specialized hauling, fiat-bed and project work, less-than-truckload, expedited/air freight services and warehousing and distribution
services (collectively ‘Highway”).

Real Estate: TIte Real Estate lttdttstry consists of two segments, both of which have operations in Hawaii mid on she U.S. Mainland. The Real Estate Sales segment
generates its revenues through the development and sale of land. and comtnercial and residential properties. The Real Estate Leasing segment owns, operates and
manages retail, office and industrial properties.

Agribusiness: Agribusiness, which contains one segment, produces bulk raw sugar, specialty food-grade sugars, and molasses; produces, markets, and distributes
roasted coffee mid greets coffee: provides general trucking services, mobile equiptnent maintenance and repair services, and self-service storage in Hawaii: and getierates
atid sells. to the extent not used itt site Company’s operations, electricity.

Principles of Cottsolidation: The cottsolidated financial statements include the accounts of Alexander & Baldwin, Inc. and all wholly-owned and controlled subsidiaries, after
elimination of significant intercompany amounts. Significant investments in businesses, partnerships, and limited liability companies in which the Company does sot have a

controlling financial interest. beti has the ability to exercise significant influcttce, are accounted for under the cquity method. A controlling financial interest is one in which the
Conspany Itas a majority voting interest or one in which the Company is the pritisary beneficiary that absorbs the majority of the expected losses, or receives a tnajority of the
expected residttal returns, or both, of a vartable interest entity as defined in FASB Interpretation No.46 (revised December 2003), Comtsoliilaliott of Varisthle J,tte,’est
Etttities (“FIN 46R”). as amended.
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rcfcncd to by the District Courtas the Scabulk Trader case. Scch case was decided in favor ofthe plaintiffs by anothcrjudge fl the same District Court and s reported at 551

F.Supp. 2d 447. While the Seabulk Trader case involves certain tssues similar in nstore to the Mokihana case, the Company belteves the two cases arc distinguishable is vartous

respects. A decision in the Seabulk Trader case is expected in 2009. Matson has filed an amicus briefin the support oftlte Coast Guard’s decision in that case. The Company ts

unable to predict, at this time, the Outcome ofthe appeal in the Seabulk Trader case or the possible effect ofsstch outcotoe on the Mokihana case. The Cotnpany also is ttnable

to predict. at this time. the outcome or financial impact, ifany, ofthe Mnkihana case.

In a separate but related matter, the same plaintiffs asked the United States Department ofTransportation Maritime Administration (‘Marad”) to investigate the

continued eligibility ofnine ofMatsons vessels, including Mokihana, to participate in the Capital Construction Fund (‘CCF”) and cargo preference programs as a result of

modifications perfbnoed, or to be perfornted, in foreign shipyards. Marad issued an Opinion and Order on March 1 8, 2008, stating that tt would be guided by prior Coast

Guard rulings with respect to CCF, that all Matson vessels would retain their CCF eligibility unless the court reversed the Coast Guard’s final determination with respect to

Mokihana, and that all vessels would retain tltcir cargo preference eligibility but requested further infonnation on Mokthana and Lurline. On December 9, 2008, after reviewing

information provided by Matson. Marad issued a Final Opiniott and Order ordering that Lurtine and Mokihana be excluded from preference for carriage of goveruntent civilian

cargo, pursuant to 46 U.S.C. 55305, for three years. Matson has filed a request for reconsideration with Marad. The decision lisa no immediate financial effect because these

vessels are currently deployed in tlte Hawaii trade and do not carry civilian preference cargo.

In another separate but related matter, the Coast Guard Marine Safety Center informed Matson on December 24, 2008 that the same ptaintiffs had requested

reconsideration of the Coast Guard’s June 2006 Mokihana major conversion determination. The Coast Guard had earlier ruled that the work to be perfonned on Mokihana in

the foreign and U.S. shipyards was minor and, therefore, wostld not necessitate certain safety and maintenance upgrades. The Coast Guard has asked the Shipbuilders Cottnctt

and Pasha to respond to issues as to their standing to request reconsideration and the timeliness of the request. Matson believes that the Coast Guard’s determinattsn was correct

and wilt submit commettts supporting it. The Compatsy is unable to predict, at this time, tlte outcome or financial impact, if any, of this matter.

On April 21, 2008, Matson was served with a grand jury subpoena from the U.S. District Court for the Middle District of Florida for documents and infonnation

relating to water carriage in connection with tlte Department of Justice’s investigation into the pricing and other competitive practices of catriers operating in the domestic

trades. Matson understands that while the investigation currently is focused on the Puerto Rico trade, it also includes pricing and other cotitpetitive practices in connection with all

domestic trades, including the Alaska, Hawaii and Guam trades. Matson does itot operate vessels in the Puerto Rico and Alaska trades. It does operate vessels tn the Hawaii and

Guam trades. Matson has cooperated, and will continue to cooperate, fully with the Department ofJustice. If the Department of Justice believes that itny violations have

occurred on tlte part of Matsott or the Company, it could seek civil or criminal sanctions, including mottetary fines. The Company is unable to predict, at tltis time, the outcome

or financial impact, if any, of this investigation.

The Company and Matson have been named as defendatsts in civil lawsuits purporting to be class actions alleging violations of the antitrust laws and seeking treble

damages and injunctive relief. As of January 8, 2009, the Company was aware of26 suclt lawsuits. All of the lawsuits have been or will be translbrred and consolidated into a

consolidated civil lawsuit in the U.S. District Court for the Western District of Washington in Seattle purporting to be a class action. Another domestic shipping carrier operating

in the Hawaii and Guam trades, Horizon Lines, Inc., has also been named as a defendant in the consolidated civil lawsuit. The plaintiffs filed a consolidated class action complaint

on February 2, 2009. The Company and Matson inteitd to file a motion to dismiss the complaint by March 2009. The Company and Matson will vigorously defetsd themselves

in this lawsuit. The Company is unable to predict, at this time, the outcome or financial impact, if any, of this lawsuit.

Itt June 2006, Matson and its Long Beach terminal operator, SSAT LLC, completed itegotiations of ait amendment to the Preferential Assigisment Agreement with the City of

Lotig Beach that includes changes requested by Matson to implement its new China Service as well as environmental covenants applicable to vessels which call at Pier C. The

environmental requirements are pan of progratus proposed by both the ports of Los Angeles and Long Beach designed to reduce airborne emissions in the port area. Under the

amendment, Matson is required to install equipment on all its motor vessels to allow diem to accept a shore-based electrical power source instead of using the vessel’s diesel

generators while in port (“cold ironing”) and to phase out calls by its steamships by 2020. In December 2008, the Office of Administrative I.aw approved regstlations pta forth by

the California Air Resources Board (“CARB”) which mandate cold ironing of diesel powered container ultipo at major ports starting in 2014. The CARB rcgulations pstt the

responsibility for shoreside electrical infrastructure on the terminal operator. Our lease agreement commits the Port of Long Beach to providitig the sltorestde infrastructure and

constroctioit is scheduled to begin in 2009. However, the Port of Oakland has tsot yet made a commitment to provide the required infrastructure at the Company’s Oakland

termiiial and therefore, SSAT may be held responsible for this cost. The cost of the required titfrastmcture improvements has not been estimated. The inodilicationsto Matson’s

vessels to accommodate cold ironing will occur at each of their next scheduled out—of-water drydockings. One vessel commenced retrofittimig in 2008 and another is scheduled for

2009. The estimated costs of the modifications are projected at SI 3.7 million for the eight motor vconels including design and engineering costs, and the cost for vessel stepdown

transformers to accommodate the power provided at the dock. As of December31, 2008, approximately $1.8 million has been incurred. The costs of the modifications have been

recorded as capital assets because they provide future ecoitomic benefits.

The Company and certain sstbsidiaries are parties to other various legal actions and are contingently liable in connection with claims and contracts analog itt the normal costise of

business, the outcome of which, in the opinion of management after consultation with legal counsel, will not have a material adverse effect on the Company’s financial position or

results of operations.

13. INDUSTRY SEGMENTS

Operating segments are components of an enterprise that engage in business activities from which it may earn revenues and tncur expenses, whose operating results are regularly

reviewed by the chief operating decision maker to make decisiotss about resources to be allocated to the segment and assess its performaitcc. and for which discrete finaticial

information is available. The Company’s chief operating decision maker is its Chief Executive Officer. Based on the foregoing, the Company has five segments that operate am three

industries: Transportation. Real Estate and Agribusiness.

The Transportation Industry consists of two segments. Oceais Transportation carries freight between various U.S. Pacific Coast, major Hawatt ports, Guant. China and other

Pacific ports and provides terminal, stevedoring and container equipment management services in Hawaii. Logiotics Services arranges domestic and intemational rail intermodal

service, long-haul and regional highway brokerage, specialized hauling, flat-bed and project work, Icon-than-truckload, expedited freight services, and warehousing and

distribution services.

The Real Estate Industry cotmoists of two segtuento. The Real Estate Sales segment generates its revetsues through the development and sale of land, conimercial and residential

properties. The Real Estate Leasing segment owns, operates, and manages retail, office, and industrial properties. When property that was previously leased is sold. the reventte

and operatitig profit are included with the Real Estate Sales segment.

Agribusiness, which consists of one segment, grows sugar cane and coffee: produces bulk raw actgar, specialty food-grade sugars, and molasses; prothtces, markets, and

distributes roasted coffee and green coffee; provides geiteral trucking services, mobile equipmeiit nsaimtleitattce and repair services, and self-service storage in hlawatt; and generates

and sells, to the extent not used in the Cotnpany’s operations, electricity.

The accounting policies of the operating segnsemtts are described in the summaty of sigitificant accounting policies. Reportable segmeiits arc measured based on operating profit.

exclttsive of non-operating or unusual transactions, interest expense, general corporate expenses, and income taxes.



INDUSTRY SEGMENTS (CONTINUED)

Industry segment information for each of the three years ended December31, 2008 is summarized below (in millions):

For the Year 2008 2007 2006

Revenue:
Transportation:

Ocean transportation S 1,023.7 $ 1,006.9 $ 945.8
Logistics services 436.0 433.5 444.2

Real Estate:
Leasino 107.8 108.5 100.6
Sales 350.2 117.8 97.3

Less amounts reported in discontinued operations (133.0) (112.0) (111.7)
Agribusiness 124.3 123.7 127.4

Reconciling Items 2 (10.7) (9.2) (14.2)

Total revenue S 1,898.3 $ 1,669.2 $ 1,589.4

Operating Profit:
Transportation:

Ocean transportation3 S 105.8 S 126.5 S 105.6
Logistics services 18.5 21.8 20.8

Real Estate:
Leasing 47.8 51.6 50.3

Sales3 95.6 74.4 49.7

Less amounts reported in discontinued operations1 (59.1) (61.0) (52.3)

Agribusiness (12.9) 0.2 6.9

Totaloperatingprofit 195.7 213.5 181.0

Interest expense. net4 (23.7) (18.8) (15.0)

General corporate expenses (21.0) (27.3) (22.3)

Income from continuing operations before income taxes 151.0 167.4 143.7

Income taxes (55.1) (63.2) (53.7)
Income from continuing operations 95.9 104.2 90.0

Discontinued operations 36.5 38.0 32.5

Net income S 132.4 S 142.2 S 122.5

Prior year amounts restated for amounts treated as discontinued operations. See Notes I and 2 for additional iofonosiion.

2 Includes inter.segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

3 The Ocean Transportation segment includes approximately $5.2 million, $10.7 million, and St3.3 million of equity in earnings from its investment in SSAT for 2008. 2007, and 2006.
respectively. The Real Estate Sates segment includes approximately S9.0 million, $22.6 million, and St4.4 million in equity in earnings from its various real estate Joint ventures for

2008, 2007. and 2006, respectively.

Includes Ocean Transportation interest expense ofStt.6 million for200I, $13.9 million for2007, and Sl3.3 million for 2006. Substantially all oilier interest expense was at the parent

company.

INDUSTRY SEGMENTS (CONTINUED)

Identifiable Assets:

Ocean transportation0 S 1,153.9 $ 1,215.0 $ 1,185.3
Logistics services 74.2 58.6 56.4

Real estate leasin 590.2 595.4 525.5

Real estate sales2 344.6 408.9 295.0

Agribunineso 172.2 174.6 168.7

Other 15.1 26.6 20.3

Totalassets S 2,350.2 $ 2,479.1 S 2,251.2

Capital Expenditures:
Ocesntranuportation S 35.5 $ 65.8 $ 217.1

Logistics services5 2.4 2.0 1.7

Real estate leasing7 100.2 124.5 93.0

Real estate sales8 0.6 0.3 1.3

Agribusiness 15.2 20.5 15.0

Other 0.8 0.3 1 .5

Total capital expenditures S 154.7 $ 213.4 S 329.6

Depreciation and Amortization:

Ocean transportation S 66.1 $ 63.2 S 58.1

Logistics srrviccs 2.3 1.5 1.5

Real estate teasiogt 17.9 15.7 14.1

Real estate sates 0.2 0.2 0.1

Agribusiness 11.5 10.7 10.1

Other 2.7 1.3 0.9



Totaldepreciationandamortizatton S 100.7 $ 92.6 $ 84.8

5 The Ocean Transportation segment includes approximately $446 million, S48 6 million, aitd 849 8 million related to Its Investment to SSAT as ol December 31, 2008, 2007, and
2006, iespectively The Real Estate Sales segment tncludes approximately S162 I million, 8134 1 utillion, and 8984 million related to its Ir1’,csiment in various real estatejoint ventures
as of December 31, 2008, 2007, and 2006, respectively

6 Excludes expendttures related to Matson Integrated Logistics’ acquisItions, svhich are classified as Payments for Purchases of Invesiment’, in Cash Flows from Investing Activities
sviihin the Consolidated Staiemenis of Cash Flosvn

Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash tiansactions in the Consolidated Statenteitis of
Cash Flovs

S Excludes capital expendituien foi real estate developments held for sale which are classified as Cash Flows from Operaung Activities within the Consolidated Statements of Cash Flows
Operating cash fiosvs for capital expenditures related to real estate developments were S39 million, SI 10 osillion, and S69 million, ni 2008. 2007, and 2006, respectively

14. QUARTERLY INFORMATION (Unaudited)

Segment iesults by quarter for 2008 arc listed below (tn millions, except pet-share amounts)

2008

QI Q2 Q3 Q4
Rcvenurr

Transportation
Ocean transportation $ 243.0 $ 2684 $ 272.8 $ 239.5
Logistics servtces 102 6 115 5 118 1 99.8
Real Estate.

Leasing 28.8 27 3 26 2 25 5
Sales 187.4 31.2 77 2 54.4

Less amounts reported in discontinued operations (3.8) (145) (71 0) (43 7)
Agribusiness 22.5 36 2 37.5 28.1

Reconciling Items 2 (1 5) (26) (3 0) (36)

Total revenue $ 579.0 $ 461 5 $ 457 8 $ 400.0

Operating Profit (Loss)
Transportation.

Ocean ttaosportalion $ 15.9 $ 374 S 314 5 211
Logistics services 4 7 46 5 1 4.1

Real Estate
Leasing 13.9 126 II I 10.2
Sale’, 41 4 9 1 25 8 193

Lena amounts reported in discontinued operationst (2 1) (8.3) (277) (21.0)

Agribunittess 4 8 (49) (67) (6 1)

Total operattlig profit 78.6 50 5 39 0 27 6

Interest Expense (6 I) (5 6) (5 8) (62)

Oeneial Corporate Expenses (5.7) (5 4) (5.3) (4.6)
Income Fiom Continuing Operations befoje Income Taxes 66 8 395 279 16 8

Income taxes (26 1) (150) (8 1) (5.9)
litcome Ft om Continuing Operations 40 7 24 5 19 8 10 9
Discontinued Operationst 1 4 5 1 170 13.0

Net Income $ 42 1 $ 29 6 S 36 8 S 23 9

Earnings Pet Shate
Basic $ 1.02 5 0.72 $ 089 $ 0.58
Diluted $ 1.01 $ 0.71 S 089 S 058

See Note 2 for discussion of discontinued operations
2 Includes inter—segslent revenue, Interest Income, and otlter income classified as revenue foi segment epot hog psirposes

Segment tesults by quarter for 2007 are listed below (In millions, except per-share amounts)

2007

QI Q2 Q3 Q4
Revenue

Trattsportation
Ocean transportation $ 231.6 $ 253 1 $ 2599 S 262.3
Logistics services 102 9 112 4 110 4 107 8
Real Estate

Leasing 28 8 26 4 26 3 27 0
Sales 6.5 04 785 324

Less amouttts reported in dtscoitttnued operatloits (4 9) (4 7) (78 2) (242)
Agribustneao 172 38.5 373 307

Reconciling Items 2
- (20) (1 8) (24) - (30)



Totalrevenue $ 380.1 S 424.3 S 431.8 $ 433.0

Operating Profit (Loss):
Transportation:

Ocean transportation $ 18.8 $ 39.1 S 38.5 $ 30.1
Logistics services 5.6 5.5 6.0 4.7

Real Estate:
Leasing 15.0 12.3 12.2 12.1
Sales 8.8 4.5 37.9 23.2

Less amounts reported in discontinued operations (3.0) (2.9) (37.7) (17.4)

Agribusiness 3.6 0.5 (3.2) (0.7)

Total operatingproflt 48.8 59.0 53.7 52.0
Interest Expense (4.3) (4.1) (4.8) (5.6)

General Corporate Expenses (6.9) (6.6) (6.0) (7.5)

Income From Continuing Operations before Income Taxes 37.6 48.3 42.9 38.6

Income taxes (14.8) (18.1) (17.3) (13.0)

Income From Continuing Operations 22.8 30.2 25.6 25.6

Discontinued Operationst 1.9 1.8 23.5 10.8

Net Income $ 24.7 S 32.0 S 49. I $ 36.4

Earnings Per Share:
Basic $ 0.58 $ 0.75 $ 1.15 $ 086
Diluted S 0.58 S 0.74 S 1.14 5 0.85

See Note 2 for discussion of discontinued operations.
2 Includes inter—segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

15. PARENT COMPANY CONDENSED FINANCIAL INFORMATION

Set forth below are the unconsolidated condensed financial statements of Alexander & Baldwin. Inc. (Parent Company”). The significant accounting policies used in preparing
these financial statements are substantially the same as those ttsed in the preparation of the consolidated financial statements as described is Note I, except that, for purposes of the

tables presented in this footnote, subsidiaries are carried under the equity method.

The following table presents the Parent Company’s condensed Balance Sheets as of December 31, 2008 and 2007 (in millions):

2008 2007

ASSETS

Current Assets:

Cash and caslt equivalents 5 S 3
Accounts and notes receivable, net 3 3

Income tax receivable 24

Section 1031 exchange proceeds 23 -.

Prepaid expenses and ollaer 23 19

Totul current assets 73 25

Investments:
Subsidiaries consolidated, at equity 1,131 1,097

Property, at Cost 432 451

Less accumulated depreciation and amortization 219 212

Peoperty—nel 213 239
Due front Subsidiaries 87

Other Assets 43 47

Total S 1,460 S 1,495

LIABILITIES AND SHAREHOLDERS’ EQUITY
Current Liabilitim:

Current portion of tong-term debt a 211 S 32

Accounts payable 8 5
Income taxes payable is
Non-qualified benefit plans 4 4

Oilier 12 5

Total current liabilities 52 66

Long-term Debt 200 212

Employee benefit plans 49 8

Nou.qsalified benefit plaits 17 16

Other Losg-tenn Liabilities 6 7

Defened Income Taxes 30 56

Due to Subsidiaries 34

Coninsitments and Contingencies

Shareholders’ Equity:
Capital stock 3 3 34

Additional capital 204 200

Accumulated other cottipreltensive loss (96i (4)

Retained earnings 942 911



Cost of treasury stock (Ib (It)

Total shareholders’ equity 1,072 1,130

Total S 1,460 S l,495

The following table presents the Parent Company’s condensed Statements of Income for the years ended December 31.2008, 2007 and 2006 (in millions):

2008 2007 2006
Revenue:

Agribusiness $ 91 $ 92 $ 97
Real estate leasing 23 22 20
Real estate sales 6 6
Interest and other 3 8 9

Totalrevenue 123 128 127

Costs and Expenses:
Cost of agribusiness goods and services 110 97 96
Cost of real estate sales and leasing 12 12 9
Selling, general and administrative 21 28 24
Interest and other 14 12 7

Income taxes (14) (7) —

Total costs and expenses 143 142 136

Loss from Continuing Operations (20) (14) (9)

Discontinued Operations, net of income taxes 16 2 11

Income (Loss) Before Equity in Income of Subsidiaries Consolidated (4) (12) 3

Equity in Income from Continuing Operations of Subsidiaries Consolidated 115 II 8 99

Equity in Income from Discontinued Operations of Subsidiaries Consolidated 21 36 21

Netlnconse 132 142 122

Other Comprehensive Income (Loss), net of income taxes (91) 15

Comprehensive Income $ 41 S 157 $ 122

The following table presents the Parent Company’s condensed Statements of Cash Flows for the years ended December 31, 2008, 2007 and 2006 (in millions):

2008 2007 2006

Cash Flows from Operations (including dividends received from subsidiaries) $ 144 $ 17 $ 65

Cash Flows from Invesling Activities:
Capital expendimres (16) (18) (35)
Pttrehase of investments (12) -- —

Proceeds lions dispossl of property and sale of investments 9 5 22

Net cash used by investing activities (19) (13) (13)

Cash Flows from Financing Activities:
Change in intercompany payables/reeeivables (4) (15) (6)
Proceeds from (repayments oO long-term debt, net (16) 85 58
Proceeds from issuance of capital stock, including tax benefit 2 8 5
Repurchaaes of capital stock (59) (33) (72)

Dividends paid (51 (48) (42)

Net cash used in flnattcing activities (128) (3) (57)

Cash and Cash Equivalents:
Net increase (decrease) for the year (3 (5)

Balance, beginning of year 3 2 7

Balance, end of year S — S 3 S 2

Other Cash Flow Infomsation:
Interest paid S (13) 5 (12) S (7)
Income taxes paid, net of refunds S (63) S (55) $ (49)

Other Non-cash Infomsation:
Depreciation expense S 15 $ 15 $ 13
Tas-defeired property sales S 60 S -- S 13
Tax-deferredpropertypurchases S (5) $ — S (13)

General Jt,Ot’ntation: The Patent Company is headquartered in Honolulu, Hawaii and is engaged in the operations that are generally described in Note 13, “Industry
Segments.” Additional infonsiatton related to the Parent Company is described in the Ibregoing totes to the coosolidated financial statements.
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FORM 10-K

Annual Report for the Fiscal Year
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PART I

ITEMS I & 2. BUSINESS AND PROPERTIES

Alexander & Baldwin, Inc. (“A&B”) is a multi-industry corporation with its primary operations centered in Hawaii. It was founded in 1870 and
incorporated in 1900. Ocean transportation operations, related shoreside operations in Hawaii, and interniodal, truck brokerage and logistics services are
conducted by a wholly-owned subsidiary, Matson Navigation Company, Inc. (“Matson”), and two Matson subsidiaries. Property development and
agribusiness operations are conducted by A&B and certain other subsidiaries of A&B.

The business industries ofA&B arc generally as follows:

A. Transportation - carrying freight, primarily between various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports;
arranging domestic and international rail intermodal service, long-haul and regional highway brokerage, specialized hauling, flat-bed and
project work, less-than-truckload, expedited/air freight services, and warehousing and distribution services; and providing terminal,
stevedoring and container equipment maintenance services in Hawaii.

B. Real Estate - engaging in real estate development and ownership activities, including planning, zoning, financing, constructing,
purchasing, managing and leasing, selling and exchanging, and investing in real property.

C. Agribusiness - growing sugar cane and coffee in Hawaii; producing bulk raw sugar, specialty food-grade sugars, molasses, green coffee
and roasted coffee; marketing and distributing green coffee, roasted coffee and specialty food-grade sugars; generating and selling, to the
extent not used in A&B’s operations, electricity; and providing general trucking services in Hawaii, including sugar and molasses hauling,
and mobile equipment maintenance and repair services.

For information about the revenue, operating profits and identifiable assets of A&B’s industry segments for the three years ended December31,
2009, see Note 13 (‘Industry Segments”) to A&B’s financial statements in Item 8 of Part II below.

DESCRIPTION OF BUSINESS AND PROPERTWS

A. Transportation

(1) Freight Services

Matson’s Hawaii Service offers containership freight services between the ports of Long Beach, Oakland, Seattle, and the major ports in Hawaii on
the islands of Oahu, Kauai, Maui and Hawaii. Roll-on/roll-off service is provided between California and the major ports in Hawaii. Matson is the principal
carrier of ocean cargo between the U.S. Pacific Coast and Hawaii. Principal westbound cargoes carried by Matson to Hawaii include dry containers of mixed
commodities, refrigerated commodities, building materials, packaged foods, household goods and automobiles. Principal eastbound cargoes carried by
Matson from Hawaii include automobiles, household goods, refrigerated containers of fresh pineapple, livestock and dry containers of mixed
commodities. The majority of Matson’s Hawaii Service revenue is derived from the westbound carriage of containerized freight and automobiles.

Matson’s Guam Service provides weekly containership freight services between the U.S. Pacific Coast and Guam. Additional freight destined to and
from the Commonwealth of the Marianas Islands, the Republic of Palau and the island of Yap in the Federated States of Micronesia is transferred at Guam to
and from connecting carriers for delivery to and from those locations.

Matson’s Micronesia Service offers container and conventional freight service between the U.S. Pacific Coast and the islands of Kwajalein, Ebeye
and Majuro in the Republic of the Marshall Islands and the islands of Pohnpci, Chuuk and Kosrae in the Federated States of Micronesia. Cargo is transferred
at Guam to a Matson-operated ship that provides consistent, reliable bi-weekly service to and from those islands. Matson also carries cargo originating in Asia
to these islands by receiving cargo transferred from other carriers in Guam.

Matson’s China Service is part of an integrated Hawaii/Guam/China service. This service employs five Matson containerships in a weekly service
tlsat carries cargo from the U.S. Pacific Coast to Honolulu, then to Guam. The vessels continue to China, where they are loaded with cargo to be discharged in
Long Beach. These ships also carry cargo destined to and originating from Guam, the Commonwealth of Northern Marianas, the Republic of Palau and the
Republic of the Marshall Islands.

See “Rate Regulation” below for a discussion of Matson’s freight rates.

(2) Vessels

Matson’s fleet consists of 10 containerships, excluding one containership time-chartered from a third party that serves Micronesia; three combination
container/roll-on/roll-off ships; one roll-on/roll-off barge and two Container barges equipped with cranes that serve the neighbor islands of I-lawaii; and one
container barge equipped with cranes that is available for charter. The 17 Matson-owned vessels in the fleet represent an investment of approximately
$1.2 billion expended over the past 30 years. The majority of vessels in the Matson fleet have been acquired with the assistance of withdrawals from a Capital
Construction Fund (“CCF”) established under Section 607 of the Merchant Marine Act, 1936, as amended.



As of year-end 2009, A&B’s mainland portfolio included 7.0 million square feet of leasable area, as follows:

Leasable Area
Property Location Type (sq. ft.)

Heritage Business Park Dallas, TX Industrial 1,316,400
Savannah Logistics Park Savannah, GA Industrial 1,035,700
Ontario Distribution Center Ontario, CA Industrial 898,400
Midstate 99 Distribution Center Visalia, CA Industrial 790,400
Sparks Business Center Sparks, NV Industrial 396,100
Republic Distribution Center Pasadena, TX Industrial 312,500
Activity Distribution Center San Diego, CA Industrial 252,300
Centennial Plaza Salt Lake City, UT Industrial 244,000
ValleyFreeway Corporate Park Kent, WA Industrial 228,200
1800 and 1820 Preston Park Piano, TX Office 198,600
Ninigret Office Park X and XI Salt Lake City, UT Office 185,200
San Pedro Plaza San Antonio, TX Office/Retail 171,900
2868 Prospect Park Sacramento, CA Office 162,900
Concorde Commerce Center Phoenix, AZ Office 140,700
Arbor Park Shopping Center San Antonio, TX Retail 139,500
Deer Valley Financial Center Phoenix, AZ Office 126,600
Northpoint Properties Fullerton, CA Industrial 119,400
Broadlands Marketplace Broomfield, CO Retsil 103,900
2890 Gateway Oaks Sacramento, CA Office 58,700
Wilshire Center Greeley, CO Retail 46,500
Royal MacArthur Center Dallas, TX Retsil 44,000
Firestone Avenue Building La Mirada, CA Office 28,100

A&B’s mainland commercial properties’ occupancy rate decreased to 85 percent in 2009, compared to 95 percent in 2008, reflecting the difficult
leasing environment in certain mainland markets as well as the placement of Savannah Logistics Park Building B into service in March 2009.

A&B’s mainland joint venture commercial developments are summarized below:

(1) Crossroads Plaza. In June 2004, A&B entered into a joint venture with Intertex Hasley, LLC, for the development of a 56,000-square-foot
mixed-use neighborhood retail center on 6.5 acres in Valeneia, California. The property was acquired in August 2004. The sale of a pad site building closed
in 2007, and construction of the center was completed in 2008. The property was 85 percent occupied as of year-end 2009.

(ii) Centre Pointe Marketplace. In April 2005, A&B entered into a joint venture with Intertex Centre Pointe Marketplace, LLC for the
development of a 105,700-square-foot retail center on a 10.2-acre parcel in Valencia, California. The sale of several pad site buildings closed in 2007. Vertical
construction was substantially completed in 2008, with five of seven buildings closed in 2008, one building closed in 2009, and the remaining building
expected to be sold in 2010.

(iii) Bridgeport Marketplace. In July 2005, A&B entered into a joint venture with Intertex Bridgeport Marketplace, LLC for the development
of a 27.8-acre parcel in Valencia, California. The parcel was subdivided into a 5-acre parcel for a public park, a 7.3-acre parcel sold to a church in 2007, and
a 15.5-acre parcel for the development of a 127,000-square-foot retail center. Construction of the center was completed in 2009 and is 95 percent leased.

(iv) Bakersfield. In November 2006, A&B entered into a joint venture with Intertex P&G Retail. LLC, for the planned development of a
575,000-square-foot retail center on a 57.3-acre commercial parcel in Bakersfield, California. The parcel was acquired in November 2006. Development
plans remain on hold due to current economic conditions.

(v) Palmdale Trade & Commerce Center. In December 2007, A&B entered into a joint venture with Intertex Palmdale Trade & Commerce
Center LLC, for the planned development of a 315,000-square-foot mixed-use commercial office and light industrial condominium complex on I 8.2 acres in
Palmdale, California, located 60 miles northeast of Los Angeles and 25 miles northeast of Valencia. The parcel was contributed to the venture in
2008. Development plans remain on hold due to current market conditions.

C. Agribusiness

(1) Production

A&B has been engaged in the production of cane sugar in Hawaii since 1870, and the production of coffee in Hawaii since 1987. A&B’s current
agribusiness and related operations consist of: (I) a sugar plantation on the island of Maui, operated by its Hawaiian Commercial & Sugar Company
(“HC&S”) division, (2) a coffee plantation on the island of Kauai, operated by its Kauai Coffee Company, Inc. (“Kauai Coffee”) subsidiary, and (3) its
Kahului Trucking & Storage, Inc. (“KT&S”) and Kauai Commercial Company, Incorporated (“KCC”) subsidiaries, which provide several types of
trucking services, including sugar and molasses hauling on Maui, mobile equipment maintenance and repair services on Maui, Kauai, and the Big Island,
and self-service storage facilities on Maui and Kauai.

HC&S is Hawaii’s largest producer of raw sugar, producing approximately 126,800 tons of raw sugar in 2009, or about 72 percent of the raw sugar
produced in Hawaii for the year (compared with 145,200 tons, or about 75 percent, in 2008). The primary reason for the decline in sugar production was the
unprecedented drought conditions affecting the island of Maui ins 2007 and 2008. In 2008, HC&S had the lowest East Maui water deliveries on record since



A&B first began recording deliveries in 1925, and 2007-2008 marked two consecutive years of the lowest rainfall recorded. The two-year crop harvested in
2009 suffered from lack of water throughout its lifecycle, which significantly reduced crop yields. HC&S harvested 15,028 acres of sugar cane in 2009
(compared with 16,961 in 2008). This reduction in harvest acres was designed to improve future-year yields by increasing the average age of the
crop. Yields averaged 8.4 tons of sugar per acre in 2009 (compared with 8.6 in 2008). As a by-product of sugar production, HC&S also produced
approximately 41,700 tons of molasses in 2009 (compared with 52,200 in 2008).

In 2009, approximately 34,300 tons of sugar (compared with 27,500 tons in 2008) were processed by HC&S into specialty food-grade sugars under
HC&S’s Maui Brand® trademark or repackaged by distributors under their own labels. A multi-phase expansion of the production facilities for these sugars
was completed in early 2008, with the ramp up of volumes continuing in 2009.

During 2009, Kauai Coffee had approximately 3,000 acres of coffee trees under cultivation. The 2009 harvest yielded approximately 2.6 million
pounds of green coffee, compared with 3.0 million pounds in 2008. The preliminary mix of green coffee indicates an average quality distribution for the crop.

HC&S and McBryde Sugar Company, Limited (“McBryde”), a subsidiary of A&B and the parent company of Kauai Coffee, produce electricity
for rntemal use and for sale to the local electric utility companies. HC&S’s power is produced by burning bagasse (the residual fiber of the sugar cane plant),
by hydroelectric power generation and, when necessary, by burning fossil fuels. McBrydc produces power solely by hydroelectric generation. The price for
the power sold by HC&S and McBryde is equal to the utility companies’ “avoided cost” of not producing such power themselves. In addition, HC&S
receives a capacity payment to provide a guaranteed power generation capacity to the local utility. See “Energy” below for power production and sales data.

(2) Marketing of Sugar and Coffee

Approximately 73 percent of the bulk raw sugar produced by HC&S in 2009 was purchased by C&H Sugar Company, Inc. (“C&H”). C&H
processes the raw cane sugar at its refinery at Crockett, California and markets the refined products primarily in the western and central United States.

The remaining 27 percent of the raw sugar was used by HC&S to produce specialty food-grade sugars, which are sold by HC&S to food and
beverage producers and to retail Stores under its Maui Brand® label, and to distributors that repackage the sugars under their own labels. HC&S’s largest
food-grade sugar customers arc Cumbcrland Packing Corp. and Sugar Foods Corporation, which repackage HC&S’s turbinado sugar for their “Sugar in the
Raw” product line.

Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a sugar grower cooperative in Hawaii (of which HC&S currently is the only member),
has a supply contract with C&H ending in December 2012. This supply contract, entered into in October 2009, replaced a prior contract that was due to
expire on December 31, 2009. Pursuant to the supply contract, the cooperative sells raw sugar to C&H at a price equal to the New York No. 1 6 Contract
settlement price, less a discount and less costs of sugar vessel discharge and stevedoring. This price, after deducting the marketing, operating, distribution,
transportation and interest costs of HS&TC, reflects the gross revenue to the Hawaii sugar growers, including HC&S. Throughout most of 2009, HS&TC
consisted of two members, HC&S and the Gay & Robinson plantation on Kauai (“G&R”). In November 2009, G&R ceased operations and its membership
in the cooperative ended concurrently. Various implications of G&R’s withdrawal from the cooperative are discussed in Item 7 (“Management’s Discussion
and Analysis of Financial Condition and Results of Operation”) of Part II below.

Most of Kauai Coffee’s crop is being marketed on the U.S. Mainland as green bean coffee. In addition to the sale of green bean coffee, Kauai Coffee
produces and sells roasted, packaged coffee under the Kauai Coffee ® trademark. Kauai Coffee’s customers include specialty and commodity brokers, hotels,
and large regional roasters.

(3) Sugar Competition and Legislation

Hawaii sugar growers have traditionally produced more sugar per acre than most other major producing areas of the world, but that advantage is
offset by Hawaii’s high labor costs and the distance to the U.S. Mainland market. Hawaiian refined sugar is marketed primarily west of Chicago. This is
also the largest beet sugar growing and processing area and, as a result, the only market area in the United States that produces more sugar than it
consumes. Sugar from sugar beets is the greatest source of competition in the refined sugar market for the Hawaiian sugar industry.

The U.S. Congress historically has sought, through legislation, to assure a reliable domestic supply of sugar at stable and reasonable prices. The
current legislation is the Food Conservation and Energy Act of 2008, which expires on December 31, 2012 (“2008 Farm Bill”). The two main elements of
U.S. sugar policy are the tariff-rate quota (“TRQ”) import system and the price support loan program. The TRQ system limits imports from countries other
than Canada and Mexico by allowing only a quota amount to enter the U.S. after payment of a relatively low tariff. A higher, over-quota tariff is imposed for
imported quantities above the quota amount. Also, a new but limited sucrose ethanol program was added in 2008, which allows sugar to be diverted into
ethanol when the market is deemed to be oversupplied.

The 2008 Farm Bill rcauthorizcd the sugar price support loan program, which supports the U.S. price of sugar by providing for commodity-secured
loans to producers. A loan rate (support price) of 18.25 Cents per pound (“cub”) for raw cane sugar is in effect for the 2009 crop. The loan rate increases to
18.50 c’lb for the 2010 crop and to 18.75 c/lb for the 2012 and 2013 crops (the last year of the bill). The U.S. rates are adjusted by region to reflect the cost of
transportation. The 2009 crop loan rate in Hawaii is 15.88 c/lb.

In 2005, the U.S. approved a trade pact with Central America and the Dominican Republic, known as the Central America-Dominican Republic
United States Free Trade Agreement. In 2006, the first year of the agreement, additional sugar market access for participating countries amounted to about 1.2
percent of current U.S. sugar consumption (107,000 metric tons), which will grow to about 1.7 percent (151,000 metric tons) in its fifteenth year.

Implementation of the North American Free Trade Agreement (NAFTA) began in 1994. This agreement removed most barriers to trade and
investment among the U.S., Canada and Mexico. Under NAFTA, all non-tariff barriers to agricultural trade between the U.S. and Mexico were eliminated. In
addition, many tariffs were eliminated immediately or phased out. Starting in 2008, Mexico can ship an unlimited quantity of sugar duty-free to the U.S. each
year.

U.S. raw sugar prices remained relatively stable and flat for over thirty years. The full implementation of NAFTA in 2008, which unified the U.S.



and Mexican sugar markets, increased price volatility. In 2009, a tight NAFTA supply/demand outlook and a soaring world raw sugar market combined to
push U.S. raw sugar prices to 29-year highs. A chronological chart of the average U.S. domestic raw sugar prices, based on the average daily New York No.
14 Contract settlement price for domestic raw sugar, is shown below (not adjusted for inflation):

U.S. Raw Sugar Pilcea
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(4) Coffee Competition and Prices

Kauai Coffee competes with coffee growers located worldwide, including in Hawaii. The market for specialty coffee in the United States is highly
competitive. Relative to other Hawaii growers, Kauai Coffee produces a large amount of green coffee beans each year, with its crop divided among specialty,
midrange and commodity grades. It has been successful at selling its specialty and midgrade coffees at a premium to world commodity market prices. Kauai
Coffee sells its specialty and midgrade green beans primarily to long-term, repeat customers, though there is strong competition and pricing and other terms are
subject to annual renegotiations. These grades are also utilized in Kauai Coffee’s wholesale and direct retail roasted programs. Kauai Coffee also produces
commodity-grade green beans, whose prices are more closely tied to world commodity market prices.

Kauai Coffee’s green bean coffee total production volume, volume by grade and unit costs vary each year depending upon growing and harvesting
conditions. The unit cost per pound impacts the profitability of green bean sales as well as the cost of goods for Kauai Coffee’s wholesale roasted and retail
programs.

(5) Land Designations and Water

The HC&S sugar plantation, the largest in Hawaii, consists of approximately 43,300 acres, including a small portion of leased
lands. Approximately 34,700 acres are under cultivation, and the balance is leased to third parties, is not suitable for cane cultivation, or is used for plantation
purposes such as roads, reservoirs, ditches and plant sites.

On Kauai, approximately 3,000 acres are cultivated by Kauai Coffee.

The Hawaii Legislature, in 2005, passed Important Agricultural Lands (“IAL”) legislation to fulfill the State constitutional mandate to protect
agricultural lands, promote diversified agriculture, increase the State’s agricultural self-sufficiency, and assure the availability of agriculturally suitable
lands. In 2008, the Legislature passed a package of incentives, which is necessary to trigger the IAL system of land designation. In 2009, A&B received
approval from the State Land Use Commission for the designation of over 27,000 acres on Maui and over 3,700 acres on Kauai as IAL. These designations
were the result of voluntary petitions filed by A&B.

It is crucial for HC&S and Kauai Coffee to have access to reliable sources of water supply and efficient irrigation systems. A&B’s plantations
conserve water by using “drip” irrigation systems that distribute water to the roots through small holes in plastic tubes. All but a small area of the cultivated
cane land farmed by HC&S is drip irrigated. All of Kauai Coffee’s fields are drip irrigated.

A&B owns 16,000 acres of watershed lands in East Maui, which supply a portion of the irrigation water used by HC&S. A&B also held four
water licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the years have supplied approximately two-thirds of the
irrigation water used by HC&S. The last of these water license agreements expired in 1986, and all four agreements were then extended as revocable permits
that were renewed annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits
with a long-term water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has renewed
the existing permits on a holdover hasis. A&l3 also holds rights to an irrigation system in West Maui, which provides approximately one-sixth of the irrigation
water used by HC&S. For information regarding legal proceedings involving A&B’s irrigation systems, see “Legal Proceedings” below.

D. Employees and Labor Relations

As of December31, 2009, A&B and its subsidiaries had approximately 2,110 regular full-time employees. About 924 regular full-time employees
were engaged in the agribusiness segment, 1,076 were engaged in the transportation segment, 44 were engaged in the real estate segment, and the remaining were
in administration. Approximately 49 percent were covered by collective bargaining agreements with unions.



At December 31, 2009, the active Matson fleet employed seagoing personnel in 196 billets. Each billet corresponds to a position on a ship that
typically is filled by two or more employees because seagoing personnel rotate between active sea duty and time ashore. Approximately 24 percent of Matson’s
regular fl.ill-time employees and all of the seagoing employees were covered by collective bargaining agreements.

Historically, collective bargaining with longshore and seagoing unions has been complex and difficult. However, Matson and Matson Terminals
consider their relations with those unions, other unions and their non-union employees generally to be satisfactory.

Matson’s seagoing employees are represented by six unions, three representing unlicensed crew members and three representing licensed crew
members. Matson negotiates directly with these unions. Matson’s agreements with the Seafarer’s International Union, the Sailors Union of the Pacific and the
Marine Firemen’s Union were renewed in mid-2008 through June 2013 without service interruption. Contracts that Matson has with the American Radio
Association were renewed in mid-2009 through August 15, 2013 after a one-day job action in the Port of Seattle. Contracts that Matson has with the Masters,
Mates & Pilots (“MM&P”) and the Marine Engineers Beneficial Association (“MEBA”) for ships built prior to 2003 were renewed in mid-2009 through
August 15, 2013. Contracts that Matson has with MM&P and the MEBA for ships built after 2003 expire on August 15, 2013 and include provisions for a
wage reopener, which was negotiated in mid-2009 to cover the remaining contract period.

SSAT. thepreviously-described joint venture of Matson and SSA, provides stevedoring and terminal services for Matson vessels calling at U.S.
Pacific Coast ports. Matson, SSA and SSAT arc members of the Pacific Maritime Association (“PMA”) which, on behalf of its members, negotiates
collective bargaining agreements with the ILWU on the U.S. Pacific Coast. A new six-year PMA!ILWU Master Contract, which covers all Pacific Coast
longshore labor, was negotiated in 2008 without significant disruption and will expire on July 1, 2014. Matson Terminals provides stevedoring and terminal
services to Matson and other vessel operators calling at Honolulu and on the islands of Hawaii, Maui and Kauai. Matson Terminals is a member of the
Hawaii Stevedore Industry Committee, which negotiates with the ILWU in Hawaii on behalf of its members. The ILWU contracts in Hawaii expired on
June 30, 2008 and Matson has signed new six-year agreements with each of the ILWU units. The new contracts will expire on June 30, 2014.

During 2009, Matson maintained its collective bargaining agreement with ILWU clerical workers at Honolulu and Oakland, which are in effect
through June 2014. The bargaining agreement with JLWU clerical workers in Long Beach will be negotiated during 2010 as it will expire in June 2010.

During 2009, Matson contributed to multiemployer pension plans for vessel crews. If Matson were to withdraw from or significantly reduce its
obligation to contribute to one of the plans, Matson would review and evaluate data, actuarial assumptions, calculations and other factors used in determining
its withdrawal liability, if any. In the event that any third parties materially disagree with Matson’s determination, Matson would pursue the various means
available to it under federal law for the adjustment or removal of its withdrawal liability. Matson Terminals participates in a multiemployer pension plan for
its Hawaii ILWU non-clerical employees. For a discussion of withdrawal liabilities under the Hawaii longshore and seagoing plans, see Note 9 (“Employee
Benefit Plans”) to A&B’s financial statements in Item 8 of Part II below.

Bargaining unit employees of FIC&S are covered by two collective bargaining agreements with the ILWU. The agreements with the HC&S
production unit employees and clerical bargaining unit employees covering approximately 640 workers, expired on January31, 2010, were extended through
February 2010, and are being renegotiated. The bargaining unit employees at KT&S also are covered by two collective bargaining agreements with the
ILWU. The bulk sugar employees agreement expires on June 30, 2014, and the agreement with all other employees expires on March 31, 2010, with
renegotiations expected to begin in spring of 2010. There are two collective bargaining agreements with KCC employees represented by the ILWU. These
agreements expire on April 30, 2010, with renegotiations expected to begin in spring of 2010. There is a collective bargaining agreement with the ILWU for the
production unit employees of Kauai Coffee. This contract was renegotiated and will expire on January 31, 2011.

E. Energy

Matson and Matson Terminals purchase residual fuel oil, lubricants, gasoline and diesel fuel for their operations. Residual fuel oil is by far
Matson’s largest energy-related expense. In 2009, Matson vessels purchased approximately 1.8 million barrels of residual fuel oil (compared with 2.0 million
barrels in 2008).

Residual fuel oil prices paid by Matson in 2009 started at $44.50 per barrel and ended the year at $78.62. The low for the year was the price of
$35.69 per barrel in April, the high was the price ofSlO5.55 in June. Sufficient fuel for Matson’s requirements is expected to be available in 2010.

As has been the practice with sugar plantations throughout Hawaii, HC&S uses bagasse, the residual fiber of the sugar cane plant, as a fuel to
generate steam for the production of most of the electrical power for sugar milling and irrigation pumping operations. In addition to bagasse, HC&S uses coal,
diesel, fuel oil, and recycled motor oil to generate power during factory shutdown periods when bagasse is not being produced. HC&S also generates a limited
amount of hydroelectric power. To the extent it is not used in A&B’s factory and farming operations, HC&S sells electricity. In 2009. HC&S produced and
sold, respectively, approximately 188,000 MWH and 72,800 MWH of electric power (compared with 211,000 MV1H produced and 91,300 MWH sold in
2008). The decrease in power sold was due to increased power used for irrigation pumps to improve soil moisture levels and yields, and also to a mechanical
failure in the HC&S power plant that reduced production capacity. HC&S’s use of oil in 2009 of 28,800 barrels was 8 percent greater than the 26,600
barrels used in 2008. The increase was due to additional supplies of low-cost, recycled motor and vegetable oils. Coal used for power generation was 89,300
short tons, about 7,100 tons less than that used in 2008. Less coal was required primarily because of the reduced volume of power production and sales, as
mentioned above.

In 2009, MeBryde produced approximately 30,800 MWH of hydroelectric power (compared with approximately 32,000 MWH in 2008). To the
extent it is not used in A&B’s coffee operations, McBryde sells electricity to Kauai Island Utility Cooperative. Power sales in 2009 amounted to
approximately 22,800 MWH (compared with 23,700 MWH in 2008).

In the third quarter of 2008, HC&S was notified that the Hawaii Public Utilities Commission (“PUC”) had issued a decision that provides for a new
methodology of calculating avoided energy costs, which resulted in a reduction in the avoided energy cost payable to energy producers, beginning in August
2008. The decision affects A&B’s power sales on Maui, but not on Kauai. Despite efforts to gain an exemption from or modification to the decision, HC&S
remains subject to the new methodology and received approximately $4.0 million lower power revenue in 2009 than it would have under the fonner
methodology. A&B is currently pursuing efforts to modify the mechanism through which its energy rate is calculated, although the final outcome of these
efforts cannot yet be determined.



F. Available Information

A&B files reports with the Securities and Exchange Commission (the “SEC”). The reports and other information filed include: annual reports on
Form 10-K, quarterly reports on Form 10-Q, current reports on Form 8-K and other reports and information filed under the Securities Exchange Act of 1934
(the “Exchange Act”).

The public may read and copy any materials A&B files with the SEC at the SEC’s Public Reference Room at 100 F Street, NE, Washington, DC
20549. The public may obtain information on the operation of the Public Reference Room by calling the SEC at 1-800-SEC-0330. The SEC maintains an
Internet website that contains reports, proxy and information statements, and other information regarding A&B and other issuers that file electronically with
the SEC. The address of that website is www.scc.gov.

A&B makes available, free of charge on or through its Internet website, A&B’s annual reports on Form 10-K, quarterly reports on Form 10-Q,
current reports on Fonn 8-K and amendments to those reports filed or fumished pursuant to Section 13(a) or 15(d) of the Exchange Act as soon as reasonably
practicable after it electronically files such material with, or furnishes it to, the SEC. The address of A&B’s Intemet website is www.alexanderbaldwin.com.

ITEM 1A. RISK FACTORS

The business of A&B and its subsidiaries (collectively, the “Company”) faces numerous risks, including those set forth below or those described
elsewhere in this Form 10-K or in the Company’s filings with the SEC. The risks described below are not the only risks that the Company faces, nor arc they
necessarily listed in order of significance. Other risks and uncertainties may also impair its business operations. Any of these risks may have a material
adverse effect on the Company’s business, liquidity, financial condition, results of operations and cash flows. All forward-looking statements made by the
Company or on the Company’s behalf arc qualified by the risks described below.

Changes in U.S., global, or regional economic conditions that result in a further decrease in consumer confidence or market demand for the
Company’s services and products in Hawaii, the U.S. Mainland, Guam or Asia may adversely affect the Company’s financial position, results
of operations, liquidity, or cash flows.

A continuation or further weakening of the U.S., Guam, Asian or global economies may adversely impact the level of freight volumes, freight rates,
and real estate leasing and development activity. Within the U.S., a continuation or further weakening of economic drivers in Hawaii, which include tourism,
military spending, construction starts, personal income growth, and employment, and/or the further weakening of consumer confidence, market demand or
the economy in the US. Mainland, may further reduce the demand for goods to and from Hawaii and Asia, travel to Hawaii and domestic transportation of
goods, adversely affecting inland and ocean transportation volumes and/or rates, the sale of Hawaii real estate to mainland buyers, and the real estate leasing
and development markets. In addition, continued overcapacity in the global ocean transportation market may adversely affect freight volumes and/or rates in
the Company’s China service. Additionally, a change in the cost of goods or currency exchange rates may cause these adverse effects as well.

The Company may face new or increased competition.

The Company’s transportation segment may face new competition by established or start-up shipping operators that enter the Company’s
markets. The entry of a new competitor or the addition of ships or capacity by existing competition on any of the Company’s routes could result in a
significant increase in available shipping capacity that could have an adverse effect on volumes and/or rates. See also discussion under “Business and
Properties - Transportation - Competition” above.

For the Company’s real estate segments, there are numerous other developers, managers and owners of commercial and residential real estate and
undeveloped land that compete or may compete with the Company for management and leasing revenues, land for development, properties for acquisition and
disposition, and for tenants and purchasers for properties. Increased vacancies or lack of development opportunities may lead to a deterioration in results
from the Company’s real estate business.

The Company’s significant operating agreements and leases could be replaced on less favorable terms or may not be replaced.

The significant operating agreements and leases of the Company in its various businesses expire at various points in the future and may not be
replaced or could be replaced on less favorable terms, thereby adversely affecting future revenue generation.

The reduction in availability of mortgage financing and the volatility and reduction in liquidity in the financial markets may adversely affect the
Company’s real estate business.

During 2008 and 2009, the financial industry continued to experience significant instability due to, among other things, declining property values
and increasing defaults on loans. This has led to tightened credit requirements, reduced liquidity and increased credit risk premiums for virtually all
borrowers. Fewer loan products and tighter loan qualifications will make it more difficult for borrowers to finance the purchase of units in the Company’s
residential projects. The tightening of credit in the commercial markets may adversely affect the Company’s ability to secure construction and/or other
financing for the Company’s residential and commercial projects, working capital requirements, and/or investment needs. The absence of financing for
buyers of commercial properties will make it significantly more difficult for the Company to sell commercial properties and will negatively impact tlse sales
prices and other terms of such sales. Additionally, continuation or worsening of the liquidity crisis may impact the Company in other ways, including the
credit or solvency of Customers, vendors, orjoint venture partners, and the ability of partners to fund their equity obligations to the joint venture.

A future downgrade in the Company’s credit rating or disruptions on the credit markets could restrict its ability to access the debt capital
markets and/or increase the cost of debt.

In June 2009, the Company’s Standard and Poor’s credit rating was changed from A- with a Stable outlook to BBB+ with a Negative outlook.
Further changes in the Company’s credit ratings may ultimately have an adverse impact on the Company’s ability to access debt in the private or public
market and also may increase its borrowing costs. If the Company’s credit ratings fall below investment grade, its access to the debt capital markets may



become restricted. Furthermore, the tightening in the credit markets and the constrained liquidity in the financial markets resulting from recent turmoil in the
financial industry may adversely affect the Company’s ability to access the debt capital markets or to renew its committed lines of credit in the future and/or
increase the Company’s cost of capital. Because the Company relies on its ability to draw on its revolving credit facilities to support its operations, when
required, continued volatility in the credit and financial markets that prevents the Company from accessing funds (for example, a lender that does not fulfill
its lending obligation), could have an adverse effect on the Company’s financial condition and cash flows. Additionally, the Company’s credit agreements
generally include an increase in borrowing rates if the Company’s ratings are downgraded, and renegotiation of the Company’s primary revolving credit line
upon its expiration in 2011 could be affected negatively by ratings downgrades.

Failure to comply with certain restrictive financial covenants contained in the Company’s credit facilities could preclude the payment of dividends,
impose restrictions on the Company’s business segments, capital resources or other activities or otherwise adversely affect the Company.

The Company’s credit facilities contain certain restrictive financial covenants, the most restrictive of which include the maintenance of minimum
shareholders’ equity levels, a maximum ratio of debt to earnings before interest, depreciation, amortization, and taxes, and the maintenance of a minimum
unencumbered property investment value. If the Company does not maintain the required covenants, and that breach of covenants is not cured timely or
waived by the lenders, resulting in default, the Company’s access to credit may be limited or terminated, dividends may be suspended, and the lenders could
declare any outstanding amounts due and payable.

The Company is subject to potential insolvency of insurance carriers.

The Company purchases a variety of insurance products to transfer financial risk. Accordingly, the Company is subject to the risk that one or more
of the insurers may become insolvent and would be unable to pay one or more claims that maybe made in the future.

An increase in fuel prices, or changes in the Company’s ability to collect fuel surcharges, may adversely affect the Company’s profits.

Fuel is a significant operating expense for the Company’s shipping and agribusiness operations. The price and supply of fuel is unpredictable and
fluctuates based on events beyond the Company’s control. Increases in the price of fuel may adversely affect the Company’s results of operations based on
market and competitive conditions. Increases in fuel costs also can lead to other expense increases, through, for example, increased costs of energy, petroleum-
based raw materials and purchased transportation services. In the Company’s ocean transportation and logistics services segments, the Company is able to
utilize fuel surcharges to partially recover increases in fuel expense, although increases in the fuel surcharge may adversely affect the Company’s competitive
position and may not correspond exactly with the timing of increases in fuel expense. Changes in the Company’s ability to collect fuel surcharges may
adversely affect its results of operations. Increases in energy costs for the Company’s leased real estate portfolio are typically recovered from lessees, although
the Company’s share of energy costs increases as a result of lower occupancies and higher operating cost reimbursements impact the ability to increase
underlying rents. Rising fuel prices may also increase the cost of construction, including delivery Costs to Hawaii, and the cost of materials that are petroleum-
based, thus affecting the Company’s development projects. Finally, rising fuel prices will impact the cost of producing and transporting sugar.

Noncompliance with, or changes to, federal, state or local law or regulations, including passage of climate change legislation or regulation, may
adversely affect the Company’s business.

The Company is subject to federal, state and local laws and regulations, including government rate regulations, land use regulations, government
administration of the U.S. sugar program, environmental regulations including those relating to air quality initiatives at port locations, and cabotage laws.
Noncompliance with, or changes to, the laws and regulations governing the Company’s business could impose significant additional costs on the Company
and adversely affect thc Company’s financial condition and results of operations. For example, if the Jones Act and the regulations promulgated thereunder
were repealed, amended, or otherwise modified, non-U.S. competitors with significantly lower costs may consequently enter any of the Jones Act routes or the
Company’s business maybe significantly altered, all of which may have an adverse effect on the Company’s shipping business. In addition, changes in
environmental laws impacting the shipping business, including passage of climate change legislation or other regulatory initiatives that restrict emissions of
greenhouse gasses, tnay require costly vessel modifications, the use of higher-priced fuel and changes in operating practices that may not all be able to be
recovered through increased payments from customers. The real estate segments are subject to numerous federal, state and local laws and regulations, which,
if changed, may adversely affect the Company’s business. The agribusiness segment is subject to the federal government’s administration of the U.S. sugar
program, such as the 2008 Farm Bill, and the Hawaii Public Utilities Commission’s regulation of avoided energy cost rates paid to the Company in
connection with it sale of electric power. Further changes to these laws and regulations could adversely affect the Company. Pending climate change legislation,
such as limiting and reducing greenhouse gas emissions through a “cap and trade” system of allowances and credits, if enacted, may have an adverse effect
on the Company’s business.

Work stoppages or other labor disruptions by the unionized employees of the Company or other companies in related industries may adversely
affect the Company’s operations.

As of December 31, 2009, the Company had approximately 2,110 regular full-time employees, of which approximately 49 percent were covered by
collective bargaining agreements with unions. The Company’s transportation, real estate and agribusiness segments may be adversely affected by actions
taken by employees of the Company or other companies in related industries against efforts by management to control labor costs, restrain wage increases or
modify work practices. Strikes and disruptions may occur as a result of the failure of the Company or other companies in its industry to negotiate collective
bargaining agreements with such unions successfully. For example, in its real estate sales segment, the Company may be unable to complete construction of
its projects if building materials or labor is unavailable due to labor disruptions in the relevant trade groups.

The loss of or damage to key vendor and customer relationships may adversely affect the Company’s business.

The Company’s business is dependent on its relationships with key vendors, customers and tenants. The ocean transportation business relies on its
relationships with freight forwarders, large retailers and consumer goods and automobile manufacturers, as well as other larger customers. Relationships with
railroads and shipping companies are important in the Company’s intermodal business. For agribusiness, HC&S’s relationship with C&H Sugar Company,
Inc. is critical. The loss of or damage to any of these key relationships may affect the Company’s business adversely.

Interruption or failure of the Company’s information technology and communications systems could impair the Company’s ability to operate



and adversely affect its business.

The Company is highly dependent on information technology systems. For example, in the ocean transportation segment, these dependencies include
accounting, billing, disbursement, cargo booking and tracking, vessel scheduling and stowage, equipment tracking, customer service, banking, payroll and
employee communication systems. All information technology and communication systems are subject to reliability issues, integration and compatibility
concerns, and security-threatening intrusions. The Company may experience failures caused by the occurrence of a natural disaster, or other unanticipated
problems at the Company’s facilities. Any failure of the Company’s systems could result in interruptions in its service or production, reductions in its revenue
and profits and damage to its reputation.

The Company is susceptible to weather and natural disasters.

The Company’s transportation operations are vulnerable to disruption as a result of weather and natural disasters such as bad weather at sea,
hurricanes, typhoons, tsunamis, floods and earthquakes. Such events will interfere with the Company’s ability to provide on-time scheduled service,
resulting in increased expenses and potential loss of business associated with such events. In addition, severe weather and natural disasters can result in
interference with the Company’s terminal operations, and may cause serious damage to its vessels, loss or damage to containers, cargo and other equipment,
and loss of life or physical injury to its employees, all of which could have an adverse effect on the Company’s business.

For the real estate segments, the occurrence of natural disasters, such as hurricanes, earthquakes, tsunamis, floods, fires, tomados and unusually
heavy or prolonged rain, could damage its real estate holdings, resulting in substantial repair or replacement costs to the extent not covered by insurance, a
reduction in property values, or a loss of revenue, and could have an adverse effect on its ability to develop, lease and sell properties. The occurrence of
natural disasters could also cause increases in property insurance rates and deductibles, which could reduce demand for, or increase the cost of owning or
developing, the Company’s properties.

For the agribusiness segment, drought, greater than normal rainfall, hurricanes, earthquakes, tsunamis, floods, fires, other natural disasters or
agricultural pestilence may have an adverse effect on the sugar and coffee planting, harvesting and production, and the agribusiness segment’s facilities,
including dams and reservoirs.

Heightened security measures, war, actual or threatened terrorist attacks, efforts to combat terrorism and other acts of violence may adversely
impact the Company’s operations and profitability.

War, terrorist attacks and other acts of violence may cause consumer confidence and spending to decrease, or may affect the ability or willingness of
tourists to travel to Hawaii, thereby adversely affecting Hawaii’s economy and the Company. Additionally, future terrorist attacks could increase the volatility
in the U.S. and worldwide financial markets. Acts of war or terrorism may be directed at the Company’s shipping operations or real estate holdings, or may
cause the U.S. government to take control of Matson’s vessels for military operation. Heightened security measures are likely to slow the movement and
increase the cost of freight through U.S. or foreign ports, across borders or on U.S. or foreign railroads or highways and could adversely affect the
Company’s business and results of operations.

Loss of the Company’s key personnel could adversely affect its business.

The Company’s future success will depend, in significant part, upon the continued services of its key personnel, including its senior management
and skilled employees. The loss of the services of key personnel could adversely affect its future operating results because of such employee’s experience and
knowledge of its business and customer relationships. If key employees depart, the Company may have to incur significant costs to replace them, and the
Company’s ability to execute its business model could be impaired if it cannot replace them in a timely manner. The Company does not expect to maintain key
person insurance on any of its key personnel.

The Company is involved in joint ventures and is subject to risks associated with joint venture relationships.

The Company is involved in joint venture relationships, and may initiate future joint venture projects. A joint venture involves certain risks such as:

the Company may not have voting control over the joint venture;
• the Company may not be able to maintain good relationships with its venture partners;
• the venture partner at any time may have economic or business interests that are inconsistent with the Company’s;
• the venture partner may fail to fund its share of capital for operations and development activities, or to fulfill its other commitments, including

providing accurate and timely accounting and financial information to the Company;
• the joint venture or venture partner could lose key personnel; and

the venture partner could become insolvent, requiring the Company to assume all risks and capital requirements related to the joint venture project.

In connection with its real estate joint ventures, the Company is sometimes asked to guarantee completion ofajoint venture’s construction and
development of a project, or to indemniI’ a third party serving as surety for ajoint venture’s bonds for such completion. If the Company were to become
obligated to perform under such arrangement, the Company may be adversely affected.

The Company is subject to, and may in the future be subject to, disputes, legal or other proceedings, or government inquiries or investigations,
that could have an adverse effect on the Company.

The nature of the Company’s business exposes it to the potential for disputes, legal or other proceedings, or government inquiries or investigations,
relating to antitrust matters, labor and employment matters, personal injury and property damage, environmental matters, construction litigation, and other
matters, as discussed in the other risk factors disclosed in this section or in other Company filings with the SEC. For example, Matson is a common carrier,
whose tariffs, rates, rules and practices in dealing with its customers are governed by extensive and complex foreign, federal, state and local regulations,
which may be the subject of disputes or administrative andiorjudicial proceedings. These disputes, individually or collectively, could harm the Company’s
business by distracting its management from the operation of its business. If these disputes develop into proceedings, these proceedings, individually or
collectively, could involve or result in significant expenditures or losses by the Company, or result in significant changes to Matson’s tariffs, rates, rules and



practices in dealing with its customers, all of which could have an adverse effect on the Company’s future operating results, including profitability, cash
flows, and financial condition. As a real estate developer, the Company may face warranty and construction defect claims, as described below in the “Real
Estate” section of this “Risk Factors” item. For a description of significant legal proceedings involving the Company, including proceedings involving the
Company’s irrigation systems on Maui, and a grand jury subpoena served on Matson on April 21,2008 and the status of the subsequently filed and
dismissed civil lawsuits purporting to be class actions in which the Company and Matson are named as defendants, and which allege violations of the
antitrust laws and seek treble damages and injunctive relief, see “Legal Proceedings” below.

Earnings on pension assets, or a change in pension law or key assumptions, may adversely affect the Company’s financial performance.

The amount of the Company’s employee pension and postretirement benefit costs and obligations are calculated on assumptions used in the relevant
actuarial calculations. Adverse changes in any of these assumptions due to economic or other factors, changes in discount rates, higher health care costs, or
lower actual or expected returns on plan assets, may adversely affect the Company’s operating results, cash flows, and financial condition. In addition, a
change in federal law, including changes to the Employee Retirement Income Security Act and Pension Benefit Guaranty Corporation premiums, may
adversely affect the Company’s single-employer and multiemployer pension plans and plan funding. These factors, as well as a continued decline in the fair
value of pension plan assets, may put upward pressure on the cost of providing pension and medical benefits and may increase future pension expense and
required funding contributions. Aithougls the Company has actively sought to control increases in these costs, there can be no assurance that it will be
successful in limiting future cost and expense increases, and continued upward pressure in costs and expenses could further reduce the profitability of the
Company’s businesses.

The Company may have exposure under its multiemployer plans in which it participates (hat extends heyond its funding obligation with respect
to the Company’s employees.

The Company contributes to various multiemployer pension plans. In the event of a partial or complete withdrawal by the Company from any plan
that is underfunded, the Company would be liable for a proportionate share of such plan’s unfunded vested benefits. Based on the limited information
available from plan administrators, which the Company cannot independently validate, the Company believes that its portion of the contingent liability in the
case of a full withdrawal or termination maybe material to its financial position and results of operations. In the event that any other contributing employer
withdraws from any plan that is underfunded, and such employer (or any member in its controlled group) cannot satisfy its obligations under the plan at the
time of withdrawal, then the Company, along with the other remaining contributing employers, would be liable for its proportionate share of such plan’s
unfunded vested benefits. In addition, if a multiemployer plan fails to satisfy the minimum funding requirements, the Intcmal Revenue Service will impose
certain penalties and taxes.

The Company is required to evaluate its internal controls over financial reporting under Section 404 of the Sarbanes-Oxley Act of 2002, and any
adverse results from such evaluation could result in a loss of investor confidence in the Company’s financial reports and have an adverse effect
on the Company’s stock price.

Section 404 of the Sarbanes-Oxley Act requires that publicly reporting companies cause their managements to perform annual assessments of the
effectiveness of their internal controls over financial reporting. Although the Company has concluded that its internal controls over financial reporting were
effective as of December 31, 2009, there can be no assurances that the Company will reach the same conclusion at the end of future years. If the Company is
unable to assert that its internal control over financial reporting is effective, or if the Company’s auditors are unable to express an opinion on the effectiveness
of the Company’s internal controls, the Company could lose investor confidence in the accuracy and completeness of its financial reports, which would have
an adverse effect on the Company’s stock price.



TRANSPORTATION

The Company is subject to risks associated with conducting business in a foreign shipping market.

The Company, through Matson’s Hawaii/Guam/China service, is subject to risks associated with conducting business in a foreign shipping
market, which include:

• challenges in operating in a foreign country and doing business and developing relationships with foreign companies;
• difficulties in staffing and managing foreign operations;
• legal and regulatory restrictions, including compliance with Foreign Corrupt Practices Act;
• global vessel overcapacity that may lead to decreases in volumes andlor shipping rates;
• competition with established and new shippers;
• currency exchange rate fluctuations;
• political and economic instability;
• protectionist measures that may affect the Company’s operation of its wholly-owned foreign enterprise; and
• challenges caused by cultural differences.

Any of these risks has the potential to adversely affect the Company’s operating results.

Compliance with environmental laws and regulations may adversely affect the Company’s business.

The Company’s vessel operations are subject to various federal, state and local environmental laws and regulations, including, but not limited to, the
Oil Pollution Act of 1990, the Comprehensive Environmental Response Compensation & Liability Act of 1980, the Clean Water Act, the Invasive Species Act
and the Clean Air Act. Continued compliance with these laws and regulations may result in additional costs and changes in operating procedures that may
adversely affect the Company’s business.

Acquisitions may have an adverse effect on the Company’s business.

The Company’s growth strategy includes expansion through acquisitions. Acquisitions may result in difficulties in assimilating acquired
companies, and may result in the diversion of the Company’s capital and its management’s attention from other business issues and opportunities. The
Company may not be able to integrate companies that it acquires successfully, including their personnel, financial systems, distribution, operations and
general operating procedures. The Company may also encounter challenges in achieving appropriate internal control over financial reporting in connection with
the integration of an acquired company. The Company may pay a premium for an acquisition, resulting in goodwill that may later be determined to be
impaired, adversely affecting the Company’s financial condition and results of operations.

The Company’s logistics services are dependent upon third parties for equipment, capacity and services essential to operate the Company’s
logistics business, and if the Company fails to secure sufficient third party services, its business could be adversely affected.

The Company’s logistics services are dependent upon rail, truck and ocean transportation services provided by mdependent third parties. If the
Company cannot secure sufficient transportation equipment, capacity or services from these third parties at a reasonable rate to meet its customers’ needs and
schedules, customers may seek to have their transportation and logistics needs met by other third parties on a temporary or permanent basis. As a result, the
Company’s business, consolidated results of operations and financial condition could be adversely affected.

The loss of several of the Company’s major customers could have an adverse effect on the revenue and business of the Company’s logistics
business.

The Company’s logistics business derives a significant portion of its revenues from its largest customers. For 2009, the Company’s logistics
business’s largest ten customers accounted for approximately 33 percent of the business’s revenue. A reduction in or termination of the Company’s logistics
services by several of the logistics business’s largest customers could have an adverse effect on the Company’s revenue and business.

REAL ESTATE

The Company is subject to risks associated with real estate construction and development.

The Company’s development projects are subject to risks relating to the Company’s ability to complete its projects on time and on budget. Factors
that may result in a development project exceeding budget or being prevented from completion include:

an inability of the Company or buyers to secure sufficient financing or insurance on favorable terms, or at all;
• construction delays, defects, or cost overruns, which may increase project development costs;
• an increase in commodity or construction costs, including labor costs;
• the discovery of hazardous or toxic substances, or other environmental, culturally-sensitive, or related issues;
• an inability to obtain, or significant delay in obtaining, zoning, occupancy and other required governmental permits and authorizations;
• difficulty in complying with local, city, county and state rules and regulations regarding permitting, zoning, subdivision, utilities, affordable

housing, and water quality as well as federal rules and regulations regarding air and water quality and protection of endangered species and their
habitats;

• an inability to have access to sufficient and reliable sources of water or to secure water service or meters for its projects;
• an inability to secure tenants necessary to support the project or maintain compliance with debt covenants;
• failure so achieve or Sustain anticipated occupancy or sales levels;
• buyer defaults, including defaults under executed or binding contracts; and



• an inability to sell the Company’s constructed inventory.

Any of these risks has the potential to adversely affect the Company’s operating results.

A decline in leasing rental income could adversely affect the Company.

The Company owns a portfolio of commercial income properties. Factors that may adversely affect the portfolio’s profitability include:

• a significant number of the Company’s tenants are unable to meet their obligations;
• increases in non-recoverable operating and ownership costs;
• the Company is unable to lease space at its properties when the space becomes available;
• the rental rates upon a renewal or a new lease are significantly lower than prior rents or do not incrcasc sufficiently to cover increases in operating

and ownership costs;
• the providing of lease concessions, such as free or discounted rents and tenant improvement allowances; and
• the discovery of hazardous or toxic substances, or other environmental, culturally-sensitive, or related issues at the property.

Governmental entities have adopted or may adopt regulatory requirements that may restrict the Company’s development activity.

The Company is subject to extensive and complex laws and regulations that affect the land development process, including laws and regulations
related to zoning and permitted land uses. Govermnent entities have adopted or may approve regulations or laws that could negatively impact the availability
of land and development opportunities within those areas. For example, in December 2007, Maui County adopted an ordinance requiring verification of water
source availability and sustainability for all developments prior to submission of subdivision construction plans. This requirement adds further process
delays and burdens the developer with identifying and developing new water sources. It is possible that increasingly stringent requirements will be imposed on
developers in the future that could adversely affect the Company’s ability to develop projects in the affected markets or could require that the Company satisfy
additional administrative and regulatory requirements, which could delay development progress or increase the development costs of the Company. Any such
delays or costs could have an adverse effect on the Company’s revenues and eamings.

Real estate development projects are subject to warranty and construction defect claims in the ordinary course of business that can be
significant.

As a developer, the Company is subject to warranty and construction defect claims arising in the ordinary course of business. The amounts payable
under these claims, both in legal fees and remedying any construction defects, can be significant and exceed the profits made from the project. As a
consequence, the Company may maintain liability insurance, obtain indemnities and certificates of insurance from contractors generally covering claims
related to workmanship and materials, and create warranty and other reserves for projects based on historical experience and qualitative risks associated with
the type of project built. Because of the uncertainties inherent to these matters, the Company cannot provide any assurance that its insurance coverage,
contractor arrangements and reserves will be adequate to address some or all of the Company’s warranty and construction defect claims in the future. For
example, contractual indemnities may be difficult to enforce, the Company may be responsible for applicable self-insured retentions, and certain claims may
not be covered by insurance or may exceed applicable coverage limits. Additionally, the coverage offered and the availability of liability insurance for
construction defects could be limited and/or costly. Accordingly, the Company cannot provide any assurance that such coverage will be adequate or available
at all, or available at an acceptable cost.

AGRIBUSINESS

The lack of water for agricultural irrigation could adversely affect the Company.

It is crucial for the Company’s agribusiness segment to have access to reliable sources of water for the irrigation of sugar cane and coffee. As further
described in “Legal Proceedings” below, there arc administrative hearing processes challenging the Company’s ability to divert water from streams in Maui. In
addition, the Company’s access to water is subject to weather pattems that cannot be reliably predicted. If the Company is not permitted to divert stream
waters for its use or there is insufficient rainfall, it would have an adverse effect on the Company’s sugar operations, including possible cessation of
operations.

A decline in raw sugar or coffee prices will adversely affect the Company’s business.

The business and results of operations of the Company’s agribusiness segment are substantially affected by market factors, particularly the
domestic prices for raw cane sugar. These market factors are influenced by a variety of forces, including prices of competing crops and suppliers, weather
conditions, and United States farm and trade policies. If the price for sugar or coffee were to decline, the Company’s agribusiness segment would be adversely
affected. See also discussion under “Business and Properties - Agribusiness - Competition and Sugar Legislation” above.

The Company is subject to risks associated with raw sugar and coffee production.

The Company’s production of raw sugar and coffee is subject to numerous risks that could adversely affect the volume and quality of sugar or
coffee produced, including:

• weather and natural disasters;
• disease;
• weed control;
• uncontrolled fires, including arson;
• government restrictions on farming practices due to cane burning;
• increases in costs, including, but not limited to fuel, fertilizer, herbicide, and drip tubing;
• water availability (see risk factor above regarding lack of water);
• equipment failures in factory or power plant;



• labor, including labor availability (see risk factor above regarding labor disruptions) and loss of qualified personnel; and
• lack of demand for the Company’s production.

Any of these risks has the potential to adversely affect the Company’s future agribusiness operating results.

A reorganization or termination of the Company’s sugar business could result in impairment losses and restructuring costs.

If the Company’s sugar business continues to generate operating losses or negative cash flows, the Company may reorganize or terminate its sugar
operations. The reorganization or termination of sugar operations may result in an impairment loss and restructuring costs that would adversely affect the
Company’s financial performance.

The Company’s power sales contract may not be favorably modified and may adversely affect the Company’s Agribusiness segment.

As mentioned under “Business and Properties - Energy” above, HC&S was notified that the PUC had issued a decision that provides for a new
methodology of calculating avoided energy cost, which resulted in a reduction in the avoided energy cost payable to energy producers, beginning in August
2008. If no changes were to occur to the decision or the terms of HC&S’s power sales contract with MECO, this decision will continue to adversely affect
HC&S’s power revenue and profitability. The Company is currently pursuing efforts to modif’ the mechanism through which its energy rate is calculated,
although the final outcome of these efforts cannot yet be determined. The inability to favorably address this matter may adversely affect the Company’s
agribusiness operations.

The foregoing should not be construed as an exhaustive list of all factors that could cause actual results to differ materially from those expressed in
forward-looking statements made by the Company or on its behalf.

ITEM lB. UNRESOLVED STAFF COMMENTS

None.

ITEM 3. LEGAL PROCEEDINGS

Sec “Business and Properties - Transportation - Rate Regulation” above for a discussion of rate and other regulatory matters in which Matson is
routinely involved.

A&B owns 16,000 acres of watershed lands in East Maui that supply a significant portion of the irrigation water used by HC&S. A&B also held
four water licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the years has supplied approximately two-thirds of the
irrigation water used by HC&S. The last of these water license agreements expired in 1986, and all four agreements were then extended as revocable permits
that were renewed annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits
with a long-term water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has renewed
the existing permits on a holdover basis. If the Company is not permitted to divert stream waters from State lands in East Maui for its use, it would have a
material adverse effect on the Company’s sugar-growing operations.

In addition, on May 24,2001, petitions were filed by a third party, requesting that the Commission on Water Resource Management of the State of
Hawaii (“Water Commission”) amend interim instream flow standards (“IIFS”) in 27 East Maui streams that feed the Company’s irrigation system. On
September 25, 2008, the Water Commission took action on eight of the petitions, resulting in some quantity of water being returned to the streams rather than
being utilized for irrigation purposes. While the loss of the water as a result of the Water Commission’s action on the eight petitions may not significantly
impair the Company’s sugar-growing operations, similar losses of water on the remaining 19 streams would have a material adverse effect on the Company’s
sugar-growing operations. In December 2009, the Water Commission conducted deliberations on the amendment of IIFS for the remaining 19 East Maui
streams, deferring action for at least a three month period. The Company, at this time, is unable to determine what action the Water Commission will take with
respect to all 27 streams.

On June 25, 2004, two organizations filed with the Water Commission a petition to amend IIFS for four streams in West Maui to increase the amount
of water to be returned to these streams. The West Maui irrigation system provides approximately one-sixth of the irrigation water used by HC&S. The Water
Commission’s deliberations on whether to amend the current IIFS for the West Maui streams are currently ongoing, and an adverse decision could result in
some quantity of water being returned to the streams, rather than being utilized for irrigation purposes, which may have a material adverse effect on the
Company’s sugar-growing operations. A decision by the Water Commission is not expected until mid-2010.

On December 10, 2007, the Shipbuilders Council of America, Inc. and Pasha Hawaii Transport Lines LLC filed a complaint against the U.S.
Department of Homeland Security, the U.S. Coast Guard and the National Vessel Documentation Center in the U.S. District Court for the Eastern District of
Virginia. The complaint sought review of a certificate of documentation with a eoastwise endorsement issued by the National Vessel Documentation Center
after concluding that Matson’s C9 vessel Mokihana had not been rebuilt abroad. Matson intervened in the action. On December 4, 2009, the court granted
summary judgment in favor of the government and Matson, and dismissed the plaintiffs’ complaint with prejudice. The time to seek appellate review of this
matter has expired.

On April 21,2008, Matson was served with a grand jury subpoena from the U.S. District Court for the Middle District of Florida for documents
and information relating to water carriage in connection with the Department of Justice’s investigation into the pricing and other competitive practices of carriers
operating in the domestic trades. Matson understands that while the investigation currently is focused on the Puerto Rico trade, it also includes pricing and
other competitive practices in connection with all domestic trades, including the Alaska, Hawaii and Guam trades. Matson does not operate vessels in the
Puerto Rico and Alaska trades. It does operate vessels in the Hawaii and Guam trades. Matson has cooperated, and will Continue to cooperate, fully with the
Department of Justice. If the Department of Justice believes that any violations have occurred on the part of Matson or the Company, it could seek civil or
criminal sanctions, including monetary fines. The Company is unable to predict, at this time, the outcome or financial impact, if any, of this investigation.

The Company and Matson were named as defendants in a consolidated civil lawsuit purporting to be a class action in the U.S. District Court for the



ITEM 6. SELECTED FINANCIAL DATA

The following financial data should be read in conjunction with Item 8, “Financial Statements and Supplementary Data,” and Item 7, “Management’s
Discussion and Analysis of Financial Condition and Results of Operations” (dollars and shares in millions, except per-share amounts):

2009 2008 2007 2006 2005
Revenue:

Transportation:
Ocean transportation $ 888.6 S 1,023.7 $ 1,006.9 $ 945.8 S 878.3
Logistics services 320.9 436.0 433.5 444.2 431.6

Real Estate:
Leasing 103.2 107.8 108.5 100.6 89.7
Sales 125.6 350.2 117.8 97.3 148.9
Less amounts reported in discontinued operations 1 (124.2) (151.5) (130.2) (128.4) (91.3)

Agribusiness6 107.0 124.3 123.7 127.4 123.2
Reconciling Items2 (16.3) (10.7) (9.2) (14.2) (8.4)

Total revenue $ 1,404.8 S 1,879.8 $ 1,651.0 $ 1,572.7 $ 1,572.0

Operating Profit:
Transportation:

Ocean transportation3 $ 58.3 $ 105.8 $ 126.5 $ 105.6 $ 128.0
Logistics services 6.7 18.5 21.8 20.8 14.4

Real Estate:
Leasing 43.2 47.8 51.6 50.3 43.7
Sales3 39.1 95.6 74.4 49.7 44.1
Less amounts reported in discontinued operations (52.3) (69.3) (71.2) (62.6) (36.1)

Aeribusiness6 (27.8) (12.9) 0.2 6.9 11.2
Total operating profit 67.2 185.5 203.3 170.7 205.3

Write-down of long-lived assets4
— — -_

— (2.3)
Interest expense, net5 (25.9) (23.7) (18.8) (15.0) (13.3)
General corporate expenses (21.8) (21.0) (27.3) (22.3) (24.1)

Income fiom continuing operations before income taxes 19.5 140.8 157.2 133.4 165.6
Income taxes 7.6 51.5 59.3 49.8 62.0
Income from continuing operations 11.9 89.3 97.9 83.6 103.6
Income from discontinued operations 32.3 43.1 44.3 38.9 22.4
Net Income $ 44.2 S 132.4 S 142.2 $ 122.5 $ 126.0

1 Prior year amounts restated for amounts treated as discontinued operations.

2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

The Ocean Transportation segment includes approximately $6.2 million, $5.2 million, $10.7 million, $13.3 million, and $17.1 million of equity in
earnings from its investment in SSAT for 2009, 2008, 2007, 2006, and 2005, respectively. The Real Estate Sales segment includes approximately $9.0
million, $22.6 million, $14.4 million, and $3.3 million in equity in earnings from its various real estate joint ventures for 2008, 2007, 2006, and 2005,
respectively. Equity in earnings from joint ventures in 2009 was negligible.

The 2005 write-down was for an impainnent in the Company’s investment in C&H Sugar Company. Inc. (“C&H”) which was subsequently sold.

Includes Ocean Transportation interest expense of $9.0 million for 2009, $11.6 million for 2008, $13.9 million for 2007, $13.3 million for 2006, and
S9.6 million for 2005. Substantially all other interest expense was incurred at the parent company.

Includes a $5.4 million gain recorded upon consolidation of HS&TC in 2009.



SELECTED FINANCIAL DATA (CONTINUED)

2009 2008 2007 2006 2005
Identifiable Assets:

Transportation:
Oceantransportation7 $ 1,095.2 $ 1,153.9 $ 1,215.0 S 1,185.3 $ 1,113.0
Logistics services 72.4 74.2 58.6 56.4 70.3
Real Estate:

Leasing 627.4 590.2 595.4 525.5 478.6
Sales7 415.6 344.6 408.9 295.0 227.3

Agribusiness 156.8 172.2 174.6 168.7 159.0
Other 12.2 15.1 26.6 20.3 22.7

Totalassets $ 2,379.6 $ 2,350.2 $ 2,479.1 $ 2,251.2 S 2,070.9

Capital Expenditures:
Transportation:
Ocean transportation $ 12.7 $ 35.5 $ 65.8 $ 217.1 $ 173.9
Logistics services5 0.6 2.4 2.0 1.7 1.3
Real Estate:

Leasing9 108.8 100.2 124.5 93.0 78.8
Sales’° 0.1 0.6 0.3 1.3 0.2

Agribusiness 3.4 15.2 20.5 15.0 13.0
Other 0.3 0.8 0.3 1.5 1.4

Total capital expenditures $ 125.9 $ 154.7 $ 213.4 $ 329.6 $ 268.6

Depreciation and Amortization:
Transportation:
Ocean transportation $ 67.1 $ 66.1 $ 63.2 $ 58.1 $ 59.5
Logistics services 3.5 2.3 1.5 1.5 1.4
Real Estate:
Leasing 19.5 17.9 15.7 14.1 12.4
Sales 0.3 0.2 0.2 0.1 0.1
Agribusiness 11.9 11.5 10.7 10.1 9.4
Other 3.1 2.7 1.3 0.9 0.5

Total depreciation and amortization $ 105.4 $ 100.7 S 92.6 $ 84.8 $ 83.3

The Ocean Transportation segment includes approximately S47.2 million, $44.6 million. S48.6 million, S49.8 million, and $39.8 million related to its
investment in SSAT as of December31, 2009, 2008, 2007, 2006, and 2005, respectively. The Real Estate Sales segment includes approximately $193.3
million, $162.1 million, $134.1 million, S98.4 million, and SI 14.1 million related to its investment in various real estate joint ventures as of December31,
2009, 2008, 2007, 2006, and 2005, respectively.

8 Excludes expenditures related to Matson Integrated Logistics’ acquisitions, which are classified as Payments for Purchases of Investments in Cash Flows
from Investing Activities within the Consolidated Statements of Cash Flows.

Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the
Consolidated Statements of Cash Flows.

10 capital expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated
Statements of Cash Flows. Operating cash flows for capital expenditures related to real estate developments were $6 million, $39 million, $110 million,
$69 million, and $34 million for 2009, 2008, 2007, 2006, and 2005, respectively.



SELECTED FINANCIAL DATA (CONTINUED)

2009 2008 2007 2006 2005

Earnings per share:
From continuing operations:

Basic $ 0.29 $ 2.17 $ 2.30 $ 1.93 $ 2.38
Diluted $ 0.29 $ 2.15 $ 2.27 $ 1.92 $ 2.35

Net income:
Basic $ 1.08 S 3.21 $ 3.34 $ 2.84 $ 2.89
Diluted $ 1.08 S 3.19 $ 3.30 S 2.81 $ 2.86

Return on beginning equity 4.1% 11.7% 13.8% 12.1% 13.9%
Cash dividends per share $ 1.26 $ 1.235 $ 1.12 $ 0.975 $ 0.90

At Year End
Shareholders of record 3,197 3,269 3,381 3,506 3,628
Shares outstanding 41.0 41.0 42.4 42.6 44.0
Long-term debt—non-current $ 406 S 452 $ 452 $ 401 $ 296



ITEM 7. MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF OPERATIONS

FORWARD-LOOKING STATEMENTS AND RISK FACTORS

The Company, from time to time, may make or may have made certain forward-looking statements, whether orally or in writing, such as forecasts and
projections of the Company’s future performance or statements of management’s plans and objectives. These statements are “forward-looking” statements as
that term is defined in the Private Securities Litigation Reform Act of 1995. Such forward-looking statements may be contained in, among other things, SEC
filings, such as the Forms 10-K, l0-Q and 8-K, the Annual Report to Shareholders, press releases made by the Company, the Company’s Internet Web Sites
(including Web sites of its subsidiaries), and oral statements made by the officers of the Company. Except for historical information contained in thcsc written
or oral communications, such communications contain forward-looking statements. These include, for example, all references to 2010 or future years. New
risk factors emerge from time to time and it is not possible for the Company to predict all such risk factors, nor can it assess the impact of all such risk
factors on the Company’s business or the extent to which any factor, or combination of factors, may cause actual results to differ materially from those
contained in any forward-looking statements. Accordingly, forward-looking statements cannot be relied upon as a guarantee of future results and involve a
number of risks and uncertainties that could cause actual results to differ materially from those projected in the statements, including, but not limited to the
factors that are described in Part 1, Item IA under the caption of “Risk Factors” of this Form 10-K, which section is incorporated herein by reference. The
Company is not required, and undertakes no obligation, to revise or update forward-looking statements or any factors that may affect actual results, whether
as a result of new information, future events, or circumstances occurring after the date of this report.

OVERVIEW

Management’s Discussion and Analysis of Financial Condition and Results of Operations (“MD&A”) is designed to provide a discussion of the Company’s
financial condition, results of operations, liquidity and certain other factors that may affect its future results from the perspective of management. The
discussion that follows is intended to provide information that will assist in understanding the changes in the Company’s financial statements from year to
year, the primary factors that accounted for those changes, and how certain accounting principles, policies and estimates affect the Company’s financial
statements. MD&A is provided as a supplement to, and should be read in conjunction with, the consolidated financial statements and the accompanying notes
to the financial statements. MD&A is presented in the following sections:

Business Overview
• Critical Accounting Estimates
• Consolidated Results of Operations
• Analysis of Operating Revenue and Profit by Segment
• Liquidity and Capital Resources
• Contractual Obligations, Commitments, Contingencies and Off-Balance-Sheet Arrangements
• Business Outlook
• Other Matters

BUSINESS OVERVIEW

Alexander & Baldwin, Inc. (“A&B”), founded in 1870, is a multi-industry corporation headquartered in Honolulu that operates in five segments in three
industries—Transportation, Real Estate, and Agribusiness.

Transportation: The Transportation Industry consists of Ocean Transportation and Logistics Services segments. The Ocean Transportation segment, which
is conducted through Matson Navigation Company, Inc. (“Matson”), a wholly-owned subsidiary of A&B, is an asset-based business that derives its revenue
primarily through the carriage of containerized freight between various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports. Additionally,
the Ocean Transportation segment has a 35 percent interest in an entity that provides tcmiinal and stcvcdoring services at U.S. Pacific Coast facilities.

The Logistics Services segment, which is conducted through Matson Integrated Logistics, Inc. (“MIL”), a wholly-owned subsidiary of Matson, isa non-asset
based business that is a provider of domestic and international rail intermodal service (“Intermodal”), long-haul and regional highway brokerage, specialized
hauling, flat-bed and project work, less-than-truckload, expedited/air freight services, and warehousing and distribution services (collectively “Highway”).
Warehousing and distribution services are provided by Matson Global Distribution Services, Inc. (“MGDS”), a wholly-owned subsidiary of MIL. MGDS’s
operations also include Pacific American Services, LLC (“PACAM”), a San Francisco bay-area regional warehousing, packaging, and distribution company
acquired in the third quarter of 2008.

The Transportation Industry accounted for 78 percent, 54 percent, and 49 percent of the revenue, operating profit, and identifiable assets, respectively, in
2009 on a consolidated basis before discontinued operations.

Real Estate: The Real Estate Industry consists of two segments, both of which have operations in Hawaii and on the U.S. Mainland. The Real Estate Sales
segment generates its revenues through the development and sale of land and commercial and residential properties. The Real Estate Leasing segment owns,
operates, and manages retail, office, and industrial properties. Real estate activities are conducted through A&B Properties, Inc. and various other wholly-
owned subsidiaries of A&B.

The Real Estate Industry accounted for 15 percent, 69 percent, and 44 percent of the revenue, operating profit, and identifiable assets, respectively, in 2009 on
a consolidated basis before discontinued operations.

Agribusiness: Agribusiness, a division of A&B, contains one segment and produces and transports bulk raw sugar, specialty food grade sugars, and
molasses; produces, markets, and distributes green coffee, roasted coffee, and specialty food-grade sugars; provides general trucking services, mobile
equipment maintenance, and repair services; and generates and sells, to the extent not used in the Company’s Agribusiness operations, electricity.



In the fourth quarter of 2009, the Company became the sole member in Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a cooperative
that provides raw sugar marketing and transportation services to its members, and therefore, the Company consolidated HS&TC beginning December 1,
2009 in accordance with Financial Accounting Standards Board (“FASB”) Accounting Standards Codification (“ASC”) Topic 810 related to consolidation.

The Agribusiness Industry accounted for 7 percent of revenue and identifiable assets in 2009 on a consolidated basis before discontinued operations.

CRITICAL ACCOUNTING ESTIMATES

The Company’s significant accounting policies arc described in Note I to the Consolidated Financial Statements. The preparation of financial statements in
conformity with accounting principles generally accepted in the United States of America, upon which the MD&A is based, requires that management exercise
judgment when making estimates and assumptions about future events that may affect the amounts reported in the financial statements and accompanying
notes. Future events and their effects cannot be determined with absolute certainty and actual results will, inevitably, differ from those critical accounting
estimates. These differences could be material.

The Company considers an accounting estimate to be critical if: (i)(a) the accounting estimate requires the Company to make assumptions that are difficult or
subjective about matters that were highly uncertain at the time that the accounting estimate was made, (b) changes in the estimate are reasonably likely to occur
in periods subsequent to the period in which the estimate was made, or (c) use of different estimates by the Company could have been used, and (ii) changes
in those assumptions or estimates would have had a material impact on the financial condition or results of operations of the Company. The critical
accounting estimates inherent in the preparation of the Company’s financial statements are described below.

Impairment of Long-Lived Assets: The Company’s long-lived assets are reviewed for possible impairment when events or circumstances indicate that the
carrying value may not be recoverable. In such an evaluation, the estimated future undiscounted cash flows generated by the asset are compared with the
amount recorded for the asset to determine if its carrying value is not recoverable. If this review determines that the recorded value will not be recovered, the
amount recorded for the asset is reduced to estimated fair value. The Company has evaluated certain long-lived assets for impairment; however, no
impairment charges were recorded as a result of this process. These asset impairment lost analyses are highly subjective because they require management to
make assumptions and apply considerable judgments to, among others, estimates of the timing and amount of future cash flows, expected useful lives of the
assets, uncertainty about future events, including changes in economic conditions, changes in operating performance, changes in the use of the assets, and
ongoing costs of maintenance and improvements of the assets, and thus, the accounting estimates may change from period to period. If management uses
different assumptions or if different conditions occur in future periods, the Company’s financial condition or its future operating results could be materially
impacted.

Impairment of Investments: The Company’s investments in unconsolidated affiliates are reviewed for impairment whenever there is evidence that fair value
may be below carrying cost. An investment is written down to fair value if fair value is below carrying cost and the impairment is other-than-temporary. In
evaluating the fair value of an investment, the Company reviews discounted projected cash flows associated with the investment and other relevant
information. In evaluating whether an impairment is other-than-temporary, the Company considers all available information, including the length of time and
extent of the impairment, the financial condition and near-term prospects of the affiliate, the Company’s ability and intent to hold the investment for a period
of time sufficient to allow for any anticipated recovery in market value, and projected industry and economic trends, among others.

In determining the fair value of an investment and assessing whether any identified impairment is other-than-temporary, significant estimates and considerable
judgments are involved. These estimates and judgments are based, in part, on the Company’s current and future evaluation of economic conditions in general,
as well as a joint venture’s current and future plans. These impairment calculations are highly subjective because they also require management to make
assumptions and apply judgments to, among others, estimates of the timing and amount of future cash flows, probabilities related to various cash flow
scenarios, and appropriate discount rates. Changes in these and other assumptions could affect the projected operational results of the unconsolidated
affiliates, and accordingly, may require valuation adjustments to the Company’s investments that may materially impact the Company’s financial condition
or its future operating results. For example, if the current market conditions continue to deteriorate or ajoint venture’s plans change, additional impairment
charges may be required in future periods, and those charges could be material.

In 2009, the Company evaluated certain investments in unconsolidated affiliates for impairment. As a result of this process, the Company recorded an
impairment loss of approximately $2.5 million related to its Ka Milo joint venture investment. Continued weakness in the rcal estate sector or difficulty in
obtaining or renewing project-level financing may affect the value or feasibility of certain development projects owned by the Company or by its joint ventures
and could lead to additional impairment charges in the future.

Legal Contingencies: The Company’s results of operations could be affected by significant litigation adverse to the Company, including, but not limited to,
liability claims, antitrust claims, and claims related to coastwise trading matters. The Company records accruals for legal matters when the information
available indicates that it is probable that a liability has been incurred and the amount of the loss can be reasonably estimated. Management makes
adjustments to these accruals to reflect the impact and status of negotiations, settlements, rulings, advice of counsel and other information and events that may
pertain to a particular matter. Predicting the outcome of claims and lawsuits and estimating related costs and exposure involves substantial uncertainties that
could cause actual costs to vary materially from those estimates. In making determinations of likely outcomes of litigation matters, the Company considers
many factors. These factors include, but are not limited to, the nature of specific claims including unasserted claims, the Company’s experience with similar
types of claims, the jurisdiction in which the matter is filed, input from outside legal counsel, the likelihood of resolving the matter through alternative dispute
resolution mechanisms and the matter’s current status. A detailed discussion of significant litigation matters is contained in Note 12 to the Consolidated
Financial Statements.

Allowance for Doubtful Accounts: Receivables are recorded net of an allowance for doubtful accounts. The Company estimates future write-oils based on
delinquencies, credit ratings, aging trends, and historical experience. The Company believes the allowance for doubtful accounts is adequate to cover
anticipated losses; however, significant deterioration in any of the aforementioned factors or in general economic conditions could change these expectations,
and accordingly, the Company’s financial condition andlor its future operating results could be materially impacted.

Revenue Recognition for Certain Long-term Real Estate Developments: As discussed in Note I to the Consolidated Financial Statements, revenues
from real estate sales are generally recognized when sales are closed and title, risk and rewards passes to the buyer. For certain real estate sales, the Company
and its joint venture partners account for revenues on long-term real estate development projects that have material continuing post-closing involvement, such



CONSOLIDATED RESULTS OF OPERATIONS

The following analysis of the consolidated financial condition and results of operations of Alexander & Baldwin, Inc. and its subsidiaries (collectively, the
“Company”) should be read in conjunction with the consolidated financial statements and related notes thereto. Amounts in this narrative are rounded to
millions, but per-share calculations and percentages were calculated based on thousands. Accordingly, a recalculation of some per-share amounts and
percentages, if based on the rcportcd data, may be slightly different than the more accurate amounts included herein.

(dollars in millions, except per-share amounts) 2009 Chg. 2008 Chg. 2007
Operating Revenue $ 1,405 -25% $ 1,880 14% S 1,651
Operating Costs and Expenses 1,363 -21% 1,731 15% 1,502
Operating Income 42 -72% 149 —% 149
Other Income and (Expense) (22) -3X (8) NM 8
Income Taxes (8) -85% (52) -12% (59)
Discontinued Operations (net of taxes) 32 -26% 43 -2% 44
Net Income $ 44 -67% $ 132 -7% $ 142

Basic Earnings Per Share $ 1.08 -66% $ 3.21 -4% $ 3.34
DilutcdEarningsPerShare $ 1.08 -66% $ 3.19 -3% $ 3.30

2009 vs. 2008

Operating Revenue for 2009 decreased 25 percent, or $475 million, to $1,405 million. Real estate sales revenue decreased 93 percent in 2009 (after
subtracting revenue from discontinued operations) due principally to sales at the Company’s Keola La’i condominium project in 2008. Ocean transportation
revenue decreased 13 percent, principally due to lower Hawaii volumes, lower China yields and lower fuel surcharge revenues, partially offset by improved
Hawaii service yields and cargo mix. Logistics services revenue decreased 26 percent, principally due to lower volumes and yields, partially offset by revenue
from MGDS’s warehousing and distribution business, which acquired Pacific American Services, LLC (“PACAM”), a San Francisco bay-area regional
warehousing, packaging and distribution company, in August 2008. Agribusiness revenue decreased 18 percent, primarily due to lower power sales volume
and pricing and lower bulk raw sugar sales volume. Real estate leasing revenue increased 6 percent in 2009 (after subtracting leasing revenue from assets
classified as discontinued operations), primarily due to a positive effect from the timing of property acquisitions and dispositions, partially offset by lower
mainland occupancy and rents. The reasons for business- and segment-specific year-to-year fluctuations in revenue growth are further described below in the
Analysis of Operating Revenue and Profit by Segment.

Because of the recurring nature of property sales, the Company views changes in real estate sales and real estate leasing revenues on a year-over-year basis
before the reclassification of revenue to discontinued operations to be more meaningful in assessing segment performance. Additionally, due to the timing of
sales for development properties and the mix of properties sold, management believes performance is more appropriately assessed over a multi-year period.
Furthermore, year-over-year comparisons of revenue are not complete without the consideration of results from the Company’s investment in its real estate joint
ventures, which are not included in consolidated operating revenue, but are included in segment operating profit. The Analysis of Operating Revenue and Profit
by Segment that follows, provides additional information on changes in real estate sales revenue and operating profit before reclassifications to discontinued
operations.

Operating Costs and Expenses for 2009 decreased by 21 percent, or $368 million, to $1,363 million. Real estate sales and leasing costs decreased by 74
percent, primarily related to cost of sales for condominiums sold at Keola La’i in 2008, partially offset by higher depreciation expenses on commercial
properties. Logistics services cost decreased 27 percent due primarily to lower volumes. Ocean transportation costs decreased 10 percent, primarily due to
lower volume-related expenses, partially offset by higher contractual stevedoring rates and higher vessel repair costs. Selling, General and Administrative costs
(“SG&A”), decreased 6 percent due principally to cost reduction initiatives, including workforce and benefit reductions, as well as lower performance-based
compensation. Agribusiness costs decreased 2 percent due principally to personnel cost savings and lower volume of sugar sold. These cost decreases were
partially offset by a $24 million year-over-year increase in non-cash pension expense, which is embedded in the segment figures and general and
administrative expenses, was principally due to plan asset losses in 2008. The reasons for changes in business- and segment-specific year-to-year fluctuations
in operating costs, which affect segment operating profit, are more fully described below in the Analysis of Operating Revenue and Profit by Segment.

Income Taxes were lower in 2009 compared with 2008 on an absolute basis due principally to lower income. The effective tax rate in 2009 was higher than the
rate in 2008 principally due to an adjustment to prior year taxes, non-deductible expenses that had a greater impact on the effective rate as a result of lower
income relative to 2008, the recognition of certain tax benefits in 2008 as a result of certain statute of limitations expirations, and newly enacted tax legislation
which unfavorably affected the effective rate.

Other Income and Expense in 2009 decreased $14 million in 2009 compared with 2008, due primarily to $9 million in lower real estate joint vcnture income,
an $8 million gain on a fire insurance settlement recognized in 2008, and $1 million in higher interest expense in 2009 resulting from lower capitalized interest
and a higher weighted-average interest rate, partially offset by a $5 million gain recorded upon consolidation of HS&TC (as further described in Note 3 to the
Consolidated Financial Statements).

2008 vs. 2007

Operating Revenue for 2008 increased 14 percent, or $229 million over 2007 results, to $1,880 million. Real estate sales revenue increased more than
ninefold in 2008 (after subtracting revenue from discontinued operations) due principally to sales at the Company’s Kcola La’i condominium project. Real
estate leasing revenue increased 10 percent in 2008 (after subtracting leasing revenue from assets classified as discontinued operations), primarily due to the
favorable effect from the timing of acquisitions and dispositions, partially offset by lower mainland occupancy. Ocean transportation revenue increased 2
percent, principally due to higher fuel surcharge revenues, improved Hawaii service yields and cargo mix, and higher China service yields, partially offset by
lower volumes. Logistics services revenue increased 1 percent, principally due to the commencement of MGDS’s warehousing operations, the acquisition of



PACAM, and higher rates, principally fuel surcharges. Agribusiness revenue decreased modestly, primarily due to lower bulk raw sugar sales volumes.

Operating Costs and Expenses for 2008 increased by 15 percent, or $229 million, to $1,731 million. Real estate sales and leasing Costs more than
quadrupled, primarily related to cost of sales for condominiums sold at Keola La’i, and to a lesser extent higher depreciation expenses on commercial
properties. Ocean transportation costs increased 5 percent, primarily due to higher vessel and terminal handling costs, partially offset by lower operations
overhead costs, principally lower westbound container repositioning costs. Agribusiness costs increased 11 percent due principally to higher crop production
costs. These increases were partially offset by lower consolidated SG&A, which decreased 1 percent due principally to lower performance-based
compensation.

Other hzcome and Expense in 2008 is comprised of equity in earnings of real estate joint ventures, interest revenue and interest expense. Equity in income of
real estate affiliates was $14 million lower in 2008 due principally to $12.1 million higher earnings from the Company’s Kai Malu joint venture project in
2007. Interest expense of $24 million in 2008 was $5 million higher than 2007 due to higher average debt balances. Impairment losses related to the
Company’s investments totaled approximately $3 million and interest income in 2008 was $2 million lower than 2007 due to lower average rates and lower
average invested balances. These decreases in 2008 were partially offset by an $8 million gain recognized in 2008 for an insurance settlement related to a 2005
casualty loss.

Income Taxes were lower in 2008 compared with 2007 on an absolute and percentage basis due to lower income and a reduction in the effective income tax rate.
The lower effective income tax rate in 2008 was principally due to the recognition of S2 million in unrecognized tax benefits as a result of the expiration of
certain statute of limitations, tax credits related to renewable energy and investments, and a decrease in certain non-deductible expenses.



ANALYSIS OF OPERATING REVENUE AND PROFIT BY SEGMENT

Additional detailed information related to the operations and financial performance of the Company’s Industry Segments is included in Part II Item 6 and Note
13 to the Consolidated Financial Statements. The following information should be read in relation to the information contained in those sections.

Transportation Industry

Ocean Transportation: 2009 comoared with 2008

(dollars in millions) 2009 2008 Change
Revenue $ 888.6 $ 1,023.7 -13%
Operating profit $ 58.3 $ 105.8 -45%
Operating profit margin 6.6% 10.3%
Volume5(Units):

Hawaii containers 136,100 152,700 -11%
Hawaii automobiles 83,400 86,300 -3%
China containers 46,600 47,800 -3%
Guam containers 14,100 13,900 1%

* Container volumes included for the period are based on the voyage departure date, but revenue and operating profit arc adjusted to reflect the percentage of
revenue and operating profit eamed during the reporting period for voyages that straddle the beginning and/or end of the reporting period.

Ocean Transportation revenue decreased $135.1 million, or 13 percent, in 2009 compared to 2008. This decrease was principally due to $82.5 million of
lower revenue, resulting from lower net volumes and $76.1 million in reduced fuel surcharges resulting from a reduction in average bunker fuel prices. These
decreases were partially offset by a $21.0 million net improvement in yields and cargo mix and revenue of $5.2 million in higher revenue from a U.S.
Government charter in 2009. The net improvement in yields were driven by improved yields in the Hawaii trade, but was partially offset by rate deterioration
in China.

Total Hawaii container volume was down 11 percent in 2009 compared with 2008, reflecting a broad-based decline in demand caused by the ongoing softness
in Hawaii’s economy. Matson’s Hawaii automobile volume for the year was 3 percent lower than 2008, also reflecting economic weakness that is negatively
impacting new ear shipments from manufacturers to Hawaii auto dealers and rental ear companies. China container volume decreased 3 percent in 2009,
compared with 2008, principally due to weak demand for U.S. bound imports. Guam container volumes were essentially unchanged.

Operating profit decreased $47.5 million, or 45 percent, in 2009 compared to 2008. The decrease in operating profit was principally due to $59.7 million
related to lower net volumes, $11.4 million from higher terminal costs as a result of higher contractual stevedoring rates, $2.2 million in higher general and
administrative expenses, and. $1.9 million in higiser vessel costs. General and administrative expenses were higher principally due to $10 million in higher
pension costs and a first quarter 2009 expense of $6.0 million related to Matson’s headcount reduction program, which was partially offset by the ongoing
benefit of the headeount reduction. Vessel expenses were impacted by the direct and indirect costs associated with emergency rudder repairs, totaling $6.3
million, and increased drydock and insurance expenses totaling $5.3 million, partially offset by S9.7 million in reduced expenses that were principally the
result of efficient fleet deployment initiatives. The decrease in operating profit was partially offset by a $21.0 million improvement in yields and cargo mix, net
of the impact resulting from China rate deterioration, the increased contribution of $2.8 million from U.S. Government charters, and $2.3 million in lower
outside transportation expenses resulting from reduced truck and ocean carrier costs.



Discontinued Operations; Real-Estate — The revenue, operating profit, and after-tax effects of discontinued operations for 2009, 2008 and 2007 were as
follows (in millions, except per-share amounts):

2009 2008 2007
Sales Revenue $ 109.6 $ 125.4 $ 94.8
Leasing Revenue $ 14.6 5 26.1 S 35.4
Sales Operating Profit $ 44.3 S 55.0 S 50.8
Leasing Operating Profit $ 8.0 $ 14.3 S 20.4
After-tax Earnings $ 32.3 $ 43.1 $ 44.3
Basic Earnings Per Share $ 0.79 S 1.04 $ 1.04
Diluted Earnings Per Share $ 0.79 $ 1.04 $ 1.03

2009: The revenue and expenses of Hawaii Business Park, an industrial property on Oahu, Southbank II, an office building in Arizona, San Jose Avenue
Warehouse, an industrial property in California, Pacific Guardian Tower, an office property on Oahu, Village at Indian Wells, an office property in
California, and various parcels on Maui have been classified as discontinued operations. Additionally, a retail property on Oahu was classified as
discontinued operations.

2008: The revenue and expenses of two retail properties on the mainland, one mainland office property, a multi-tenant residential rental property, three
commercial properties on Maui, land previously leased to a telecommunications tenant on Maui, and several land parcels on Maui, and have been classified
as discontinued operations.

2007: The revenue and expenses of land leased to a retail tenant on Oahu, several commercial properties on Maui, a leased fee parcel on Maui, and a
commercial property in California have been classified as discontinued operations.

Agribusiness

The Company’s Hawaiian Commercial & Sugar Company division and Gay & Robinson (“G&R”) were members in Hawaiian Sugar &
Transportation Cooperative (“HS&TC”), a cooperative that provides raw sugar marketing and transportation services to its members. In the fourth quarter of
2009, G&R ceased production of raw sugar. As a result, G&R’s membership in the cooperative terminated because a cooperative member must be an active
producer. Consequently, upon G&R’s withdrawal, the Company became the sole member in HS&TC and consolidated HS&TC beginning December 1,
2009 in accordance with FASB ASC Topic 810 related to consolidation.

The identifiable assets and liabilities from HS&TC were recorded based upon their estimated fair values at December 1, 2009. Approximately $5
million of identifiable assets, net of liabilities, measured at fair value, was recorded as a gain and classified as Other Income (Expense) in the consolidated
statements of income.

Aaribusiness; 2009 cornvared with 2008

(dollars in millions) 2009 2008 Change
Revenue $ 107.0 $ 124.3 -14%
Operating loss $ (27.8) $ (12.9) -2X
Tons sugar produced 126,800 145,200 -13%

Agribusiness revenue decreased $17.3 million in 2009 compared with 2008. The decrease was primarily due to a $16.6 million reduction in power revenue
stemming from lower power prices and volume and $9.2 million in lower raw sugar sales volume, partially offset by a $5.4 million non-operating gain
recognized upon consolidation of HS&TC and $3.4 million in higher specialty sugar volume. Power prices, which decreased by more than 50 percent
compared to the prior year, are determined by an avoided cost calculation for the public utilities in Hawaii, and have been negatively impacted by a reduction
in fossil fuel costs as well as a regulatory change in the avoided cost formula.

Operating loss increased $14.9 million in 2009 compared with 2008. The increase in operating loss was primarily due to $18.8 million reduction in power
sales margin resulting from lower sales prices and volume and higher boiler fuel consumption and prices. The increase in operating loss was partially offset
by a S5.4 million non-operating gain recorded upon consolidation of HS&TC.

Sugar production in 2009 was 13 percent lower than in 2008 due to the ongoing effects of severe drought conditions in 2007-2008. Additionally, fewer acres
were harvested in 2009 to allow growing cane to mature more fully before harvest. The average revenue per ton of sugar for 2009 was $352, or 1 percent lower
than the average revenue per ton of $355 in 2008.

Approximately 73 percent of the Company’s sugar production was sold to Hawaiian Sugar & Transportation Cooperative (“HS&TC”) during 2009 under a
marketing contract. The remainder was sold as specialty sugar. HS&TC sells its raw sugar to C&H Sugar Company, Inc. at a price equal to the New York
No. 16 Contract settlement price, less a discount and less costs for sugar vessel discharge and stevedoring. This price, after deducting the marketing,
operating, distribution, transportation and interest costs of HS&TC, reflects the gross revenue to the Company. In 2009, HS&TC entered into a new contract
for the delivery and sale of raw sugar with C&H Sugar Company, Inc., which replaced the contract that was set to expire in December 2009. The new contract
was executed in October 2009 and has 3-year term.

,4s’ribusiness; 2008 compared with 2007

(dollars in millions) 2008 2007 Change



Revenue $ 124.3 $ 123.7
Operating profit (loss) $ (12.9) $ 0.2 NM
Tons sugar produced 145,200 164,500 -12%

Agribusiness revenue increased £0.6 million in 2008 compared with 2007. The increase was principally due to S6. I million in higher power prices and
volumes, $4.6 million in higher specialty sugar sales volumes, and $1.5 million in higher raw sugar prices, partially offset by £8.8 million in lower raw
sugar sales volumes and S2.9 million in lower revenue from soil and molasses sales.

Operating loss for 2008 was $12.9 million compared with an operating profit of $0.2 million for 2007. The operating loss was primarily due to $14.9
million in lower sugar margins that were the result of lower production volumes and higher operating costs than 2007, $1 .6 million in lower soil sales, $1.5
million in lower profits from other operations and $1.2 million in lower molasses sales prices. This unfavorable variance was partially offset by $6.1 million
in higher power revenue from higher prices.

Compared with 2007, sugar production in 2008 was 12 percent, or 19,300 tons, lower due to lower yields. Lower sugar yields were principally the result of
extended drought conditions. The average revenue per ton of sugar for 2008 was $355, or 4 percent higher than the average revenue per ton of S342 in 2007.

LIQUIDITY AND CAPITAL RESOURCES

Overview: The Company has a $325 million revolving credit facility, which expires in December 2011. As of December 31, 2009, the Company had
approximately $281 million of available capacity under the facility. Additionally, as of December 31, 2009, the Company had access to approximately $71
million of remaining capacity on a 5400 million term facility, under which the ability to draw additional amounts under the facility expires in April 2012, and
$74 million of remaining capacity on a facility that expires in June 2015. The Company has discussed credit availability with its lenders and currently
believes that its lenders are able and willing to lend pursuant to the terms of the respective credit facilities. Additionally, the Company is currently in
compliance with all of its covenants under its debt agreements. As a result, the Company believes its ability to access cash under its facilities will be adequate
to meet anticipated future cash requirements to fund working capital, capital expenditures, dividends, potential acquisitions, stock repurchases, and other
cash needs for the foreseeable future. There can be no assurance, however, that the Company will continue to generate cash flows at or above current levels or
that it will be able to snaintain its ability to borrow under its available credit facilities.

While Matson is subject to restrictions on the transfer of net assets to A&B under certain debt agreements, these restrictions have not had any effect on the
Company’s shareholder dividend policy, and the Company does not anticipate that these restrictions will have any impact in the future. At December 31,
2009, the amount of net assets of Matson that may not be transferred to the Company was approximately $286 million.

On January 29, 2009, the Company committed to a fourth series of senior promissory notes, Series D notes, totaling $100 million under its Prudential facility
more fully described in Note 7 to the Consolidated Financial Statements. The notes carry interest at an annual fixed-rate of 6.9 percent with a final maturity on
March 9,2020. Interest is paid semi-annually and the principal under the note will be repaid in annual installments commencing in March 2012.

Cash Flows: Cash flows provided by operating activities continue to be the Company’s most significant source of liquidity. Cash flows from operating
activities totaled SI 15 million for 2009, S275 million for 2008, and SI 24 million for 2007. The decrease in 2009 over 2008 was due principally to proceeds
from the sale of 330 residential units and two commercial units at the Company’s Keola La’i condominium project in 2008 and lower Agribusiness and
Matson earnings in 2009. The increase in 2008 over 2007 was due principally to proceeds from the sale of units at Keola La’i previously mentioned, lower
2008 spending on real estate development inventory, partially offset by lower 2008 Agribusiness and Matson earnings and higher 2008 income tax payments.

Cash flows used in investing activities were $31 million for 2009, $149 million for 2008, and $145 million for 2007. Of the 2009 amount, $31 million was
for capital expenditures, including $14 million related to real estate investments, $13 million related to the purchase of transportation-related assets, and $4
million principally related to routine replacements for agricultural operations. Other cash flows used in investing activities included $48 million related
principally to additional investments in joint venture projects. These cash outflows were offset by $32 million in cash proceeds received that were primarily
related to property sales, $10 million due principally to the consolidation of HS&TC, and S6 million principally related to distributions from joint ventures.
The cash used in investing activities for 2009 excludes $95 million of 1031 tax-deferred purchases since the Company did not actually take control of the
cash during the exchange period.

Of the 2008 amount, $109 million was for capital expenditures, including $54 million related to real estate investments, such as the reverse 1031 acquisition
of Savannah Logistics Center and other leasing portfolio improvements, $38 million related to the purchase of transportation-related assets, and $15 million
principally related to routine replacements for agricultural operations. Other cash flows used in investing activities included $41 million related to additional
investments in joint venture projects, and $24 million for the acquisition of PACAM. These cash outflows were partially offset by $27 million in cash
proceeds received that were primarily related to property sales. The S149 million of cash used in investing activities for 2008 excludes £46 million of 1031 tax-
deferred purchases since the Company did not actually take control of the cash during the exchange period. Additionally, expenditures for real estate held-for-
sale are excluded from capital expenditures and included in Cash Flows from Operating Activities because they are considered an operating activity of the
Company.

Of the 2007 amount, $122 million was for capital expenditures that included $68 million for the purchase of transportation-related assets, $34 million for real
estate teasing and property improvements (excluding non-cash 1031 transactions and real estate development activity), and $20 million related to agricultural
operations, primarily for the expansion of specialty sugar facilities. The $122 million for 2007 excludes $91 million of 1031 tax-deferred purchases since the
Company did not actually take control of the cash during the exchange period.

In 2010, the Company expects that its required minimum capital expenditures will approximate the amount required in 2009. However, in 2010, the
Company’s total capital budget is expected to be approximately $335 million, which includes spending for new, but currently unidentified, investment
opportunities as well as expenditures for real estate developments and currently unidentified 1031 lease portfolio acquisitions that are not included in the
caption entitled “Capital expenditures for property and developments” under investing activities in the statement of cash flows. These real estate expenditures
are excluded from “Capital expenditures for property and developments” because the expenditures either relate to the Company’s real estate held-for-sale
inventory that is treated as an operating activity, and therefore, reflected in operating cash flows, or are expenditures that are made using tax-deferred proceeds
from prior tax-deferred sales, and therefore, reflected as non-cash activities (since the Company does not take control of the cash during the exchange period).



difficult to forecast precisely and will be influenced by the attractiveness of potential sales prices as well as the return potential of the replacement property.

In 2010, the Company expects to see an increase in real estste investment opportunities that meet its underwriting criteria. Accordingly, the Company
expects to increase its placement of capital for the real estate segments relative to 2009. In making these investments, the Company intends to focus primarily
on investment opportunities in Hawaii. However, the timing and scale of these investments is not certain and will be dependent upon a number of factors,
including, but not limited to, rctum and risk thresholds, underlying valuations, and the availability of alternative capital investment opportunities.

In 2009, unit sales activity for the Company’s residential development projects (including joint ventures) declined significantly from levels
experienced in 2008. Tn 2010, the Company expects that residential development sales activity will remain suppressed. The Company will continue to
vigorously pursue entitlement, design and permitting at various projects. which will position the Company well to meet demand that is expected to materialize
over the longer-term as the real estate markets recover.

Agribusiness: Tn 2009, the Company’s Agribusiness operations generated significant losses due to reduced power sales, low sugar production and
higher non-cash pension expenses. Power revenue was impacted by lower rates, stemming from lower crude oil prices and from a mid-2008 public utility
commission ruling that modified the avoided cost formula, as well as by lower volume. Tn 2010, the Company expects that losses will moderate significantly,
primarily due to improved sugar pricing and forecasted higher sugar production levels.

A comprehensive review of the Company’s sugar operations led to a decision to continue operations through 2010. This decision was based, among
other factors, primarily on the recent spike in sugar prices, as well as prospects for increased sugar production. Continuation of operations beyond 2010,
however, remains subject to a favorable outcome in the water cases pending before the State Commission on Water Resource Management, as well as other
factors, such as the Company’s ability to attain higher sugar production levels. Favorable water rulings are critical to the long-term viability of the plantation.
Resolution of the water cases is expected in the first half of 2010.

OTHER MATTERS

Management Changes: The following management changes occurred during 2009 and through February 25, 2010.

On October 22, 2009, the Company announced the retirement of W. Allen Doane, chairman of the board and chief executive officer. Effective January 1,
2010, Stanley M. Kuriyama, A&B president, succeeded Mr. Duane as chief executive officer. Mr. Kuriyama was also named to serve on the A&B board of
directors, effective January 1, 2010. Mr. Doane will continue to serve A&B as a director. Walter A. Duds, Jr., who had served as Lead Independent Director
since 2006, became chairman of the A&B board, also effective January 1, 2010.

G. Stephen Holaday retired from his position as president, Agribusiness, where he held oversight responsibility for A&B’s Kauai Coffee Company, Inc.,
Kahului Trucking & Storage, Inc., and Kauai Commercial Company, Incorporated. His retirement was effective as of April 15, 2009.

Frank E. Kiger, formerly general manager of Hawaiian Commercial & Sugar Company, retired effective June 1, 2009.

Christopher J. Benjamin was appointed general manager, Hawaiian Commercial & Sugar Company, effective March 9, 2009, replacing Mr. Kiger. Mr.
Benjamin also has assumed oversight responsibilities for A&B’s other Agribusiness units and continues to serve as senior vice president, chief financial
officer and treasurer of Alexander & Baldwin, Inc.

James S. Andrasick, chairman of the board of Matson Navigation Company, Inc., retired effective August 31, 2009. Stanley M. Kuriyama was appointed
chairman of the board of Matson effective September 1,2009.

Robert C. Papworth, President of Matson Integrated Logistics, Inc., retired effective December 1, 2009.

Robert K. Sasaki, Vice Chairman of A&B Properties, Inc. retired effective January 1, 2010.

Kevin L. Halloran, vice president of corporate development and investor relations of A&B, announced his resignation, which will be effective February 28,
2010.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF INCOME

(In millions, except per-share amounts)

Year Ended December 31,
2009 2008 2007

Operating Revenue:
Ocean transportation $ 887 S 1,021 S 1.003
Logistics services 321 436 433
Real estate leasing 84 79 72
Real estate sales 16 225 23
Agribusiness 97 119 120

Totalopcratingrcvenue 1,405 1,880 1,651
Operating Costs and Expenses:

Cost of ocean transportation services 740 825 789
Cost of logistics services 280 381 381
Cost of real estate sales and leasing 59 229 47
Cost of agribusiness goods and services 130 133 120
Selling, general and administrative 154 163 1 65

Total operating costs and expenses 1,363 1,731 1,502
Operating Income 42 149 149
Other Income and (Expense):

Gain on insurance settlement and other 8 1
Gain on consolidation of llS&TC (Note 3) 5 —

Equity in income of real estate affiliates 9 23
Impairment loss on investment (2) (2)
Interest income 1 3
Interest expense (25) (24) (19)

Income From Continuing Operations Before Income Taxes 20 141 157
Income taxes 8 52 59

Income From Continuing Operations 12 89 98
Income from discontinued operations, net of income taxes (Note 2) 32 43 44

Net Income $ 44 $ 132 $ 142

Basic Earnings per Share of Common Stock:
Continuing operations $ 0.29 $ 2.17 $ 2.30
Discontinued operations 0.79 1.04 1.04
Net income $ 1.08 $ 3.21 $ 3.34

Diluted Earnings per Share of Common Stock:
Continuing operations $ 0.29 $ 2.15 S 2.27
Discontinued operations 0.79 1.04 1.03
Netincome $ 1.08 $ 3.19 $ 3.30

Weighted Average Number of Shares Outstanding:
Basic 41.0 41.2 42.5
Diluted 41.1 41.5 43.1

See notes to consolidated financial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF CASH FLOWS

(In millions)

Year Ended December 31,
2009 2008 2007

Cash Flow from Operating Activities:
Net income $ 44 $ 132 $ 142
Adjustments to reconcile net income to net cash provided by operations:

Depreciation and amortization 105 101 93
Deferred income taxes 1 1 9 26
Gains on disposal of assets, net of impairment losses (51) (91) (64)
Casualty gain from receipt of insurance proceeds (8)
Gain on consolidation of HS&TC (5) — —

Share-based expense 9 11 17
Equity in income of affiliates, net of distributions (1) 11 1

Changes in operating assets and liabilities:
Accounts and notes receivable (16) 24 (9)
Inventories (6) (6) (3)
Prepaid expenses and other assets (5) 3 12
Deferred dry-docking costs 10 (9) (22)
Liability for employee benefit plans — (3) (3)
Accounts and income taxes payable 20 (37) 1 9
Other liabilities 11 (17) 14

Real Estate Developments Held for Sale:
Real estate inventory sales 5 184 11
Expenditures for real estate inventory (6) (39) (110)

Net cash provided by operations 115 275 124
Cash Flows from Investing Activities:

Capital expenditures for property and developments (31) (109) (122)
Proceeds from disposal of income-producing property, investments and other assets 32 1 9 18
Proceeds from insurance settlement related to 2005 casualty loss — 8 --

Deposits into Capital Construction Fund (4) (7) (30)
Withdrawals from Capital Construction Fund 4 8 30
Acquisition of businesses, net of cash acquired 10 (27) --

Payments for purchases of investments (48) (60) (43)
Proceeds from sale and maturity of investments 6 1 9 2

Net cash used in investing activities (31) (149) (145)
Cash Flows from Financing Activities:

Proceeds from issuance of long-term debt 241 127 139
Payments of long-term debt and deferred financing costs (288) (138) (88)
Proceeds from (payments On) short-term borrowings, net 13 (5) 1 5
Repurclsases of capital stock — (59) (33)
Proceeds from issuance of capital stock, net of excess tax benefit (1) 2 8
Dividends paid (52) (51) (48)

Net cash used in financing activities (87) (124) (7)
Cash and Cash Equivalents:

Net increase (decrease) for the year (3) 2 (28)
Balance, beginning of year 19 17 45
Balance, end ofyear $ 16 $ 19 $ 17

Other Cash Flow Information:
Interest paid, net of amounts capitalized $ (24) S (25) S (25)
Income taxes paid $ (38) S (63) S (55)

Non-cash Activities:
Debt assumed in real estate purchase $ — $ 11 $ —

Tax-deferred property sales $ 109 $ 112 $ 83
Tax-deferredpropertypurchases $ (95) $ (46) $ (91)

See notes to consolidated finaneial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED BALANCE SHEETS

(In millions, except per-share amount)

December 31,
2009 2008

ASSETS
Current Assets

Cash and cash equivalents $ 16 $ 1 9
Accounts and notes receivable, less allowances of $10 for 2009 and $8 for 2008 172 163
Inventories 43 28
Real estate held for sale 36 20
Deferred income taxes 6 --

Section 1031 exchange proceeds 1 23
Prepaid expenses and other assets 33 31

Total current assets 307 284
Investments in Affiliates 242 208
Real Estate Developments 88 78
Property—net 1,536 1,590
Employee Benefit Plan Assets 3 3
Other Assets 204 187

Total $ 2,380 $ 2,350

LIABILITIES AND SHAREHOLDERS’ EQUITY
Current Liabilities

Notes payable and current portion of long-term debt $ 65 $ 52
Accounts payable 132 105
Payroll and vacation benefits 18 18
Uninsured claims 9 10
Deferred income taxes —

Accrued and other liabilities 73 52
Total current liabilities 297 238

Long-term Liabilities
Long-term debt 406 452
Deferred income taxes 428 414
Employee benefit plans 116 122
Uninsured claims and other liabilities 48 52

Total long-term liabilities 998 1,040
Commitments and Contingencies (Note 12)
Shareholders’ Equity

Capital stock — common stock without par value; authorized, 150 million shares ($0.75 stated value per share);
outstanding, 41.0 million shares in 2009 and 2008 33 33

Additional capital 210 204
Accumulated other comprehensive loss (81) (96)
Retained eamings 934 942
Cost of treasury stock (11) (11)

Total shareholders’ equity 1,085 1,072
Total $ 2,380 $ 2,350

See noses to consolidated financial Statements.



INDUSTRY SEGMENTS (CONTINUED)

Industry segment information for 2009, 2008, and 2007 is summarized below (in millions):

For the Year 2009 2008 2007
Revenue:

Transportation:
Ocean transportation $ 888.6 $ 1,023.7 $ 1,006.9
Logistics services 320.9 436.0 433.5

Real Estate:
Leasing 103.2 107.8 108.5
Sales 125.6 350.2 117.8

Less amounts reported in discontinued operations’ (124.2) (151.5) (130.2)
Agribusiness5 107.0 124.3 123.7
Reconciling Items 2 (16.3) (10.7) (9.2)

Totairevenue $ 1,404.8 $ 1,879.8 $ 1,651.0
Operating Profit:

Transportation:
Ocean transportation3 $ 58.3 $ 105.8 $ 126.5
Logistics services 6.7 18.5 21.8

Real Estate:
Leasing 43.2 47.8 51.6
Sales3 39.1 95.6 74.4
Less amounts reported in discontinued operations’ (52.3) (69.3) (71.2)

Agribusiness5 (27.8) (12.9) 0.2
Total operating profit 67.2 185.5 203.3

Interest expense, net4 (25.9) (23.7) (18.8)
General corporate expenses (21.8) (21.0) (27.3)

Income from continuing operations before income taxes 19.5 140.8 157.2
Incometaxes 7.6 51.5 59.3
Income from continuing operations 11.9 89.3 97.9
Discontinued operations 32.3 43.1 44.3
Net income $ 44.2 $ 132.4 $ 142.2

Prior year amounts restated for amounts treated as discontinued operations. Sec Notes I and 2 for additional information.

2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

The Ocean Transportation segment includes approximately $6.2 million, $5.2 million, and $10.7 million of equity in earnings from its investment in
SSAT for 2009, 2008, and 2007, respectively. The Real Estate Sales segment includes approximately $9.0 million and $22.6 million in equity in camings
from its various real estate joint ventures for 2008 and 2007, respectively. Equity in earnings from joint ventures in 2009 was negligible.

Includes Ocean Transportation interest expense of $9.0 million for 2009, SI 1.6 million for 2008, and $13.9 million for 2007. Substantially all other
interest expense was at the parent company.

Includes a S5.4 million gain recorded upon consolidation of HS&TC in 2009.



INDUSTRY SEGMENTS (CONTINUED)

As ofDecernber3l: 2009 2008 2007
Identifiable Assets:

Oceantransportation6 $ 1,095.2 $ 1,153.9 $ 1,215.0
Logistics services 72.4 74.2 58.6
Real estate leasing 627.4 590.2 595.4
Real estate sales6 415.6 344.6 408.9
Agribusiness 156.8 172.2 174.6
Other 12.2 15.1 26.6

Total assets $ 2,379.6 $ 2,350.2 $ 2,479.1
Capital Expenditures:

Ocean transportation $ 12.7 $ 35.5 $ 65.8
Logistics services7 0.6 2.4 2.0
Real estate leasing8 108.8 100.2 124.5
Real estate sales’ 0.1 0.6 0.3
Agribusiness 3.4 15.2 20.5
Other 0.3 0.8 0.3

Total capital expenditures $ 1259 $ 1547 $ 2134
Depreciation and Amortization:

Ocean transportation $ 67.1 $ 66.1 $ 63.2
Logistics services 3.5 2.3 1.5
Real estate leasing1 19.5 17.9 15.7
Real estate sales 0.3 0.2 0.2
Agribusiness 11.9 11.5 10.7
Other 3.1 2.7 1.3

Total depreciation and amortization $ 105.4 $ 100.7 $ 92.6

6 The Ocean Transportation segment includes approximately $47.2 million, $44.6 million, and $48.6 million related to its investment in SSAT as of
December 31, 2009, 2008, and 2007, respectively. The Real Estate Sales segment includes approximately $193.3 million, $162.1 million, and $134.1
million related to its investment in various real estate joint ventures as of December 31, 2009, 2008, and 2007, respectively.

Excludes expenditures related to Matson Integrated Logistics’ acquisitions, which are classified as Payments for Purchases of Investments in Cash Flows
from Investing Activities within the Consolidated Statements of Cash Flows.

8 Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the
Consolidated Statements of Cash Flows.

Excludes capital expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated
Statements of Cash Flows. Operating cash flows for capital expenditures related to real estate developments were $6 million, $39 million, and $110 million
for 2009, 2008, and 2007, respectively.



14. QUARTERLY INFORMATION (Unaudited)

Segment results by quarter for 2009 are listed below (in millions, except per-share amounts):

Transportation:
Ocean transportation
Logistics services
Real Estate:

Leasing
Sales

27.2
25.2

(29.6)
17.7
(2.3)

$ 315.5

$ (0.5) $
1.5

12.0
5.6

(11.3)
(1.9)
5.4

(5.6)
(6.1)
(6.3)
(2.3)
(4.0)
7.0

S 3.0

25.9 25.2
21.3 14.9
(20.8) (13.4)
29.2 32.5
(2.8) (3.0)

$ 351.6 $ 372.7

3.6 4.1
5.1 5.1
7.5 3.4

S 12.6 $ 8.5

24.9
64.2
(60.4)
27.6
(8.2)

$ 365.0

13.5
1.2

10.0
20.4

(23.4)
(0.8)

20.9
(6.7)
(6.3)
7.9
2.2
5.7
14.4

S 20.1

Earnings Per Share:
Basic

See Note 2 for discussion of discontinued operations.
2 Includes a $5.4 million gain recorded upon consolidation of HS&TC in the fourth quarter of 2009.

Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

Revenue:

2009
Qi Q2 Q3 Q4

$ 201.1 S 218.5 $ 234.2 S 234.8
76.2 80.3 82.3 82.1

Less amounts reported in discontinued operations I

Agribusiness2
Reconciling Items

Total revenue

Operating Profit (Loss):
Transportation:

Ocean transportation
Logistics services

Real Estate:
Leasing
Sales
Less amounts reported in discontinued operations

Agribusiness2
Total operating profit

Interest Expense
General Corporate Expenses
Income From Continuing Operations before Income Taxes

Income taxes (benefit)
Income From Continuing Operations
Discontinued Operations’

Net Income

21.1 $ 24.2 $
1.8 2.2

11.0 10.2
9.6

(12.1)
(11.3)
20.1
(6.9)
(4.5)

8.7

3.5
(5.5)

(13,8)

20.8
(6.7)
(4.9)

9.2

Diluted
S 0.07 $ 0.31 $ 0.21 $ 0.49
S 0.07 $ 0.31 $ 0.21 $ 0.49



Segment results by quarter for 2008 are listed below (in millions, except per-share amounts):

Revenue:
Transportation:

Ocean transportation
Logistics services
Real Estate:

Leasing
Sales

Total revenue

Operating Profit (Loss):
Transportation:

Ocean transportation
Logistics services

Real Estate:
Leasing
Sales

Income From Continuing Operations
Discontinued Operations

Net Income

Earnings Per Share:
Basic
Diluted

$ 243.0 $
102.6

28.8
187.4

(8.3)
22.5
(1.5)

$ 574.5

$ 15.9 $
4.7

13.9
41.4
(4.9)
4.8

75.8
(6.1)
(5.7)

64.0
25.1

38.9
3.2

$ 42.1

268.4 S 272.8 $
115.5 118.1

27.3 26.2
31.2 77.2

(19.0) (75.9)
36.2 37.5
(2.6) (3.0)

$ 457.0 $ 452.9

37.4 $
4.6

12.6 11.1
9.1 25.8

(10.8) (30.0)
(4.9) (6.7)
48.0 36.7
(5.6) (5.8)
(5.4) (5.3)
37.0 25.6
14.1 7.4

22.9 18.2
6.7 J8.6

$ 29.6 $ 36.8

239.5
99.8

25.5
54.4
(48.3)
28.1
(3.6)

$ 395.4

10.2
19.3

(23.6)
(6.1)
25.0
(6.2)
(4.6)
14.2
4.9
9.3

14.6
$ 23.9

2008
Q1 Q2 Q3

Less amounts reported in discontinued operations
Agribusiness
Reconciling Items 2

Q4

Less amounts reported in discontinued operations I

Agribusiness

Total operating profit
Interest Expense
General Corporate Expenses
Income From Continuing Operations before Income Taxes

Income taxes

31.4 $
5.1

21.1
4.1

5 1.02 $ 0.72 $ 0.89 $ 0.58
S 1.01 S 0.71 S 0.89 $ 0.58

See Note 2 for discussion of discontinued operations.
2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.



15. PARENT COMPANY CONDENSED FINANCIAL INFORMATION

Set forth below are the unconsolidated condensed financial statements of Alexander & Baldwin, Inc. (“Parent Company”). The significant accounting policies
used in preparing these financial statements arc substantially the same as those used in the preparation of the consolidated financial statements as described in
Note I, except that, for purposes of the tables presented in this footnote, subsidiaries are carried under the equity method.

The following table presents the Parent Company’s condensed balance sheets as of December31, 2009 and 2008 (in millions):

2009 2008
ASSETS
Current Assets:

Cash and cash equivalents $ 1 $ —

Accounts and other receivables, net 12 3
Inventories 6 —

Real estate held for sale 7 --

Income tax receivable 24
Section 1031 exchange proceeds

— 23
Prepaid expenses and other 15 23

Total current assets 41 73
Investments:

Subsidiaries consolidated, at equity 1,210 1,131
Property, at Cost 455 432

Less accumulated depreciation and amortization 226 219
Property--net 229 213

Other Assets 32 43
Total $ 1,512 $ 1,460

LIABILITIES AND SHAREHOLDERS’ EQUITY
Current Liabilities:

Current portion of long-term debt $ 40 S 28
Accounts payable 10 8
Income taxes payable 24 --

Non-qualified benefit plans 17 4
Other 15 12

Total current liabilities 106 52
Long-term Debt 239 200
Employee Benefit Plans 22 49
Non-qualified Benefit Plans 0 17
Other Long-term Liabilities 4 6
Deferred Income Taxes 42 30
Due to Subsidiaries 6 34
Shareholders’ Equity:

Capital stock 33 33
Additional capital 210 204
Accumulated other comprehensive loss (81) (96)
Retained earnings 934 942
Cost of treasury stock (11) (11)

Total shareholders’ equity 1,085 1,072
Total $ 1,512 $ 1,460



2 3
105 119

110
II
21
14

____________

(16)

______________

140

(21)

17

(4)

111

25

132

(91)

____________

$ 41

97
10
28
12
(7)

140

(16)

4

(12)

114

40

142

15

$ 157

The following table presents the Parent Company’s condensed statements of income for the years ended December 31, 2009, 2008 and 2007 (in millions):

2009 2008 2007

$ 73 $ 91 $ 92
22 19 18

8 6 6

__________________ _________________

8

____________ ____________

124

Rcvenue:
Agribusiness
Real estate leasing
Real estate sales
Interest and other

Total revenue

Costs and Expenses:
Cost of agribusiness goods and services
Cost of real estate sales and leasing
Selling, general and administrative
Interest and other
Income tax benefit

Total costs and expenses

Loss from Continuing Operations

Discontinued Operations, net of income taxes

Loss Before Equity in Income of Subsidiaries Consolidated

Equity in Income from Continuing Operations of Subsidiaries Consolidated

Equity in Income from Discontinued Operations of Subsidiaries Consolidated

Net Income

Other Comprehensive Income (Loss), net of income taxes

109
14
21
16

(21)

139

(34)

8

(26)

46

24

44

15

$ 59Comprehensive Income



The following table presents the Parent Company’s condensed statements of cash flows for the years ended December 31, 2009, 2008 and 2007 (in millions):

Cash Flows from Operations (including dividends received from subsidiaries)

2009 2008 2007

$ 90 $ 144 $ 17

Cash Flows from Investing Activities:
Capital expcnditures
Purchase of investments
Proceeds from disposal of property and sale of investments

Net cash used in investing activities

(6)
(96)
28

(74)

(13)
51
(1)

(52)

(15)

(16)
(12)

9
(19)

(4)

(16)
2

(59)
(51)

(128)

(18)

5
(13)

(15)
85

8
(33)

(48)
(3)

Cash and Cash Equivalents:
Net increase (decrease) for the year
Balance, beginning of year

Balance, end of year

Other Cash Flow Information:
Interest paid
Income taxes paid, net of refunds

Other Non-cash Information:
Depreciation expense
Tax-deferred property sales
Tax-deferred property purchases

1 (3)

— 3 2

$ 1$ --$ 3

S (13) $ (13) $ (12)

5 (38) S (63) $ (55)

S 17 $ 15 S 15

5 29 $ 60 S —

S (40) $ (5) $ —

Cash Flows from Financing Activities:
Change in intercompany payables/receivables
Proceeds from (repayments of) long-term debt, net
Proceeds from issuance of capital stock, including tax benefit
Repurehases of capital stock
Dividends paid

Net cash used in financing activities

General Iqforrnation: The Parent Company is headquartered in Honolulu, Hawaii and is engaged in the operations that are generally described in Note 13,

“Industry Segments.” Additional information related to the Parent Company is described in the foregoing notes to the consolidated financial statements.
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ALEXANDER & BALDWIN, INC.

FORM 10-K

Annual Report for the Fiscal Year
Ended December 31, 2010

PART I

ITEMS 1 & 2. BUSINESS AND PROPERTIES

Alexander & Baldwin, Inc. (“A&B”) is a multi-industry corporation with its primary operations centered in Hawaii. It was founded in 1870 and
incorporated in 1900. Ocean transportation operations, related shoreside operations in Hawaii, and intermodal, truck brokerage and logistics services are



conducted by a wholly-owned subsidiary, Matson Navigation Company, Inc. (“Matson”), and two Matson subsidiaries. Property development and
agribusiness operations are conducted by A&B and certain other subsidiaries of A&B.

The business industries of A&B are generally as follows:

A. Transportation - carrying freight, primarily between various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports;
arranging domestic and international rail intermodal service, long-haul and regional highway brokerage, specialized hauling, fiat-bed and
project work, less-than-truckload, expedited/air freight services, and warehousing and distribution services; and providing terminal,
stevedoring and container equipment maintenance services in Hawaii.

B. Real Estate - engaging in real estate development and ownership activities, including planning, zoning, financing, constructing,
purchasing, managing and leasing, selling and exchanging, and investing in real property.

C. Agribusiness - growing sugar cane and coffee in Hawaii; producing bulk raw sugar, specialty food-grade sugars, molasses, green coffee
and roasted coffee; marketing and distributing green coffee, roasted coffee and specialty food-grade sugars; generating and selling, to the
extent not used in A&B’s operations, electricity; and providing general trucking services in Hawaii, including sugar and molasses hauling,
and mobile equipment maintenance and repair services.

For information about the revenue, operating profits and identifiable assets of A&B ‘a industry segments for the three years ended December 31,
2010, see Note 14 (“Industry Segments”) to A&B’s financial statements in Item 8 of Part II below.

DESCRIPTION OF BUSINESS AND PROPERTIES

A. Transportation

(1) Freight Services

Matson’s Hawaii Service offers containership freight services between the ports of Long Beach, Oakland, Seattle, and the major ports in Hawaii on
the islands of Oahu, Kauai, Maui and Hawaii. Roll-on/roll-off service is provided between California and the major ports in Hawaii. Matson is the principal
carrier of ocean cargo between the U.S. Pacific Coast and Hawaii. Principal westbound cargoes carried by Matson to Hawaii include dry containers of mixed
commodities, refrigerated commodities, building materials, packaged foods, automobiles and household goods. Principal eastbound cargoes carried by
Matson from Hawaii include automobiles, household goods, dry containers of mixed commodities, livestock and food and beverages. The majority of
Matson’s Hawaii Service revenue is derived from the westbound carriage of containerized freight and automobiles.

Matson’s Guam Service provides weekly containership freight services between the U.S. Pacific Coast and Guam. Additional freight destined to and
from the Commonwealth of the Marianas Islands, the Republic of Palau and the island of Yap in the Federated States of Micronesia is transferred at Guam to
and from connecting carriers for delivery to and from those locations.

Matson’s Micronesia Service offers Container and conventional freight service between the U.S. Pacific Coast and the islands of Kwajalein, Ebeye
and Majuro in the Republic of the Marshall Islands and the islands of Pohnpei, Chunk and Kosrae in the Federated States of Micronesia. Cargo is transferred
at Guam to a Matson-operated ship that provides bi-weekly service to and from those islands. Matson also carries cargo originating in Asia to these islands by
receiving cargo transferred from other carriers in Guam.

Matson’s China Service consists of two vessel strings. The first is part of an integrated Hawaii/Guam/China service. This service employs five
Matson containerships in a weekly service that carries cargo from the U.S. Pacific Coast to Honolulu, then to Guam. The vessels continue to the ports of
Xiamen, Ningbo and Shanghai in China, where they are loaded with cargo to be discharged in Long Beach. These ships also carry cargo destined to and
originating from Guam, the Commonwealth of Northern Marianas, the Republic of Palau and the Republic of the Marshall Islands. The second vessel string
employs five chartered containerships in a weekly service that carries cargo from the U.S. Pacific Coast directly to the ports of Hong Kong, Yantian and
Shanghai in China, where they also are loaded with cargo to be discharged in Long Beach.

See “Rate Regulation” below for a discussion of Matson’s freight rates.

(2) Vessels

Matson’s fleet consists of 10 containerships, excluding six containerships time-chartered from third parties, that serve the Micronesia and new China
Service; three combination container/roll-on/roll-offships; one roll-on/roll-offbarge and two Container barges equipped with cranes that serve the neighbor
islands of Hawaii; and one container barge equipped with cranes that is available for charter. The 17 Matson-owned vessels in the fleet represent an
investment of approximately $1.2 billion expended over the past 40 years. The majority of vessels in the Matson fleet have been acquired with the assistance
of withdrawals from a Capital Construction Fund (“CCF”) established under Section 607 of the Merchant Marine Act, 1936, as amended.

Vessels owned by Matson are described on page 4.

As a complement to its fleet, Matson owns approximately 33,200 containers, 14,000 container chassis and generators, 900 auto-frames and
miscellaneous other equipment. Capital expenditures incurred by Matson in 2010 for vessels, equipment and systems totaled approximately S69 million.

(3) Terminals

Matson Terminals, Inc. (“Matson Terminals”), a wholly-owned subsidiary of Matson, provides container stevedoring, container equipment
maintenance and other terminal services for Matson and other ocean carriers at its 105-acre marine terminal in Honolulu. Matson Terminals owns and
operates seven cranes at the terminal, which handled approximately 351,200 lifts in 2010 (compared with 335,400 lifts in 2009). The terminal can
accommodate three vessels at one time. Matson Terminals’ lease with the State of Hawaii runs through September 2016. Matson Terminals also provides



Cottonwood Center in Sandy, Utah.

A&B’s mainland commercial properties owned as of year-end 2010 were as follows:

Leasable Area
Property Location Type (sq. ft.)

Heritage Business Park Dallas, TX Industrial 1,316,400
Savannah Logistics Park Savannah, GA Industrial 1,035,700
Midstate 99 Distribution Center Visalia, CA Industrial 790,400
Sparks Business Center Sparks, NV Industrial 396,100
Republic Distribution Center Pasadena, TX Industrial 312,500
Activity Distribution Center San Diego, CA Industrial 252,300
Centennial Plaza Salt Lake City, UT Industrial 244,000
Meadows on the Parkway Boulder, CO Retail 216,400
1800 and 1820 Preston Park Piano, TX Office 198,800
Ninigret Office Park X and Xl Salt Lake City, UT Office 185,200
San Pedro Plaza San Antonio, TX Office/Retail 171,900
Rancho Temecula Town Center Temecula, CA Retail 165,500
2868 Prospect Park Sacramento, CA Office 162,900
Little Cottonwood Center Sandy, UT Retail 141,600
Concorde Commerce Center Phoenix, AZ Office 140,700
Arbor Park Shopping Center San Antonio, TX Retail 139,500
Deer Valley Financial Center Phoenix, AZ Office 126,600
Northpoint Industrial Fullerton, CA Industrial 119,400
Broadlands Marketplace Broomfield, CO Retail 103,900
2890 Gateway Oaks Sacramento, CA Office 58,700
Wilshire Shopping Center Greeley, CO Retail 46,500
Royal MacArthur Center Dallas, TX Retail 44,000
Firestone Boulevard Building La Mirada, CA Office 28,100

A&B’s mainland commercial properties’ occupancy rate of 85 percent in 2010 remained unchanged from 2009, compared to 95 percent in 2008,
reflecting the continued difficult leasing environment in certain mainland markets.

C. Agribusiness

(1) Production

A&B has been engaged in the production of cane sugar in Hawaii since 1870, and the production of coffee in Hawaii since 1987. A&B’s current
agribusiness and related operations consist of: (1) a sugar plantation on the island of Maui, operated by its Hawaiian Commercial & Sugar Company
(“HC&S”) division, (2) a coffee plantation on the island of Kauai, operated by its Kauai Coffee Company, Inc. (“Kauai Coffee”) subsidiary, and (3) its
Kahului Trucking & Storage, Inc. (“KT&S”) and Kauai Commercial Company, Incorporated (“KCC”) subsidiaries, which provide several types of
trucking services, including sugar and molasses hauling on Maui, mobile equipment maintenance and repair services on Maui, Kauai, and the Big Island,
and self-service storage facilities on Maui and Kauai.

HC&S is Hawaii’s only producer of raw sugar, producing approximately 171,800 tons of raw sugar in 2010 (compared with 126,800 tons in
2009). The primary reasons for the increase in production were improved yields on the plantation due to better agr000mic practices, a higher average age of the
crop at harvest, and increased delivery of irrigation water. HC&S harvested 15,488 acres of sugar cane in 2010 (compared with i5,028 in 2009). Yields
averaged 11.1 tons of sugar per acre in 2010 (compared to 8.4 in 2009). As a by-product of sugar production, HC&S also produced approximately 52,800
tons of molasses in 2010 (compared to 41,700 in 2009).

In 2010, approximately 16,300 tons of sugar (compared to 34,300 tons in 2009) were processed by HC&S into specialty food-grade sugars under
HC&S’s Maui Brand® trademark or repackaged by distributors under their own labels. This reduction in Maui Brand ®sugar was planned and in response
to the high raw sugar market pricing that HC&S was able to capitalize on. HC&S is able to produce either raw sugar or specialty sugars.

During 2010, Kauai Coffee had approximately 3,000 acres of coffee trees under cultivation. The 2010 harvest yielded approximately 3.3 million
pounds of green coffee, compared with 2.6 million pounds in 2009.

In December 2010, Kauai Coffee entered into an agreement with Massirno Zanetti Beverage, USA, Inc., a subsidiary of the Italian global coffee
company Massirno Zaoetti Beverage Group. Under the agreement, Massimo Zanetti Beverage, USA will operate the Kauai Coffee estate and processing
facilities and will market, sell, and distribute the Kauai Coffee® brand throughout the United States and internationally through its subsidiary companies.
The transaction, which is subject to certain material contingencies, is scheduied to close in the first quarter of 201 1.

HC&S and McBryde Sugar Company, Limited (“MeBryde”), a subsidiary of A&B and the parent company of Kauai Coffee, produce electricity
for internal use and for sale to the local electric utility companies. HC&S’s power is produced by burning bagasse (the residual fiber of the sugar cane plant),
by hydroelectric power generation and, when necessary, by burning fossil fuels. MeBryde produces power solely by hydroelectric generation. The price for
the power sold by HC&S and McBryde is equal to the utility companies’ “avoided cost” of not producing such power themselves. In addition, HC&S
receives a capacity payment to provide a guaranteed power generation capacity to the local utility. See “Energy” below for power production and sales data.

(2) Marketing of Sugar and Coffee



Approximately 91 percent of the bulk raw sugar produced by HC&S in 2010 was purchased by C&H Sugar Company, Inc. (“C&H”). C&H
processes the raw cane sugar at its refinery at Crockett, California and markets the refined products primarily in the western and central United States.

The remaining 9 percent of the raw sugar was used by HC&S to produce specialty food-grade sugars, which are sold by HC&S to food and
beverage producers and to retail stores under its Maui Brand ® label, and to distributors that repackage the sugars under their own labels. HC&S’s largest
food-grade sugar customers are Cumberland Packing Corp. and Sugar Foods Corporation, which repackage HC&S’s turbinado sugar for their “Sugar in the
Raw” product line.

Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a sugar grower cooperative in Hawaii (of which HC&S currently is the only member),
has a supply contract with C&H ending in December 2012. Pursuant to the supply contract, the cooperative sells raw sugar to C&H at a price equal to the
New York No. 16 Contract settlement price, less a discount and less costs of sugar vessel discharge and stevedoring. This price, after deducting the
marketing, operating, distribution, transportation and interest costs of HS&TC, reflects the gross revenue to HC&S. Most of Kauai Coffee’s crop is being
marketed on the U.S. Mainland as green bean coffee. In addition to the sale of green bean coffee, Kauai Coffee produces and sells roasted, packaged coffee
under the Kauai Coffee® trademark. Kauai Coffee’s customers include specialty and commodity brokers, hotels, and large regional roasters.

(3) Sugar Competition and Legislation

Hawaii sugar growers have traditionally produced more sugar per acre than most other major producing areas of the world, but that advantage is
offset by Hawaii’s high labor costs and the distance to the U.S. Mainland market. Hawaiian refmed sugar is marketed primarily west of Chicago. This is
also the largest beet sugar growing and processing area and, as a result, the only market area in the United States that produces more sugar than it
consumes. Sugar from sugar beets is the greatest source of competition in the refined sugar market for the Hawaiian sugar industry.

The U.S. Congress historically has sought, through legislation, to assure a reliable domestic supply of sugar at stable and reasonable prices. The current
legislation is the Food Conservation and Energy Act of 2008, which expires on December31, 2012 (“2008 Farm Bill”). The two main elements of U.S. sugar
policy are the tariff-rate quota (“TRQ”) import system and the price support loan program. The TRQ system limits imports from countries other than
Canada and Mexico by allowing only a quota amount to enter the U.S. after payment of a relatively low tariff. A higher, over-quota tariff is imposed for
imported quantities above the quota amount. Also, a new but limited sucrose ethanol program was added in 2008, which allows sugar to be diverted into
ethanol production when the market is deemed to be oversupplied.

The 2008 Farm Bill reauthorized the sugar price support loan program, which supports the U.S. price of sugar by providing for commodity-secured
loans to producers. A loan rate (support price) of 18.50 cents per pound (“O/lb”) for raw cane sugar is in effect for the 2010 and 2011 crops. The loan rate
increases to 18.75 0/lb for the 2012 and 2013 crops (the last year of the bill). The U.S. rates are adjusted by region to reflect the cost of transportation. The
2010 adjusted crop loan rate in Hawaii is 16.52 0/lb.

In 2005, the U.S. approved a trade pact with Central America and the Dominican Republic, known as the Central America-Dominican Republic-
United States Free Trade Agreement. In 2006, the first year of the agreement, additional sugar market access for participating countries amounted to about 1.2
percent of current U.S. sugar consumption (107,000 metric tons), which will grow to about 1.7 percent (151,000 metric tons) in its fifteenth year.

Implementation of the North American Free Trade Agreement (NAFTA) began in 1994. This agreement removed most barriers to trade and
investment among the U.S., Canada and Mexico. Under NAFTA, all non-tariff barriers to agricultural trade between the U.S. and Mexico were eliminated. In
addition, many tariffs were eliminated immediately or phased out. Starting in 2008, Mexico can ship an unlimited quantity of sugar duty-free to the U.S. each
year.

U.S. raw sugar prices remained relatively stable and flat for over thirty years. The full implementation of NAFTA in 2008, which unified the
U.S. and Mexican sugar markets, increased price volatility. In 2009, a tight NAFTA supply/demand outlook and a soaring world raw sugar market
combined to push U.S. raw sugar prices to 29-year highs. Prices settled down slightly in early 2010, but have since risen again to historic highs in the second
half of 2010. A chronological chart of the average U.S. domestic raw sugar prices, based on the average daily New York No. 16 Contract settlement price for
domestic raw sugar, is shown below (not adjusted for inflation):
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(4) Coffee Competition and Prices

Kauai Coffee competes with coffee growers located worldwide, including in Hawaii. The market for specialty coffee in the United States is highly
competitive. Relative to other Hawaii growers, Kauai Coffee produces a large amount of green coffee beans each year, with its crop divided among specialty,
midrange and commodity grades. It has been successful at selling its specialty and midgrade coffees at a premium to world commodity market prices. Kauai
Coffee sells its specialty and niidgrade green beans primarily to long-term, repeat customers, though there is strong competition and pricing and other terms are
subject to annual renegotiations. These grades are also utilized in Kauai Coffee’s wholesale and direct retail roasted programs. Kauai Coffee also produces
commodity-grade green beans, whose prices are more closely tied to world commodity market prices.

Kauai Coffee’s green bean coffee total production volume, volume by grade and unit costs vary each year depending upon growing and harvesting
conditions. The unit cost per pound impacts the profitability of green bean sales as well as the cost of goods for Kauai Coffee’s wholesale roasted and retail
programs.

(5) Land Designations and Water

The HC&S sugar plantation, the largest in Hawaii, consists of approximately 43,300 acres, including a small portion of leased
lands. Approximately 34,700 acres are under cultivation, and the balance is leased to third parties, is not suitable for cane cultivation, or is used for plantation
purposes such as roads, reservoirs, ditches and plant sites.

On Kauai, approximately 3,000 acres are cultivated by Kauai Coffee.

The Hawaii Legislature, in 2005, passed Important Agricultural Lands (“IAL”) legislation to fulfill the State constitutional mandate to protect
agricultural lands, promote diversified agriculture, increase the State’s agricultural self-sufficiency, and assure the availability of agriculturally suitable
lands. In 2008, the Legislature passed a package of incentives, which is necessary to trigger the JAL system of land designation. In 2009, A&B received
approval from the State Land Use Commission for the designation of over 27,000 acres on Maui and over 3,700 acres on Kauai as IAL. These designations
were the result of voluntary petitions filed by A&B.

It is crucial for HC&S and Kauai Coffee to have access to reliable sources of water supply and efficient irrigation systems. A&B’s plantations
conserve water by using “drip” irrigation systems that distribute water to the roots through small holes in plastic tubes. All but a small area of the cultivated
cane land farmed by HC&S is drip irrigated. All of Kauai Coffee’s fields are drip irrigated.

A&B owns 16,000 acres of watershed lands in East Maui, which supply a portion of the irrigation water used by HC&S. A&B also held four
water licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the last ten years have supplied approximately 58 percent of the
irrigation water used by HC&S. The last of these water license agreements expired in 1986, and all four agreements were then extended as revocable permits
that were renewed annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits
with a long-term water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has renewed
the existing permits on a holdover basis. A&B also holds rights to an irrigation system in West Maui, which provided approximately 15 percent of the
irrigation water used by HC&S over the last ten years. For information regarding legal proceedings involving A&B’s irrigation systems, see “Legal
Proceedings” below.

D. Employees and Labor Relations

As of December 31, 2010, A&B and its subsidiaries had approximately 2,300 regular full-time employees. About 1,000 regular full-time employees
were engaged in the agribusiness segment, 1,200 were engaged in the transportation segment, 40 were engaged in the real estate segment, and the remaining were
in administration. Approximately 45 percent were covered by collective bargaining agreements with unions.

At December31, 2010, the active Matson fleet employed seagoing personnel in 197 billets. Each billet corresponds to a position on a ship that
typically is filled by two or more employees because seagoing personnel rotate between active sea duty and time ashore. Approximately 25 percent of Matson’s
regular full-time employees and all of the seagoing employees were covered by collective bargaining agreements.

Historically, collective bargaining with longshore and seagoing unions has been complex and difficult. However, Matson and Matson Terminals
consider their relations with those unions, other unions and their non-union employees generally to be satisfactory.

Matson’s seagoing employees are represented by six unions, three representing unlicensed crew members and three representing licensed crew
members. Matson negotiates directly with these unions. Matson’s agreements with the Seafarer’s Intemational Union, the Sailors Union of the Pacific and the
Marine Firemen’s Union were renewed in mid-2008 through June 2013. Contracts that Matson has with the American Radio Association were renewed in mid-
2009 through August 15, 2013. Contracts that Matson has with the Masters, Mates & Pilots (“MM&P”) and the Marine Engineers Beneficial Association
(“MEBA”) for ships built prior to 2003 were renewed in mid-2009 through August 15, 2013. Contracts that Matson has with MM&P and the MEBA for
ships built after 2003 expire on August 15,2013 and include provisions for a wage reopener, which was negotiated in mid-2009 to cover the remaining
contract period.

SSAT, the previously-described joint venture of Matson and SSA, provides stevedoring and terminal services for Matson vessels calling at U.S.
Pacific Coast ports. Matson, SSA and SSAT are members of the Pacific Maritime Association (“PMA”) which, on behalf of its members, negotiates
collective bargaining agreements with the ILWU on the U.S. Pacific Coast. A six-year PMAIILWU Master Contract, which covers all Pacific Coast longshore
labor, was negotiated in 2008 and will expire on July 1, 2014. Matson Terminals provides stevedoring and terminal services to Matson and other vessel
operators calling at Honolulu and on the islands of Hawaii, Maui and Kauai. Matson Terminals is a member of the Hawaii Stevedore Industry Committee,
which negotiates with the ILWU in Hawaii on behalf of its members. In 2008, Matson signed six-year agreements with each of the ILWU units, which will
expire on June 30, 2014.



During 2010, Matson maintained its collective bargaining agreements with JLWU clerical workers in Honolulu and Oakland, which are in effect
through June 2014. The bargaining agreement with ILWU clerical workers in Long Beach was renegotiated in 2010 for another three-year period. The health
& welfare and pension provisions were not renegotiated; however, the parties agreed to match the provisions that are negotiated between the TLWU clerical
workers in Long Beach and the other employers. Those negotiations are continuing and are expected to be finalized in 2011.

During 2010, Matson contributed to multiemployer pension plans for vessel crews. If Matson were to withdraw from or significantly reduce its
obligation to contribute to one of the plans, Matson would review and evaluate data, actuarial assumptions, calculations and other factors used in determining
its withdrawal liability, if any. In the event that any third parties materially disagree with Matson’s determination, Matson would pursue the various means
available to it under federal law for the adjustment or removal of its withdrawal liability. Matson Terminals participates in a multiemployer pension plan for
its Hawaii ILWU non-clerical employees. For a discussion of withdrawal liabilities under the Hawaii longshore and seagoing plans, see Note 10 (‘Employee
Benefit Plans”) to A&B’s consolidated financial statements in Item 8 of Part II below.

Bargaining unit employees of HC&S are covered by two collective bargaining agreements with the ILWU. The agreements with the HC&S
production unit employees and clerical and technical employees bargaining units, covering approximately 640 workers, expired on January 31, 2011 and arc
being renegotiated. The bargaining unit employees at KT&S also are covered by two collective bargaining agreements with the ILWU. The built sugar
employees’ agreement expires on June 30, 2014, and the agreement with all other employees expires on March 31,2012. There are two collective bargaining
agreements with KCC employees represented by the ILWU. These agreements expire on April 30, 2011, with renegotiations expected to begin in spring of
2011. There is a collective bargaining agreement with the ILWU for the production unit employees of Kauai Coffee. This contract expired on January 31,
2011, and is being renegotiated.

E. Energy

Matson and Matson Terminals purchase residual fuel oil, lubricants, gasoline and diesel fuel for their operations. Residual fuel oil is by far
Matson’s largest energy-related expense. In 2010, Matson vessels purchased approximately 2.1 million barrels of residual foci oil (compared with 1.8 million
barrels in 2009).

Residual fuel oil prices paid by Matson in 2010 started at $70.97 per barrel and ended the year at S85.30. The low price for the year was $67.45
per barrel in September, and the high price was $86.64 in December. Sufficient fuel for Matson’s requirements is expected to be available in 2011.

As has been the practice with sugar plantations throughout Hawaii, HC&S uses bagasse, the residual fiber of the sugar cane plant, as a fuel to
generate steam for the production of most of the electrical power for sugar milling and irrigation pumping operations. In addition to bagasse, HC&S uses coal,
diesel, fuel oil, and recycled motor oil to generate power during factoiy shutdown periods when bagasse is not being produced or during periods when bagasse
is not produced in sufficient quantities. HC&S also generates a limited amount of hydroelectric power. To the extent it is not used in A&B’s factory and
farming operations, HC&S sells electricity. In 2010, HC&S produced and sold, respectively, approximately 190,400 MWH and 68,300 MWH of electric
power (compared with 188,000 MWH produced and 72,800 MWH sold in 2009). The slight decrease in power sold was due to increased power used for
irrigation pumps to improve soil moisture levels and yields. Hydroelectric generation was lower during the year due to extended drought conditions on
Maui. HC&S’s use of oil in 2010 of 16,700 barrels was 42 percent less than the 28,800 barrels used in 2009. The decrease was primarily due to higher
bagasse production used in power generation as a result of improved yields on the farm. Coal used for power generation was 61,200 short tons, about 28,100
tons less than that used in 2009. Less coal was required because of the higher bagasse production from the fields.

In 2010, McBryde produced approximately 29,500 MWH of hydroelectric power (compared with approximately 30,800 MWH in 2009). To the
extent it is not used in A&B’s coffee operations, McBryde sells electricity to Kauai Island Utility Cooperative. Power sales in 2010 amounted to approximately
19,000 MWH (compared with 22,800 MWH in 2009).

F. Available Information

A&B files reports with the Securities and Exchange Commission (the “SEC”). The reports and other information filed include: annual reports on
Form 10-K, quarterly reports on Form 10-Q, current reports on Form 8-K and other reports and information filed under the Securities Exchange Act of 1934
(the “Exchange Act”).

The public may read and copy any materials A&B files with the SEC at the SEC’s Public Reference Room at 100 F Street, NE, Washington, DC
20549. The public may obtain information on the operation of the Public Reference Room by calling the SEC at l-800-SEC-0330. The SEC maintains an
Internet wcbsite that contains reports, proxy and information statements, and other information regarding A&B and other issuers that file electronically with
the SEC. The address of that website is www.see.gov.

A&B makes available, free of charge on or through its Internet website, A&B’s annual reports on Form 10-K, quarterly reports on Form 10-Q,
current reports on Form 8-K and amendments to those reports filed or furnished pursuant to Section 13(a) or 15(d) of the Exchange Act as soon as reasonably
practicable after it electronically files such material with, or furnishes it to, the SEC. The address of A&B’s Internet website is www.alexanderbaldwin.com.



ITEM lÀ. RISK FACTORS

The business of A&B and its subsidiaries (collectively, the “Company”) faces numerous risks, including those set forth below or those described

elsewhere in this Form 10-K or in the Company’s filings with the SEC. The risks described below are not the only risks that the Company faces, nor are they

listed in order of significance. Other risks and uncertainties may also impair its business operations. Any of these risks may have a material adverse effect

on the Company’s business, liquidity, financial condition, results of operations and cash flows. All forward-looking statements made by the Company or on

the Company’s behalf are qualified by the risks described below.

Changes in U.S., global, or regional economic conditions that result in a further decrease in consumer confidence or market demand for the

Company’s services and products in Hawaii, the U.S. Mainland, Guam or Asia may adversely affect the Company’s financial position, results

of operations, liquidity, or cash flows.

A continuation or further weakening of the U.S., Guam, Asian or global economies may adversely impact the level of freight volumes, freight rates,

and real estate leasing, sales and development activity. Within the U.S., a continuation or further weakening of economic drivers in Hawaii, which include

tourism, military spending, construction starts, personal income growth, and employment, or the further weakening of consumer confidence, market demand

or the economy in the U.S. Mainland, may further reduce the demand for goods to and from Hawaii and Asia, travel to Hawaii and domestic transportation of

goods, adversely affecting inland and ocean transportation volumes or rates, the sale of Hawaii real estate, and the real estate leasing and development markets.

In addition, overcapacity in the global or transpacific ocean transportation markets may adversely affect freight volumes or rates in the Company’s China

service. Additionally, a change in the cost ofgoods or currency exchange rates may cause these adverse effects as well.

The Company may face new or increased competition.

The Company’s transportation segment may face new competition by established or start-up shipping operators that enter the Company’s

markets. The entry of a new competitor or the addition of ships or capacity by existing competition on any of the Company’s routes could result in a

significant increase in available shipping capacity that could have an adverse effect on volumes or rates. See also discussion under “Business and Properties -

Transportation - Competition” above.

For the Company’s real estate seements, there are numerous other developers, managers and owners of commercial and residential real estate and

undeveloped land that compete or may compete with the Company for management and leasing revenues, land for development, properties for acquisition and

disposition, and for tenants and purchasers for properties. Increased vacancies, decreased rents, sales prices or sales volume, or lack of development

opportunities may lead to a deterioration in results from the Company’s real estate business.

The Company’s significant operating agreements and leases could be replaced on less favorable terms or may not be replaced.

The significant operating agreements and leases of the Company in its various businesses expire at various points in the future and may not be

replaced or could be replaced on less favorable terms, thereby adversely affecting the Company’s future fmancial position, results of operations and cash

flows.

The reduction in availability of mortgage financing and the volatility and reduction in liquidity in the financial markets may adversely affect the

Company’s real estate business.

During 2008 and 2009, the financial industry experienced significant instability due to, among other things, declining property values and

increasing defaults on loans. This led to tightened credit requirements, reduced liquidity and increased credit risk premiums for virtually all borrowers. Fewer

loan products and tighter loan qualifications make it more difficult for borrowers to finance the purchase of units in the Company’s projects. Tightening of

credit in the commercial markets may adversely affect the Company’s ability to secure construction or other financing on acceptable or favorable terms for the

Company’s residential and commercial projects, working capital requirements, or investment needs. Additionally, the stringent requirements to obtain

financing for buyers of commercial properties make it significantly more difficult for the Company to sell commercial properties and may negatively impact

the sales prices and other terms of such sales. The stringent credit environment may also impact the Company in other ways, including the credit or solvency

of customers, vendors, orjoint venture partners, and the ability of partners to fund their equity obligations to the joint venture.

A future downgrade in the Company’s credit rating or disruptions on the credit markets could restrict its ability to access the debt capital

markets or increase the cost of debt.

In January 2011, Standard and Poor’s issued a research update that indicated a continuation of the Company’s BBB± rating with a Negative

outlook. Further changes in the Company’s credit ratings may ultimately have an adverse impact on the Company’s ability to access debt in the private or

public market and also may increase its borrowing costs. If the Company’s credit ratings fall below investment grade, its access to the debt capital markets or

its ability to renew its committed lines of credit may become restricted. Because the Company relies on its ability to draw on its revolving credit facilities to

support its operations, when required, any volatility in the credit and financial markets that prevents the Company from accessing funds (for example, a

lender that does not fulfill its lending obligation), could have an adverse effect on the Company’s financial condition and cash flows. Additionally, the

Company’s credit agreements generally include an increase in borrowing rates if the Company’s ratings are downgraded, and renegotiation of the Company’s

primary revolving credit line upon its expiration in 2011 could be negatively affected by ratings downgrades.

Failure to comply with certain restrictive financial covenants contained in the Company’s credit facilities could preclude the payment of dividends,

impose restrictions on the Company’s business segments, capital resources or other activities or otherwise adversely affect the Company.

The Company’s credit facilities contain certain restrictive financial covenants, the most restrictive of which include the maintenance of minimum

shareholders’ equity levels, a maximum ratio of debt to eamings before interest, depreciation, amortization, and taxes, and the maintenance of a minimum

unencumbered property investment value. If the Company does not maintain the required covenants, and that breach of covenants is not cured timely or

waived by the lenders, resulting in default, the Company’s access to credit may be limited or terminated, dividends may be suspended, and the lenders could



declare any outstanding amounts due and payable.

An increase in fuel prices, or changes in the Company’s ability to collect fuel surcharges, may adversely affect the Company’s profits.

Fuel is a significant operating expense for the Company’s shipping and agribusiness operations. The price and supply of fuel are unpredictable and
fluctuate based on events beyond the Company’s control. Increases in thc price of fuel may adversely affect the Company’s results of operations based on
market and competitive conditions. Increases in fuel costs also can lead to other expense increases, through, for example, increased costs of energy, petroleum-
based raw materials and purchased transportation services. In the Company’s ocean transportation and logistics services segments, the Company is able to
utilize fuel sureharges to partially recover increases in fuel expense, although increases in the fuel surcharge may adversely affect the Company’s competitive
position and may not correspond exactly with the timing of increases in fuel expense. Changes in the Company’s ability to collect fuel sureharges may
adversely affect its results of operations. Increases in energy costs for the Company’s leased real estate portfolio are typically recovered from lessees, although
the Company’s share of energy costs increases as a result of lower occupancies and higher operating cost reimbursements impact the ability to increase
underlying rents. Rising fuel prices also may increase the cost of construction, including delivery costs to Hawaii, and the Cost of materials that are petroleum-
based, thus affecting the Company’s development projects. Finally, rising fuel prices will impact the cost of producing and transporting sugar.

Noncompliance with, or changes to, federal, state or local law or regulations, including passage of climate change legislation or regulation, may
adversely affect the Company’s business.

The Company is subject to federal, state and local laws and regulations, including government rate regulations, land use regulations, government
administration of the U.S. sugar program, environmental regulations including those relating to air quality initiatives at port locations, and cabotage laws.
Noncompliance with, or changes to, the laws and regulations governing the Company’s business could impose significant additional costs on the Company
and adversely affect the Company’s financial condition and results of operations. For example, if the Jones Act and the regulations promulgated thereunder
were repealed, amended, or othcrwisc modified, non-U.S. competitors with significantly lower costs may consequently enter any of the Jones Act routes or the
Company’s business may be significantly altered, all of which may have an adverse effect on the Company’s shipping business. In addition, changes in
environmental laws impacting the shipping business, including passage of climate change legislation or other regulatory initiatives that restrict emissions of
greenhouse gasses, may require costly vessel modifications, the use of higher-priced fuel and changes in operating practices that may not all be able to be
recovered through increased payments from customers. The real estate segments are subject to numerous federal, state and local laws and regulations, which,
if changed, may adversely affect the Company’s business. The agribusiness segment is subject to the federal government’s administration of the U.S. sugar
program, such as the 2008 Farm Bill, and the Hawaii Public Utilities Commission’s regulation of avoided energy cost rates paid to the Company in
connection with it sale of electric power. Further changes to these laws and regulations could adversely affect the Company. Climate change legislation, such as
limiting and reducing greenhouse gas emissions through a “cap and trade” system of allowances and credits, if enacted, may have an adverse effect on the
Company’s business.

Work stoppages or other labor disruptions by the unionized employees of the Company or other companies in related industries may adversely
affect the Company’s operations.

As of December31, 2010, the Company had approximately 2,300 regular full-time employees, of which approximately 45 percent were covered by
collective bargaining agreements with unions. The Company’s transportation, real estate and agribusiness segments may be adversely affected by actions
taken by employees of the Company or other companies in related industries against efforts by management to control labor costs, restrain wage or benefits
increases or modify work practices. Strikes and disruptions may occur ass result of the failure of the Company or other companies in its industry to negotiate
collective bargaining agreements with such unions successfully. For example, in its real estate sales segment, the Company may be unable to complete
construction of its projects if building materials or labor is unavailable due so labor disruptions in the relevant trade groups.

The loss of or damage to key vendor and customer relationships may adversely affect the Company’s business.

The Company’s business is dependent on its relationships with key vendors, customers and tenants. The ocean transportation business relies on its
relationships with freight forwarders, large retailers and consumer goods and automobile manufacturers, as well as other larger customers. Relationships with
railroads and shipping companies are important in the Company’s intermodal business. For agribusiness, HC&S’s relationship with C&H Sugar Company,
Inc. is critical. The loss of or damage to any of these key relationships may affect the Company’s business adversely.

Interruption or failure of the Company’s information technology and communications systems could impair the Company’s ability to operate
and adversely affect its business.

The Company is highly dependent on information technology systems. For example, in the ocean transportation segment, these dependencies include
accounting, billing, disbursement, cargo booking and tracking, vessel scheduling and stowage, equipment tracking, customer service, banking, payroll and
employee communication systems. All information technology and communication systems are subject to reliability issues, integration and compatibility
concerns, and security-threatening intrusions. The Company may experience failures caused by the occurrence of a natural disaster, or other unanticipated
problems at the Company’s facilities. Any failure of the Company’s systems could result in interruptions in its service or production, reductions in its revenue
and profits and damage to its reputation.

The Company is susceptible to weather and natural disasters.

The Company’s transportation operations are vulnerable to disruption as a result of weather and natural disasters such as bad weather at sea,
hurricanes, typhoons, tsunamis, floods and earthquakes. Such events will interfere with the Company’s ability to provide on-time scheduled service,
resulting in increased expenses and potential loss of business associated with such events. hi addition, severe weather and natural disasters can result in
interference with the Company’s terminal operations, and may cause serious damage to its vessels, loss or damage to containers, cargo and other equipment,
and loss of life or physical injury to its employees, all of which could have art adverse effect on the Company’s business.

For the real estate segments, the occurrence of natural disasters, such as hurricanes, earthquakes, tsunamis, floods, fires, tornados and unusually
heavy or prolonged rain, could damage its real estate holdings, resulting in substantial repair or replacement costs to the extent not covered by insurance, a
reduction in property values, or a loss of revenue, and could have an adverse effect on its ability to develop, lease and sell properties. The occurrence of



natural disasters could also cause increases in property insurance rates and deductibles, which could reduce demand for, or increase the cost of owning or
developing, the Company’s properties.

For the Agribusiness segment, drought, greater than normal rainfall, hurricanes, earthquakes, tsunamis, floods, fires, other natural disasters or
agricultural pestilence may have an adverse effect on the sugar and coffee planting, harvesting and production, and the Agribusiness segment’s facilities,
including dams and reservoirs.

Heightened security measures, war, actual or threatened terrorist attacks, efforts to combat terrorism and other acts of violence may adversely
impact the Company’s operations and profitability.

War, terrorist attacks and other acts of violence may cause consumer confidence and spending to decrease, or may affect the ability or willingness of
tourists to travel to Hawaii, thereby adversely affecting Hawaii’s economy and the Company. Additionally, future terrorist attacks could increase the volatility
in the U.S. and worldwide financial markets. Acts of war or terrorism may be directed at the Company’s shipping operations or real estate holdings, or may
cause the U.S. government to take control of Matson’s vessels for military operation. Heightened security measures are likely to slow the movement and
increase the cost of freight through U.S. or foreign ports, across borders or on U.S. or foreign railroads or highways and could adversely affect the
Company’s business and results of operations.

Loss of the Company’s key personnel could adversely affect its business.

The Company’s future success will depend, in significant part, upon the continued services of its key personnel, including its senior management
and skilled employees. The loss of the services of key personnel could adversely affect its future operating results because of such employee’s experience and
knowledge of its business and customer relationships. If key employees depart, the Company may have to incur significant costs to replace them, and the
Company’s ability to execute its business model could be impaired if it cannot replace them in a timely manner. The Company does not expect to maintain key
person insurance on any of its key personnel.

The Company is involved in joint ventures and is subject to risks associated with joint venture relationships.

The Company is involved in joint venture relationships, and may initiate future joint venture projects. A joint venture involves certain risks such as:

• the Company may not have voting control over the joint venture;
• the Company may not be able to maintain good relationships with its venture partners;
• the venture partner at any time may have economic or business interests that are inconsistent with the Company’s;
• the venture partner may fail to fund its share of capital for operations and development activities, or to fulfill its other commitments, including

providing accurate and timely accounting and financial information to the Company;
the joint venture or venture partner could lose key personnel; and

• the venture partner could become insolvent, requiring the Company to assume all risks and capital requirements related to the joint venture project.

In connection with its real estate joint ventures, the Company is sometimes asked to guarantee completion ofajoint venture’s construction and
development of a project, or to indemnif’ a third party serving as surety for a joint venture’s bonds for such completion. If the Company were to become
obligated to perform under such arrangement, the Company may be adversely affected.

The Company is subject to, and may in the future be subject to, disputes, legal or other proceedings, or government inquiries or investigations,
that could have an adverse effect on the Company.

The nature of the Company’s business exposes it to the potential for disputes, legal or other proceedings, or government inquiries or investigations,
relating to antitrust matters, labor and employment matters, personal injury and property damage, environmental matters, construction litigation, and other
matters, as discussed in the other risk factors disclosed in this section or in other Company filings with the SEC. For example, Matson is a common carrier,
whose tariffs, rates, rules and practices in dealing with its customers are governed by extensive and complex foreign, federal, state and local regulations,
which may be the subject of disputes or administrative or judicial proceedings. These disputes, individually or collectively, could harm the Company’s
business by distracting its management from the operation of its business. If these disputes develop into proceedings, these proceedings, individually or
collectively, could involve or result in significant expenditures or losses by the Company, or result in significant changes to Matson’s tariffs, rates, rules and
practices in dealing with its customers, all of which could have an adverse effect on the Company’s future operating results, including profitability, cash
flows, and financial condition. As a real estate developer, the Company may face warranty and construction defect claims, as described below in the “Real
Estate” section of this “Risk Factors” item. For a description of significant legal proceedings involving the Company, see “Legal Proceedings” below.

Changes in the value of pension assets, or a change in pension law or key assumptions, may adversely affect the Company’s financial
performance.

The amount of the Company’s employee pension and postretirement benefit costs and obligations are calculated on assumptions used in the relevant
actuarial calculations. Adverse changes in any of these assumptions due to economic or other factors, changes in discount rates, higher health care costs, or
lower actual or expected returns on plan assets, may adversely affect the Company’s operating results, cash flows, and financial condition. In addition, a
change in federal law, including changes to the Employee Retirement Income Security Act and Pension Benefit Guaranty Corporation premiums, may
adversely affect the Company’s single-employer and multiemployer pension plans and plan funding. These factors, as well as a decline in the fair value of
pension plan assets, may put upward pressure on the cost of providing pension and medical benefits and may increase future pension expense and required
funding contributions. Although the Company has actively sought to control increases in these costs, there can be no assurance that it will be successful in
limiting future cost and expense increases, and continued upward pressure in costs and expenses could further reduce the profitability of the Company’s
businesses.

The Company may have exposure under its multiemployer plans in which it participates that extends beyond its funding obligation with respect
to the Company’s employees.



The Company contributes to various multiemployer pension plans. In the event of a partial or complete withdrawal by the Company from any plan
that is underfunded, the Company would be liable for a proportionate share of such plan’s unfunded vested benefits. Based on the limited information
available from plan administrators, which the Company cannot independently validate, the Company believes that its portion of the contingent liability in the
case of a full withdrawal or termination may be material to its financial position and results of operations. In the event that any other contributing employer
withdraws from any plan that is underfunded, and such employer (or any member in its controlled group) cannot satisfy its obligations under the plan at the
time of withdrawal, then the Company, along with the other remaining contributing employers, would be liable for its proportionate share of such plan’s
unfunded vested benefits. In addition, if a multiemployer plan fails to satisfy the minimum funding requirements, the Internal Revenue Service will impose
certain penalties and taxes.

TRANSPORTATION

The Company is subject to risks associated with conducting business in a foreign shipping market.

The Company, through Matson’s China service, is subject to risks associated with conducting business in a foreign shipping market, which
include:

• challenges in operating in a foreign country and doing business and developing relationships with foreign companies;
• difficulties in staffing and managing foreign operations;
• U.S. and foreign legal and regulatory restrictions, including compliance with the Foreign Corrupt Practices Act and foreign laws that prohibit

corrupt payments to government officials;
• global vessel overcapacity that may lead to decreases in volumes and shipping rates;
• competition with established and new shippers;
• currency exchange rate fluctuations;
• political and economic instability;
• protectionist measures that may affect the Company’s operation of its wholly-owned foreign enterprise; and
• challenges caused by cultural differences.

Any of these risks has the potential to adversely affect the Company’s operating results.

Compliance with environmental laws and regulations may adversely affect the Company’s business.

The Company’s vessel operations are subject to various federal, State and local environmental laws and regulations, including, but not limited to, the
Oil Pollution Act of 1990, the Comprehensive Environmental Response Compensation & Liability Act of 1980, the Clean Water Act, the Invasive Species Act
and the Clean Air Act. Continued compliance with these laws and regulations may result in additional costs and changes in operating procedures that may
adversely affect the Company’s business.

The Company is subject to risks related to a marine accident or spill event.

The Company’s vessel operations could be faced with a maritime accident, oil spill, or other environmental mishap. Such event may lead to personal
injury, loss of life, damage of property, pollution and suspension of operations. As a result, such event could have an adverse effect on the Company’s
business.

Acquisitions may have an adverse effect on the Company’s business.

The Company’s growth strategy includes expansion through acquisitions. Acquisitions may result in difficulties in assimilating acquired
companies, and may result in the diversion of the Company’s capital and its management’s attention from other business issues and opportunities. The
Company may not be able to integrate companies that it acquires successfully, including their personnel, financial systems, distribution, operations and
general operating procedures. The Company may also encounter challenges in achieving appropriate internal control over financial reporting in connection with
the integration of an acquired company. The Company may pay a premium for an acquisition, resulting in goodwill that may later be determined to be
impaired, adversely affecting the Company’s financial condition and results of operations.

The Company’s logistics services are dependent upon third parties for equipment, capacity and services essential to operate the Company’s
logistics business, and if the Company fails to secure sufficient third party services, its business could be adversely affected.

The Company’s logistics services are dependent upon rail, truck and ocean transportation services provided by independent third parties. If the
Company cannot secure sufficient transportation equipment, capacity or services from these third parties at a reasonable rate to meet its customers’ needs and
schedules, customers may seek to have their transportation and logistics needs met by other third parties on a temporary or permanent basis. As a result, the
Company’s business, consolidated results of operations and financial condition could be adversely affected.

The loss of several of the Company’s major customers could have an adverse effect on the revenue and business of the Company’s logistics
business.

The Company’s logistics business derives a significant portion of its revenues from its largest customers. For 2010, the Company’s logistics
business’ largest ten customers accounted for approximately 29 percent of the business’ revenue. A reduction in or termination of the Company’s logistics
services by several of the logistics business’ largest customers could have an adverse effect on the Company’s revenue and business.



REAL ESTATE

The Company is subject to risks associated with real estate construction and development.

The Company’s development projects are subject to risks relating to the Company’s ability to complete its projects on time and on budget. Factors
that may result in a development project exceeding budget or being prevented from completion include:

• an inability of the Company or buyers to secure sufficient financing or insurance on favorable terms, or at all;
• construction delays, defects, or cost overruns, which may increase project development costs;
• an increase in commodity or construction costs, including labor costs;
• the discovery of hazardous or toxic substances, or other environmental, culturally-sensitive, or related issues;
• an inability to obtain, or significant delay in obtaining, zoning, occupancy and other required govemmental permits and authorizations;
• difficulty in complying with local, city, county and state rules and regulations regarding permitting, zoning, subdivision, utilities, affordable

housing, and water quality as well as federal rules and regulations regarding air and water quality and protection of endangered species and their
habitats;

• an inability to have access to sufficient and reliable sources of water or to secure water service or meters for its projects;
• an inability to secure tenants necessary to support the project or maintain compliance with debt covenants;
• failure to achieve or sustain anticipated occupancy or sales levels;
• buyer defaults, including defaults under executed or binding contracts; and
• an inability to sell the Company’s constructed inventory.

Any of these risks has the potential to adversely affect the Company’s operating results.

A decline in leasing rental income could adversely affect the Company.

The Company owns a portfolio of commercial income properties. Factors that may adversely affect the portfolio’s profitability include:

• a significant number of the Company’s tenants are unable to meet their obligations;
• increases in non-recoverable operating and ownership costs;

the Company is unable to lease space at its properties when the space becomes available;
• the rental rates upon a renewal or a new lease are significantly lower than prior rents or do not increase sufficiently to cover increases in operating

and ownership costs;
• the providing of lease concessions, such as free or discounted rents and tenant improvement allowances; and
• the discovery of hazardous or toxic substances, or other environmental, culturally-sensitive, or related issues at the property.

Governmental entities have adopted or may adopt regulatory requirements that may restrict the Company’s development activity.

The Company is subject to extensive and complex laws and regulations that affect the land development process, including laws and regulations
related to zoning and permitted land uses. Government entities have adopted or may approve regulations or laws that could negatively impact the availability
of land and development opportunities within those areas. For example, in December 2007, Maui County adopted an ordinance requiring verification of water
source availability and sustainability for all developments prior to submission of subdivision construction plans. This requirement adds further process
delays and burdens the developer with identitying and developing new water sources. It is possible that increasingly stringent requirements will be imposed on
developers in tlse future that could adversely affect the Company’s ability to develop projects in the affected markets or could require that the Company satisf’
additional administrative and regulatory requirements, which could delay development progress or increase the development costs of the Company. Any such
delays or costs could have an adverse effect on the Company’s revenues and earnings.

Real estate development projects are subject to warranty and construction defect claims in the ordinary course of business that can be
significant.

As a developer, the Company is subject to warranty and construction defect claims arising in the ordinary course of business. The amounts payable
under these claims, both in legal fees and remedying any construction defects, can be significant and exceed the profits made from the project. As a
consequence, the Company may maintain liability insurance, obtain indemnities and certificates of insurance from contractors generally covering claims
related to workmanship and materials, and create warranty and other reserves for projects based on historical experience and qualitative risks associated with
the type of project built. Because of the uncertainties inherent to these matters, the Company cannot provide any assurance that its insurance coverage,
contractor arrangements and reserves will be adequate to address some or all of the Company’s warranty and construction defect claims in the future. For
example, contractual indemnities may be difficult to enforce, the Company may be responsible for applicable self-insured retentions, and certain claims may
not be covered by insurance or may exceed applicable coverage limits. Additionally, the coverage offered and the availability of liability insurance for
construction defects could be limited or costly. Accordingly, the Company cannot provide any assurance that such coverage will be adequate or available at all,
or available at an acceptable cost.

AGRIBUSINESS

The lack of water for agricultural irrigation could adversely affect the Company.

It is crucial for the Company’s Agribusiness segment to have access to reliable sources of water for the irrigation of sugar cane and coffee. As further
described in “Legal Proceedings” below, there are challenges to the Company’s ability to divert water from streams in Maui. In addition, the Company’s access
to water is subject to weather patterns that cannot be reliably predicted. If the Company is not permitted to divert stream waters for its use or there is
insufficient rainfall, it would have an adverse effect on the Company’s sugar operations, including possible cessation of operations.



A decline in raw sugar or coffee prices will adversely affect the Company’s business.

The business and results of operations of the Company’s agribusiness segment are substantially affected by market factors, particularly the
domestic prices for raw cane sugar. These market factors are influenced by a variety of forces, including prices of competing crops and suppliers, weather
conditions, and United States fam and trade policies. If the price for sugar or coffee were to decline, the Company’s agribusiness segment would be adversely
affected. See also discussion under “Business and Properties - Agribusiness - Competition and Sugar Legislation” above.

The Company is subject to risks associated with raw sugar and coffee production.

The Company’s production of raw sugar and coffee is subject to numerous risks that could adversely affect the volume and quality of sugar or
coffee produced, including:

• wcathcr and natural disasters;
• disease;
• weed control;
• uncontrolled fires, including arson;
• government restrictions on farming practices due to cane burning;
• increases in costs, including, but not limited to fuel, fertilizer, herbicide, and drip tubing;
• water availability (see risk factor above regarding lack of water);
• equipment failures in factory or power plant;



ITEM 6. SELECTED FINANCIAL DATA

The following financial data should be read in conjunction with Item 8, “Financial Statements and Supplementary Data,” and Item 7, “Management’s
Discussion and Analysis of Financial Condition and Results of Operations” (dollars and shares in millions, except shareholders of record and per-share
amounts):

2010 2009 2008 2007 2006
Revenue:

Transportation:
Oceantransportation $ 1,045.0 $ 888.6 $ 1,023.7 S 1,006.9 $ 945.8
Logistics services 355.6 320.9 436.0 433.5 444.2

Real Estate:
Leasing 94.4 103.2 107.8 108.5 100.6
Sales 136.1 125.6 350.2 117.8 97.3
Less amounts reported in discontinued
operations’ (122.5) (132.4) (160.3) (138.5) (136.5)

Agribusiness5 163.9 107.0 124.3 123.7 127.4
Reconciling Items2 (26.3) (16.3) (10.7) (9.2) (14.2)

Total revenue $ 1,646.2 S 1,396.6 $ 1,871.0 $ 1,642.7 S 1,564.6

Operating Profit:
Transportation:

Ocean transportation3 $ 99.4 $ 58.3 $ 105.8 S 126.5 $ 105.6
Logistics services 7.2 6.7 18.5 21.8 20.8

Real Estate:
Leasing 35.3 43.2 47.8 51.6 50.3
Sales3 50.1 39.1 95.6 74.4 49.7
Less amounts reported in discontinued

operations’ (51.9) (57.0) (74.6) (76.0) (67.5)
Agribusiness5 6.1 (27.8) (12.9) 0.2 6.9

Total operatingprofit 146.2 62.5 180.2 198.5 165.8
Interest expense, net4 (25.5) (25.9) (23.7) (18.8) (15.0)
General corporate expenses (23.3) (21.8) (21.0) (27.3) (22.3)

Ineome from continuing operations before
incometaxes 97.4 14.8 135.5 152.4 128.5

Income taxes 38.5 5.8 49.2 57.5 48.0
Income from continuing operations 58.9 9.0 86.3 94.9 80.5
Income from discontinued operations 33.2 35.2 46.1 47.3 42.0

Netlneome $ 92.1 $ 44.2 S 132.4 $ 142.2 $ 122.5

I Prior year amounts restated for amounts treated as discontinued operations.

2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

The Ocean Transportation segment includes approximately $12.8 million, $6.2 million, $5.2 million, $10.7 million, and $13.3 million of equity in
earnings from its investment in SSAT for 2010, 2009, 2008, 2007, and 2006, respectively. Additionally, in August 2010, Matson initiated its second China
string, which incurred start-up losses of approximately $19.3 million principally occurring in the fourth quarter of 2010 . The Real Estate Sales segment
includes approximately $2.0 million, $9.0 million, $22.6 million, and $14.4 million in equity in earnings from its various real estate joint ventures for
2010, 2008, 2007, and 2006. respectively. Equity in eamings from joint ventures in 2009 was negligible.

Includes Ocean Transportation interest expense of S8.2 million for 2010, $9.0 million for 2009, $11.6 million for 2008, $13.9 million for 2007, and S13.3
million for 2006. Substantially all other interest expense was incurred at the parent company.

Includes a $4.9 million gain in 2010 related to a crop disaster relief payment for drought experienced in prior years and a $5.4 million gain recorded upon
consolidation of HS&TC in 2009.



SELECTED FINANCIAL DATA (CONTINUED)

2010 2009 2008 2007 2006
Identifiable Assets:

Transportation:
Oceantransportation 5 1,095.5 $ 1,095.2 S 1,153.9 S 1,215.0 S 1,185.3
Logistics services 73.8 72.4 74.2 58.6 56.4
Real Estate:

Leasing 739.4 627.4 590.2 595.4 525.5
Sa1es 420.8 415.6 344.6 408.9 295.0

Agribusiness 150.3 156.8 172.2 174.6 168.7
Other 14.8 12.2 15.1 26.6 20.3

Total assets S 2,494.6 $ 2,379.6 $ 2,350.2 $ 2,479.1 S 2,251.2

Capital Expenditures:
Transportation:
Ocean transportation $ 69.4 $ 12.7 $ 35.5 $ 65.8 $ 217.1
Logistics services7 1.8 0.6 2.4 2.0 1.7
Real Estate:

Leasing8 164.7 108.8 100.2 124.5 93.0
Sales9 0.1 0.1 0.6 0.3 1.3

Agribusiness 6.8 3.4 15.2 20.5 15.0
Other 0.3 0.3 0.8 0.3 1.5

Total capital expenditures $ 243.1 $ 125.9 $ 154.7 $ 213.4 $ 329.6

Depreciation and Amortization:
Transportation:
Ocean transportation $ 69.0 S 67.1 S 66.1 $ 63.2 5 58.1
Logistics services 3.2 3.5 2.3 1.5 1.5
Real Estate:
Leasing’ 20.3 19.5 17.9 15.7 14.1
Sales 0.2 0.3 0.2 0.2 0.1
Agribusiness 12.7 11.9 11.5 10.7 10.1
Other 1.9 3.1 2.7 1.3 0.9

Total depreciation and amortization S 107.3 $ 105.4 S 100.7 S 92.6 S 84.8

6 The Ocean Transportation segment includes approximately $52.9 million, $47.2 million, $44.6 million, $48.6 million, and $49.8 million related to its
investment in SSAT as of December31, 2010, 2009, 2008, 2007, and 2006, respectively. The Real Estate Sales segment includes approximately $274.8
million, $193.3 million, $162.1 million, $134.1 million, and $98.4 million related to its investment in various real estate joint ventures as of December 31,
2010, 2009, 2008, 2007, and 2006, respectively.

7 Excludes expenditures related to Matson Integrated Logistics’ acquisitions, which are classified as acquisition of businesses in Cash Flows from Investing
Activities within the Consolidated Statements of Cash Flows.

8 Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the
Consolidated Statements of Cash Flows.

Excludes expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated
Statements of Cash Flows. Operating cash flows for expenditures related to real estate developments were $22 million, $6 million, $39 million, $110
million, and $69 million for 2010, 2009, 2008, 2007, and 2006, respectively.



SELECTED FLNANCIAL DATA (CONTINUED)

2010 2009 2008 2007 2006

Earnings per share:
From continuing operations:

Basic S 1.43 $ 0.22 $ 2.09 $ 2.23 S 1.86
Diluted S 1.42 $ 0.22 S 2.08 $ 2.20 $ 1.85

Net income:
Basic 5 2.23 $ 1.08 $ 3.21 $ 3.34 $ 2.84
Diluted $ 2.22 $ 1.08 $ 3.19 $ 3.30 $ 2.81

Returnonbeginningequity 8.5% 4.1% 11.7% 13.8% 12.1%
Cash dividends per share S 1.26 $ 1.26 $ 1.235 $ 1.12 $ 0.975

At Year End
Shareholders of record 3,079 3,197 3,269 3,381 3,506
Shares outstanding 41.3 41.0 41.0 42.4 42.6
Long-term debt—non-current $ 386 $ 406 $ 452 $ 452 $ 401



ITEM 7. MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF OPERATIONS

FORWARD-LOOKING STATEMENTS AND RISK FACTORS

The Company, from time to time, may make or may have made certain forward-looking statements, whether orally or in writing, such as forecasts and
projections of the Company’s future performance or statements of management’s plans and objectives. These statements are “forward-looking” statements as
that term is defined in the Private Securities Litigation Reform Act of 1995. Such forward-looking statements may be contained in, among other things, SEC
filings, such as the Forms 10-K, lO-Q and 8-K, the Annual Report to Shareholders, press releases made by the Company, the Company’s Internet Web sites
(including Web sites of its subsidiaries), and oral statements made by the officers of the Company. Except for historical information contained in these written
or oral communications, such communications contain forward-looking statements. These include, for example, all references to 2011 or future years. New
risk factors emerge from time to time and it is not possible for the Company to predict all such risk factors, nor can it assess the impact of all such risk
factors on the Company’s business or the extent to which any factor, or combination of factors, may cause actual results to differ materially from those
contained in any forward-looking statements. Accordingly, forward-looking statements cannot be relied upon as a guarantee of future results and involve a
number of risks and uncertainties that could cause actual results to differ materially from those projected in the statements, including, but not limited to the
factors that are described in Part I, Item IA under the caption of “Risk Factors” of this Form 10-K, which section is incorporated herein by reference. The
Company is not required, and undertakes no obligation, to revise or update forward-looking statements or any factors that may affect actual results, whether
as a result of new information, future events, or circumstances occurring after the date of this report.

OVERVIEW

Management’s Discussion and Analysis of Financial Condition and Results of Operations (“MD&A”) is designed to provide a discussion of the Company’s
financial condition, results of operations, liquidity and certain other factors that may affect its future results from the perspective of management. The
discussion that follows is intended to provide information that will assist in understanding the changes in the Company’s financial statements from year to
year, the primary factors that accounted for those changes, and how certain accounting principles, policies and estimates affect the Company’s financial
statements. MD&A is provided as a supplement to, and should be read in conjunction with, the consolidated financial statements and the accompanying notes
to the financial statements. MD&A is presented in the following sections:

• Business Overview
• Critical Accounting Estimates

Consolidated Results of Operations
• Analysis of Operating Revenue and Profit by Segment
• Liquidity and Capital Resources
• Contractual Obligations, Commitments, Contingencies and Off-Balance-Sheet Arrangements
• Business Outlook
• Other Matters

BUSINESS OVERVIEW

Alexander & Baldwin, Inc. (“A&B”), founded in 1870, is a multi-industry corporation headquartered in Honolulu that operates in five segments in three
industries—Transportation, Real Estate, and Agribusiness.

Transportation: The Transportation Industry consists of Ocean Transportation and Logistics Services segments. The Ocean Transportation segment, which
is conducted through Matson Navigation Company, Inc. (“Matson”), a wholly-owned subsidiary of A&B, is an asset-based business that derives its revenue
primarily through the carriage of containerized freight between various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports. Additionally,
the Ocean Transportation segment has a 35 percent interest in an entity (SSA Terminals, LLC or “SSAT”) that provides terminal and stevedoring services at
U.S. Pacific Coast facilities.

The Logistics Services segment, which is conducted through Matson Integrated Logistics, Inc. (“MIt”), a wholly-owned subsidiary of Matson, is a non-asset
based business that is a provider of domestic and intemational rail intermodal service (“Intermodal”), long-haul and regional highway brokerage, specialized
hauling, flat-bed and project work, less-than-truckload, expeditedlair freight services, and warehousing and distribution services (collectively “Highway”).
Warehousing and distribution services are provided by Matson Global Distribution Services, Inc. (“MGDS”), a wholly-owned subsidiary of MIL. MGDS’s
operations also include Pacific American Services, LLC (“PACAM”), a San Francisco bay-area regional warehousing, packaging, and distribution company.

The Transportation Industry accounted for 78 percent, 54 percent, and 47 percent of the revenue, operating profit, and identifiable assets, respectively, in
2010 on a consolidated basis before discontinued operations.

Real Estate: The Real Estate Industry consists of two segments, both of which have operations in Hawaii and on the U.S. Mainland. The Real Estate Sales
segment generates its revenues through the development and sale of land and commercial and residential properties. The Real Estate Leasing segment owns,
operates, and manages retail, office, and industrial properties. Real estate activities are conducted through A&B Properties, Inc. and various other subsidiaries
and affiliates of A&B.

The Real Estate Industry accounted for 13 percent, 43 percent, and 47 percent of the revenue, operating profit, and identifiable assets, respectively, in 2010 on
a consolidated basis before discontinued operations.

Agribusiness: Agribusiness, which contains one segment, produces bulk raw sugar, specialty food grade sugars, molasses, green coffee and roasted coffee;
markets and distributes green coffee, roasted coffee, and specialty food-grade sugars; provides general trucking services, mobile equipment maintenance, and
repair services in Hawaii; and generates and sells, to the extent not used in the Company’s Agribusiness operations, electricity. The Company also is the sole
member in Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a cooperative that provides raw sugar marketing and transportation services.
HS&TC was consolidated with the Company’s results beginning December 1, 2009.



In December 2010, the Company entered into an agreement to lease land and sell certain assets used in the coffee business to Massimo Zanetti Beverage USA,
Inc. (“MZB”), including intangible assets. The assets will be sold at book value, or an approximate price of $15 million. The transaction, which is not
expected to result in a gain or loss, is subject to certain material contingencies and, assuming the satisfaction of those conditions, is expected to close in the
first quarter of 2011. The Company will retain fee simple ownership of the land, buildings, power generation, and power distribution assets.

The Agribusiness Industry accounted for 9 percent, 3 percent, and 6 percent of the revenue, operating profit, identifiable assets in 2010, respectively, on a
consolidated basis before discontinued operations.

CRITICAL ACCOUNTING ESTIMATES

The Company’s significant accounting policies arc described in Note I to the Consolidated Financial Statements. The preparation of financial statements in
conformity with accounting principles generally accepted in the United States of America, upon which the MD&A is based, requires that management exercise
judgment when making estimates and assumptions about future events that may affect the amounts reported in the fmancial statements and accompanying
notes. Future events and their effects cannot be determined with certainty and actual results will, inevitably, differ from those critical accounting estimates.
These differences could be material.

The Company considers an accounting estimate to be critical if: (i)(a) the accounting estimate requires the Company to make assumptions that are difficult or
subjective about matters that were highly uncertain at the time that the accounting estimate was made, (b) changes in the estimate are reasonably likely to occur
in periods subsequent to the period in which the estimate was made, or (c) use of different estimates by the Company could have been used, and (ii) changes
in those assumptions or estimates would have had a material impact on the financial condition or results of operations of the Company. The critical
accounting estimates inherent in the preparation of the Company’s financial statements are described below.

Impairment of Long-Lived Assets and Finite-Lived Intangible Assets: The Company’s long-lived assets, including finite-lived intangible assets, are
reviewed for possible impairment when events or circumstances indicate that the carrying value may not be recoverable. In such an evaluation, the estimated
future undiscountcd cash flows generated by the asset are compared with the amount recorded for the asset to dctennine if its carrying value is not recoverable.
If this review determines that the recorded value will not be recovered, the amount recorded for the asset is reduced to estimated fair value. The Company has
evaluated certain long-lived assets, including intangible assets, for impairment; however, no impairment charges were recorded in 2010, 2009, and 2008 as a
result of this process. These asset impairment loss analyses are highly subjective because they require management to make assumptions and apply
considerable judgments to, among others, estimates of the timing and amount of future cash flows, expected useful lives of the assets, uncertainty about future
events, including changes in economic conditions, changes in operating performance, changes in the use of the assets, and ongoing costs of maintenance and
improvements of the assets, and thus, the accounting estimates may change from period to period. If management uses different assumptions or if different
conditions occur in future periods, the Company’s financial condition or its future operating results could be materially impacted.

Impairment of Investments: The Company’s investments in unconsolidated affiliates are reviewed for impairment whenever there is evidence that fair value
may be below carrying cost. An investment is written down to fair value if fair value is below carrying cost and the impairment is other-than-temporary. In
evaluating the fair value of an investment, the Company reviews probability-weighted discounted projected cash flows associated with the investment and
other relevant information. In evaluating whether an impairment is other-than-temporary, the Company considers all available information, including the
length of time and extent of the impairment, the financial condition and near-term prospects of the affiliate, the Company’s ability and intent to hold the
investment for a period of time sufficient to allow for any anticipated recovery in market value, and projected industry and economic trends, among others.

Significant estimates and considerable judgments are involved in determining the fair value of an investment and assessing whether any identified impairment
is other-than-temporary. These estimates and judgments are based, in part, on the Company’s current and future evaluation of economic conditions in general,
as well as a joint venture’s current and future plans. These impairment calculations are highly subjective because they also require management to make
assumptions and apply judgments to estimates of the timing and amount of future cash flows, probabilities related to various cash flow scenarios, and
appropriate discount rates based on the perceived risks, among others. Changes in these and other assumptions could affect the projected operational results
and fair value of the unconsolidated affiliates, and accordingly, may require valuation adjustments to the Company’s investments that may materially impact
the Company’s financial condition or its future operating results. For example, if current market conditions deteriorate significantly or a joint venture’s plans
change materially, impairment charges may be required in future periods, and those charges could be material.

In 2010, the Company evaluated certain investments for impairment. As a result of this process, the Company recorded an impairment loss of approximately
$1.9 million related to its Santa Barbara joint venture investment. Continued weakness in the real estate sector or difficulty in obtaining or renewing project-
level financing may affect the value or feasibility of certain development projects owned by the Company or by its joint ventures and could lead to additional
impairment charges in the future.

Legal Contingencies: The Company’s results of operations could be affected by significant litigation adverse to the Company, including, but not limited to,
liability claims, construction defect claims, antitrust claims, and claims related to coastwise trading matters. The Company records accruals for legal matters
when the information available indicates that it is probable that a liability has been incurred and the amount of the loss can be reasonably estimated.
Management makes adjustments to these accruals to reflect the impact and status of negotiations, settlements, rulings, advice of counsel and other information
and events that may pertain to a particular matter. Predicting the outcome of claims and lawsuits and estimating related costs and exposure involves
substantial uncertainties that could cause actual costs to vary materially from those estimates. In making determinations of likely outcomes of litigation
matters, the Company considers many factors. These factors include, but are not limited to, the nature of specific claims including unasserted claims, the
Company’s experience with similar types of claims, the jurisdiction in which the matter is filed, input from outside legal counsel, the likelihood of resolving
the matter through alternative dispute resolution mechanisms and the matter’s current status. A detailed discussion of significant litigation matters is contained
in Note 13 to the Consolidated Financial Statements.

Allowance for Doubtful Accounts: Receivables are recorded net of an allowance for doubtful accounts. The Company estimates future write-offs based on
delinquencies, credit ratings, aging trends, and historical experience. The Company believes the allowance for doubtful accounts is adequate to cover
anticipated losses; however, significant deterioration in any of the aforementioned factors or in general economic conditions could change these expectations,
and accordingly, the Company’s financial condition or its future operating results could be materially impacted.



2010: The revenue and expenses of Ontario Distribution Center, an industrial property in California, Valley Freeway Corporate Park, an industrial facility in
Washington, Mililani Shopping Center, a retail center in Hawaii, Kele Shopping Center on Maui, and various Maui parcels have been classified as
discontinued operations. Additionally, a retail property on ?‘aui that was held for sale at year-end was classified as discontinued operations.

2009: The revenue and expenses of Hawaii Business Park, an industrial property on Oahu, Southbank II, an office building in Arizona, San Jose Avenue
Warehouse, an industrial property in California, Pacific Guardian Tower, an office property on Oahu, Village at Indian Wells, an office property in
California, and various parcels on Maui have been classified as discontinued operations. Additionally, a retail property on Oahu was classified as
discontinued operations.

2008: The revenue and expenses of two retail properties on the mainland, one mainland office property, a multi-tenant residential rental property, three
commercial properties on Maui, land previously leased to a telecommunications tenant on Maui, and several land parcels on Maui, and have been classified
as discontinued operations.

Agribusiness

As of December 1, 2009, the Company began consolidating the results of the Hawaiian Sugar & Transportation Cooperative (“HS&TC”) because
the Company became the sole member. Since HS&TC is a wholly-owned consolidated subsidiary, revenue recognition on raw sugar and molasses sales
occurs when HS&TC delivers the sugar and molasses to the Company’s third-party customers on the U.S. mainland. Prior to consolidation, the Company
recognized revenue when the raw sugar was delivered to HS&TC, which occurred as sugar was produced and delivered to the sugar warehouse on Maui,
where title and risk of loss passed. As a result of the HS&TC consolidation, the timing of revenue recognition differs between 2009 and 2010 and results in
year-over-year variances.



As’rihusiness; 2010 compared with 2009

(dollars in millions) 2010 2009 Change
Revenue $ 163.9 $ 107.0 53%
Operatingprofit(loss) $ 6.1 $ (27.8) NM
Operating profit margin 3.7% -26.0%
Tons sugar produced 171,800 126,800 35%
Tons sugar sold 176,700 124,000 43%

Agribusiness revenue increased $56.9 million in 2010 compared with 2009. The increase was primarily due to $62.8 million in higher bulk raw sugar
revenue that was the result of higher sugar prices and higher sales volume, as well as $3.3 million in higher coffee revenues related to higher volume and
prices. These increases were partially offset by a $7.1 million reduction in specialty sugar revenue due to lower sales volume.

Operating profit was S6.1 million in 2010 compared with an operating loss of $27.8 million in 2009. The improvement in operating profit was primarily due
to a $33.4 million improvement in raw sugar margins. The improvement in raw sugar margins is principally the result of higher sugar prices and an increase
in the volume of sugar production over which costs are allocated, resulting in lower per unit costs. Operating profit also benefited from a $7.9 million increase
in specialty sugar margins, due primarily to lower per unit production costs previously described. The increase in operating profit was partially offset by a
$3.0 million reduction in coffee results, principally due to a $1.9 million lower of cost or market adjustment to coffee inventory in the first quarter of 2010, as
well as a $2.8 million reduction in molasses margins due principally to higher delivery costs and lower sales volume.

Sugar production in 2010 was 35 percent higher than in 2009 due principally to higher average yields per acre. The higher yields in 2010 were principally the
result of improved growing conditions and factory enhancements. The average revenue per ton of sugar for 2010 was $575 or 63 percent higher than the
average revenue per ton of $352 in 2009.

Agribusiness; 2009 compared with 2008

(dollars in millions) 2009 2008 Change
Revenue $ 107.0 $ 124.3 -14%
Operating profit (loss) $ (27.8) $ (129) -2X
Tons sugar produced 126,800 145,200 -13%

Agribusiness revenue decreased $17.3 million in 2009 compared with 2008. The decrease was primarily due to a S16.6 million reduction in power revenue
stemming from lower power prices and volume and $9.2 million in lower raw sugar sales volume, partially offset by a S5.4 million non-operating gain
recognized upon consolidation of HS&TC and $3.4 million in higher specialty sugar volume. Power prices, which decreased by more than 50 percent
compared to the prior year, are determined by an avoided cost calculation for the public utilities in Hawaii, and have been negatively impacted by a reduction
in fossil fuel costs as well as a regulatory change in the avoided cost formula.

Operating loss increased S14.9 million in 2009 compared with 2008. The increase in operating loss was primarily due to $18.8 million reduction in power
sales margin resulting from lower sales prices and volume and higher boiler fuel consumption and prices. The increase in operating loss was partially offset
by a $5.4 million non-operating gain recorded upon consolidation of HS&TC.

Sugar production in 2009 was 13 percent lower than in 2008 due to the ongoing effects of severe drought conditions in 2007-2008. Additionally, fewer acres
were harvested in 2009 to allow growing cane to mature more fully before harvest. The average revenue per ton of sugar for 2009 was $352 or 1 percent lower
than the average revenue per ton of $355 in 2008.

Of the Company’s 2009 sugar production, approximately 73 percent was sold to Hawaiian Sugar & Transportation Cooperative (“HS&TC”) under a
marketing contract. The remainder was sold as specialty sugar. HS&TC sells its raw sugar to C&H Sugar Company, Inc. at a price equal to the New York
No. 16 Contract settlement price, less a discount and less costs for sugar vessel discharge and stevedoring. This price, after deducting the marketing,
operating, distribution, transportation and interest costs of HS&TC, reflects the gross revenue to the Company. In 2009, HS&TC entered into a new contract
for the delivery and sale of raw sugar with C&H Sugar Company, Inc., which replaced the contract that was Set to expire in December 2009. The new Contract
was executed in October 2009 and has 3-year term.

LIQUIDITY AND CAPITAL RESOURCES

Overview: The Company has two revolving senior credit facilities with six commercial banks that provide for an aggregate commitment of S325
million, which consist of a $225 million facility and a $100 million facility for A&B and Matson, respectively. The A&B facility expires in December 2011
and the Matson facility expires in December 2012. As of December31, 2010, the Company had approximately $198 million of available capacity under the
facilities. Additionally, as of December 31, 2010, the Company had access to approximately $97 million of remaining capacity on a $400 million term
facility, under which the ability to draw additional amounts under the facility expires in April 2012, and $63 million of remaining capacity on a facility that
expires in June 2015. The Company is currently in compliance with all of its covenants under its debt agreements. As a result, the Company believes its
ability to access cash under its facilities, as well as its ability to generate cash from operations, will be adequate to meet anticipated future cash requirements to
fund working capital, capital expenditures, dividends, potential acquisitions, stock repurchases, and other cash needs for the foreseeable fi.rture. There can be
no assurance, however, that the Company will continue to generate cash flows at or above current levels or that it will be able to maintain its ability to borrow
under its available credit facilities.

While Matson is subject to restrictions on the transfer of net assets to A&B under certain debt agreements, these restrictions have not had any effect on the
Company’s shareholder dividend policy, and the Company does not anticipate that these restrictions will have any impact in the future. At December 31,
2010, the amount of net assets of Matson that may not be transferred to the Company was approximately $292 million.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF INCOME

(In millions, except per-share amounts)

Year Ended December 31,
2010 2009 2008

Operating Revenue:
Ocean transportation $ 1,040 $ 887 $ 1,021

Logistics services 355 321 436

Real estate leasing 85 76 70

Real estate sales 14 1 6 225

Agribusiness 152 97 119

Total operatingrevenue 1,646 1,397 1,871

Operating Costs and Expenses:
Cost of ocean transportation services 853 740 825

Cost of logistics services 314 280 381

Cost of real estate sales and leasing 62 5 6 225

Cost of agribusiness goods and services 150 130 133

Selling, general and administrative 158 154 163

Total operating costs and expenses 1,537 1,360 1,727

Operating Income 109 37 144

Other Inconie and (Expense):
Gain on iosurance settlement and other 6 -- 8

Crop disaster relief payment 5 —

Gain on consolidation of HS&TC (Note 3) — 5 --

Equity in income of real estate affiliates 2 -- 9

Tmpainnent loss on investment (1) (2) (2)

Interest income 2 --

Interest expense (26) (25) (24)

Income From Continuing Operations Before Income Taxes 97 1 5 136

Income taxes 38 6 50

Income From Continuing Operations 59 9 86

Income from discontinued operations, net of income taxes (Note 2) 33 35 46

Net Income $ 92 $ 44 $ 132

Basic Earnings per Share of Common Stock:

Continuing operations $ 1.43 $ 0.22 $ 2.09

Discontinued operations 0.80 0.86 1.12

Netincome $ 2.23 $ 1.08 $ 3.21

Diluted Earnings per Share of Common Stock:

Continuing operations $ 1.42 $ 0.22 $ 2.08

Discontinued operations 0.80 0.86 1.11

Netincome $ 2.22 S 1.08 S 3.19

Weighted Average Number of Shares Outstanding:

Basic 41.2 41.0 41.2

Diluted 41.5 41.1 41.5

See notes to consolidated financial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF CASH FLOWS

(In millions)

Cash Flows from Operating Activities:
Net income
Adjustments to reconcile net income to net cash provided by operations:

Depreciation and amortization
Deferred income taxes
Gains on disposal of assets, net of impairment losses
Gain from receipt of insurance proceeds
Gain on consolidation of HS&TC
Share-based expense
Equity in income of affiliates, net of distributions

Changes in operating assets and liabilities:
Accounts and notes receivable
Inventories
Prepaid expenses and other assets
Deferred dry-docking costs
Liability for employee benefit plans
Accounts and income taxes payable
Other liabilities

Real estate developments held for sale:
Real estate inventory sales
Expenditures for real estate inventory

Net cash provided by operations
Cash Flows from Investing Activities:

Capital expenditures for property and developments
Proceeds from disposal of income-producing property, investments and other assets
Proceeds from insurance settlement
Deposits into Capital Construction Fund
Withdrawals from Capital Construction Fund
Acquisition of businesses, net of cash acquired
Payments for purchases of investments
Proceeds from investments

Net cash used in investing activities
Cash Flows from Financing Activities:

Proceeds from issuance of debt
Payments of debt and deferred financing costs
Proceeds from (payments on) line-of-credit agreement, net
Repurchases of capital stock
Proceeds from issuance of capital stock and other
Dividends paid

Net cash used in financing activities
Cash and Cash Equivalents:

Net increase (decrease) for the year
Balance, beginning of year

Balance, end of year
Other Cash Flow Information:

Interest paid, net of amounts capitalized
Income taxes paid

Non-cash Activities:
Debt assumed in real estate purchase
Real estate received in settlement of a mortgage note
Tax-deferred property sales
Tax-deferred property purchases

Year Ended December 31,
2010 2009 2008

$ 92 $ 44 $ 132

107 105
5 1

(51) (51)
(1) —

— (5)
8 9

(8) (1)

8 (16)
6 (6)

(18) (5)
9 10

15 --

9 20
(15) 11

(95) (31) (109)
34 32 19

—
-- 8

(4) (4) (7)
4 8

(27)
(60)

________

19

_________

(149)

127
(138)

(5)
-- (59)

(2) (3) 2
19 17

$ 16 $ 19

$ (25) S (24) $ (25)
$ (46) $ (38) S (63)

S 8 $ -- $ 11
S 8$ -- $ --

$ 120 $ 109 $ 112
S (148) $ (95) $ (46)

101
19

(91)
(8)

11
11

24
(6)

(9)
(3)

(37)
(17)

184
(39)

275

6

(22)
150

5
(6)

115

4

(102)
13

(150)

245
(198)

(4)

lO
(48)

6
(31)

241
(288)

13

2
(51)

(124)

7 (1)
(52) (52)
(2) (87)

16

__________

S 14

See notes to consolidated financial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED BALANCE SHEETS

(In millions, except per-share amount)

December 31,
2010 2009

ASSETS
Current Assets

Cash and cash equivalents S 14 $ 1 6
Accounts and notes receivable, less allowances of $8 for 2010 and S 10 for 2009 165 172
Inventories 35 43
Real estate held for sale 8 36
Deferred income taxes 8 6
Section 1031 exchange proceeds I
Prepaid expenses and other assets 33 33

Total current assets 264 307
Investments in Affiliates 329 242
Real Estate Developments 122 88
Property—net 1,651 1,536
Employee Benefit Plan Assets 3 3
Other Assets 126 204

Total S 2,495 $ 2,380

LIABTLITIES AND SHAREHOLDERS’ EQUITY
Current Liabilities

Notes payable and current portion of long-tcrm debt S 136 $ 65
Accounts payable 137 132
Payroll and vacation benefits 20 1 8
Uninsured claims 10 9
Accrued and other liabilities 50 73

Total current liabilities 353 297
Long-term Liabilities

Long-tenn debt 386 406
Deferred income taxes 431 428
Employee benefit plans 135 116
Uninsured claims and other liabilities 54 48

Total long-term liabilities 1,006 998
Commitments and Contingencies (Note 13)
Shareholders’ Equity

Capital stock — common stock without par value; authorized, 150 million shares ($0.75 stated value
per share); outstanding, 41.3 million shares in 2010 and 41.0 million shares in 2009 34 33

Additional capital 223 210
Accumulated other comprehensive loss (82) (81)
Retained eamings 972 934
Cost of treasury stock (11) (11)

Total shareholders’ equity 1,136 1,085

Total S 2,495 S 2,380

See notes to consolidated financial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF SHAREHOLDERS’ EQUITY

For the three years ended December 31, 2010
(In millions, except per-share amounts)

Balance, December 31, 2007
Net income
Other comprehensive income,
net of tax:
Defined benefit plans:

Net loss/prior service cost
Less: Amortization of net loss/prior

service cost
Total comprehensive income
Shares repurchased
Shares issued
Share-based compensation
Dividends ($1.23 per share)
Balance, December 31, 2008
Net income
Other comprehensive income, net of

Accumulated

Other
Compre
hensive Retained

Loss Earnings Total

Canital Stock
Issued In Treasury

Stated Additional
Shares Value Shares Cost Capital

46.0 34 3.6 (11) 200

(1.4) (1)

44.6 33 3.6 (II

(4) 911

— 132

(93) —

(8) — (50)

II — —

—

—

_______

(51)
204 (96) 942
—

— 44

1,130
132

(93)

40

(59)

11
(51)

1,072
44

tax:
Defined benefit plans:

Net gain/prior service (cost) — — — — — 7 — 7
Less: Amortization of net loss/prior

service cost — — — —
— 8 — 8

Total comprehensive income 5 9
Excess tax benefit and share

withholding — — — — (3) — — (3)
Share-based compensation — — — — 9 — — 9
Dividends ($1.26 per share) — — — — —

— (52) (52)
Balance, December 31, 2009 44.6 $ 33 3.6 $ (11) $ 210 $ (81) $ 934 $ 1,085

Net income — — — — —
— 92 92

Other comprehensive income, net of
tax:

Defined benefit plans:
Net gain/prior service (cost) — — — — — (13) — (13)
Less: Amortization of

net loss/prior service cost — — — — — 12 — 12
Total comprehensive income 91
Excess tax benefit and share

withholding — — —
— (1) — (2) (3)

Shares issued 0.3 1 — — 6 — — 7
Share-based compensation — — —

— 8 — — 8
Dividends ($1.26 per share) — — — — —

— (52) (52)
Balance, December 31, 2010 44.9 $ 34 3.6 $ (11) $ 223 $ (82) $ 972 $ 1,136

See notes to consolidated financial statements.



November 30, 2010, the judge dismissed the complaint with prejudice. On December 22, 2010, the plaintiffs filed an appeal to the Ninth Circuit Court of
Appeals. The Company and Matson will continue to vigorously defend themselves in this lawsuit. The Company is unable to predict, at this time, the
outcome or financial impact, if any, of this lawsuit if an amended complaint is filed.

In February 2011, the Environmental Protection Agency (“EPA”) issued nationwide standards for controlling hazardous air pollutant emissions from
industrial, commercial, institutional boilers and process heaters, which would apply to Hawaiian Commercial & Sugar Company’s three boilers. The
standards require that prescribed emissions be reduced to allowable levels as detailed in the final regulations. The Company is currently evaluating the impact
of the new standards, which require compliance by early 2014. Given the Company’s continuing evaluation of alternative operating models for its sugar
business and the requirement to perform a thorough analysis of the new standards, the Company is unable to predict at this time, the financial impact of the
regulations.

The Company is subject so possible climate change legislation, regulation and international accords. Numerous bills related to climate change, such
as limiting and reducing greenhouse gas emissions through a “cap and trade” system of allowances and credits, have been introduced in the U.S. Congress. In
addition, the EPA is in the process of adopting and implementing regulations limiting greenhouse gas emissions in lieu of Congressional action. If enacted,
these regulations could impose significant additional costs on the Company, including increased energy costs, higher material prices, and costly mandatory
vessel and equipment modifications. The Company is unable to predict, at this time, the outcome or fmancial impact, if any, of future climate change related
legislation.

A&B and its subsidiaries are parties to, or may be contingently liable in connection with, other legal actions arising in the normal conduct of their
businesses, the outcomes of which, in the opinion of management after consultation with counsel, would not have a material adverse effect on A&B’s results
of operations or financial position.

14. INDUSTRY SEGMENTS

Operating segments are components of an enterprise that engage in business activities from which it may earn revenues and incur expenses, whose operating
results are regularly reviewed by the chief operating decision maker to make decisions about resources to be allocated to the segment and assess its
performance, and for which discrete financial information is available. The Company’s chief operating decision maker is its Chief Executive Officer. Based
on the foregoing, the Company has five segments that operate in three industries: Transportation, Real Estate and Agribusiness.

The Transportation Industry consists of two segments. Ocean Transportation carries freight between various U.S. Pacific Coast, major Hawaii ports, Guam,
China and other Pacific ports and provides terminal, stevedoring and container equipment management services in Hawaii. Additionally, the Ocean
Transportation segment has a 35 percent interest in an entity that provides terminal and stevedoring services at U.S. Pacific Coast facilities. Logistics Services
arranges domestic and international rail intermodal service, long-haul and regional highway brokerage, specialized hauling, flat-bed and project work, less-
than-truckload, expedited freight services, and warehousing and distribution services.

The Real Estate Industry consists of two segments. The Real Estate Sales segment generates its revenues through the development and sale of land, commercial
and residential properties. The Real Estate Leasing segment owns, operates, and manages retail, office, and industrial properties. When property that was
previously leased is sold, the sales revenue and operating profit are included with the Real Estate Sales segment.

Agribusiness, which consists of one segment, grows sugar cane and coffee; produces bulk raw sugar, specialty food-grade sugars, molasses, green coffee and
roasted coffee; markets and distributes roasted coffee, green coffee and specialty food-grade sugars; provides general trucking services, mobile equipment
maintenance and repair services in Hawaii; and generates and sells, to the extent not used in the Company’s operations, electricity.

The accounting policies of the operating segments are described in the summary of significant accounting policies. Reportable segments are measured based on
operating profit, exclusive of interest expense, general corporate expenses, and income taxes.

Industry segment information for 2010, 2009, and 2008 is summarized below (in millions):

For the Year 2010 2009 2008
Revenue:

Transportation:
Ocean transportation S 1,045.0 S 888.6 $ 1,023.7
Logistics services 355.6 320.9 436.0

Real Estate:
Leasing 94.4 103.2 107.8
Sales 136.1 125.6 350.2
Less amounts reported in discontinued operations (122.5) (132.4) (160.3)

Agribusiness5 163.9 107.0 124.3
Reconciling Items 2 (26.3) (16.3) (10.7)

Total revenue $ 1,646.2 S 1,396.6 $ 1,871.0
Operating Profit:

Transportation:
Ocean transportation3 $ 99.4 $ 58.3 $ 105.8
Logistics services 7.2 6.7 18.5

Real Estate:
Leasing 35.3 43.2 47.8
Sales3 50.1 39.1 95.6
Less amounts reported in discontinued operations’ (51.9) (57.0) (74.6)

Agribusiness5 6.1 (27.8) (12.9)
Total operating profit 146.2 62.5 180.2

Interest expense, net4 (25.5) (25.9) (23.7)



General corporate expenses (23.3) (21.8) (21.0)

Income from continuing operations before income taxes 97.4 14.8 135.5

Income taxes 38.5 5.8 49.2

Income from continuing operations 58.9 9.0 86.3

Discontinued operations 33.2 35.2 46.1

Net income $ 92.1 $ 44.2 $ 132.4

1 Prior year amounts restated for amounts treated as discontinued operations. See Notes I and 2 for additional information.

2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

3 The Ocean Transportation segment includes approximately $12.8 million, $6.2 million, and $5.2 million of equity in earnings from its investment in

SSAT for 2010, 2009, and 2008, respectively. Additionally, in August 2010, Matson initiated its second China string, which incurred start-up losses of

approximately $19.3 million principally occurring in the fourth quarter of 2010. The Real Estate Sales segment includes approximately $2.0 million and

$9.0 million in equity in earnings from its various real estate joint ventures for 2010 and 2008, respectively. Equity in earnings from joint ventures in 2009

was negligible.

Includes Ocean Transportation interest expense of $8.2 million for 2010, $9.0 million for 2009, and $11.6 million for 2008. Substantially all other interest

expense was at the parent company.

Includes a $4.9 million gain in 2010 related to a crop disaster relief payment for drought experienced in prior years and a $5.4 million gain recorded upon

consolidation of HS&TC in 2009.



INDUSTRY SEGMENTS (CONTINUED)

As of December31: 2010 2009 2008

Identifiable Assets:
Ocean transportation6 $ 1,095.5 $ 1,095.2 $ 1,153.9

Logistics services 73.8 72.4 74.2

Real estate leasing 739.4 627.4 590.2

Real estate sales& 420.8 415.6 344.6

Aaribusiness 150.3 156.8 172.2

Other 14.8 12.2 15.1

Total assets $ 2,494.6 S 2,379.6 $ 2,350.2

Capital Expenditures:
Ocean transportation $ 69.4 $ 12.7 $ 35.5

Logistics services7 1.8 0.6 2.4

Real estate leasing8 164.7 108.8 100.2

Real estate salcs 0.1 0.1 0.6

Agribusiness 6.8 3.4 15.2

Other 0.3 0.3 0.8

Total capital expenditures $ 243.1 $ 125.9 $ 154.7

Depreciation and Amortization:
Oceantransportation $ 69.0 $ 67.1 $ 66.1

Logistics services 3.2 3.5 2.3

Real estate leasing1 20.3 19.5 17.9

Real estate sales 0.2 0.3 0.2

Agribusiness 12.7 11.9 11.5

Other 1.9 3.1 2.7

Total depreciation and amortization $ 107.3 $ 105.4 $ 100.7

6 The Ocean Transportation segment includes approximately $52.9 million, $47.2 million, and $44.6 million related to its investment in SSAT as of

December 31, 2010, 2009, and 2008, respectively. The Real Estate Sales segment includes approximately $274.8 million, $193.3 million, and $162.1

million related to its investment in various real estate joint ventures as of December31, 2010, 2009, and 2008, respectively.

7 Excludes expenditures related to Matson Integrated Logistics’ acquisitions, which are classified as acquisition of businesses in Cash Flows from Investing

Activities within the Consolidated Statements of Cash Flows.

8 Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the

Consolidated Statements of Cash Flows.

Excludes expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated

Statements of Cash Flows. Operating cash flows for expenditures related to real estate developments were $22 million, $6 million, and $39 million for

2010, 2009, and 2008, respectively.



15. QUARTERLY INFORMATION (Unaudited)

Segment results by quarter for 2010 are listed below (in millions, except per-share amounts):

________

2010

QI Q2 Q3 Q4

Revenue:
Transportation:

Ocean transportation $ 229.5 $ 257.2 $ 267.5 S 290.8

Logistics services 77.1 88.6 92.4 97.5

Rcal Estate:
Leasing 23.6 23.2 24.4 23.2

Sales 60.3 22.0 4.3 49.5
Less amounts reported in discontinued operations (57.3) (19.7) (2.2) (43.3)

Agribusiness2 14.2 29.8 60.4 59.5

Reconciling Items (4.2) (3.6) (2.7) (15.8)

Total revenue $ 343.2 $ 397.5 $ 444.1 $ 461.4

Operating Profit (Loss):
Transportation:

Ocean transportation4 $ 10.4 $ 37.0 $ 40.4 $ 11.6

Logistics services 1.9 1.5 1.8 2.0

Real Estate:
Leasing 9.1 8.5 9.3 8.4

Sales 21.4 8.0 2.9 17.8

Less amounts reported in discontinued operations I (22.1) (10.1) (1 .4) (18.3)

Agribusiness2 (1.1) 1.8 0.8 4.6

Total operating profit 19.6 46.7 53.8 26.1

Interest Expense (6.5) (6.5) (6.3) (6.2)

General Corporate Expenses (6.6) (4.5) (7.7) (4.5)

Income From Continuing Operations before Income Taxes 6.5 35.7 39.8 15.4

Incometaxes 3.3 13.2 15.1 6.9

Income From Continuing Operations 3.2 22.5 24.7 8.5

Discontinued Operations’ 14.1 6.4 1.0 11.7

Netincome $ 17.3 $ 28.9 $ 25.7 S 20.2

Earnings Per Share:
Basic $ 0.42 $ 0.70 S 0.62 $ 0.49

Diluted $ 0.42 $ 0.70 S 0.62 $ 0.48

See Note 2 for discussion of discontinued operations.
2 Includes a $4.9 million gain in the fourth quarter of 2010 related to a crop disaster relief payment for drought experienced in prior years.

Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

In the third quarter of 2010, Matson initiated its second China string, which incurred start-up losses of approximately $19.3 million principally

occurring in the fourth quarter.



Segment results by quarter for 2009 are listed below (in millions, except per-share amounts):

2009
Ql Q2 Q3 Q4

Revenue:
Transportation:

Ocean transportation $ 201.1 $ 218.5 $ 234.2 $ 234.8
Logistics services 76.2 80.3 82.3 82.1
Real Estate:

Leasing 27.2 25.9 25.2 24.9
Sales 25.2 21.3 14.9 64.2
Less amounts reported in discontinued operations 1 (31.8) (22.8) (15.3) (62.5)

Agribusiness 2 17.7 29.2 32.5 27.6
Reconciling Items 3 (2.3) (2.8) (3.0) (8.2)

Total revenue $ 313.3 $ 349.6 $ 370.8 $ 362.9

Operating Profit (Loss):
Transportation:

Ocean transportation $ (0.5) $ 21.1 $ 24.2 $ 13.5
Logistics services 1.5 1.8 2.2 1.2

Real Estate:
Leasing 12.0 11.0 10.2 10.0
Sales 5.6 9.6 3.5 20.4
Less amounts reported in discontinued operations’ (12.7) (13.2) (6.6) (24.5)

Agribusiness (1.9) (11.3) (13.8) (0.8)
Total operating profit 4.0 19.0 19.7 19.8

Interest Expense (5.6) (6.9) (6.7) (6.7)
General Corporate Expenses (6.1) (4.5) (4.9) (6.3)
Income From Continuing Operations before Income Taxes (7.7) 7.6 8.1 6.8

Income taxes (benefit) (2.9) 3.1 3.7 1.9
Income From Continuing Operations (4.8) 4.5 4.4 4.9
Discontinued Operations’ 7.8 8.1 4.1 15.2

Netlncome $ 3.0 $ 12.6 $ 8.5 $ 20.1

Earnings Per Share:
Basic $ 0.07 $ 0.31 $ 0.21 $ 0.49
Diluted $ 0.07 $ 0.31 $ 0.21 $ 0.49

See Note 2 for discussion of discontinued operations.
2 Includes a $5.4 million gain recorded upon consolidation of HS&TC in the fourth quarter of 2009.

Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.



16. PARENT COMPANY CONDENSED FINANCIAL INFORMATION

Set forth below are the unconsolidated condensed financial statements of Alexander & Baldwin, Inc. (“Parent Company”). The significant accounting policies

used in preparing these financial Statements are substantially the same as those used in the preparation of the consolidated financial statements as described in

Note 1, except that, for purposes of the tables presented in this footnote, subsidiaries are carried under the equity method.

The following table presents the Parent Company’s condensed balance sheets as of December31, 2010 and 2009 (in millions):

2010 2009

ASSETS
Current Assets:

Cash and cash equivalents $ - $

Accounts and other receivables, net 5 12

Inventories 16 1 5

Real estate held for sale 3 7

Prepaid expenses and other 6 6

Total current assets 30 41

Investments:

Subsidiaries consolidated, at equity 1,299 1,210

Property, at Cost 501 455

Less accumulated depreciation and amortization 225 226

Property-- net 276 229

Other Assets 17 32

Total $ 1,622 $ 1,512

LIABILITIES AND SHAREHOLDERS’ EQUITY

Current Liabilities:
Current portion of long-tenn debt $ 108 S 40

Accounts payable 8 10

Income taxes payable 2 24

Non-qualified benefit plans 1 17

Other 17 15

Total current liabilities 136 106

Long-term Debt 230 239

Employee Benefit Plans 27 22

Non-qualified Benefit Plans 10 8

Other Long-term Liabilities 11 4

Deferred Income Taxes 50 42

Due to Subsidiaries 22 6

Shareholders’ Equity:

Capital stock 34

Additional capital 223 210

Accumulated other comprehensive loss (82) (81)

Retained eamings 972 934

Cost of treasury stock (11) (11)

Total shareholders’ equity 1,136 1,085

Total
$ 1,622 $ 1,512



The following table presents the Parent Company’s condensed statements of income for the years ended December31, 2010, 2009 and 2008 (in millions):

2010 2009 2008

Revenue:
Agribusiness $ 117 $ 73 $ 91

Real estate leasing 17 14 10

Real estate sales 2 8 6

Interest and other 6 2 3

Total revenue 142 97 110

Costs and Expenses:
Cost of agribusiness goods and services 114 109 110

Cost of real estate sales and leasing 11 10 11

Selling, general and administrative 24 21 21

Interest and other 16 1 6 14

Income tax benefit (12)

_________

(18)

Total costs and expenses 153 134 138

Loss from Continuing Operations (11) (37) (28)

Discontinued Operations, net of income taxes 23 11 24

Loss Before Equity in Income of Subsidiaries Consolidated 12 (26) (4)

Equity in Income from Continuing Operations of Subsidiaries Consolidated 70 46 114

Equity in Income from Discontinued Operations of Subsidiaries Consolidated 10 24 22

Net Income 92 44 132

Other Comprehensive Income (Loss), net of income taxes (1) 15 (91)

Comprehensive Income $ 91 $ 5 9 S 41
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PART I

ITEMS 1 & 2. BUSINESS AN]) PROPERTIES

Alexander & Baldwin, Inc. (“A&B” or the “Company”) is a multi-industry corporation with its primary operations centered in Hawaii. It was
founded in 1870 and incorporated in 1900. Ocean transportation operations, related shoreside operations in Hawaii, and intermodal, truck brokerage and



logistics services are conducted by a wholly-owned subsidiary, Matson Navigation Company, Inc. (“Matson”), and its subsidiaries. Property development,
commerial real estate and agribusiness operations are conducted by A&B and certain other subsidiaries of A&B.

The business industries of A&B are generally as follows:

A. Transportation - carrying freight, primarily between various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports;
arranging domestic and international rail intermodal service, long-haul and regional highway brokerage, specialized hauling, flat-bed and
project work, less-than-truckload, expedited/air freight services, and warehousing and distribution services; and providing terminal,
stevedoring and container equipment maintenance services in Hawaii.

B. Real Estate - engaging in real estate development and ownership activities, including planning, zoning, financing, constructing,
purchasing, managing and leasing, selling and exchanging, and investing in real property.

C. Agribusiness - growing sugar cane in Hawaii; producing bulk raw sugar, specialty food-grade sugars and molasses; marketing and
distributing specialty food-grade sugars; generating and selling, to the extent not used in A&B’s operations, electricity; and providing
general trucking services in Hawaii, including sugar and molasses hauling, and mobile equipment maintenance and repair services. In
March 2011, the Company executed an agreement to lease land and sell coffee inventory and certain assets used in a coffee business it
previously operated to Massimo Zanetti Beverage USA, Inc.

For information about the revenue, operating profits and identifiable assets of A&B’s industry segments for the three years ended December 31,
2011, see Note 14 (“Industry Segments”) to A&B’s financial statements in Item 8 of Part II below.

Separation Transaction: On December 1, 2011, the Company announced that its Board of Directors unanimously approved a plan to pursue the separation
of the Company to create two independent, publicly traded companies:

• A Hawaii-based land company with interests in real estate development, commercial real estate and agriculture (composed of the Real Estate and
Agribusiness segments described above), which will retain the Alexander & Baldwin, Inc. name; and

• An ocean transportation company serving the U.S. West Coast, Hawaii, Guam, Micronesia and China, and a domestic logistics company under the
Matson name (composed of the businesses in the Transportation segment described above).

The separation is expected to be completed in the second half of 2012.

On February 13, 2012, the Company entered into an Agreement and Plan of Merger to reorganize itself as a holding company incorporated in Hawaii. The
holding company structure will help facilitate the separation by allowing the Company to organize and segregate the assets of its different businesses in an
efficient manner prior to the separation and facilitate the third party and governmental consent and approval process. In addition, the holding company
reorganization will help preserve the Company’s status as a U.S. citizen under certain U.S. maritime and vessel documentation laws (popularly referred to as
the Jones Act) by, among other things, limiting the percentage of outstanding shares of common stock in the holding company that may be owned (of record or
beneficially) or controlled in the aggregate by non-U.S. citizens (as defined by the Jones Act) to a maximum permitted percentage of 22%. For more
information on the Jones Act and its effect on the Company, see “Description of Business and Properties — Transportation — Jones Act.”

DESCRIPTION OF BUSINESS AND PROPERTIES

A. Transportation

(1) Freight Services

Matson’s Hawaii Service offers containership freight services between the ports of Long Beach, Oakland, Seattle and the major ports in Hawaii on
the islands of Oahu, Kauai, Maui and Hawaii. Roll-on/roll-off service is provided between California and the major ports in Hawaii. Matson is the principal
carrier of ocean cargo between the U.S. Pacific Coast and Hawaii. Principal westbound cargoes carried by Matson to Hawaii include dry containers of mixed
commodities, refrigerated commodities, packaged foods, building materials, automobiles and household goods. Principal eastbound cargoes carried by
Matson from Hawaii include automobiles, household goods, dry containers of mixed commodities, food and beverages, and livestock. The majority of
Matson’s Hawaii Service revenue is derived from the westbound carriage of containerized freight and automobiles.

Matson’s Guam Service provides weekly containership freight services between the U.S. Pacific Coast and Guam. Additional freight destined to and
from the Commonwealth of the Marianas Islands, the Republic of Palau and the island of Yap in the Federated States of Micronesia is transferred at Guam to
and from connecting carriers for delivery to and from those locations.

Matson’s Micronesia Service offers container and conventional freight service between the U.S Pacific Coast and the islands of Kwajalein, Ebeye
and Majuro in the Republic of the Marshall Islands and the islands of Pohnpei, Chuuk and Kosrac in the Federated States of Micronesia. Cargo is transferred
at Guam to a Matson-operated ship that provides hi-weekly service to and from those islands. Matson also carries cargo originating in Asia to these islands by
receiving cargo transferred from other carriers in Guam.

Matson’s China Service is part of an integrated Hawaii/Guam/China service. This service employs five Matson containerships in a weekly service
that carries cargo from the U.S. Pacific Coast to Honolulu, then to Guam. The vessels continue to the ports of Xiamen, Ningbo and Shanghai in China,
where they are loaded with cargo to be discharged in Long Beach. These ships also carry cargo destined to and originating from Guam, the Commonwealth of
Northern Marianas, the Republic of Palau and the Republic of the Marshall Islands. In 2011, Matson operated a second vessel string for part of the year that
employed five chartered containerships in a weekly service that carried cargo from the U.S. Pacific Coast directly to the ports of Hong Kong, Yantian and
Shanghai in China, where they also loaded cargo to be discharged in Long Beach. Operation of the second vessel string was terminated in the third quarter of
2011.



A&B’s mainland commercial properties owned as of year-end 2011 were as follows:

Leasable Area
Property Location Type (sq. ft.)

Heritage Business Park Dallas, TX Industrial 1,316,400
Savannah Logistics Park Savannah, GA Industrial 1,035,700
Midstate 99 Distribution Center Visalia, CA Industrial 789,100
Sparks Business Center Sparks, NV Industrial 396,100
Republic Distribution Center Pasadena, TX Industrial 312,500
Activity Distribution Center San Diego, CA Industrial 252,300
Centennial Plaza Salt Lake City, UT Industrial 244,000
Meadows on the Parkway Boulder, CO Retail 216,400
1800 and 1820 Preston Park Piano, TX Office 198,800
Ninigret Office Park X and Xl Salt Lake City, UT Office 185,500
San Pedro Plaza San Antonio, TX Office/Retail 171,900
Rancho Temecula Town Center Temecula, CA Retail 165,500
2868 Prospect Park Sacramento, CA Office 162,900
Issaquah Office Center Issaquah, WA Office 146,900
Little Cottonwood Center Sandy, UT Retail 141,600
Concorde Commerce Center Phoenix, AZ Office 140,700
Deer Valley Financial Center Phoenix, AZ Office 126,600
Northpoint Industrial Fullerton, CA Industrial 119,400
Broadlands Marketplace Broomfield, CO Retail 103,900
Union Bank Everett, WA Office 84,000
2890 Gateway Oaks Sacramento, CA Office 58,700
Wilshire Shopping Center Greeley, CO Retail 46,500
Royal MacArthur Center Dallas, TX Retail 44,100
Firestone Boulevard Building La Mirada, CA Office 28,100

C. Agribusiness

(1) Production

A&B has been engaged in the production of cane sugar in Hawaii since 1870. A&B ‘s current agribusiness and related operations consist of: (I) a
sugar plantation on the island of Maui, operated by its Hawaiian Commercial & Sugar Company (“HC&S”) division, (2) renewable energy operations on the
island of Kauai, operated by its McBryde Resources, Inc. subsidiary, (3) its Kahului Trucking & Storage, Inc. (“KT&S”) and Kauai Commercial
Company, Incorporated (“KCC”) subsidiaries, which provide several types of trucking services, including sugar and molasses hauling on Maui, mobile
equipment maintenance and repair services on Maui, Kauai, and the Big Island, and self-service storage facilities on Maui and Kauai, and (4) Hawaiian
Sugar & Transportation Cooperative (“HS&TC”), a single member agricultural cooperative that provides raw sugar marketing and transportation services
solely to HC&S. HS&TC owns the MV Moku Pahu, a Jones-Act qualified integrated tug barge bulk dry carrier, which is used to transport raw sugar from
Hawaii to the U.S. West Coast and coal from the U.S. West Coast to Hawaii.

HC&S is Hawaii’s only producer of raw sugar, producing approximately 182,800 tons of raw sugar in 2011 (compared with 171,800 tons in
2010). The primary reasons for the increase in production were improved yields on the plantation due to better agronomie practices, a higher average age of the
crop at harvest, and increased delivery of irrigation water. HC&S harvested 15,063 acres of sugar cane in 2011 (compared with 15,488 in 2010). Yields
averaged 12.1 tons of sugar per acre in 2011 (compared to 11.1 in 2010). As a by-product of sugar production, HC&S also produced approximately 53,100
tons of molasses in 2011 (compared to 52,800 in 2010).

In 2011, approximately 18,700 tons of sugar (compared to 16,300 tons in 2010) were processed by FIC&S into specialty food-grade sugars under
HC&S’s Maui Brand® trademark or repackaged by distributors under their own labels. This increase in production was due to longer, steady production
runs throughout the harvesting season, enhanced operation of the specialty brand sugar production line, and more efficient labor operations.

In March 2011, the Company executed an agreement to lease land and sell coffee inventory and certain assets used in a coffee business it previously
operated to Massimo Zanetti Beverage USA, Inc. (“MZB”), including intangible assets. The Company has retained fee simple ownership of the land,
buildings, power generation, and power distribution assets, but no longer operates the coffee plantation.

HC&S and MeBryde Sugar Company, Limited (“McBryde”), a subsidiary of A&B, produce electricity for internal use and for sale to the local
electric utility companies. HC&S’s power is produced by buming bagasse (the residual fiber of the sugar cane plant), by hydroelectric power generation and,
when necessary, by burning fossil fuels. McBryde produces power solely by hydroelectric generation. The price for the power sold by HC&S and McBryde
is equal to the utility companies’ “avoided cost” of not producing such power themselves. In addition, HC&S receives a capacity payment to provide a
guaranteed power generation capacity to the local utility. See “Energy” below for power production and sales data.

(2) Marketing of Sugar

Approximately 90 percent of the bulk raw sugar produced by HC&S in 2011 was purchased by C&H Sugar Company, Inc. (“C&H”). C&H
processes the raw cane sugar at its refinery at Crockett, California and markets the refined products primarily in the western and central United States.

The remaining 10 percent of the raw sugar was used by HC&S to produce specialty food-grade sugars, which are sold by HC&S to food and



beverage producers and to retail stores under its Maui Brand label, and to distributors that repackage the sugars under their own labels. HC&S’s largest
food-grade sugar customers are Cumberland Packing Corp. and Sugar Foods Corporation, which repackage HC&S’s turbinado sugar for their “Sugar in the
Raw” product line.

Hawaiian Sugar & Transportation Cooperative (“HS&TC”), a sugar grower cooperative in Hawaii (of which HC&S currently is the only member),
has a supply contract with C&H ending in December 2012. Pursuant to the supply contract, the cooperative sells raw sugar to C&H at a price equal to the
New York No. 16 Contract settlement price, less a volume-based discount.

(3) Sugar Competition and Legislation

Hawaii has traditionally produced more sugar per acre than most other major producing areas of the world, but that advantage is offset by Hawaii’s
high labor costs and the distance to the U.S. Mainland market. Hawaiian refined sugar is marketed primarily west of Chicago. This is also the largest beet
sugar growing and processing area and, as a result, the only market area in the United States that produces more sugar than it consumes. Sugar from sugar
beets is the greatest source of competition in the refined sugar market for the Hawaiian sugar industry.

The U.S. Congress historically has sought, through legislation, to assure a reliable domestic supply of sugar at stable and reasonable prices. The
current legislation is the Food Conservation and Energy Act of 2008, which expires on December31, 2012 (“2008 Farm Bill”). The two main elements of
U.S. sugar policy are the tariff-rate quota (“TRQ”) import system and the price support loan program. The TRQ system limits imports from countries other
than Canada and Mexico by allowing only a quota amount to enter the U.S. after payment of a relatively low tariff. A higher, over-quota tariff is imposed for
imported quantities above the quota amount. Also, a new but limited sucrose ethanol program was added in 2008, which allows sugar to be diverted into
ethanol production when the market is deemed to be oversupplied.

The 2008 Farm Bill reauthorized the sugar price support loan program, which supports the U.S. price of sugar by providing for commodity-secured
loans to producers. A loan rate (support price) of 18.50 cents per pound (“Ø/lb”) for raw cane sugar was in effect for the 2010 and 2011 crops. The loan rate
increases to 18.75 0/lb for the 2012 and 2013 crops (the last year of the bill). The U.S. rates are adjusted by region to reflect the cost of transportation. The
2010 adjusted crop loan rate in Hawaii is 16.52 0/lb. The Company does not currently participate in the sugar price support loan program.

In 2005, the U.S. approved a trade pact with Central America and the Dominican Republic, known as the Central America-Dominican Republic-
United States Free Trade Agreement. In 2006, the first year of the agreement, additional sugar market access for participating countries amounted to about 1.2
percent of current U.S. sugar consumption (107,000 metric tons), which will grow to about 1.7 percent (151,000 metric tons) in its fifteenth year.

Implementation of the North American Free Trade Agreement (NAFTA) began in 1994. This agreement removed most barriers to trade and
investment among the U.S., Canada and Mexico. Under NAFTA, all non-tariff barriers to agricultural trade between the U.S. and Mexico were eliminated. In
addition, many tariffs were eliminated immediately or phased out. Starting in 2008, Mexico was permitted to ship an unlimited quantity of sugar duty-free to
the U.S. each year.

U.S. raw sugar prices remained relatively stable and flat for over thirty years. The full implementation of NAFTA in 2008, which unified the U.S.
and Mexican sugar markets, increased price volatility. In 2009, a tight NAFTA supply/demand outlook and a soaring world raw sugar market combined to
push U.S. raw sugar prices to 29-year highs. Prices have remained at high levels for most of 2011. A chronological chart of the average U.S. domestic raw
sugar prices, based on the average daily New York No. 16 Contract settlement price for domestic raw sugar, is shown below (not adjusted for inflation):
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(4) Land Designations and Water



The HC&S sugar plantation, the only remaining sugar plantation in Hawaii, consists of 43,300 acres, with approximately 35,500 acres under active
sugar cane cultivation.

On Kauai, approximately 3,000 acres are cultivated in coffee by Massimo Zanetti Beverage USA, Inc., which leases the land from the Company.
Additional acreage is cultivated in seed com and used for pasture purposes.

The Hawaii Legislature, in 2005, passed Important Agricultural Lands (“IAL”) legislation to fulfill the State constitutional mandate to protect
agricultural lands, promote diversified agriculture, increase the State’s agricultural self-sufficiency, and assure the availability of agriculturally suitable
lands. In 2008, the Legislature passed a package of incentives, which is necessary to trigger the IAL system of land designation. In 2009, A&B received
approval from the State Land Use Commission for the designation of over 27,000 acres on Maui and ovcr 3,700 acres on Kauai as IAL. These designations
were the result of voluntary petitions filed by A&B.

It is crucial for HC&S to have access to reliable sources of water supply and efficient irrigation systems. HC&S conserves water by using “drip”
irrigation systems that distribute water to the roots through small holes in plastic tubes. All but a small area of the cultivated cane land farmed by HC&S is
drip irrigated.

A&B owns 16,000 acres of watershed lands in East Maui, which supply a portion of the irrigation water used by HC&S. A&B also held four
water licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the last ten years have supplied approximately 58 percent of the
irrigation Water used by HC&S. The last of these water license agreements expired in 1986, and all four agreements were then extended as revocable permits
that were renewed annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits
with a long-term water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has renewed
the existing permits on a holdover basis. A&B also holds rights to an irrigation system in West Maui, which provided approximately 14 percent of the
irrigation water used by HC&S over the last ten years. For information regarding legal proceedings involving A&B’s irrigation systems, see “Legal
Proceedings” below.

B. Employees and Labor Relations

As of December31, 2011, A&B and its subsidiaries had approximately 2,100 regular full-time employees. About 880 regular full-time employees
were engaged in the agribusiness segment, 1,101 were engaged in the transportation segment, 42 were engaged in the real estate segment, and the remaining were
in administration. Approximately 48 percent were covered by collective bargaining agreements with unions.

At December31, 2011, the active Matson fleet employed seagoing personnel in 197 billets. Each billet corresponds to a position on a ship that
typically is filled by two or more employees because seagoing personnel rotate between active sea duty and time ashore. Approximately 25 percent of Matson’s
regular full-time employees and all of the seagoing employees were covered by collective bargaining agreements.

Historically, collective bargaining with longshore and seagoing unions has been complex and difficult. However, Matson and Matson Terminals
consider their relations with those unions, other unions and their non-union employees generally to be satisfactory.

Matson’s seagoing employees are represented by six unions, three representing unlicensed crew members and three representing licensed crew
members. Matson negotiates directly with these unions. Matson’s agreements with the Seafarer’s Intemational Union, the Sailors Union of the Pacific and the
Marine Firemen’s Union were renewed in mid-2008 through June 2013. Contracts that Matson has with the American Radio Association were renewed in mid-
2009 through August 15, 2013. Contracts that Matson has with the Masters, Mates & Pilots (“MM&P”) and the Marine Engineers Beneficial Association
(“MEBA”) for ships built prior to 2003 were renewed in mid-2009 through August 15, 2013. Contracts that Matson has with MM&P and the MEBA for
ships built after 2003 expire on August 15, 2013 and include provisions for a wage reopener, which was negotiated in mid-2009 to cover the remaining
contract period. Matson’s MEBA contracts were extended on December 29,2011 and now expire on August 15, 2018.

SSAT, the previously-described joint venture of Matson and SSA, provides stevedoring and terminal services for Matson vessels calling at U.S.
Pacific Coast ports. Matson, SSA and SSAT are members of the Pacific Maritime Association (“PMA”) which, on behalf of its members, negotiates
collective bargaining agreements with the ILWU on the U.S. Pacific Coast. A six-year PMAJILWU Master Contract, which covers all Pacific Coast longshore
labor, was negotiated in 2008 and will expire on July 1,2014. Matson Terminals provides stevedoring and terminal services to Matson and other vessel
operators calling at Honolulu and on the islands of Hawaii, Maui and Kauai. Matson Terminals is a member of the Hawaii Stevedore Industry Committee,
which negotiates with the ILWU in Hawaii on behalf of its members. In 2008, Matson signed six-year agreements with each of the ILWU units, which will
expire on July 1,2014.

During 2010, Matson maintained its collective bargaining agreements with ILWU clerical workers in Honolulu and Oakland, which are in effect
through June 2014. The bargaining agreement with ILWU clerical workers in Long Beach was renegotiated in 2010 for another three-year period. The health
& welfare and pension provisions were not renegotiated; however, the parties agreed to match the provisions that are negotiated between the ILWU clerical
workers in Long Beach and the other employers. Those negotiations are continuing and are expected to be finalized in 2012.

During 2011, Matson contributed to multiemployer pension plans for vessel crews. If Matson were to withdraw from or significantly reduce its
obligation to contribute to one of the plans, Matson would review and evaluate data, actuarial assumptions, calculations and other factors used in determining
its withdrawal liability, if any. In the event that any third parties materially disagree with Matson’s determination, Matson would pursue the various means
available to it under federal law for the adjustment or removal of its withdrawal liability. Also, Matson participates in a multiemployer pension plan for its
office clerical workers in Long Beach. Matson Terminals participates in two multiemployer pension plans for its Hawaii ILWU non-clerical employees. For a
discussion of withdrawal liabilities under the Hawaii longshore and seagoing plans, see Note 10 (“Employee Benefit Plans”) to A&B’s consolidated financial
statements in Item 8 of Part II below.

Bargaining unit employees of HC&S are covered by two collective bargaining agreements with the ILWU. The agreements with the FIC&S
production unit employees and clerical and technical employees bargaining units cover approximately 640 workers and expire on January 31, 2014. The
bargaining unit employees at KT&S also are covered by two collective bargaining agreements with the ILWU. The bulk sugar employees’ agreement expires
on June 30, 2014 and the agreement with all other employees expires on March 31, 2012, with renegotiations expected to begin in March 2012. There are two



collective bargaining agreements with KCC employees represented by the ILWU. These agreements expire on April 30, 2012, with renegotiations expected to
begin in April 2012.

F. Energy

Matson and Matson Terminals purchase residual fuel oil, lubricants, gasoline and diesel fuel for their operations and also pay fuel surcharges to
drayage providers and rail carriers. Residual fuel oil is by far Matson’s largest energy-related expense. Tn 2011, Matson purchased approximately 2.7 million
barrels of residual fuel oil for its vessels, which included fuel for Matson’s CLX2 service discontinued in the third quarter of 2011, compared with 2.1
million barrels in 2010.

Residual fuel oil prices paid by Matson in 2011 on the West coast started at $83.23 per barrel and ended the year at SI 13.93. The lowest west coast
price for the year was S82. 13 per barrel in January, and the high price was SI 24.36 in December. Sufficient fuel for Matson’s requirements is expected to be
available in 2012.

As has been the practice with sugar plantations throughout Hawaii, HC&S uses bagasse, the residual fiber of the sugar cane plant, as a fuel to
generate steam for the production of most of the electrical power for sugar milling and irrigation pumping operations. In addition to bagasse, HC&S uses coal,
diesel, fuel oil, and recycled motor oil to generate power during factory shutdown periods when bagasse is not being produced or during periods when bagasse
is not produced in sufficient quantities. HC&S also generates a limited amount of hydroelectric power. To the extent it is not used in A&B’s factory and
farming operations, HC&S sells electricity. In 2011, HC&S produced and sold, respectively, approximately 191,300 MWH and 64,900 MWH of electric
power (compared with 190,400 MWH produced and 68,300 MWH sold in 2010). The decrease in power sold was due to increased power used for irrigation
pumps to improve soil moisture levels and yields. Hydroelectric generation was depressed during the year due to extended drought conditions on
Maui. HC&S’s use of oil in 2011 of 9,700 barrels was 42 percent less than the 16,700 barrels used in 2010. The decrease was primarily due to higher
bagasse production used in power generation as a result of improved yields on the farm. Coal used for power generation was 58,600 short tons, about 2,600
tons less than that used in 2010. Less coal was required because of the higher bagassc production from the fields.

In 2011, McBryde produced approximately 29,800 MWH of hydroelectric power (compared with approximately 29,500 MWH in 2010). To the
extent it is not used in A&B-relatcd operations, McRryde sells electricity to Kauai Island Utility Cooperative. Power sales in 2011 amounted to approximately
22,100 MWN (compared with 19,000 MWFI in 2010).

F. Available Information

A&B files reports with the Securities and Exchange Commission (the “SEC”). The reports and other information filed include: annual reports on
Form 10-K, quarterly reports on Form l0-Q, current reports on Form 8-K and other reports and information filed under the Securities Exchange Act of 1934
(the “Exchange Act”).

The public may read and copy any materials A&B files with the SEC at the SEC’s Public Reference Room at 100 F Street. i’E, Washington, DC
20549. The public may obtain information on the operation of the Public Reference Room by calling the SEC at l-800-SEC-0330. The SEC maintains an
Internet website that contains reports, proxy and information statements, and other information regarding A&B and other issuers that file electronically with
the SEC. The address of that website is www.sec.gov.

A&B makes available, free of charge on or through its Internet website, A&B’s annual reports on Form 10-K, quarterly reports on Form lO-Q,
current reports on Form 8-K and amendments to those reports filed or furnished pursuant to Section 13(a) or 15(d) of the Exchange Act as soon as reasonably
practicable after it electronically files such material with, or furnishes it to, the SEC. The address of A&B’s Internet website is www.alexanderbaldwin.com.



ITEM 1A. RISK FACTORS

The business of A&B and its subsidiaries (collectively, the “Company”) faces numerous risks, including those set forth below or those described

elsewhere in this Form 10-K or in the Company’s filings with the SEC. The risks described below are not the only risks that the Company faces, nor are they

listed in order of significance. Other risks and uncertainties may also impair its business operations. Any of these risks may have a material adverse effect

on the Company’s business, liquidity, financial condition, results of operations and cash flows. All forward-looking statements made by the Company or on

the Company’s behalf are qualified by the risks described below.

Changes in U.S., global, or regional economic conditions that result in a further decrease in consumer confidence or market demand for the

Company’s services and products in Hawaii, the U.S. Mainland, Guam or Asia may adversely affect the Company’s financial position, results

of operations, liquidity, or cash flows.

A continuation or further weakening of the U.S., Guam, Asian or global economies may adversely impact the level of freight volumes, freight rates,

and real estate leasing, sales and development activity. Within the U.S., a continuation or further weakening of economic drivers in Hawaii, which include

tounsm, military spending, construction starts, personal income growth, and employment, or the further weakening of consumer confidence, market demand

or the economy in the U.S. Mainland, may further reduce the demand for goods to sod from Hawaii and Asia, travel to Hawaii and domestic transportation of

goods, adversely affecting inland and ocean transportation volumes or rates, the sale of Hawaii real estate, and the real estate leasing and development markets.

In addition, overcapacity in the global or transpacific ocean transportation markets or a change in the cost of goods or currency exchange rates may adversely

affect freight volumes or rates in the Company’s China service.

The Company may face new or increased competition.

The Company’s transportation segment may face new competition by established or start-up shipping operators that enter the Company’s

markets. The entry of a new competitor or the addition of ships or capacity by existing competition on any of the Company’s routes could result in a

significant increase in available shipping capacity that could have an adverse effect on volumes or rates. See also discussion under “Business and Properties -

Transportation - Competition” above.

For the Company’s real estate segments, there are numerous other developers, managers and owners of commercial and residential real estate and

undeveloped land that compete or may compete with the Company for management and leasing revenues, land for development, properties for acquisition and

disposition, and for tenants and purchasers for properties. Increased vacancies, decreased rents, sales prices or sales volume, or lack of development

opportunities may lead to a deterioration in results from the Company’s real estate business.

The Company’s significant operating agreements and leases could be replaced on less favorable terms or may not be replaced.

The significant operating agreements and leases of the Company in its various businesses expire at various points in the future and may not be

replaced or could be replaced on less favorable terms, thereby adversely affecting the Company’s future financial position, results of operations and cash

flows.

The reduction in availability of mortgage financing and the volatility and reduction in liquidity in the financial markets may adversely affect the

Company’s real estate business.

During 2008 and 2009, the financial industry experienced significant instability due to, among other things, declining property values and

increasing defaults on loans. This led to tightened credit requirements, reduced liquidity and increased credit risk premiums for virtually all borrowers. Fewer

loan products, tighter loan qualifications and higlser interest rates make it more difficult for borrowers to finance the purchase of units in the Company’s

projects. Tightening of credit in the commercial markets may adversely affect the Company’s ability to secure construction or other financing on acceptable or

favorable terms for the Company’s residential and commercial projects, working capital requirements, or investment needs. Additionally, the stringent

requirements to obtain financing for buyers of commercial properties make it significantly more difficult for the Company to sell commercial properties and

may negatively impact the sales prices and other terms of such sales. The stringent credit environment may also impact the Company in other ways, including

the credit or solvency of customers, vendors, orjoint venture partners, and the ability of partners to fund their equity obligations to the joint venture.

A deterioration of the Company’s credit profile or disruptions of the credit markets could restrict its ability to access the debt capital markets or

increase the cost of debt.

A deterioration in the Company’s credit profile may ultimately have an adverse effect on the Company’s ability to access the private or public debt markets

and also may increase its borrowing costs. If the Company’s credit profile deteriorates significantly, its access to the debt capital markets or its ability to

renew its committed lines of credit may become restricted, or the Company may not be able to refinance debt at the same levels or on the same terms. Because

the Company relies on its ability to draw on its revolving credit facilities to support its operations, when required, any volatility in the credit and financial

markets that prevents the Company from accessing funds (for example, a lender that does not fulfill its lending obligation) could have an adverse effect on the

Company’s financial condition and cash flows. Additionally, the Company’s credit agreements generally include an increase in borrowing rates if the

Company’s credit profile deteriorates. Furthermore, the Company incurs interest under its revolving credit facilities based on floating rates. Floating rate debt

creates higher debt service requirements if market interest rates increase, which would adversely affect the Company’s cash flow and results of operations.

Failure to comply with certain restrictive financial covenants contained in the Company’s credit facilities could preclude the payment of dividends,

impose restrictions on the Company’s business segments, capital resources or other activities or otherwise adversely affect the Company.

The Company’s credit facilities contain certain restrictive financial covenants, the most restrictive of which include the maintenance of minimum

shareholders’ equity levels, a maximum ratio of debt to eamings before interest, depreciation, amortization, and taxes, and the maintenance of a minimum

unencumbered property investment value. If the Company does not maintain the required covenants, and that breach of covenants is not cured timely or

waived by the lenders, resulting in default, the Company’s access to credit may be limited or terminated, dividends snay be suspended, and the lenders could



declare any outstanding amounts due and payable. Additionally, the Company’s credit facilities contain other terms limiting its ability to incur additional
indebtedness, including restrictions on total debt outstanding and restrictions on secured debt outstanding. The Company’s continued ability to borrow under
its credit facilities is subject to compliance with these financial and other non-financial covenants.

An increase in fuel prices, or changes in the Company’s ability to collect fuel surcharges, may adversely affect the Company’s profits.

Fuel is a significant operating expense for the Company’s shipping and agribusiness operations. The price and supply of fuel are unpredictable and
fluctuate based on events beyond the Company’s control. Increases in the price of fuel may adversely affect the Company’s results of operations based on
market and competitive conditions. Increases in fuel costs also can lead to other expense increases, through, for example, increased costs of energy, petroleum-
based raw materials and purchased transportation services. In the Company’s ocean transportation and logistics services segments, the Company is able to
utilize fuel surcharges to partially recover increases in fuel expense, although increases in the fuel surcharge may adversely affect the Company’s competitive
position and may not correspond exactly with the timing of increases in fuel expense. Changes in the Company’s ability to collect fuel surcharges may
adversely affect its results of operations. Increases in energy costs for the Company’s leased real estate portfolio are typically recovered from lessees, although
the Company’s share of energy costs increases as a result of lower occupancies and higher operating cost reimbursements impact the ability to increase
underlying rents. Rising fuel prices also may increase the cost of construction, including delivery costs to Hawaii, and the cost of materials that are petroleum
based, thus affecting the Company’s development projects. Finally, rising fuel prices will impact the cost of producing and transporting sugar.



Noncompliance with, or changes to, federal, state or local law or regulations, including passage of climate change legislation or regulation, may
adversely affect the Company’s business.

The Company is subject to federal, state and local laws and regulations, including government rate regulations, land use regulations, government
administration of the U.S. sugar program, environmental regulations including those relating to air quality initiatives at port locations, and cabotage laws.
Noncompliance with, or changes to, the laws and regulations goveming the Company’s business could impose significant additional costs on the Company
and adversely affect the Company’s financial condition and results of operations. In addition, changes in environmental laws impacting the shipping
business, including passage of climate change legislation or other regulatory initiatives that restrict emissions of greenhouse gasses, may require costly vessel
modifications, the use of higher-priced fuel and changes in operating practices that may not all be able to be recovered through increased payments from
customers. The real estate segments are subject to numerous federal, state and local laws and regulations, which, if changed, may adversely affect the
Company’s business. The agribusiness segment is subject to the federal govemment’s administration of the U.S. sugar program, such as the 2008 Farm Bill,
and the Hawaii Public Utilities Commission’s regulation of avoided energy cost rates paid to the Company in connection with it sale of electric power. Further
changes to these laws and regulations could adversely affect the Company. Climate change legislation, such as limiting and reducing greenhouse gas emissions
through a “cap and trade” system of allowances and credits, if enacted, may have an adverse effect on the Company’s business.

Work stoppages or other labor disruptions by the unionized employees of the Company or other companies in related industries may adversely
affect the Company’s operations.

As of December31, 2011, the Company had approximately 2,100 regular full-time employees, of which approximately 48 percent were covered by
collective bargaining agreements with unions. The Company’s transportation, real estate and agribusiness segments may be adversely affected by actions
taken by employees of the Company or other companies in related industries against efforts by management to control labor costs, restrain wage or benefits
increases or modthj work practices. Strikes and disruptions may occur as a result of the failure of the Company or other companies in its industry to negotiate
collective bargaining agreements with such unions successfully. For example, in its real estate sales segment, the Company may be unable to complete
construction of its projects if building materials or labor is unavailable due to labor disruptions in the relevant trade groups.

The loss of or damage to key vendor, agent and customer relationships may adversely affect the Company’s business.

The Company’s business is dependent on its relationships with key vendors, agents, customers and tenants. The ocean transportation business
relies on its relationships with freight forwarders, large retailers and consumer goods and automobile manufacturers, as well as other larger customers.
Relationships with railroads and shipping companies and agents are important in the Company’s intermodal business. For agribusiness, HC&S’s
relationship with C&H Sugar Company, Inc. is critical. The loss of or damage to any of these key relationships may affect the Company’s business
adversely.

Interruption or failure of the Company’s information technology and communications systems could impair the Company’s ability to operate
and adversely affect its business.

The Company is highly dependent on information technology systems. For example, in the ocean transportation segment, these dependencies include
accounting, billing, disbursement, cargo booking and tracking, vessel scheduling and stowage, equipment tracking, customer service, banlcing, payroll and
employee communication systems. All information technology and communication systems are subject to reliability issues, integration and compatibility
concerns, and security-threatening intrusions. The Company may experience failures caused by the occurrence of a natural disaster, or other unanticipated
problems at the Company’s facilities. Any failure of the Company’s systems could result in interruptions in its service or production, reductions in its revenue
and profits and damage to its reputation.



The Company is susceptible to weather and natural disasters.

The Company’s transportation operations are vulnerable to disruption as a result of weather and natural disasters such as bad weather at sea,
hurncanes, typhoons, tsunamis, floods and earthquakes. Such events will interfere with the Company’s ability to provide on-time scheduled service,
resulting in increased expenses and potential loss of business associated with such events. In addition, severe weather and natural disasters can result in
interference with the Company’s terminal operations, and may cause serious damage to its vessels, loss or damage to containers, cargo and other equipment,
and loss of life or physical injury to its employees, all of which could have an adverse effect on the Company’s business.

For the real estate segments, the occurrence of natural disasters, such as hurricanes, earthquakes, tsunamis, floods, fires, tomados and unusually
heavy or prolonged rain, could damage its real estate holdings, resulting in substantial repair or replacement costs to the extent not covered by insurance, a
reduction in property values, or a loss of revenue, and could have an adverse effect on its ability to develop, lease and sell properties. The occurrence of
natural disasters could also cause increases in property insurance rates and deductibles, which could reduce demand for, or increase the cost of owning or
developing, the Company’s properties.

For the Agribusiness segment, drought, greater than normal rainfall, hurricanes, earthquakes, tsunamis, floods, fires, other natural disasters or
agricultural pestilence may have an adverse effect on the sugar planting, harvesting and production, electricity generation and sales, and the Agribusiness
segment’s facilities, including dams and reservoirs.

The Company maintains casualty insurance under policies it believes to be adequate and appropriate. These policies are generally subject
to large retentions and deductibles. Some types of losses, such as losses resulting from a port blockage, Matson business interruption, physical damage to
dams, pollution stemming from non-marine operations or crop damage, generally are not insured. In some cases the Company retains the entire risk of loss
because it is not economically prudent to purchase insurance coverage or because of the perceived remoteness of the risk. Other risks are uninsured because
insurance coverage may not be commercially available. Finally, the Company retains all risk of loss that exceeds the limits of its insurance.

Heightened security measures, war, actual or threatened terrorist attacks, efforts to combat terrorism and other acts of violence may adversely
impact the Company’s operations and profitability.

War, terrorist attacks and other acts of violence may cause consumer confidence and spending to decrease, or may affect the ability or willingness of
tourists to travel to Hawaii, thereby adversely affecting Hawaii’s economy and the Company. Additionally, future terrorist attacks could increase the volatility
in the U.S. and worldwide financial markets. Acts of war or terrorism may be directed at the Company’s shipping operations or real estate holdings, or may
cause the U.S. govemment to take control of Matson’s vessels for military operation. Heightened security measures are likely to slow the movement and
increase the cost of freight through U.S. or foreign ports, across borders or on U.S. or foreign railroads or highways and could adversely affect the
Company’s business and results of operations.

Loss of the Company’s key personnel could adversely affect its business.

The Company’s future success will depend, in significant part, upon the continued services of its key personnel, including its senior management
and skilled employees. The loss of the services of key personnel could adversely affect its future operating results because of such employee’s experience and
knowledge of its business and customer relationships. If key employees depart, the Company may have to incur significant costs to replace them, and the
Company’s ability to execute its business model could be impaired if it cannot replace them in a timely manner. The Company does not expect to maintain key
person insurance on any of its key personnel.



The Company is involved in joint ventures and is subject to risks associated with joint venture relationships.

The Company is involved in joint venture relationships, and may initiate future joint venture projects. A joint venture involves certain risks such as:

• the Company may not have voting control over the joint venture;
• the Company may not be able to maintain good relationships with its venture partners;
• the venture partner at any time may have economic or business interests that are inconsistent with the Company’s;

the venture partner may fail to fund its share of capital for operations and development activities, or to fulfill its other commitments, including
providing accurate and timely accounting and financial information to the Company;
the joint venture or venture partner could lose key personnel; and

• the venture partner could become bankrupt, requiring the Company to assume all risks and capital requirements related to the joint venture
project, and the related bankruptcy proceedings could have an adverse impact on the operation of the partnership or joint venture.

In connection with its real estate joint ventures, the Company is Sometimes asked to guarantee completion of ajoint venture’s construction and
development of a project, or to indemnify a third party serving as surety for ajoint venture’s bonds for such completion. If the Company were to become
obligated to perform under such arrangement, the Company may be adversely affected.

The Company is subject to, and may in the future be subject to, disputes, legal or other proceedings, or government inquiries or investigations,
that could have an adverse effect on the Company.

The nature of the Company’s business exposes it to the potential for disputes, legal or other proceedings, or government inquiries or investigations,
relating to antitrust matters, labor and employment matters, personal injury and property damage, environmental matters, construction litigation, and other
matters, as discussed in the other risk factors disclosed in this section or in other Company filings with the SEC. For example, Matson is a common carrier,
whose tariffs, rates, rules and practices in dealing with its customers are governed by extensive and complex foreign, federal, state and local regulations,
which may be the subject of disputes or administrative or judicial proceedings. These disputes, individually or collectively, could harm the Company’s
business by distracting its management from the operation of its business. If these disputes develop into proceedings, these proceedings, individually or
collectively, could involve or result in significant expenditures or losses by the Company, or result in significant changes to Matson’s tariffs, rates, rules and
practices in dealing with its customers, all of which could have an adverse effect on the Company’s future operating results, including profitability, cash
flows, and financial condition. As a real estate developer, the Company may face warranty and construction defect claims, as described below in the “Real
Estate” section of this “Risk Factors” item. Furs description of significant legal proceedings involving the Company, see “Legal Proceedings” below.

Changes in the value of pension assets, or a change in pension law or key assumptions, may adversely affect the Company’s financial
performance.

The amount of the Company’s employee pension and postretirement benefit costs and obligations are calculated on assumptions used in the relevant
actuarial calculations. Adverse changes in any of these assumptions due to economic or other factors, changes in discount rates, higher health care costs, or
lower actual or expected returns on plan assets, may adversely affect the Company’s operating results, cash flows, and financial condition. In addition, a
change in federal law, including changes to the Employee Retirement Income Security Act and Pension Benefit Guaranty Corporation premiums, may
adversely affect the Company’s single-employer and multiemployer pension plans and plan funding. These factors, as well as a decline in the fair value of
pension plan assets, may put upward pressure on the cost of providing pension and medical benefits and may increase future pension expense and required
funding contributions. Although the Company has actively sought to control increases in these costs, there can be no assurance that it will be successful in
limiting future cost and expense increases, and continued upward pressure in costs and expenses could further reduce the profitability of the Company’s
businesses.

The Company may have exposure under its multiemployer plans in which it participates that extends beyond its funding obligation with respect
to the Company’s employees.

The Company contributes to various multiemployer pension plans. In the event of a partial or complete withdrawal by the Company from any plan
that is underfunded, the Company would be liable for a proportionate share of such plan’s unfunded vested benefits. Based on the limited information
available from plan administrators, which the Company cannot independently validate, the Company believes that its portion of the contingent liability in the
ease of a full withdrawal or termination may be material to its financial position and results of operations. In the event that any other contributing employer
withdraws from any plan that is underfunded, and such employer (or any member in its controlled group) cannot satisfy its obligations under the plan at the
time of withdrawal, then the Company, along with the other remaining contributing employers, would be liable for its proportionate share of such plan’s
unfunded vested benefits. In addition, if a multiemployer plan fails to satisfy the minimum funding requirements, the Internal Revenue Service will impose
certain penalties and taxes.

The Company’s proposed separation into two independent, publicly-traded companies (one company comprising the Company’s real estate and
agriculture businesses and the other comprising the Company’s transportation business) is subject to risks inherent to a large-scale transaction.

The proposed separation of the Company into two independent, publicly-traded companies is subject to multiple risks and uncertainties, including the risk
that the separation will not be consummated, the risk that financing transactions contemplated as part of the separation cannot be consummated on terms and
conditions acceptable to the Company, and the risk that the transaction does not qualify for tax-free treatment under applicable sections of the Internal Revenue
Code. If the separation is consummated, it is possible that, due to unforeseen changes in market and economic conditions or other events, the two resulting
companies may not achieve the full strategic and financial benefits expected from separation or that such benefits may be delayed. As a result, the aggregate
market price of the common stock of the two resulting companies could be less than the market price of the Company’s common stock if the separation had
not occurred.

TRANSPORTATION



The value of the Company’s development projects and its commercial properties are affected by a number of factors.

Weakness in the real estate sector, difficulty in obtaining or renewing project-level financing, and changes in the Company’s investment and
development strategy, among other factors, may affect the value of commercial properties or the feasibility of certain development projects owned by the
Company or by its joint ventures. If the fair value of the Company’s development projects or the undiscounted cash flows of its commercial properties were to
decline below the carrying value of those assets, the Company would be required to recognize an impairment loss, which would have an adverse effect on the
Company’s financial position and results of operations.

AGRIBUSINESS

The lack of water for agricultural irrigation could adversely affect the Company.

It is crucial for the Company’s Agribusiness segment to have access to reliable sources of water for the irrigation of sugar cane. As further described
in “Legal Proceedings” below, there are challenges to the Company’s ability to divert Water from streams in Maui. In addition, the Company’s access to Water
is subject to weather patterns that cannot be reliably predicted. If the Company is not permitted to divert stream waters for its use or there is insufficient
rainfall, it would have an adverse effect on the Company’s sugar operations, including possible cessation of operations.

A decline in raw sugar prices will adversely affect the Company’s business.

The business and results of operations of the Company’s agribusiness segment are substantially affected by market factors, particularly the
domestic prices for raw cane sugar. These market factors are influenced by a variety of forces, including prices of competing crops and suppliers, weather
conditions, and United States farm and trade policies. If the price for sugar were to decline, the Company’s Agribusiness segment would be adversely affected.
See also discussion under “Business and Properties - Agribusiness - Competition and Sugar Legislation” above.

The Company is subject to risks associated with raw sugar production.

The Company’s production of raw sugar is subject to numerous risks that could adversely affect the volume and quality of sugar produced,
including:

• weather and natural disasters;
• disease;
• weed control;

uncontrolled fires, including arson;
• government restrictions on farming practices due to cane burning;
• increases in costs, including, but not limited to fuel, fertilizer, herbicide, and drip tubing;
• water availability (see risk factor above regarding lack of water);
• equipment failures in factory or power plant;
• labor, including labor availability (see risk factor above regarding labor disruptions) and loss of qualified personnel; and
• lack of demand for the Company’s production.

Any of these risks has the potential to adversely affect the Company’s future Agribusiness operating results.



A reorganization or termination of the Company’s sugar business could result in impairment losses and restructuring costs.

If the Company’s sugar business is unable to sustain profitability, the Company may reorganize or terminate its sugar operations. The reorganization
or termination of sugar operations may result in an impairment loss and restructuring costs that would adversely affect the Company’s financial performance.

The Company’s power sales contracts could be replaced on less favorable terms or may not be replaced.

The Company’s power sales contracts, as described under “Business and Properties — Energy” above, expire at various points in the future and may not be
replaced or could be replaced on less favorable terms, which could adversely affect the Company’s Agribusiness operations.

The foregoing should not be construed as an exhaustive list of all factors that could cause actual results to differ materially from those expressed in
forward-looking statements made by the Company or on its behalf.

The market for power sales in Hawaii is limited.

The power distribution systems in Hawaii are small and island-specific; currently, there is no ability to move power generated on one island to any other
island. In addition, Hawaii law limits the ability of independent power producers, such as the Company’s Agribusiness operations, to sell its output to firms
other than the local utilities on each island. Further, any sales of electricity by the Company to the utilities on each island must be done under long term
agreements subject to the approval of the State Public Utilities Commission. Unlike some areas in the Mainland, Hawaii’s independent power producers have
no ability to use utility infrastructure to transfer power to other locations.

ITEM lB. UNRESOLVED STAFF COMMENTS

None.

ITEM 3. LEGAL PROCEEDINGS

See “Business and Properties - Transportation - Rate Regulation” above for a discussion of rate and other regulatory matters in which Matson is
routinely involved.

A&B owns 16,000 acres of watershed lands in East Maui that supply a significant portion of the irrigation water used by HC&S. A&B also held
four water licenses to another 30,000 acres owned by the State of Hawaii in East Maui, which over the last ten years have supplied approximately 58 percent of
the irrigation water used by HC&S. The last of these water license agreements expired in 1986, and all four agreements were then extended as revocable
permits that were renewed annually. In 2001, a request was made to the State Board of Land and Natural Resources (the “BLNR”) to replace these revocable
permits with a long-term water lease. Pending the conclusion by the BLNR of this contested case hearing on the request for the long-term lease, the BLNR has
renewed the existing permits on a holdover basis. If the Company is not permitted to utilize sufficient quantities of stream waters from State lands in East
Maui, it could have a material adverse effect on the Company’s sugar-growing operations.

In addition, on May 24,2001, petitions were filed by a third party, requesting that the Commission on Water Resource Management of the State of
Hawaii (“Water Commission”) amend established interim instream flow standards (“IIFS”) in 27 East Maui streams that feed the Company’s irrigation
system. On September 25, 2008, the Water Commission took action on eight of the petitions, resulting in some quantity of water being returned to the streams
rather than being utilized for irrigation purposes. In May 2010, the Water Commission took action on the remaining 19 petitions resulting in additional water
being retumed to the streams. A petition requesting a contested case hearing to challenge the Water Commission’s decisions was filed with the Consmission by
the opposing third party. On October 18, 2010, the Water Commission denied the petitioner’s request for a contested case hearing. On November 17, 2010,
the petitioner filed an appeal of the Commission’s denial to the Hawaii Intermediate Court of Appeals. On August 31,2011, the Intermediate Court of Appeals
dismissed the petitioner’s appeal. On November 29, 2011, the petitioner appealed the Intermediate Court of Appeals’ dismissal to the Hawaii Supreme
Court. On January 11,2012, the Hawaii Supreme Court vacated the Intensiediate Court of Appeals’ dismissal of the petitioner’s appeal and remanded the
appeal back to the Intermediate Court of Appeals.

On June 25, 2004, two organizations filed with the Water Commission a petition to amend established IIFS for four streams in West Maui to increase
the amount of water to be returned to these streams. The West Maui irrigation system provided approximately 14 percent of the irrigation water used by
HC&S over the last ten years. The Water Commission issued a decision in June 2010, which required the return of water in two of the four streams. In July
2010, the two organizations appealed the Water Commission’s decision to the Hawaii Intermediate Court of Appeals. On June 23, 2011, the case was
transferred to the Hawaii Supreme Court.

The loss of East Maui and West Maui water as a result of the Water Commission’s decisions will impose challenges to the Company’s sugar growing
operations. While the resulting water loss does not immediately threaten near-term sugar production, it will result in a future suppression of sugar yields and
will have an impact on the Company that will only be quantifiable over time. Accordingly, the Company is unable to predict, at this time, the outcome or
financial impact of the water proceedings.

On April 21,2008, Matson was served with a grand jury subpoena from the U.S. District Court for the Middle District of Florida for documents
and information relating to water carriage in connection with the Department of Justice’s investigation into the pricing and other competitive practices of carriers
operating in the domestic trades. Matson understands that while the investigation originally was focused primarily on the Puerto Rico trade, it also includes
pricing and other competitive practices in connection with all domestic trades, including the Alaska, Hawaii and Guam trades. Matson does not operate
vessels in the Puerto Rico and Alaska trades. It does operate vessels in the Hawaii and Guam trades. Matson has cooperated, and will continue to cooperate,
fully with the Department of Justice. If the Department of Justice believes that any violations have occurred on the part of Matson or the Company, it could
seek civil or criminal Sanctions, including monetary fines. The Company is unable to predict, at this time, the outcome or financial impact, if any, of this
investigation.



ITEM 6. SELECTED FINANCIAL DATA

The following should be read in conjunction with Item 8, “Financial Statements and Supplementary Data,” and Item 7, “Management’s Discussion and
Analysis of Financial Condition and Results of Operations” (dollars and shares in millions, except shareholders of record and per-share amounts):

2011 2010 2009 2008 2007
Revenue:

Transportation:
Oceantransportation S 1,077.6 S 1,016.5 $ 888.6 S 1,023.7 S 1,006.9
Logistics services 386.4 355.6 320.9 436.0 433.5

Real Estate:
Leasing 100.1 94.4 103.2 107.8 108.5
Sales 66.2 136.1 125.6 350.2 117.8
Less amounts reported in discontinued operations I (47.5) (126.7) (136.6) (164.6) (142.6)

Agribusiness5 161.7 163.9 107.0 124.3 123.7
Reconciling Items2 (22.1) (26.3) (16.3) (10.7) (9.2)

TotaiRevenue $ 1,722.4 $ 1,613.5 $ 1,392.4 $ 1,866.7 $ 1,638.6

Operating Profit:
Transportation:

Oceantransportation3 $ 74.1 $ 118.7 $ 58.3 S 105.8 $ 126.5
Logistics services 5.0 7.2 6.7 18.5 21.8

Real Estate:
Leasing 39.3 35.3 43.2 47.8 51.6
Sales3 15.5 50.1 39.1 95.6 74.4
Less amounts reported in discontinued operations (23.8) (54.5) (59.2) (77.1) (78.4)

Agribusiness5 22.2 6.1 (27.8) (12.9) 0.2
Total operating profit 132.3 162.9 60.3 177.7 196.1

Interest expense, net4 (24.8) (25.5) (25.9) (23.7) (18.8)
General corporate expenses (20.3) (23.3) (21.8) (21.0) (27.3)
Income from continuing operations before income taxes 87.2 114.1 12.6 133.0 150.0
Income taxes 32.3 44.7 5.0 48.2 56.6
Income from continuing operations 54.9 69.4 7.6 84.8 93.4
Income (loss) from discontinued operations (20.7) 22.7 36.6 47.6 48.8

Net Income $ 34.2 $ 92.1 $ 44.2 S 132.4 S 142.2

I Prior year amounts restated for amounts treated as discontinued operations.

2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

The Ocean Transportation segment includes approximately $8.6 million, $12.8 million, $6.2 million, $5.2 million, and $10.7 million of equity in
earnings from its investment in SSAT for 2011, 2010, 2009, 2008, and 2007, respectively. The Real Estate Sales segment includes approximately ($7.9)
million, $2.0 million, $9.0 million, and $22.6 million in equity in (loss) earnings from its various real estate joint ventures for 2011,2010,2008, and
2007, respectively. Equity in earnings from joint ventures in 2009 was negligible.

Includes Ocean Transportation interest expense of $7.7 million for 2011, $8.2 million for 2010, $9.0 million for 2009, $11.6 million for 2008, and $13.9
million for 2007. Substantially all other interest expense was incurred at the parent company.

Includes a $4.9 million gain in 2010 related to an agriculture disaster relief payment for drought experienced in prior years and a $5.4 million gain recorded
upon consolidation of HS&TC in 2009.



SELECTED FINANCIAL DATA (CONTINUED)

Identifiable Assets:
Transportation:
Ocean transportation”
Logistics services
Real Estate:

Leasing
Sales9

Agribusiness
Other

$ 1,082.6 $ 1,095.5
76.8 73.8

$ 1,095.2 $ 1,153.9
72.4 74.2

627.4 590.2
415.6 344.6
156.8 172.2

12.2 15.1
$ 2,379.6 $ 2,350.2

$ 1,215.0
58.6

595.4
408.9
174.6
26.6

$ 2,479.1

Capital Expenditures:
Transportation:
Ocean transportation
Logistics services7
Real Estate:

Depreciation and Amortization:
Transportation:
Ocean transportation
Logistics services
Real Estate:
Leasing1
Sales
Agribusiness
Other

$ 70.6 $ 69.0
3.2 3.2

Ii 1.9

$ 108.6 $ 107.3

$ 67.1 $ 66.1 $
3.5 2.3

3.1 2.7 1.3

$ 105.4 $ 100.7 $ 92.6

The Ocean Transportation segment includes approximately $56.5 million, $52.9 million, $47.2 million, $44.6 million, and $48.6 million related to its
investment in SSAT as of December31, 2011, 2010, 2009, 2008, and 2007, respectively. The Real Estate Sales segment includes approximately $290.1
million, $274.8 million, $193.3 million, $162.1 million, and $134.1 million related to its investment in various real estate joint ventures as of December
31, 2011,2010,2009,2008, and 2007, respectively.

Excludes expenditures related to Matson Logistics’ acquisitions, which are classified as acquisition of businesses in Cash Flows from Investing Activities
within the Consolidated Statements of Cash Flows.

8 Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the
Consolidated Statements of Cash Flows.

Excludes expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated
Statements of Cash Flows. Operating cash flows for expenditures related to real estate developments were $14 million, $22 million, $6 million, $39
million, and $110 million for 2011, 2010, 2009, 2008, and 2007, respectively.

2011 2010 2009 2008 2007

Total assets

770.9 739.4
451.4
157.8

420.8
150.3

4.8 14.8

$ 2,544.3 $ 2,494.6

Leasing8
Sales9

Agribusiness
Other

Total capital expenditures

$ 44.2 $
3.0

69.4
1.8

S 12.7 $ 35.5 $ 65.8
0.6 2.4 2.0

43.6 164.7 108.8 100.2 124.5
5.2 0.1 0.1 0.6 0.3

10.5 6.8 3.4 15.2 20.5
— 0.3 0.3 0.8 0.3

$ 106.5 $ 243.1 $ 125.9 $ 154.7 $ 213.4

63.2
1.5

21.6 20.3 19.5 17.9 15.7
0.2 0.2 0.3 0.2 0.2

11.9 12.7 11.9 11.5 10.7

Total depreciation and amortization



SELECTED FINANCIAL DATA (CONTINUED)

2011 2010 2009 2008 2007

Earnings per share:
From continuing operations:

Basic $ 1.32 $ 1.68 $ 0.19 $ 2.05 $ 2.20
Diluted $ 1.31 $ 1.67 $ 0.19 $ 2.04 $ 2.17

Net income:
Basic $ 0.82 $ 2.23 $ 1.08 $ 3.21 $ 3.34
Diluted $ 0.81 $ 2.22 $ 1.08 $ 3.19 S 3.30

Returnonbeginningequity 3.0% 8.5% 4.1% 11.7% 13.8%
Cash dividends per share $ 1.26 $ 1.26 $ 1.26 $ 1.235 $ 1.12

At Year End
Shareholders of record 2,923 3,079 3,197 3,269 3,381
Shares outstanding 41.7 41.3 41.0 41.0 42.4
Long-term debt—non-current $ 507 $ 386 $ 406 $ 452 $ 452



ITEM 7. MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF OPERATIONS

FORWARD-LOOKING STATEMENTS AND RISK FACTORS

The Company, from time to time, may make or may have made certain forward-looking statements, whether orally or in writing, such as forecasts and
projections of the Company’s future performance or statements of management’s plans and objectives. These statements are “forward-looking” statements as
that term is defined in the Private Securities Litigation Reform Act of 1995. Such forward-looking statements may be contained in, among other things, SEC
filings, such as the Forms I 0-K, lO-Q and 8-K, the Annual Report to Shareholders, press releases made by the Company, the Company’s Internet Web Sites
(including Web sites of its subsidiaries), and oral statements made by the officers of the Company. Except for historical information contained in these written
or oral communications, such communications contain forward-looking statements. These include, for example, all references to 2012 or future years. New
risk factors emerge from time to time and it is not possible for the Company to predict all such risk factors, nor can it assess the impact of all such risk
factors on the Company’s business or the extent to which any factor, or combination of factors, may cause actual results to differ materially from those
contained in any forward-looking statements. Accordingly, forward-looking statements cannot be relied upon as a guarantee of future results and involve a
number of risks and uncertainties that could cause actual results to differ materially from those projected in the statements, including, but not limited to the
factors that are described in Part I, Item IA under the caption of “Risk Factors” of this Form 10-K, which section is incorporated herein by reference. The
Company is not required, and undertakes no obligation, to revise or update forward-looking statements or any factors that may affect actual results, whether
as a result of new information, future events, or circumstances occurring after the date of this report.

OVERVIEW

Management’s Discussion and Analysis of Financial Condition and Results of Operations (“MD&A”) is designed to provide a discussion of the Company’s
financial condition, results of operations, liquidity and certain other factors that may affect its future results from the perspective of management. The
discussion that follows is intended to provide information that will assist in understanding the changes in the Company’s financial statements from year to
year, the primary factors that accounted for those changes, and how certain accounting principles, policies and estimates affect the Company’s financial
statements. MD&A is provided as a supplement to, and should be read in conjunction with, the consolidated financial statements and the accompanying notes
to the financial statements. MD&A is presented in the following sections:

- Business Overview
• Separation Transaction
• Critical Accounting Estimates
• Consolidated Results of Operations
• Analysis of Operating Revenue and Profit by Segment
• Liquidity and Capital Resources
• Contractual Obligations, Commitments, Contingencies and Off-Balance-Sheet Arrangements
• Business Outlook
• Other Matters

BUSINESS OVERVIEW

Alexander & Baldwin, Inc. (“A&B” or the “Company”), founded in 1870, is a multi-industry corporation headquartered in Honolulu that operates in five
segments in three industries—Transportation, Real Estate, and Agribusitsess.

Transportation: The Transportation Industry consists of Ocean Transportation and Logistics Services segments. The Ocean Transportation segment, which
is conducted through Matson Navigation Company, Inc. (“Matson”), a wholly-owned subsidiary of A&B, is an asset-based business that derives its revenue
primarily through the carriage of containerized freight between various U.S. Pacific Coast, Hawaii, Guam, China and other Pacific island ports. Additionally,
the Ocean Transportation segment has a 35 percent interest in an entity that provides terminal and stevedoring services at U.S. Pacific Coast facilities.

The Logistics Services segment, which is conducted through Matson Logistics, Inc. (“ML”), a wholly-owned subsidiary of Matson, is a non-asset based
business that is a provider of domestic and international rail intermodal service (“Intermodal”), long-haul and regional highway brokerage, specialized hauling,
flat-bed and project work, less-than-truckload, expedited/air freight services, and warehousing and distribution services (collectively “Highway”).
Warehousing, packaging and distribution services are provided by Matson Logistics Warehousing, Inc. (“MLW”), a wholly-owned subsidiary of ML.

Real Estate: The Real Estate Industry consists of two segments, both of which have operations in Hawaii and on the U.S. Mainland. The Real Estate Sales
segment generates its revenues through the development and sale of land and commercial and residential properties. The Real Estate Leasing segment owns,
operates, and manages retail, office, and industrial properties. Real estate activities are conducted through A&B Properties, Inc. and various other wholly-
owned subsidiaries of A&B.

Agribusiness: Agribusiness, which contains one segment, produces bulk raw sugar, specialty food grade sugars, and molasses; markets and distributes
specialty food-grade sugars; provides general trucking services, mobile equipment maintenance, and repair services in Hawaii; and generates and sells, to the
extent not used in the Company’s Agribusiness operations, electricity. The Company also is the sole member in Hawaiian Sugar & Transportation Cooperative
(“HS&TC”), a cooperative that provides raw sugar marketing and transportation services.

In March 2011, the Company executed an agreement to lease land and sell coffee inventory and certain assets used in a coffee business it previously operated
to Massimo Zanetti Beverage USA, Inc. (“MZB”), including intangible assets. The coffee inventory and assets were sold for approximately $14 million.
There was no material gain or loss on the transaction. The Company retained fee simple ownership of the land, buildings, power generation, and power
distribution assets, but no longer operates the coffee plantation.

SEPARATION TRANSACTION



On December 1, 2011, the Company announced that its Board of Directors unanimously approved a plan to pursue the separation of the Company to Create
two independent, publicly traded companies:

• A Hawaiibased land company with interests in real estate development, commercial real estate and agriculture (composed of the Real Estate and
Agribusiness segments described above), which will retain the Alexander & Baldwin, Inc. name; and

• An ocean transportation company serving the U.S. West Coast, Hawaii, Guam, Micronesia and China, and a domestic logistics company under the
Matson name (composed of the businesses in the Transportation segment described above).

The separation is expected to be completed in the second half of 2012.

On February 13, 2012, the Company entered into an Agreement and Plan of Merger to reorganize itself as a holding company incorporated in Hawaii. The
holding company structure will help facilitate the separation by allowing the Company to organize and segregate the assets of its different businesses in an
efficient manner pnor to the separation and facilitate the third party and govemmental consent and approval process. In addition, the holding company
reorganization will help preserve the Company’s status as a U.S. citizen under certain U.S. maritime and vessel documentation laws (popularly referred to as
the Jones Act) by, among other things, limiting the percentage of outstanding shares of common stock in the holding company that maybe owned (of record or
beneficially) or controlled in the aggregate by non-U.S. citizens (as defined by the Jones Act) to a maximum permitted percentage of 22%. For more
information on the Jones Act and its effect on the Company, see “Description of Business and Properties—Transportation — Jones Act.”



• Retirement rates
• Mortality rates
• Expected contributions

Actual results that differ from the assumptions made with respect to the above factors could materially affect the Company’s financial condition or its future
operating results. The effects of changing assumptions are included in unamortized net gains and losses, which directly affect accumulated other
comprehensive income. Additionally, these unamortized gains and losses are amortized and reclassified to income (loss) over future periods.

The 2011 net periodic costs for qualified pension and post-retirement plans were determined using a discount rate of 5.75 percent. The benefit obligations for
qualified pension and post-retirement plans, as of December 31, 2011, were determined using a discount rate of 4.80 percent and 4.90 percent. respectively.
For the Company’s non-qualified benefit plans, the 2011 net periodic cost was determined using a discount rate of 4.50 percent and the December31, 2011
obligation was determined using a discount rate of 3.90 percent. The discount rate used for determining the year-end benefit plan obligation was generally
calculated using a weighting of expected benefit payments and rates associated with high-quality U.S. corporate bonds for each year of expected payment to
derive a single estimated rate at which the benefits could be effectively settled at December31, 2011.

The estimated return on plan assets of 8.25 percent was based on historical trends combined with long-term expectations, the mix of plan assets, asset class
returns, and long-term inflation assumptions. One-, three-, and five-year pension returns (losses) were (4.2) percent, 8.8 percent, and (0.3) percent,
respectively. The Company’s long-term rate of return (since inception in 1989) was 8.0 percent.

As of December31, 2011, the Company’s post-retirement obligations were measured using an initial 9 percent health care cost trend rate, decreasing by 1
percent annually until the ultimate rate of 5 percent is reached in 2016.

Lowering the expected long-term rate of return on the Company’s qualified plan assets by one-half of one percent would have increased pre-tax pension expense
for 2011 by approximately $1.4 million. Lowering the discount rate assumption by one-half of one percentage point would have increased pre-tax pension
expense by approximately $2.4 million. Additional information about the Company’s benefit plans is included in Note 10 to the Consolidated Financial
Statements.

As of December 31, 2011, the market value of the Company’s defined benefit plan assets totaled approximately S257 million, compared with $285 million
as of December31, 2010. The recorded net pension liability was approximately SI 09 million as of December31, 2011 and approximately S70 million as of
December31, 2010. The Company expects to make contributions totaling $21 million to certain of its defined benefit pension plans in 2012. The Company’s
contributions to its pension plans were approximately $5 million in 2011 and $6 million in 2010.

Income Taxes: The Company makes certain estimates and judgments in determining income tax expense for financial statement purposes. These estimates
and judgments are applied in the calculation of tax credits, tax benefits and deductions, and in the calculation of certain deferred tax assets and liabilities,
which arise from differences in the timing of recognition of revenue and expense for tax and financial statement purposes. Significant changes to these
estimates may result in an increase or decrease to the Company’s tax provision in a subsequent period.

In addition, the calculation of tax liabilities involves significant judgment in estimating the impact of uncertain tax positions taken or expected to be taken with
respect to the application of complex tax laws. Resolution of these uncertainties in a manner inconsistent with management’s expectations could materially
affect the Company’s financial condition or its future operating results.

Recent Accounting Pronouncements: See Note I to the Consolidated Financial Statements for a full description of the impact of recently issued accounting
standards, which is incorporated herein by reference, including the expected dates of adoption and estimated effects on the Company’s results of operations
and financial condition.

CONSOLIDATED RESULTS OF OPERATIONS

The following analysis of the consolidated financial condition and results of operations of Alexander & Baldwin, Inc. and its subsidiaries (collectively, the
“Company”) should be read in conjunction with the consolidated financial statements and related notes thereto. Amounts in this narrative are rounded to
millions, but per-share calculations and percentages were calculated based on thousands. Accordingly, a recalculation of some per-share amounts and
percentages, if based on the reported data, may be slightly different than the more accurate amounts included herein.

(dollars in millions, except per-share amounts) 2011 Chg. 2010 Chg. 2009
Operating Revenue $ 1,722 7% $ 1,614 16% S 1,392
Operating Costs and Expenses 1,608 8% 1,488 10% 1,358
Operatinglncome 114 -10% 126 4X 34
Other Income and (Expense) (27) 2X (12) -45% (22)
Income Taxes 32 -29% 45 9X 5
Income From Continuing Operations 55 -20% 6 9 1 OX 7
Discontinued Operations (net of taxes) (21) NM 23 -38% 37

Net Income $ -63% 92 2X S 44

Basic Earnings Per Share S 0.82 -63% S 2.23 2X S 1.08
Diluted Earnings Per Share $ 0.81 -64% $ 2.22 2X $ 1.08

2011 vs. 2010

Operating Revenue for 2011 increased 7 percent, or $108 million, to $1,722 million. Ocean Transportation revenue increased 6 percent, principally due to



higher fuel surcharge revenues resulting from higher fuel prices. Logistics Services revenue increased 9 percent, principally due to higher Intermodal and
Highway volumes. Real Estate Leasing revenue increased 15 percent in 2011 (after subtracting leasing revenue from assets classified as discontinued
operations), primarily due to acquisitions and higher mainland occupancies. Agribusiness revenue decreased 2 percent, primarily due to lower coffee revenue
as a result of the sale of the assets of the coffee operations in the first quarter of 2011 The reasons for business- and segment-specific year-to-year fluctuations
in revenue growth are further described below in the Analysis of Operating Revenue and Profit by Segment.

Because of the recurring nature ofproperty sales, the Company views changes in Real Estate Sales and Real Estate Leasing revenues on a year-over-year basis
before the reclassification of revenue to discontinued operations to be more meaningful in assessing segment performance. Additionally, due to the timing of
sales for development properties and the mix of properties sold, management believes performance is more appropriately assessed over a multi-year period.
Year-over-year comparisons of revenue are also not complete without the consideration of results from the Company’s investment in its real estate joint
ventures, which are not included in consolidated operating revenue, but are included in segment operating profit. The Analysis of Operating Revenue and Profit
by Segment that follows, provides additional information on changes in Real Estate Sales revenue and operating profit before reclassifications to discontinued
operations.

Operating Costs and Expenses for 2011 increased by 8 percent, or Si 20 million, to $1,608 million. Ocean Transportation costs increased 13 percent,
primarily due to higher vessel operating expenses and higher terminal handling costs. Logistics Services cost increased 11 percent due primarily to higher
purchased transportation costs. Real Estate Sales and Leasing costs increased by 12 percent, primarily due to property acquisitions. These increases were
offset by Agribusiness costs, which decreased 13 percent due principally to a lower volume of sugar sold, combined with higher production levels. Selling,
General and Administrative costs (“SG&A”) decreased 3 percent due principally to higher non-qualified benefits paid in 2010 related to the retirement of
certain senior executives. The reasons for changes in business- and segment-specific year-to-year fluctuations in operating costs, which affect segment
operating profit, are more fully described below in the Analysis of Operating Revenue and Profit by Segment.

Other Income and Expense: Other expense in 2011 increased $15 million, compared with 2010, due primarily to $8 million in joint venture losses, a $4
million gain in 2010 related to the settlement of a non-performing mortgage note acquired as an investment, a $5 million payment received in 2010 for
agriculture disaster relief, and a S2 million decrease in interest income in 2011, partially offset by SI million in lower interest expenses.

Income Taxes were lower in 2011 compared with 2010 on an absolute basis due principally to lower income. The effective tax rate in 2011 was lower than the
rate in 2010 due principally to deductible expenses in both periods that had a greater impact on the 2011 effective rate because of the lower income relative to
2010.

2010 vs. 2009

Operating Revenue for 2010 increased 16 percent, or $222 million, to $1,614 million. Ocean Transportation revenue increased 14 percent, principally due
to higher overall volumes and yields, principally in the China trade, as well as higher fuel surcharge revenues resulting from higher fuel prices. Agribusiness
revenue increased 57 percent, primarily due to higher sugar prices and higher sales volume. Logistics Services revenue increased II percent, principally due
to higher Intermodal and Highway volumes. Real Estate Leasing revenue increased 14 percent in 2010 (after subtracting leasing revenue from assets classified
as discontinued operations), primarily due to acquisitions, partially offset by lower mainland renewal rents. Real Estate Sales revenue decreased 14 percent in
2010 (after subtracting revenue from discontinued operations) due principally to lower property sales. The reasons for business- and segment-specific year-to-
year fluctuations in revenue growth are further described below in the Analysis of Operating Revenue and Profit by Segment.

Operating Costs and Expenses for 2010 increased by 10 percent, or $130 million, to $1,488 million. Ocean Transportation costs increased 9 percent,
primarily due to higher vessel operating expenses and higher terminal handling costs. Logistics Services cost increased 12 percent due primarily to higher
purchased transportation costs. Agribusiness costs increased 15 percent due principally to a higher volume of sugar sold. Real Estate Sales and Leasing costs
increased by II percent, primarily due to property acquisitions. Selling, General and Administrative costs (“SG&A”) increased 3 percent due principally to
higher non-qualified benefit expenses related to the retirement of certain senior executives. The reasons for changes in business- and segment-specific year-to-
year fluctuations in operating costs, which affect segment operating profit, are more fully described below in the Analysis of Operating Revenue and Profit by
Segment.

Other Income and Expense: Other expense in 2010 decreased $10 million, compared with 2009, due primarily to a $5 million agriculture disaster relief
payment for drought experienced in prior years, a $4 million gain related to the settlement of a non-performing mortgage note acquired as an investment, $2
million in higher real estate joint venture income, and a S2 million increase in interest income in 2010. The decrease in other expense was partially offset by a
55 million gain recorded in 2009 upon consolidation of HS&TC.

Income Taxes were higher in 2010 compared with 2009 on an absolute basis due principally to higher income. The effective tax rate in 2010 was lower than
the rate in 2009 due principally to non-deductible expenses in both periods that had a lesser impact on the 2010 effective rate because of the higher income
relative to 2009.

ANALYSIS OF OPERATING REVENUE AND PROFIT BY SEGMENT

Additional detailed information related to the operations and financial performance of the Company’s Industry Segments is included in Part II Item 6 and Note
14 to the Consolidated Financial Statements. The following information should be read in relation to the information contained in those sections.

Transportation Industry

Ocean Transportation: 2011 compared with 2010

(dollars in millions) 2011 2010 Change
Revenue $ 1,077.6 $ 1,016.5 6%
Operating profit $ 74.1 $ 118.7 -38%
Operating profit margin 6.9% 11.7%
Volume* (units):



Hawaii containers 140,000 136,700 2%
Hawaii automobiles 81,000 81.800 -1%
China Containers — CLX1 59,000 60,000 -2%
Guam Containers 15,200 15,200 —%

* Container volumes rncluded for the period are based on the voyage departure date, but revenue and operating profit are adjusted to reflect the percentage of
revenue and operating profit earned during the reporting period for voyages that straddle the beginning or end of the reporting period.

Ocean Transportation revenue increased $61.1 million, or 6 percent, in 2011 compared to 2010. This increase was principally due to $73.2 million in higher
fuel surcharges, due to increased fuel prices, as well as $9.6 million in net volume growth, principally in Hawaii. These increases were partially offset by
$21.8 million in lower yields and cargo mix primarily in the China trade.

Total Hawaii container volume increased 2 percent in 2011 compared with 2010, due to anew connecting carrier agreement with a large international carrier
that commenced at the end of 2010 and other customer gains, partially offset by one less week in 2011 compared to 2010. Matson’s Hawaii automobile volume
for the year was 1 percent lower than 2010, due principally to the timing of automobile rental fleet replacement activity. China container volume decreased 2
percent in 2011, compared with 2010, principally due to increased competition from excess Capacity in the trade. Guam container volumes were relatively flat
as weaker market conditions were offset by fourth quarter gains related to the departure of a competitor from the trade in mid-November.

Operating profit (which includes $7.1 million of CLX2 shutdown expenses) decreased $44.6 million, or 38 percent, in 2011 compared to 2010. The decrease
in operating profit was principally due to $21.8 million in lower yields and cargo mix primarily related to the China trade. Additionally, terminal handling
costs increased $10.0 million due primarily to higher rates, and outside transportation costs increased S3.9 million due to higher volume. Operations overhead
costs increased $1.5 million due to additional equipment repositioning costs, partially offset lower equipment lease expenses, and also vessel operating
expenses were $1.2 million higher, due to the increased contractual labor costs and generally higher costs. The lower yields and increases in costs were
partially offset by $5.4 million in higher overall cargo volume. Operating profit was also impacted by $4.2 million in lower SSAT joint venture eamings due
to reduced volume.



Discontinued Operations; The revenue, operating profit, and after-tax effects of discontinued operations for 2011,2010 and 2009 were as follows (in
millions, except per-share amounts):

2011 2010 2009
Real Estate Sales Rcvenue* $ 45.5 $ 1 17.1 S 109.6
Real Estate Leasing Revenue 2.0 9.6 27.0
CLX2 Revenue 92.7 28.5 —

Real Estate Sales Operating Profit* $ 22.5 $ 48.6 $ 44.3
Real Estate Leasing Operating Profit 1 .3 5.9 14.9
CLX2 Loss from Operations (56.6) (19.3) —

Total Operating Profit (Loss) Before Taxes (32.8) 35.2 59.2
Income Tax Expense (Benefit) (12.1) 12.5 22.6
Income (Loss) from Discontinued Operations S (20.7) S 22.7 S 36.6
Basic Earnings Per Share $ (0.50) S 0.55 S 0.89
Diluted Earnings Per Share S (0.50) S 0.55 $ 0.89

* Represents the sales proceeds and the gain on sale of income producing properties that are classified as discontinued operations.

2011: In the third quarter of 2011, the Company finalized a decision to terminate Matson’s second China string (“CLX2”) due to the longer-term outlook for
sustained high fuel prices and increasingly volatile Transpacific rates. In connection with the termination of this service, the results of operation for the CLX2
component have been reclassified from the Transportation segment to discontinued operations for all periods presented. Additionally, the revenue and expenses
of Arbor Park Shopping Center, a retail property in Texas, Wakea Business Center II, a commercial facility on Maui, and a leased Maui property have been
classified as discontinued operations.

2010: The revenue and expenses of Ontario Distribution Center, an industrial property in California, Valley Freeway Corporate Park, an industrial facility in
Washington, Mililani Shopping Center, a retail center in Hawaii, Kele Shopping Center on Maui, and various Maui parcels have been classified as
discontinued operations. Additionally, a retail property on Maui that was held for sale at year-end was classified as discontinued operations.

2009: The revenue and expenses of Hawaii Business Park, an industrial property on Oahu, Southbank II, an office building in Arizona, San Jose Avenue
Warehouse, an industrial property in California, Pacific Guardian Tower, an office property on Oahu, Village at Indian Wells, an office property in
California, and various parcels on Maui have been classified as discontinued operations. Additionally, a retail property on Oahu was classified as
discontinued operations.

Agribusiness

A’ribusiness: 2011 co,npared with 2010

(dollars in millions) 2011 2010 Change
Revenue $ 161.7 5 163.9 -1%
Operating profit (loss) $ 22.2 $ 6.1 4X
Operating profit margin 13.8% 3.7%
Tons sugar produced 182,800 171,800 6%
Tons sugar sold 163,100 176,700 -8%

Agribusiness revenue decreased $2.2 million in 2011 compared with 2010. The decrease was primarily due to $8.2 million in lower coffee revenue as a result
of the sale of the assets of the coffee operation in the first quarter of 2011, the absence of a $4.9 million agriculture disaster relief payment for drought received
in 2010, and $2.7 million in lower sugar revenue, due to lower sugar sales volume. These decreases were partially offset by a $5.4 million increase in power
revenue, $3.0 million higher in molasses revenue due to higher volumes and prices, and $2.4 million higher outside charter revenue.

Operating profit increased $16.1 million in 2011 compared with 2010. The increase in operating profit was primarily due to a $6.1 million improvement in
power margins and a S5.2 million increase in raw and specialty sugar margins. The improvements in raw and specialty sugar margins are principally the
result of higher sugar prices and an increase in the volume of sugar production over which costs are allocated, resulting in lower per unit costs. Molasses
margins also increased $3.2 million due to higher sales volumes and prices. The increase in operating profit was partially offset by the aforementioned
agriculture disaster relief payment for drought received in 2010.

Sugar production in 2011 was 6 percent higher than in 2010 due principally to higher average yields per acre. The higher yields in 2011 were principally the
result of improved growing conditions and factory enhancements. The average revenue per ton of sugar for 2011 was $605 or 5 percent higher than the
average revenue per ton of $575 in 2010.

AL’ribusiness; 2010 compared wit/i 2009

(dollars in millions) 2010 2009 Change
Revenue $ 163.9 $ 107.0 53%
Operating profit (loss) $ 6.1 $ (27.8) NM
Operating profit margin 3.7% -26.0%
Tons sugar produced 171,800 126,800 35%



Tons sugar sold 176,700 124,000 43%

Beginning December 1, 2009, the Company consolidated the results of the Hawaiian Sugar & Transportation Cooperative (“HS&TC”) because the
Company was the sole member. Since HS&TC is a wholly-owned consolidated subsidiary, revenue recognition on raw sugar and molasses sales occurs when
HS&TC delivers the sugar and molasses to the Company’s third-party customers on the U.S. mainland. Prior to consolidation, the Company recognized
revenue when the raw sugar was delivered to HS&TC, which occurred as sugar was produced and delivered to the sugar warehouse on Maui, where title and
risk of loss passed. As a result of the HS&TC consolidation, the timing of revenue recognition differs between 2009 and 2010 and results in year-over-year
variances.

Agribusiness revenue increased $56.9 million in 2010 compared with 2009. The increase was primarily due to $62.8 million in higher bulk raw sugar
revenue that was the result of higher sugar prices and higher sales volume, as well as $3.3 million in higher coffee revenues related to higher volume and
prices. These increases were partially offset by a $7.1 million reduction in specialty sugar revenue due to lower sales volume.

Operating profit was $6.1 million in 2010 compared with an operating loss of $27.8 million in 2009. The improvement in operating profit was primarily due
to a $33.4 million improvement in raw sugar margins. The improvement in raw sugar margins is principally the result of higher sugar prices and an increase
in the volume of sugar production over which costs are allocated, resulting in lower per unit costs. Operating profit also benefited from a £7.9 million increase
in specialty sugar margins, due primarily to lower per unit production costs previously described. The increase in operating profit was partially offset by a
$3.0 million reduction in coffee results, principally due to a $1.9 million lower of cost or market adjustment to coffee inventory in the first quarter of 2010, as
well as a $2.8 million reduction in molasses margins due principally to higher delivery costs and lower sales volume.

Sugar production in 2010 was 35 percent higher than in 2009 due principally to higher average yields per acre. The higher yields in 2010 were principally the
result of improved growing conditions and factory enhancements. The average revenue per ton of sugar for 2010 was $575 or 63 percent higher than the
average revenue per ton of $352 in 2009.



CONTRACTUAL OBLIGATIONS, COMMITMENTS, CONTINGENCIES AND OFF-BALANCE SHEET ARRANGEMENTS

Contractual Obligations: At December 31,2011, the Company had the following estimated contractual obligations (in millions):

Payment due by period

_______________________________

- Total 2012 2013-2014 2015-2016 Thereafter

(a) S 559 S 52 $ 99 S 251 S 157
(b) 110 23 35 24 28
(c) 39 39
(d) 34 3 6 7 18
(e) 14 4 2 6 2

Contractual Obligations
Long-term debt obligations
(including current portion)
Estimated interest on debt
Purchase obligations
Post-retirement obligations
Non-qualified benefit obligations
Operating lease obligations

Total

BUSLNESS OUTLOOK

economy.

91 26 32 17 16
$ 847 $ 147 $ 174 $ 305 $ 221

(1)

________________________________________________________________

(a) Long-term debt obligations (including current portion) include principal repayments of short-term and long-term debt for the respective
period(s) described (see Note 7 to the Consolidated Financial Statements for principal repayments for each of the next five years). Short-term
debt includes amounts borrowed under revolving credit facilities and have been reflected as payments due in 2012.

(b) Estimated cash paid for interest on debt is determined based on (I) the stated interest rate for fixed debt and (2) the rate in effect on December
31, 2011 for variable rate debt. Because the Company’s variable rate date may be rolled over, actual interest maybe greater or less than the
amounts indicated.

(c) Purchase obligations include only non-cancellable contractual obligations for the purchases of goods and services. Arrangements are
considered purchase obligations if a contract specifies all significant terms, including fixed or minimum quantities to be purchased, a pricing
structure and approximate timing of the transaction. Any amounts reflected on the consolidated balance sheet as accounts payable and accrued
liabilities are excluded from the table above.

(d) Post-retirement obligations include expected payments to medical service providers in connection with providing benefits to the Company’s
employees and retirees. The $18 million noted in the column labeled “Thereafter” comprises estimated benefit payments for 2017 through
2021. Post-retirement obligations are described further in Note 10 to the Consolidated Financial Statements. The obligation for pensions
reflected on the Company’s consolidated balance sheet is excluded from the table above because the Company is unable to reliably estimate the
timing and amount of contributions.

(c) Non-qualified benefit obligations include estimated payments to executives and directors under the Company’s four non-qualified plans. The
$2 million noted in the column labeled “Thereafter” comprises estimated benefit payments for 2017 through 2021. Additional information
about the Company’s non-qualified plans is included in Note 10 to the Consolidated Financial Statements.

(f) Operating lease obligations include principally land, office and terminal facilities, containers and equipment under non-cancelable, long-term
lease arrangements that do not transfer the rights and risks of ownership to the Company. These amounts arc further described in Note 8 to
the Consolidated Financial Statements.

The Company has not provided a detailed estimate of the timing and amount of payments related to uncertain tax position liabilities due to the
uncertainty of when the related tax settlements are due. At December31, 2011, the Company’s uncertain tax position liabilities totaled approximately $6
million.

Other Commitments and Contingencies: A description of other commitments, contingencies, and off-balance sheet arrangements, and
incorporated herein by reference, is described in Note 13 to the Consolidated Financial Statements of Item 8 in this Form 10-K

The following discussion provides the Company’s preliminaiy outlook for 2012. All of the forward-looking statements made herein are qualified by the
inherent risks of the Company’s operations and the markets it serves, as more fully described on pages 17-25 of this Form 10-K.

The Company’s overall outlook assumes modest growth for the U.S. and Hawaii economies. In Hawaii, increases in visitor arrivals and expenditures are
expected to remain the principal drivers of growth. The State’s visitor industry performed well in 2011. Visitor expenditures were $12.5 billion, up 16 percent
compared to 2010, second only to 2007’s record expendimres of $12.6 billion. Strength in tourism performance came primarily from Mainland U.S. and non-
Japanese intemational visitors, including Visitors from Canada, Australia and China.

There are two primary sources of periodic economic forecasts and data for the State of Hawaii: The University of Hawaii Economic Research Organization
(UHERO) and the State’s Department of Business, Economic Development and Tourism (DBEDT). Economic infonnation included herein has been derived
from economic reports available on U}IERO’s and DBEDT’s websites that provide more complete information about the status of and forecast for the Hawaii

Ocean Transportation: Ocean Transportation’s performance continues lobe highly dependent on the future performance of the national and Hawaii
economies, fuel prices, Transpacific freight rates, and other factors that cannot be predicted with certainty.



The Company expects stable performance for the Hawaii trade lane, due to continued strength in tourism expenditures. More meaningful growth in the Hawaii
trade, however, is predicated on growth in the Hawaii construction Sector, which has yet to recover. In the Transpacific, the Company expects to run its CLXI
ships at full or near full capacity, but freight rates are expected to remain at the suppressed levels experienced in 2011. Any improvement in Transpacific
freight rates is primarily dependent on carrier management of capacity and strength in the U.S. economy. Improved performance in Guam is projected due to
increased container volume resulting from Horizon Line’s exit from the trade; such improvement is expected to be sustained until a new carrier enters this
market.

Logistics Services: The Company will focus on customer retention and expansion at its warehouse facilities and organic growth in its intermodal and
highway businesses and expects modest overall financial improvement. Performance will be dependent upon improvement in the Mainland economy, as well
as competitive dynamics in the freight brokerage business, cargo mix, available capacity in the market and reliability of the underlying carriers.

Real Estate Leasing: In Real Estate Leasing, the Company expects both Mainland and Hawaii rents and occupancy to remain stable, and while quarter-to-
quarter variability will occur, the Company expect modest overall full-year improvement in this segment as well.

Real Estate Development and Sales: Real estate sales are opportunistic and episodic by nature and, therefore, difficult to predict with certainty. The
Company expects to pursue its usual wide range of property sales, except that in 2011, the Company made the strategic decision to refocus its commercial
portfolio back to Hawaii over time. Accordingly, the pace of sales from its income portfolio will increasingly be dictated by the availability of acquisition
opportunities in Hawaii. The Company expects to be in a position to provide greater clarity on Real Estate Sales as the year progresses.

Agribusiness: Agribusiness is expected to continue to perform well based on forecasted sugar production and pricing that has already been locked in for over
half of the 2012 crop.

OTHER MATTERS

Management Changes: The following management changes were effective between January 1, 2011 and February 15, 2012.

On February Il, 2011, the Company announced the retirement of Norbert M. Buelsing, president of A&B Properties, Inc. and the appointment of
Christopher J. Benjamin, senior vice president, chief financial officer and treasurer of A&B and general manager of Hawaiian Commercial & Sugar
Company (HC&S), to president of the A&B Land Group and president of A&B Properties, Inc. Mr. Benjamin’s appointment to his new role was effective on
September 1,2011.

On July 6, 2011, the Company announced the appointment of Joel Wine as senior vice president, chief financial officer and treasurer of A&B, which became
effective September 1, 2011.

Rick Volner, Jr., senior vice president, Agricultural Operations of HC&S, was promoted to general manager of HC&S, effective April 1, 2011.

Wendy M. Ludwig was promoted to A&B vice president, tax, effective April 26, 2011.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF INCOME

(In millions, except per-share amounts)

Operating Revenue:
Ocean transportation
Logistics services
Real estate leasing
Real estate sales
Agribusiness

Total operating revenue
Operating Costs and Expenses:

Cost of ocean transportation services
Cost of logistics services
Cost of real estate sales and leasing
Coat of agribusiness goods and services
Selling, general and administrative

Total operating costs and expenses
Operating Income
Other Income and (Expense):

Gain on insurance settlement
Agriculture disaster relief payment
Gain on consolidation of HS&TC
Income (loss) related to real estate joint ventures
Interest income
Interest expense

Income From Continuing Operations Before Income Taxes

Income taxes
Income From Continuing Operations

Income from discontinued operations, net of income taxes (Note 2)

Net Income

Year Ended December31,
2011 2010 2009

$ 1,074 $ 1,012 $ 887
386 355 321

93 81 71
14 14 16

155 152 97
1,722 1,614 1,392

908 806 740
348 314 280

67 60 54
131 150 130
154 158 154

1,608 1,488 1,358
114 126 34

— -- 5
(2) 5 (2)
— 2 --

(25) (26) (25)

87 114 12
32 45 5
55 69 7

(21) 23 37

$ 34 $ 92 $ 44

Basic Earnings per Share of Common Stock:
Continuing operations
Discontinued operations

Net income
Diluted Earnings per Share of Common Stock:

Continuing operations
Discontinued operations

Net income

Weighted Average Number of Shares Outstanding:
Basic
Diluted

$ 0.19
0.89

$ 1.08

2
5

$ 1.32
(0.50)

$ 0.82

$ 1.68
0.55

$ 2.23

$ 1.31 $ 1.67
(0.50) 0.55

$ 0.81 $ 2.22

$ 0.19
0.89

$ 1.08

41.0
41.1

41.6
42.0

41.2
41.5

See notes to consolidated financial statements.



Cash Flows from Operating Activities:
Net income

ALEXANDER & BALDWIN, INC.

CONSOLIDATED STATEMENTS OF CASH FLOWS
(In millions)

Adjustments to reconcile net income to net cash provided by operations:

Depreciation and amortization
Deferred income taxes
Gains on asset transactions, net of impairment losses

Gain from receipt of insurance proceeds
Gain on consolidation of HS&TC
Share-based expense
Equity in (income) loss of affiliates, net of distributions

Changes in operating assets and liabilities:
Accounts and notes receivable
Inventories
Prepaid expenses and other assets
Deferred dry-docking costs
Liability for employee benefit plans
Accounts and income taxes payable
Other liabilities

Real estate developments held for sale:
Real estate inventory sales

Expenditures for real estate inventory

Net cash provided by operations
Cash Flows from Investing Activities:

Capital expenditures for property and developments
Proceeds from disposal of income-producing property, investments and other assets

Deposits into Capital Construction Fund
Withdrawals from Capital Construction Fund

Acquisition of businesses, net of cash acquired

Payments for purchases of investments

Proceeds from investments

Net cash used in investing activities

Cash Flows from Financing Activities:
Proceeds from issuance of debt
Payments of debt and deferred financing costs
Proceeds from (payments on) line-of-credit agreement, net

Proceeds from issuance of capital stock and other

Dividends paid
Net cash used in financing activities

Cash and Cash Equivalents:

Net increase (decrease) for the year

Balance, beginning of year

Balance, end of year
Other Cash Flow Information:

Interest paid, net of amounts capitalized

Income taxes paid
Non-cash Activities:

Debt assumed in real estate purchase

Real estate received in settlement of a mortgage note

Capital expenditures included in accounts payable and accrued expenses

Tax-deferred property sales
Tax-deferred property purchases

Year Ended December 31,
2011 2010 2009

$ 34 $ 92 $ 44

107
5

(51)
(1)

8 8

11 15
14 9

(12) (15)

(8) (1)

8 (16)
6 (6)

(18) (5)
9 10

109
(5)

(34)

105

(51)

(5)
9

5

(13)
(6)

(4)

(13)

20
11

6 56

(14) (22)

86 150

(67) (95)
16 34

(4) (4)

4 4

(28) (102)
8 13

(71) (150)

256 245
(215) (198)

(5) (4)

10 7
(53) (52)

(7) (2)

8 (2)

14 16

$ 22 S 14

$ (24) $ (25)

$ (25) $ (46)

$ — S 8

S —5 8

$ 11 S 7

$ 45 S 120

$ (39) $ (148)

(6)
115

(31)

32
(4)

4

10
(48)

6

(31)

241
(288)

13
(1)

(52)
(87)

(3)

19

S 16

$ (24)

$ (38)

$
S --

$ 5
$ 109
$ (95)

Sec notes to consolidated financial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED BALANCE SHEETS

(In millions, except per-share amount)

December 31,
2011 2010

ASSETS
Current Assets

Cash and cash equivalents S 22 S 14

Accounts and notes receivable, less allowances of $7 for 2011 and $8 for 2010 173 165

Inventories 40 35

Real estate held for sale 3 8

Deferred income taxes 5 8

Section 1031 exchange proceeds

Prepaid expenses and other assets 32 33

Total current assets 275 264

Investments in Affiliates 347 329

Real Estate Developments 143 122

Property — net 1,634 1,651

Employee Benefit Plan Assets 1 3

Other Assets 144 126

Total S 2,544 $ 2,495

LIABILITIES AND SHAREHOLDERS’ EQUITY

Current Liabilities
Notes payable and current portion of long-term debt S 52 $ 136

Accounts payable 156 137

Payroll and vacation benefits 20 20

Uninsured claims 8 10

Accrued and other liabilities 42 50

Total current liabilities 278 353

Long-term Liabilities
Long-term debt 507 386

Deferred income taxes 418 431

Employee benefit plans 168 135

Uninsured claims and other liabilities 50 54

Total long-term liabilities 1,143 1,006

Commitments and Contingencies (Note 13)
Shareholders’ Equity

Capital stock — common stock without par value; authorized, 150 million shares (S0.75 stated value

per share); outstanding, 41.7 million shares in 2011 and 41.3 million shares in 2010 34 34

Additional capital 239 223

Accumulated other comprehensive loss (92) (82)

Retained earnings 953 972

Cost of treasury stock (11) (11)

Total shareholders’ equity 1,123 1,136

Total S 2,544 $ 2,495

See notes to consolidated financial statements.



ALEXANDER & BALDWIN, INC.
CONSOLIDATED STATEMENTS OF SHAREHOLDERS’ EQUITY

For the three years ended December 31, 2011
(In millions, except per-share amounts)

Accumulated
Capital Stock Other

Issued In Treasury Compre
Stated Additional hensive Retained

Shares Value Shares Cost Capital Loss Earnings Total

Balance, December 31, 2008
Net income

44.6 S 33 3.6 $ (11 ) S 204 S (96) $ 942 S 1,072
44 44

Other comprehensive income, net of

Total comprehensive income
Excess tax benefit and share

Share-based compensation
Dividends ($1.26 per share)
Balance, December 31, 2009
Net income

7

8
59

(3)

9
(52) (52)
934 1,085
92 92

Other comprehensive income, net of

Defined benefit plans:
Net gain/prior service (cost)
Less: Amortization of

net loss/prior service cost

Total comprehensive income
Excess tax benefit and share

withholding
Shares issued
Share-based compensation
Dividends (SI .26 per share)

Balance, December 31, 2010

— — —
— (I)

0.3 1 — — 6
— —

— 8

34 3.6 (11) 223

(13) (13)

12 12
91

(2) (3)
— 7

8
(52)

1,136

34

tax*:

Defined benefit plans:
Net gain/prior service (cost)
Less: Amortization of

net loss/prior service cost

withholding

tax*:

7

8

(3) —

9 —

210 (81)44.6 33 3.6 $ (11)

44.9 (82

(52)
972

Net income — — — — — — 34

Other comprehensive income, net
of tax*:

Defined benefit plans:
Net gain/prior service (cost) — — — — — (17) — (17)

Less: Amortization of
net loss/prior service cost — — — — — 7 — 7

Total comprehensive income 24

Excess tax benefit and share
withholding — — — — — — —

Shares issued 0.4 — — — 8 — —

Share-based compensation — — — — 8 — — 8

Dividends ($1.26 per share) — — — — — — (53) (53)

Balance,December3l,2011 45.3 $ 34 3.6 $ (11) $ 239 $ (92) $ 953 $ 1,123
* Net of ($10) million and $5 million for 2011, ($10) million and $6 million for 2010, and $5 million each in 2009 for deferred taxes related to net gain/prior

service cost and amortization of net loss/prior service cost, respectively.

See notes to consolidated financial statements.



14. INDUSTRY SEGMENTS

Operating segments are components of an enterprise that engage in business activities from which it may eam revenues and incur expenses, whose operating
results are regularly reviewed by the chief operating decision maker to make decisions about resources to be allocated to the segment and assess its
performance, and for which discrete financial information is available. The Company’s chief operating decision maker is its Chief Executive Officer. Based
on the foregoing, the Company has five groups of similar products and services that are provided by its five segments that operate in three industries:
Transportation, Real Estate and Agribusiness.

The Transportation Industry consists of two segments. Ocean Transportation carries freight between various U.S. Pacific Coast, major Hawaii ports, Guam,
China and other Pacific ports and provides terminal, stevedoring and Container equipment management services in Hawaii. Additionally, the Ocean
Transportation segment has a 35 percent interest in an entity that provides terminal and stevedoring services at U.S. Pacific Coast facilities. Logistics Services
arranges domestic and intemational rail intermodal service, long-haul and regional highway brokerage, specialized hauling, flat-bed and project work, less-
than-truckload, expedited freight services, and warehousing and distribution services.

The Real Estate Industry consists of two segments. The Real Estate Sales segment generates its revenues through the development and sale of land, commercial
and residential properties. The Real Estate Leasing segment owns, operates, and manages retail, office, and industrial properties. When property that was
previously leased is sold, the sales revenue and operating profit arc included with the Real Estate Sales segment.

Agribusiness, which consists of one segment, grows sugar Cane; produces bulk raw sugar, specialty food-grade sugars, and molasses; markets and
distributes specialty food-grade sugars; provides general trucking services, mobile equipment maintenance and repair services in Hawaii; and generates and
sells, to the extent not used in the Company’s operations, electricity.

The accounting policies of the operating segments are described in the summary of significant accounting policies. Reportable segments are measured based on
operating profit, exclusive of interest expense, general corporate expenses, and income taxes. Transactions between reportable segments are accounted for on the
same basis as transactions with unrelated third parties.



Industry segment information for 2011, 2010, and 2009 is summarized below (in millions):

Forthe Year 2011 2010 2009

Revenue:
Transportation:

Oceantransportation $ 1,077.6 $ 1,016.5 S 888.6

Logistics services 386.4 355.6 320.9

Real Estate:
Leasing 100.1 94.4 103.2

Sales 66.2 136.1 125.6

Less amounts reported in discontinued operations’ (47.5) (126.7) (136.6)

Agribusiness5 161.7 163.9 107.0

Reconciling Items 2 (22.1) (26.3) (16.3)

Total revenue $ 1,722.4 $ 1,613.5 $ 1,392.4

Operating Profit:
Transportation:

Ocean transportation3 $ 74.1 S 118.7 $ 58.3

Logistics services 5.0 7.2 6.7

Real Estate:
Leasing 39.3 35.3 43.2

Sales3 15.5 50.1 39.1

Less amounts reported in discontinued operations’ (23.8) (54.5) (59.2)

Agribusiness5 22.2 6.1 (27.8)

Total operating profit 132.3 162.9 60.3

Interest expense, net4 (24.8) (25.5) (25.9)

General corporate expenses (20.3) (23.3) (21.8)

Income from continuing operations before income taxes 87.2 114.1 12.6

Income taxes 32.3 44.7 5.0

Income from continuing operations 54.9 69.4 7.6

Discontinued operations (20.7) 22.7 36.6

Net income $ 34.2 $ 92.1 $ 44.2

I Prior year amounts restated for amounts treated as discontinued operations.

2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.

3 The Ocean Transportation segment includes approximately $8.6 million, $12.8 million, and $6.2 million of equity in earnings from its investment in

SSAT for 2011,2010, and 2009, respectively. The Real Estate Sales segment includes approximately $7.9 million equity in loss and $2.0 million in equity

in earnings from its various real estate joint ventures for 2011 and 2010, respectively. Equity in earnings from joint ventures in 2009 was negligible.

“Includes Ocean Transportation interest expense of $7.7 million, $8.2 million, and $9.0 million for 2011, 2010, and 2009, respectively. Substantially all

other interest expense was at the parent company.

Includes a $4.9 million gsin in 2010 related to an agriculture disaster relief payment for drought experienced in prior years and a $5.4 million gain recorded

upon consolidation of HS&TC in 2009.



INDUSTRY SEGMENTS (CONTINUED)

AsofDecember3l: 2011 2010 2009

Identifiable Assets:
Ocean transportation6 $ 1,082.6 S 1,095.5 $ 1,095.2

Logistics services 76.8 73.8 72.4

Real estate leasing 770.9 739.4 627.4

Real estate sales6 451.4 420.8 415.6

Agribusiness 157.8 150.3 156.8

Other 4.8 14.8 12.2

Total assets $ 2,544.3 S 2,494.6 $ 2,379.6

Capital Expenditures:
Ocean transportation $ 44.2 $ 69.4 $ 12.7

Logistics services7 3.0 1.8 0.6

Real estate leasing8 43.6 164.7 108.8

Real cstatc salcs 5.2 0.1 0.1

Agribusiness 10.5 6.8 3.4

Other

______________

0.3 0.3

Total capital expenditures $ 106.5 $ 243.1 S 125.9

Depreciation and Amortization:
Ocean transportation $ 70.6 $ 69.0 $ 67.1

Logistics services 3.2 3.2 3.5

Real estate leasing1 21.6 20.3 19.5

Real estate sales 0.2 0.2 0.3

Agribusiness 11.9 12.7 11.9

Other 1.1 1.9 3.1

Total depreciation and amortization $ 108.6 5 107.3 $ 105.4

6 The Ocean Transportation segment includes approximately $56.5 million, $52.9 million, and $47.2 million related to its investment in SSAT as of

December 31, 2011,2010, and 2009, respectively. The Real Estate Sales segment includes approximately $290.1 million, $274.8 million, and $193.3

million related to its investment in various real estate joint ventures as of December31, 2011, 2010, and 2009, respectively.

Excludes expenditures related to Matson Logistics’ acquisitions, which are classified as acquisition of businesses in Cash Flows from Investing Activities

within the Consolidated Statements of Cash Flows.

Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the

Consolidated Statements of Cash Flows.

Excludes expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated

Statements of Cash Flows. Operating cash flows for expenditures related to real estate developments were $14 million, $22 million, and $6 million for

2011, 2010, and 2009, respectively.



15. QUARTERLY INFORMATION (ljnaudited)

Segment results by quarter for 2011 are listed below (in millions, except per-share amounts):

2011

QI Q2 Q3 Q4

Revenue:
Transportation:

Ocean transportation $ 238.4 $ 274.8 $ 281.8 $ 282.6

Logistics services 91.3 103.1 99.2 92.8

Real Estate:
Leasing 26.0 25.2 24.5 24.4

Sales 23.4 30.7 9.3 2.8

Less amounts reported in discontinued operations I (15.2) (23.1) (8.8) (0.4)

Agribusiness 16.1 44.7 38.5 62.4

Reconciling Items 2 (6.5) (6.9) (4.3) (4.4)

Total Revenue $ 373.5 $ 448.5 $ 440.2 $ 460.2

Operating Profit (Loss):
Transportation:

Ocean transportation $ 5.4 $ 27.1 $ 28.6 $ 13.0

Logistics services 1.5 2.1 2.0 (0.6)

Real Estate:
Leasing 10.6 10.4 9.2 9.1

Sales 12.0 10.6 3.5 (10.6)

Less amounts reported in discontinued operations’ (7.2) (9.2) (7.0) (0.4)

Agribusiness 2.6 8.5 3.8 7.3

Total operating profit 24.9 49.5 40.1 17.8

InterestExpense (6.2) (6.1) (6.3) (6.2)

General Corporate Expenses (4.2) (4.2) (4.8) (7.1)

Income From Continuing Operations before Income Taxes 14.5 39.2 29.0 4.5

Incometaxes 5.8 15.1 10.6 0.8

Income From Continuing Operations 8.7 24.1 18.4 3.7

Discontinued Operations’ (3.5) (5.4) (9.7) (2.1)

Netlncome $ 5.2 $ 18.7 $ 8.7 $ 1.6

Eamings Per Share:
Basic $ 0.13 S 0.45 $ 0.21 $ 0.04

Diluted $ 0.12 $ 0.44 $ 0.21 $ 0.04

See Note 2 for discussion of discontinued operations.
2 Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.



Segment results by quarter for 2010 are listed below (in millions, except per-share amounts):

2010

QI Q2 Q3 Q4

Revenue:
Transportation:

Oceantransportation $ 229.5 S 257.2 $ 261.8 S 268.0

Logistics services 77.1 88.6 92.4 97.5
Real Estate:

Leasing 23.6 23.2 24.4 23.2

Sales 60.3 22.0 4.3 49.5

Less amounts reported in discontinued operations (58.4) (20.7) (3.3) (44.3)

Agribusiness2 14.2 29.8 60.4 59.5

Reconciling Items 3 (4.2) (3.6) (2.7) (15.8)

Total Revenue $ 342.1 $ 396.5 $ 437.3 $ 437.6

Operating Profit (Loss):
Transportation:

Ocean transportation $ 10.4 $ 37.0 $ 42.5 $ 28.8

Logistics services 1.9 1.5 1.8 2.0
Real Estate:

Leasing 9.1 8.5 9.3 8.4

Sales 21.4 8.0 2.9 17.8

Less amounts reported in discontinued operations’ (22.8) (10.6) (2.1) (19.0)

Agribusiness2 (1.1) 1.8 0.8 4.6

Total operating profit 18.9 46.2 55.2 42.6

Interest Expense (6.5) (6.5) (6.3) (6.2)

General Corporate Expenses (6.6) (4.5) (7.7) (4.5)

Income From Continuing Operations before Income Taxes 5.8 35.2 41.2 31.9

lncometaxes 3.0 13.1 15.5 13.1

Income From Continuing Operations 2.8 22.1 25.7 18.8

Discontinued Operations’ 14.5 6.8 — 1.4

Net Income S 17.3 S 28.9 $ 25.7 $ 20.2

Earnings Per Share:
Basic S 0.42 $ 0.70 $ 0.62 S 0.49

Diluted $ 0.42 $ 0.70 $ 0.62 S 0.48

See Note 2 for discussion of discontinued operations.
2 Includes a $4.9 million gain in the fourth quarter of 2010 related to a agriculture disaster relief payment for drought experienced in prior years.

Includes inter-segment revenue, interest income, and other income classified as revenue for segment reporting purposes.



16. PARENT COMPANY CONDENSED FINANCIAL INFORMATION

Set forth below are the unconsolidated condensed financial statements of Alexander & Baldwin, Inc. (“Parent Company”). The significant accounting policies

used in preparing these financial statements are substantially the same as those used in the preparation of the consolidated financial statements as described in

Note 1, except that, for purposes of the tables presented in this footnote, subsidiaries arc carried under the equity method.

The following table presents the Parent Company’s condensed balance sheets as of December 31, 2011 and 2010 (in millions):

2011 2010

ASSETS
Current Assets:

Cash and cash equivalents $ 1 S -

Accounts and other receivables, net 3 5

Inventories 24 1 6

Real estate held for sale 3

Prepaid expenses and other 5 6

Total current assets 33 30

Investments:

Subsidiaries consolidated, at equity 1,313 1,299

Property, at Cost 518 501

Less accumulated depreciation and amortization 237 225

Property—net 281 276

Other Assets 16 17

Total
$ 1,643 $ 1,622

LIABILITIES AND SHAREHOLDERS’ EQUITY

Current Liabilities:
Current portion of long-term debt $ 34 $ 108

Accounts payable 6 8

Income taxes payable 22 2

Non-qualified benefit plans I

Other 17 17

Total current liabilities 89 136

Long-term Debt 308 230

Employee Benefit Plans 41 27

Non-qualified Benefit Plans 8 10

Other Long-term Liabilities 19 11

Deferred Income Taxes 50 50

Due to Subsidiaries 14 22

Shareholders’ Equity:
Capital stock 34 34

Additional capital 239 223

Accumulated other comprehensive loss (92) (82)

Retained earnings 953 972

Cost of treasury stock (11) (11)

Total shareholders’ equity 1,123 1,136

Total
$ 1,643 S 1,622



The following table presents the Parent Company’s condensed statements of income for the years ended December31, 2011, 2010, and 2009 (in millions):

2011 2010 2009

Revenue:
Agribusiness $ 128 $ 117 $ 73

Real estate leasing 24 1 6 13

Real estate sales 15 2 8

Interest and other 3 6 2

Total revenue 170 141 96

Costs and Expenses:
Cost of agribusiness goods and services 113 114 109

Cost of real estate sales and leasing 21 11 9

Selling, general and administrative 21 24 21

Interest and other 16 1 6 1 6

Income tax benefit (expense) 2 (12) (22)

Total costs and expenses 173 153 133

Loss from Continuing Operations (3) (12) (37)

Discontinued Operations, net of income taxes 2 24 11

Income (Loss) Before Equity in Income of Subsidiaries Consolidated (1) 12 (26)

Equity in Income from Continuing Operations of Subsidiaries Consolidated 58 81 44

Equity in Income (Loss) from Discontinued Operations of Subsidiaries Consolidated (2) (1) 26

Net Income 34 92 44

Other Comprehensive Income (Loss), net of income taxes j)j) (1) 1 5

Comprehensive Income $ 24 $ 91 $ 59



The following table presents the Parent Company’s condensed statements of cash flows for the years ended December 31, 2011, 2010, and 2009 (in millions):

2011 2010 2009

Cash Flows from Operations (including dividends received from subsidiaries) $ 96 S 37 S 90

Cash Flows from Investing Activities:

Capital expenditures (10) (14) (6)

Purchase of investments (58) (67) (96)

Proceeds from disposal of property and sale of investments 12 36 28

Net cash used in investing activities (55) (45) (74)

Cash Flows from Financing Activities:

Change in intercompany payables/receivables (13)

Proceeds from (repayments of) long-term debt, net 3 52 5 1

Proceeds from issuance of capital stock and other 10 7 (1)

Repurchases of capital stock

Dividends paid (5) (52) (52)

Net cash used in financing activities (40) 7 (15)

Cash and Cash Equivalents:

Net increase (decrease) for the year I (I)

Balance, beginning of year — 1 —

Balance, end of year $ I $ -- S I

Other Cash Flow Information:

Interest paid $ (16) $ (15) S (13)

Income taxes paid, net of refunds $ (25) $ (46) $ (38)

Other Non-cash Information:

Depreciation expense $ 16 S 16 $ 17

Tax-deferred property sales $ 16 S 65 S 29

Tax-deferred property purchases $ (12) $ (78) $ (40)

General Iqforrnalion: The Parent Company is headquartered in Honolulu, Hawaii and is engaged in the operations that are generally described in Note 14,

“Industry Segments.” Additional information related to the Parent Company is described in the foregoing notes to the consolidated financial statements.
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ALEXANDER & BALDWIN, INC.

FORiI 10-K

Annual Report for the Fiscal Year
EndedDecember 31,2012

PART I

ITU’.1S I & 2. BUSINESS AN]) PROPERTIES

Owrview

Alexander & Baldwin, Inc. (“A&B” or the “Consany”) is a premier Hawaii-focused land company with intcrcsts in real estate development, real estate leasing and
agribusiness. A&B’s assets include approximately 87,000 acres of land in Hawaii, nearly 8.0 million square feet oflsigh-quality retail, office and industrial properties in Hawaii and
on the Mainland, and a real estate development portfolio encompassing residential and commercial projects across Hawaii. Its landholdings, primarily on Maui and Kauai. make it
the fourth largest private landowner in the state. A&B, whose history in Hawaii dales back to 1870, is Hawaii’s largest farmerwith 36,000 acres in productive sugarcane cultivation.
A&B also plays a key role as a major provider of renewable energy on Maui and Kauai, supplying approximately sixpercent of the power consumed on each island.

Prior to June 29, 2012, A&B’s businesses included Matson Navigation Company Inc. (“Matson Navigation”), a wholly owned subsidiary, that provided ocean
transportation, truck brokerage and intermodalservices.As part ofa strategic initiative designed to allowA&Bto independently execute its strategies and to best enhance and
maximize its earnings. growth prospects and shareholder value, A&B made a decision to separate the transportation businesses from the Hawaii real estate and agriculture
businesses. In preparation for the separation, A&B modified its legal-entity structure and became a wholly owned subsidiary ofa newly created entity, Alexander & Baldwin
Holdings, Inc. (“Holdings”). On June 29, 2012, Holdings distributed to its shareholders all ofthe shares ofA&B stock in a tax-free distribution (the “Separation”). Holdem of
Holdings common stock continued to own the transportation businesses, but also received one share ofA&B common stock for each share of Holdings common stock held at the
close ofbusiness on June 18, 2012, the record date. Following the Separation, Holdings changed its name to Matson, Inc. (“Matson”). On July 2,2012, A&B began regular trading
on the New York Stock Exchange under the ticker symbol “ALEC’ as an independent, public company.

A&B is headquartered in Honolulu and operates in three segments in two industries—Real Estate and Agribusiness. The business industries ofA&B are generally as
follows:

A. Real Estate - The Real Estate Industry consists of two segments, both ofwhich have operations in Hawaii and on the Mainland. The Real Estate Industry
engages in real estate development and ownership activities, including planning, zoning, financing, constructing, purchasing, managing and leasing, selling and
exchanging, and investing in real property. Real estate activities are conducted through A&B Properties, Inc. and other wholly owned subsidiaries nfA&B.

• Real Estate Development and Sale.s segment - generates its revenues and creates value through an active and conUrehensive program of land stewardship,
planning, entitlement, development and sale of land and commercial and residential properties, principally in Hawaii.

• Real Estate Leasing segment - owns, operates, and manages a large portfolio of high-quality retail, oflice, and industrial properties in Hawaii and on the
Mainland. The Company also leases land in Hawaii. The significant recurring cash flow generated by this portfolio serves as an important source offlusiding
for A&B’s real estate development and sales activities.

B. Agribusiness - Agnbusmess, which contains one segment, produces hulkraw sugar, specialty food grade sugars, and nlasses; markets and distributes
specialty food-grade sugars; provides general trucking services, mobile equipment maintenance, and repair services in Hawaii; leases agricultural land to third
parties; and generates and sells electricity to the extent not used in A&B’a Agribusiness operations. A&B also is the member of Hawaiian Sugar &
Transportation Cooperative (“HS&TC”), a cooperative that provides raw sugar marketing and transportation services.

The fotlowing table contains key information regarding each of the Company’s segments. Since the purchase and sale of real estate is considered an ongoing and
recurring core activity of its real estate businesses, Real Estate Development Sales and Real Estate Leasing segment revenue and segment operating profit are analyzed before
subtracting amounts related to discontinued operations. This is consistent with how tise Company generates earnings atsd how A&B’s management evaluates perfonmnce and
makes decisions regarding capital allocation forA&B’s real estate businesses.

2012 Percentage of
Percentage of Operating Total 2012

2012 Rewnue Total 2012 Profit Operating
Segment (in millions) Rewnsie (in millions) Protit Key Facts

Highs-quality commercial portfolio consisting of 45
Real Estate Leasing $100.6 32% $41.6 72% improved properties in Hawaii and 8 Mainland states

totaling nearly 8.0 million square feet.
Hawaii-focused, experienced developer with a large
development pipeline encompassing over a dozen
projects entitled for approximately 1.700 resortReal Estate Salcs* S32.2 10% $(4.4) (8)/o . . .residential, 600 primary residential and 200 commercial
units. Fourth largest private landowner in Hawaii with
approximately 87,000 acres.
Largest farmer in Hawaii and only producer of raw

Aoribusiness SI 82.3 58% $20.8 36% sugar in Hawaii, producing nearly 180,000 tons of sugar
in 2012, and provider of approximately 6 percent of

______________________________________________________________________renewable

energy on both Maui and Kauai.
Total

*

$315.1 100% $58.0 100%

Revenue includes $8.3 million on the sale of a 286-acre agricultural parcel in the third quarter of 2012
classified as “Gain on sale of agricultural parcel” in the consolidated statements of income, but reflected as



revenue for segment reporting puqxeses. Additionally, operating profit includes impairment and equiey
losses of £9.8 million related to the Company’s change to its development strategy to focus on
development projects in Hawaii.

Furtherinfomiation about the revenue, operating profits and identifiable assets ofA&B’s industiy segments forthe three years ended December31, 2012 are contained in
Note 14 (“Operating Segments”) to A&B’a financial statements in Item 8 of Part H below.

Strategy

A&B strives to create value through superior investments in Hawaii by leveraging its e,aeissive asset base, market knowledge and development expertise to create
shareholdervalue through the entire spectrum ofland stewardship and development, including land planning, entitlement, permitting, development and sales. A&B has a long track
record ofsuccessfttlly investing itt residential and commercial projects on both its legacy landholdings and non-legacy holdings. A&B believes that Hawaii has attractive near- and
long-term growth prospects and intends to position its development and investment activities to capitalize on this growth.

A&B is committed to the highest and best usc ofits agricultural land assets through continued improvements in sugar production and renewable energy generation, and
will continue so explore opportunities for conversion so a bio-energy generating model. Additional details regarding A&B’s key strategies across its lands, commercial properties,
investments, and agnculture assets are as follows:

Land:

Employing lands at their highest and best use: A&B strives to employ the land it owns at its highest and best use, to the benefit ofsliareholdera, employees, our
communities and other key atakeholdergroupa. For a significant portion ofA&B’s substantial Hawaii landholdings, this implies a wide range ofnon-development
uses, ranging from conservation/watershed to pasture to active farming. While a material portion ofA&B’s landholdings has limited or no long-term urban
development potential, these landholdings reimin valuable for other reasons, for exeniple, providing access so natural resources or hydro-elecsnc generation
capability.

Focus on entitlement and development ofcore Hawaii lands: A&B intends to focus on development of a portion of its core landholdings in Hawaii, pursuing
appropriate entitlement and development projects that respond to market demand while meeting community needs,

Coniniercial Properties:

Optimize ,-eturns ofA&B e diversified commercial portfolio: A&B has a track record of increasing the value ofita commercial property portfolio through active
management ofa comprehensive program designed to increase occupancy, secure quality tenants, and reduce costs, thereby maximizing the financial performance of
these properties. Periodically, when A&B believes it has maximized the value ofa select asset, it may market the asset for sale. Upon sale, A&B will seek to redeploy
the proceeds on a 1031 tax-deferred basis into a new asset with a higher retUm potential, with a focus on opportunistically migrating the portfolio to Hawaii over time,
while ensuring that the portfolio continues to serve as a stable source of cash flow for A&B’s investment activities.

Real Estate Investment:

• Invest in high-returning real estate opportunities in Hawaii: In addition to development of its o’,vn lands, A&B will continue to invest in attractive real estate
opportunities elsewhere in Hawaii where it can leverage its market knowledge, relationships and financial strength to create significant value and, at the same time,
diversify its current portfolio and pipeline.

• Buildapipeline ofdevelopment projects scaled to market opportunities and designed to optimize risk-adjusted returns: A&B owns a valuable pipeline of
development projects encompassing a wide-range of product types, from resort residential real estate, to industrial, to primary residential housing. A&B employs a
disciplined approach to its investments and prudently invests capital to position select projects with ready inventory to meet market demand. A&B also will pursue
joint ventures, where appropriate, to supplement its in-house capabilities, access third-party capital, gain access to new opportunities in the Hawaii market, diversify
its pipeline, and optimize risk-adjusted retums.

Agriculture:

• De-risk agricultural operations: A&B continuously seeks to stabilize and de-riak its agricultural operations. For exemple, the sate ofA&B’s Kauai Coffee Company,
Inc. assets to a global coffee manufacturer removed operational cost and product marketing risks and replaced volatile financial results with a stable lease income
stream. In addition, A&B has enhanced the management of field and factory at its sugar operations, resulting in a greater than 40 percent increase in sugar yields per
acre over the past three years. A&B intends to continue its focus on maximizing its returns from agricultural activities and assets while mitigating the volatility of
those retums To meet this objective, A&B employs a variety of risk-mitigation measures, including forward pricing of sugar sales and fixed-rate contracts for key
inputs. Refer so the Company’s “Outlook” on page 51 for an updated discussion on the Company’s sugar pricing.

• Grow renewable energy operations: Due to she high cost of transporting fossil fuels to a remote inland community, the economics of renewable energy in Hawaii are
more favorable relative to otherU.S. locations. In fact, Hawaii has mandated a shift to 40 percent clean energy by the year 2030. As a result, A&ll expects to evaluate
and fl.irther capitalize on opportunities to add additional renewable energy capacity to its portfolio through new projects, and to continue research on possible
cultivation and conversion offeedstoek from A&B’s sugar plantation for use in bio-liiel production.

Seek New Hawaii Opportunities:

• A&B has a successful long-term track record of expanding into lines ofbusinessea that complement its core land and agribusiness operations. Looking forward, A&B
expects to continue its evaluation of Hawaii-centric business opportunities that complement its core land stewardship, agribusiness, property development and
property management activities in the state, and leverage A&B’s competitive strengths and the long-term prospects for growth in Hawaii.

Competitiw Strengths

Irreplaceable Hawaii Real Estate Assets:

• Extensive and irreplaceable landholdings: A&B is the fourth largest private landowner in Hawaii, with approximately 87,000 acres, primarily on Maui and Kauai,
including 750 acres fully entitled for urban use.

• High-quality commercial real estoteportjblio producing strongfree cash flow: A&B owns and manages a high-quality commercial portfolio of45 properties in
Hawaii and eight Mainland states that totals nearly 8.0 million square feet, which provides significant, stable, recurring cash flows that support A&B’s real estate



The company’s schedule oflease e,qirations for its Hawaii and U.S. Mainland conmiercial portfolio is as follows:

Annual Percentage
Sq. ft. of Percentage gross rent of total

Number of expiring of total expiring(S) annual gross
leases leases leased Gl.Am (S in millions) rent)2)

109 699.3 17 9.9% 7.4 10.5%
I 1 1 477,349 6.7% 6.9 9.8%
129 1,197,584 16.9% 12.3 17.7%
78 974,963 13.8% 10.6 15.1%
72 2,007,353 28.3% 14.8 21.2%
26 469,888 6.6% 3.7 5.2%

9 125,870 1.8% 2.0 2.8%
15 197,154 2.8% 2.9 4.2%
6 161,607 2.3% 1.5 2.2%

11 97,839 1.4% 2.0 2.8%
4 20,861 0.3% 0.4 0.6%

21 652,965 9.2% 5.5 7.9%
591 7,082,750 100.0% 70.0 lOO.0%

(I) Gross lessable area

C. Agribusiness

(1) Production

(2) Marketing of Sugar

Year of expiration

2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

Thereafter
Total

(2) Aitnual gross rent means the annualized base rent amounts ofmqjiring leases and includes improved properties only.

A&B has been engaged in the production ofcane sugar in Hawaii since 1870. A&B’s current agribusiness and related operations consist of: (1)3 sugarplantation on the
island of Maui, operated by its Hawaiian Consncrcial& Sugar Conipany (“HC&S”) division, (2) renewable energy operations on the island ofKauai, operated by its McBrydc
Resources, Inc. (“McBryde”) subsidiaiy, (3) its Kahului Truckisg & Storage, Inc. (“KT&S”) and Kauai Commercial Company, Incorporated (“KCC”) subsidiaries, which provide
several types oftrucldng services, including sugarand molasses hauling on Maui, mobile equipment maintenance and repair services on Maui. Kauai. and the Big Island. and self
service storage facilities on Maui and Kauai, and (4) Hawaiian Sugar & Transportation cooperative (“HS&TC”), so agricultural cooperative that provides raw sugar marketing and
transportation services solely to HC&S. HS&TC owns the MVMoku Pahu, a Jones Act qualified integrated tug barge bulk thy carrier, which is used to transport raw sugar from
Hawaii to the U.S. West Coast and coal flora the U.S. West Coast to Hawaii.

HC&S is Hawaii’s only producer of raw sugar, producing approximately 178,300 tons of raw sugar in 2012 (compared with 182,800 tons in 2011). The primary reasons for
the decrease in production were loweryields on the plantation due to an increase in fields harvested as green cane, which suppresses yields, and drier conditions resulting in lower
water deliveries to the crop. HC&S harvested 15,900 acres of sugar cane in 2012 (compared with 15,063 in 2011). Yields averaged 11.3 tons ofsugarper acre in 2012 (compared to
12.1 in 2011). As a by-product of sugar production, FIC&S also produced approximately 50,500 tons ofmolasses in 2012 (compared to 53,100 in 2011).

In 2012, approximately 15,600 tons of sugar (compared to 18,700 tonS in 2011) were processed by HC&S into specialty food-grade sugars under HC&S’s Maui Brand®
trademark or repackaged by distributors under their own labels. This decrease in production was due to planned lower levels to meet customer commitment levels and limited
availability of the highest quality syrup to process the specialty sugars.

HC&S and McBryde produce electricity for internal use and for sale to the local electric utility companies. HC&S’s power is produced by burning bagssse (the residual
fiber ofthe sugar cane plant), by hydroelectric power generation and, when necessary, by burning fossil fuels. McBiydc produces power through hydroelectric and solar
generation. The price for the power sold by HC&S is equal to the utility companies’ ‘avoided cost” ofnot producing such power thenoelves. In addition, HC&S receives a
capacity payment to provide a guaranteed power generation capacity to the local utility. The price for the power sold by MeBryde is based on fixed prices that vary along a sliding
scale tied to volume. Sec “Energy” below for power production and sales data.

Approximately 90 percent ofthe bulk raw sugar produced by H&S in 2012 was purchased by &H Sugar Cotnpany, Inc. (“C&Fl”). &H processes the raw cane sugar at
its refinery at Crockett, California and markets the refined products prinrily in the western and central United States.

The remaining 10 percent ofthc raw sugar was used by HC&S to produce specialty food-grade sugars, which are sold by HC&S to food and beverage producers and to
retail stores under its Maui Brand® label, and to distributors that repackage the sugars under their own labels. HC&S’s largest food-grade sugar customers are Cumberland Packing
Corp. and Sugar Foods Corporation, which repackage HC&S’s turbinado sugar for their “Sugar in the Raw” product line.

HS&TC, a sugar grower cooperative in Hawaii (ofwhich H&S is the member), has a supply contract with C&H ending in December 2014. Pursuant to the supply contract.
the cooperative sells raw sugar to C&H at a price equal to the New YorkNo. 16 Contract settlement price, less a volume-based discount.

(3) Sugar Competition and Legislation

Hawaii has traditionally produced more sugar per acre than nst other major producing areas of the wotld. but that advantage is offset by Hawaii’s high labor costs and
the distance to the Mainland market. Hawaiian refined sugar is marketed primarily west of Chicago, Illinois. The region near Chicago is also the largest beet sugar growing and
processing area and, as a result, the only market area in the United States that produces more sugarthan it consumes. Sugar from sugarbeets is the greatest source ofconpetition
in the refined sugar market for the Hawaiian sugar industry.

The U.S. Congress historically has sought, through legislation, to assures reliable domestic supply ofsugar at stable and reasonable prices. The current legislation is the
Food Conservation and Energy Act of 2008, which was set to expire on December 31,2012 (“2008 Fann Bill”), but was extended one year during the national “fiscal cliff”
negotiations. The two main elements of U.S. sugar policy are the tariff-rate quota (“TRQ”) import systemand the price support loan program The TRQ systemlimits imports from



countnes other than Canada and Mexico by allowing only a quota amount to enter the U S after paynsent of a ielatively low tariff A higher, ovei-quota tanff is imposed foi
imported quantities above the quota amount. Also, a new but limited sucrose ethanol program was added in 2008. which allows sugar to be diverted into ethanol production when
the market is deemed to be oversupplied

The 2008 Farm Bill reauthonzcd the sugar pnce support loan program, which supports the U S. price of sugar by pioviding for commodity-secured loans to producers A
loan rate (support pnce)ofl8 S0cents perpound (‘cf/lb”)forrawcane sugarwas in effect forthe 2OlOand 2011 crops. The loan rate increases to 1875 a/lb forthe 2012 and 2013
crops (the last year of the bill). The U.S rates aie adjusted by iegion to ieflect the cost of transportation The 2012 adjusted crop loan rate in Hawaii is 17 57/lb. A&B does not
cuiTently participate in the sugar price support loan program.

In 2005. the U.S approved a trade pact with Central America and the Dominican Republic, known as the Central America-Dominican Republic-United States Free Trade
Agreement In 2006, the first year of the agreement, additional sugar market access foi participating countries amounted to about 1 2 percent ofcurreat US sugar consumption
(107,000 metric tons), which will grow to about 1 7 percent (151,000 metric tons) in its fifteenth year

Implementation of the North American Free Trade Agreement (NAFTA) began in 1994 This agreement temoved most bamers to trade and investment among the US,
Canada and Mexico UnderNAFTA, all non-tariff bamen, to agricultural trade between the U S and Mexico were eliminated In addition, many tanffs were eliminated immediately or
phased out Starting in 2008. Mexico was permitted to ship sri unlimited quantity of sugar duty-flee to the US each year

U S raw sugar prices remained relatively stable and flat for ovei thirty years The lull inq,leinentation ofNAFTA in 2008, which unified the U S and Mexican sugar
markets, increased price volatility In 2009, a tight NAFTA supply/demand outlook and a soaring woild raw sugar market combined to push U.S raw sugar prices to 29-year highs
Prices have since steadily declined in 2012 due to a recent NAFTA and world market surplus A chronological chart of the average US domestic raw sugar prices, bated on the
average daily New York No 16 Contract settlement price for domestic raw sugar, is shown below (not adjusted for inflation)

U.S Raw Sugar Prices
(New York No. 16 Contract)
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(4) LandUesignations and Water

The FTC&S sugar plantation, the only remaining sugar plantation in Hawas, consists of43,300 acres, with approximately 36,000 acres under active sugar cane cultivation

On Kauai. approximately 3,000 acres are cultivated in coffee by Massirno Zanetti Beverage USA. Inc.. which leases the land from A&B Additional acreage is cultivated in
seed com and uted for pasture purposes

The Hawaii Legislature, in 2005, passed Important Agricultural Lands (“IAL’) legislation to flslfill the state constitutional mandate to protect agricultural lands, promote
diversified agriculture, increase the state’s agneultuial self-sufficiency, and assuie the availability of agriculturally suitable lands. In 2008, the Legislature passed a package of
incentives, which is ncccssaiy to triggerthe IAL system of land designation In 2009, A&B received approval from the State Land Use Commission for the designation of over
27,000 acres on Maui and over 3,700 acres on Kauai as IAL. These designations were the result ofvoluntary petitions filed by A&B

It is crucial for HC&S to have access to ielisble sources ofwater supply and efficient imgation systems HC&S conserves water b using “drip” Imgation systems that
distribute water to the roots through small holes in plastic tubes All hut a small area of the cultivated cane land farmed by HC&S is drip imgated

A&B owns 16,000 acres ofwatershed lands in East Maui, which supply a portion of the imgation water used by HC&S A&B also held foui water licenses to another
30.000 acres owned by the State of Hawaii in East Maui. which ovci the last ten years have supplied approximately 58 percent ofthc irrigation water used by H&S The last of
these water license agreenrcnts cxiired in 1986. and all four agreements were then extended as revocable permits that weie renewed annually In 2001. a request was made to the
State Board of Land and Natural Resources (the “BLNR”) to replace these revocable permits with a long-term water lease Pending the conclusion by the BLaIR of this contested
case hearing on tIme request forthe hong-termlease, this BL3’lRhas renewed the existing permits on a holdo; erbasts A&B also holds rights to an irrigation systemin West Maui.
which provided approximately 14 percent of the imgation water used by HC&S over the last ten years. For information regarding legal proceedings involving A&B’s imgatron



systems, see “Legal Proceedings” below.

(5) Energy

As has been the practice with sugar plantations throughout Hawaii, H&S uses bagasse. the residual fiber of the sugar cane plant, as a fuel to generate steam for the
production of most of the electrical power for sugar milling and irrigation pumping operations. In addition to bagasse, HC&S uses coal, diesel, fuel oil, and recycled motor oil to
generate power during factory shutdown periods when bagasse is not being produced or during periods when bagasse is not produced in sufficient quantities. HC&S also
generates a limited amount ofhydroelectric power. To the extent it is not used in A&B’s factory and farming operations, HC&S sells electricity. In 2012, HC&S produced and sold,
respectively, approximately 182,100 megawatt hours (MWH) and 58,200 MWH of electric power (compared with 191,300 MWH produced and 64,900 MWH sold in 2011). The
decrease in powersold was due to increased powerused for irrigation pumps to improve soil moisture levels and yields and mechanical problems with one ofthe boilers at HC&S in
the first half of 2012. Hydroelectric generation was depressed during the year due to extended drought conditions on Maui. HC&S’s use ofoiin 2012 of l7,600,barrels was
81 percent more than the 9,700 barrels used in 2011. Coal used for power generation was 51,000 short tons, about 7,600 tons less than that used in 2011. Less coal was required
because ofihe higher bagasse production from the fields, lower power deliveries described above, and the higher oil consumption.

In 2012, Mcaryde produced approximately 30,500 MWH ofhydroelectric power (compared with approximately 29,800 MWH in 2011). To the extent it is not used in A&B
related operations, McBiyde sells electricity to Kauai Island Utility Cooperative (“KIUC”). Power sales in 2012 amounted to approximately 24,100 MWH (compared with 22,100
MWH in 2011). In December 2012, MeBryde placed into services 6 MW photovoltaic solarpower generation facility. The company expects to sell approximately 10.000 MWH of
solar power per annum to KIUC.

Employees and Labor Relations

As of December 31, 2012, A&B and its subsidiaries had 946 regular flaIl-time employees. The Agribusiness segment employed 846 regular fill-time employees, the real
estate segment employed 43 regular full-time employees, and the remaining employees were employed in administration. Approximately 73 percent were covered by collective
bargaining agreements with unions.

Bargaining unit employees ofH&S are covered by two collective bargaining agreements with the International Longshore and Warehouse Union (“ILWU”). The
agreements with the HC&S production unit employees and clerical and technical employees bargaining units cover approximately h4oworkers and expire on January31, 2014. The
bargaining unit employees at KT&S aLso are covered by two collective bargaining agreements with the ILWU. The bulk sugar eiloyees’agreement expires on June 30,2014 and
the agreement with all other employees expires on March 31, 2015. There are two collective bargaining agreements with Kauai Commercial Company employees represented by the
ILWU. These agreements expired on February 28,2013, with renegotiations underway.

Aailabie Information

A&B files reports with the Securities and Exchange Commission (the “SEC”). The reports and other information filed include: annual reports on Form 10-K, quarterly
reports on Form lO-Q, current reports on Form 8-K and other reports and information filed under the Securities Exchange Act of 1934 (the “Exchange Act”).

The public tray read and copy any materials A&B files with the SEC at the SEC’s Public Reference Room at 100 F Street. NE. Washington, DC 20549. The public may
obtain information on the operation of the Public Reference Room by calling the SEC at l-800-SEC-0330. The SEC maintains an Internet website that contains reports, proxy and
information statements, and other information regarding A&B and other issuers that file electronically with the SEC. The address of that website is www.sec.gov.

A&B makes available, free of charge on or through its Internet website, A&B’t annual reports on Form 10-K, quarterly reports on Form lO-Q, cun’enl reports on Form 8-K
and amendments to those reports filed or fl.irnished pursuant to Section 13(a) or 15(d) oftbe Exchange Act as soon as reasonably practicable after it electronically files such
material with. orfiurnishes it to, the SEC. The address ofA&B’s Internet website is www.alexanderbaldwin.com.

ITEmMIA. RISKFACTORS

A&B c business and its common stock are sit bjeet to a number ofrisks and uncertainties. You should carefully consider (lie risks and uncertainties described below’,
togethe,’ with all ofthe other in/bisnation in this Form 10—K and the Company ‘sfihings with the U.S. Securities and Exchange Commission. Based on intbrnration currently
known, .4&B believes thai the following information identifies the most significant risk factois affecting A&Bs business and its common stock. Howevei; thr ,‘i,cks and
uncertaintiesfaced by A&B are not limited to those desertbed below, nor are they listed in order ofsign ijicance. Addiiio,ial risks and uncertainties not presently known to
A&B or that it cttrrentlv believes to be immaterial may also materially adversely affect A&B’s business, liquiditv,financial condition, rem Its ofoperation and cash flows. This
Form JO-K also containsJbnvard-looking statements that involve risks and uncertainties.

Ifana’ ofthe fillowing events occur, A&B ‘s business, liquidiiy,financial condition, results ofoperations. and cash flows could be materially adverselm’ affected, and the
trading price ofA&B common stock could materially decline.

Risks Relating to A&B’s Business

Changes in economic conditions that result in a decrease in co,zswner confidence or marker demandfor A &B ‘a real estate assets in Hawaii and the Mainland may
ads’er.sely affect A&B ‘afinancial position, results ofoperations, liquidity, or cash fib ws.

A weakenmg ofcconormc dnvers in Hawaii, which include tounsm, military spending, construction starts, personal income growth, and employment, or the weakening of
consumer confidence, market demand, or economic conditions the Mainland, may adversely affect the demand for or sale ofllawaii real estate and the level ofreal estate leasing
activity in Hawaii and on the Mainland.

A&B mayface new or increased competition.

There are numerous other developers, buyers, managers and owners of commercial and residential real estate and undeveloped land that compete or may compete with
A&B for management and leasing revenues, land for development, properties for acquisition and disposition, and for tenants and purchasers forproperties. Increased vacancies,
decreased rents, sales prices orsales volume, or lack of development opportunities may lead to a deterioration in results frornA&B’s real estate businesses.

A&B mayface potential difficulties in obtaining operating and development capital.

The successful exccution ofA&B’a strategy requires substantial amounts of operating and development capital both initially and over time. Sources of such capital could
include banks, life insurance companies, public and private offerings of debt or equity, including rights offerings, sale of certain assets and joint venture partners. lfA&B’s credit
profile deteriorates significantly, its access to the debt capital markets or its ability to renew its committed lines of credit may become restricted, the cost to bonow may increase, or
A&B may not be able to refinance debt at the same levels or on the same tern.Because A&B will rely on its ability to obtain and draw on a revolving credit facility to support its
operations, any volatility in the credit and financial markets or deterioration in A&B’s credit profile that prevents A&B fromaccessing bands could have an adverse effect on



A&B’s financial condition and cash flows. There is no assurance that any capital will be available on terms acceptable to A&B or at all in ordcr to satisty A&B’s short or long-tents
cash needs.

A&B mar increase its debt level or raise additional capital in thefuture, which could affect its financial health and may decrease its profitability.

To execute its business strategy, A&B amy require additional capital. IfA&B incurs additional dcbt or raises equity through the issuance of preferred stock, the ternis of
the debt or preferred stock iatued amy give the holders rights, preferences and privileges senior to those ofholders ofA&B common stock, particularly in the event of liquidation.
The terms of any new debt may also impose additional and more stringent restrictions on A&B’s operations than currently in place. IfA&B istues additional common equity, either
through public orprivste offerings orrightt offerings, yourpercentage ownership in A&B would decline ifyou do not participate on a ratable basis. lfA&B is unable to raise
additional capital when required, it could affect A&B’s liquidity, financial condition, results of operations and cash flows.

Failure to comply with certain restrictivefinancial covenants contained in A &B ‘s credit facilities could impose restrictions on A &B ‘s business segments, capital
availability, the ability to pursue other activities or otherwise adversely affect A&B.

A&B’s credit facilities contam certain restrictive financial covenants. JfA&B breaches any of the Covenants and such breach is not cured timely or waived by the lenders,
and results in default, A &B’s access to credit may be limited or terminated and the lenders could declare any outstanding amounts immediately due and payable.

A rapid increase ii, interest rates may increase A &B ‘a overall interest rate expense.

A rapid increase in interest rates could have an immediate adverse impact on A&B due to its outstanding floating-rate debt. In the event ofan increase in interest rates,
A&B maybe unable to refmance maturing debt with new debt at equal or better interest rates.

A &B ‘s signJicant operating agreements and leases could be replaced on lessfavorable terms or may hot be replaced.

The significant operating agreements and leases ofA&B in its various businesses expire at various points in the future and may not be replaced or could be replaced on
lest favorable terms, thereby adversely affecting A&B’s future flisaiscial position, results of operations and cash flows.

An increase in fitelprices may adversely affect A&B’s profits.

Fuel prices are a significant factor that has a direct innpact on the health of the Hawaii economy. The price and supply oflitel are unpredictable and fluctuate based on
events beyond A&B’s control. Increases in the price offisel may result in higher transportation costs to Hawaii and adversely affect visitor counts and the cost to ship goods into
Hawaii, thereby affecting the strength ofthe Hawaii economy and its consumers. Increases in fuel costs also cats lead to other direct expense increases to A&B through, for
example, increased costs of energy and petroleum-based raw materials. Increases in energy costs for A&B’s leased real estate portfolio are typically recovered from lessees,
although A&B’s share of energy costs increases as a result of lower occupancies, and higher operating cost reimbursements impact the ability to increase underlying rents. Rising
fuel prices also may increase the cost of construction, including delivery costs to Hawaii, and the cost of materials that are petroleum-based, thus affecting A&B’s real estate
development projects. Finally, rising fuel prices will impact the cost of producing and transporting sugar.

Noncompliance with, or changes io,federal, state or local law or regulations, including passage ofclintate change legislation or regulation. may adversely affect
,4&B ‘s business.

A&B is subject to federal, state and local laws and regulations, including government rate regulations, land use regulations, taxregulations and federal government
administration of the U.S. sugarprograni. Noncompliance with, or changes to, the laws and regulations governing A&B’s business could impose significant additional costs on
A&B and adversely affect A&B’s financial condition and results of operations. For example, the real estate segments are subject to numerous federal, state and local laws and
regulations, which, ifcltanged, ornot complied with may adversely affect A&B’s business. The Agribusiness segment is subject to the federal govemnxtnt’s administration ofthc
U.S. sugar program, such as the 2008 FarmBill. and the Hawaii Public Utilities Commission’s regulation ofagreernenta between A&B and Hawaii’s utilities regarding the sale of
electric power. Further changes to these laws and regulations could adversely affect A&B. Climate cisange legislation, such as limiting and reducing greenhouse gas emissions
through a “cap and trade” systemof allowances and credits, if enacted, may have an adverse effect on A&B’a business.

Work stoppages or other labor disruptions by the unionized employees ofA &B or other companies in related industries may adversely affect A &B ‘s operations.

As ofDecensber 31,2012. A&B had 946 regularfull-time employees, ofwhich appronmtely 73 percent were covered by collective bargaining agreements with unions.
A&B’s Real Estate and Agribusiness segments may be adversely affected by actions taken by employees ofA&B or other companies in related industries against efforts by
managetncnt to control laborcosts. restrain wage orbenefits increases ornsodilj work practices. Strikes and disruptions tmy occuras a result ofthe failure ofA&B orother
companies in its industry to negotiate collective bargaining agreements with such unions successfully. For example, in its Real Estate Sales segtnent, A&B may be unable to
complete construction of its projects ifbuilding materials or labor are unavailable due to labor disruptions in the relevant trade groups.

The loss ofor dantage to key vendor and customer relationships may adversely affect A &B ‘a business.

A&B’s business is dependent on its relationships with key vendors, customers and tenants. For example. in A&B’s Agribusiness segment, HC&S’s relationship with
C&H Sugar Company. Inc., the printaty buyer of HC&S’s raw sugar. is critical. The loss of or damage to any ofthese key relationships may affect A&B’s business adversely.

Interruption orfailure of.4&B ‘s info rat ation technology and co,nnzunications systems could intpairA &B ‘s ability to operate and adversely affect its business.

A&B is highly dependent on information technology systems. All itiformation technology and communication systems are subject to reliability issues, integration and
compatibility concerns, and security-threatening intrusions. A&B nay experience failures caused by the occurrence ofa natural disaster, or otherunanticipated problems at A&B’s
facilities. Any failure ofA&B’s systents could result in interruptions in its service or production. reductions in its revenue and profits atsd damage to its reputation.

A&B is susceptible to weather and nattiral disasters.

A&B’s real estate operations are vulnerable to natural disasters, such as hurricanes, earthquakes, taunatssis, floods, fires, tornados and unusually heavy orprolonged rain,
which could damage its real estate holdings and which could result in substantial repair or replacement costs to the extent not covered by insurance, a reduction in property values,
nra loss ofrevenue, and could have ati adverse effect on its ability to develop, lease and sell properties. The occurrence ofnatural disasters could also cause increases in property
inauratice rates and deductibles, which could reduce dematsd for, or increase the cost of owning ordevelopirtg, A&B’s properties.

For the Agribusiness segment, drought, greater tItan normal rainfall, hurricanes, low-wind conditions, earthquakes, tsunamis, floods, fires, other natural disasters or
agriculmral pestilence may have an adverse effect on the sugarplanting, harvesting and production, electricity getserstion and sales, atwi the Agribusiness segment’s facilities,
including dams atid reservoirs.



A&B maintains casualty insurance under policies it believes to be adequate and appropriate. These policies are generally subject to large retentions and deductibles.
Some types of tosses, auch aa tostes resulting from physical damage to dams or crop damage, generally are not insured. In some cases A&B retains the entire risk of loss because
it is not economically prudent to purchase insurance coverage or because ofthe perceived remoteness of the risk. Other risks are uninsured because insurance coverage may notbe commercially available. Finally, A&B retains all risk of loss that exceeds the limits of its insurance.

Heightened security measures, lear, actual or threatened terrorist attacks efforts to combat terrorisn, and other acts of violence may adversely impact A &B ‘s
operations andprofitability.

War, terrorist attacks and other acts ofviolence may cause consumer confidence and spending to decrease, ormay affect the ability or willingness of tourists to travel toHawaii, thereby adversely affecting Hawaii’s economy and A&B. Additionally, fi.tture terrorist attacks could increase the volatility in the U.S. and worldwide financial markets.

Loss ofA &B ‘a key personnel could adversely affect its business.

A&B’s future success will depend, in significant part, upon the continued services of its key personnel, including its senior management and skilled employees. The lossof the services of key personnel could adversely affect its future operating results because of such employee’s experience and knowledge ofits business and customerrelationships. lfkey employees depart, A&B may have to incursignificant costa to replace them, and A&B’s ability to execute its business model could be impaired ifit cannotreplace them inS timely manner. A&B does not expect to maintain key person insurance on any of its key personnel.

A&B is subject to, and may in thefuture be subject to, disputes, legal or other proceedings, orgoi’ern,nent inquiries or investigations, that could have an adverse
effect onA&B.

The nature ofA&B’s business exposes it to the potential for disputes, legal or otherproceedings, orgovemment inquiries or investigations, relating to Isborandemployment matters, personal injury and property damage, environmental matters, construction litigation, and other matters, as discussed in the other risk factors disclosed in thissection. These disputes, individually orcollectively, could hsrmA&B’s business by distracting its management fromthe operation of its business. lftheae disputes develop intoproceedings, these proceedings, individually or collectively, could involve or result in significant expenditures or losses by A&B, which could have an adverse effect on A&B’sfuture operating results, including profitability, cash flows, and financial condition. For more infomiation, see Item 3 entitled “Legal Proceedings.” As a real estate developer, A&Bmay face warranty and construction defect claims, as described below under “—Risks Related to A&B’a Real Estate Segments.”

Changes in the value ofpensio,, assets, or a change in pension law or key assumptions, may adversely affect A &B ‘sfinanctalperfor,nance.

The amount ofA&B’s employee pension and postretirement benefit costs and obligations are calculated on assunWtions used in the relevant actuarial calculations.
Adveme changes in any ofthesc assumptions due to economic or other factors, changes in discount rates, higher health care coats, or lower actual or expected returns on planassets. may adversely affect A&B’s operating results, cash flows, and financial condition. In addition, a change in federal law, including changes to the Employee Retirement
Income Security Act and Pension Benefit Guaranty Corporation premiums, may adversely affect A&B’s single-employerpension plans and plan funding. These factors, as well as adecline in the fairvalue ofpension plan assets, may put upward pressure on the cost ofprovtdtng pension and medical benefits and may increase future pension expense andrequired funding contributions. Although A&B has actively sought to control increases in these costs, there can be no assurance that it will be successful in limiting future costand expense increases, and continued upward pressure in costs and expenses could further reduce the profitability ofA&B’s businesses.

Risks Relating to A&B’s Real Estate Segnients

A &B is subject to risks associated with real estate construction and development.

A&B’a development projects are subject to risks relating to A&B’s ability to complete its projects on time and on budget. Factors that may result in a development projectexceeding budget or being prevented from completion include, but are not ted to:

• an inability ofA&B or buyers to secure sufficient financing or insurance on favorable terms, orat all;

• construction delays, defects, or cost overruns, which may increase project development costs;

• an increase in commodity or construction costa. including labor costs:

• the discovery of hazardous or toxic substances. orotherenvironmental. culturally-sensitive, or related issues:

• an inability to obtain, or significant delay in obtaining, zoning, construction, occupancy and other required governmental permits and authorizations;

• difficulrv in complying with local, city, county and state rules and regulations regarding permitting, zoning, subdivision, utilities, affordable housing, and water quality
as well as federal rules and regulations regarding air and water quality and protection of endangered species and their habitats;

• an inability to have access to sufficient and reliable sources of water or to secure water service or meters for its projects;

• an inability to secure tenants or buyers necessary to support the project or maintain compliance with debt covenants;

• failure to achieve oraustain anticipated occupancy or sales levels;

buyer defaults, including defaults under executed or binding contracts;

• condemnation ofall orparts ofdevelopment oroperating properties, which could adversely affect the value orviability ofaucli projects: and

an inability to sell A&B’s constructed inventory.

Any ofthese risks has the potential to adversely affect A&B’s operating results.

The reduction in availability ofmortgage financing ma)’ adversely affect A &B ‘s real estate business.

As a result of the financial crisis of 2008-2009, the financial industry experienced significant instability due to, among other things, declining property values and
increasing defaults on loans. This led to tightened credit requirements, reduced liquidity and increased credit risk premiums for virtually all borrowers. Fewer loan products and
strict loan qualifications make it more difficult for borrowers to finance the purchase ofunits in A&B’s projects. Additionally, the stringent requirements to obtain financing forbuyers of commercial properties make it significantly more difficult for A&B to sell commercial properties and may negatively impact the sales prices and other terms of such sales.



The strmgent credit environment may also impact A&Bin other ways, including the credit or solvency of custonsers, vendors, tenants, orjoint venture partners, and the ability of
partners to fund their financial obligations to joint ventures.

A decline in leasing rental income could adversely affect A &B.

A&B owns a portfolio of commercial income properties. Factors that may adversely affect the portfolio’s profitability include, but are not limited to:

• a significant number ofA&B’s tenants are unable to meet thcir obligations;

• increases in non-recoverable operating and ownership costs;

• A &B is unable to lease space at its properties when the apace becomes available;

• the rental rates upon a renewal or a new lease are significantly lower than prior rents ordo not increase sufficiently to cover increases in operating and ownership
costa;

• the providing of lease concessions, such as flee or discounted rents and tenant inrovement allowances; and

• the discovery ofhazardous ortmdc substances, orother environmental, culturally-sensitive, or related issues at the property.

The bankruptcy ofkey tenants may adversely affect A &B ‘s revenues and profitability.

A&B may derive significant revenues and earnings from certain key tenants. If one or more ofthesc tenants declare bankruptcy or voluntarily vacates fromthe leased
premise and A&Bis unable to re-lease such space orto re-lease it on comparable or more favorable terms.A&B’s liquidity, financial position, results of operations and cash flows
may be adversely impacted. Additionally, A&B’s results ofoperations may be flirtheradversely impacted by an impairment or’write-down” of intangible assets, such as lease-in-
place value ora deferred asset related to straight-line lease rent, associated witls a tenant bankruptcy or vacancy.

Governmental entities have adopted or may adopt regulatory requirenzents that may restrict A &B ‘s development activill’.

A&B is subject to moensive and complex laws and regulations that affect the land development process, including laws and regulations related to zoning and permitted
land uses. Govemment entities have adopted or may approve regulations or laws that could negatively impact the availability of land and development opportunities within those
areas. It is possible that increasingly stringent requirements will be imposed on developers in the future that could adversely affect A&B’s ability to develop projects in the
affected markets or could require that A&B satisf5jadditional administrative and regulatory requirements, which could delay development progress or increase the development
costs to A&B. Any such delays or costs could have an adverse effect on A&B’s revenues, eamings and cash flows.

Real estate development projects are subject to warranty and co,zstractio,, defect claims ii, the ordinary course ofbusiness that can be significant.

As a developer, A&B is subject to warranty and construction defeet claims arising in the ordinary course of business. The amounts payable under these claims, both in
legal fees and remedying any construction defects, can be significant and exceed the profits made from the project. As a consequence, A&B rosy maintain liability insurance, obtain
indemnities and certificates ofinsurance fromcontmetors generally covering claims related to workmanship and matenals, and create warranty and other reserves forprojects based
on historical m,erienee and qualitative risks associated with the type of project built. Because of the uncertainties inherent to these matters, A&B cannot provide any assurance
that its insurance coverage, contractor arrangements and reserves willbe adequate to sddrcsa some or all ofA&B’s warranty and construction defect claims in the future. For
example, contractual indemnities may be difficult to enforce, A&B may be responsible for applicable self-insured retentions, and certain claims may not be covered by insurance or
may exceed applicable coverage limits. Additionally, the coverage offered and tlse availability of liability insurance for construction defects could be limited or costly. Accordingly,
A&B cannot provide any assurance that such coverage will be adequate, available at an acceptable cost, or available at all.

A&B is involved in joint ventures and is subject to risks associated with joint venture relationships.

A&B is involved in joint venture relationships, and may initiate fisturejoint venture projects. Ajoint venture involves certain risks such as, among others:

• A&B may not have voting control over the joint venture;

• A&B may not be able to maintain good relationships with its venture partners;

• the venture partner at any time may have economic or business interests that are inconsistent with A&B’s economic or business interests;

• the venture partner may fail to fund its share of capital for operations and development activities, orto fulfill its other commitments, including providing accurate and
timely accounting and financial information to A&B:

• the joint venture or venture partner could lose key personnel; and

• the venture partner could become insolvent, requiring A&B to assume all risks and capital requirements related to thejoint venture project, and any resulting
bankruptcy proceedings could have an adverse impact on tlse operation ofthe project or the joint venture.

In connection with its real estate joint ventures, A&B may be asked to guarantee completion ofajoint venture’s construction and development ofa project, to guarantee
joint venture indebtedness, or to indemnif’ a third party serving as surety for a joint venture’s bonds for such completion. lfA&B were to agree to become obligated to petform
under such arrangements, A&B may be adversely affected.

A&B’sfinancial results are significantli’ infinenced by the economic gm wili and strength ofHawaii.

Virtually all ofA&B’s real estate development activity is conducted in Hawaii. Consequently, the growth and strength of Hawaii’s economy has a significant impact on the
demand for A&B’t real estate development projects. As a result, any adverse change to the growth or health of Hawaii’s economy could adversely affect A&B’s financial
condition and results of operations.

The s’alue ofA&B ‘s development projects and its co,nmercial properties are affected b,t’ a number offactors.

The Company has significant investments in various consnercial real estate properties, development projects, and joint venture investments. For example, the Companyhas invested more than S250 million in its Kukui’ula joint venture, including the value of the land. Further wealmess in the real estate sector, difficulty in obtaining or renewing



project-level financing, and changes in A&B’s investment and development strategy, among other factors, may affect the fair value of these real estate assets owited by A&B or by
its joint ventures. Ifthe fair value ofA&B’s joint venture development projects were to decline below the carrying value ofthose assets, and that decline was other-than
temporary, A&B would be required to recognize an impairment loss. Additionally, if the undiscounted cash flows of its conmiercial properties or development projects were to
decline below the carrying value of those assets, A&B would be required to recognize an impainsnt loss if the fair value ofthose assets were below their carrying value. Such
impairment losses would have an adverse effect on A&B’s fInancial position and results of operations.

Risks Relating to A&B’s Agribusiness Segment

The lack ofwaterfor agricultural irrigation could adversely affect A &B.

It is crucial for A&B’s Agribusiness segment to have access to reliable sources ofwatcrfor the irrigation ofsugarcane. As further described in “Legal Proceedings,” there
are regulatory and legal challenges to A&B’s ability to divert water from streams in Maui. In addition. A&B’s access to water is subject to weather patterns that cannot be reliably
predicted. IfA&B is limited in its ability to divert stream waters for Its use or there is insufficient rainfall on an extended basis, it would have an adverse effect on A&B’s sugar
operations, including possible cessation of operations, and energy production.

Low raw sugarprices will adversely affect A &B ‘a business.

The business and results ofoperstions ofA&B’s Agribusiness segment are substantially affected by market factors, particularly the domestic prices for raw cane sugar.
These market factors are influenced by a vanety of forces, including prices of competing crops and suppliers,weathereonditions, and United States famsand trade policies. A&B
has forward priced approximately 78 percent of’ its 2013 crop at favorable levels. However, sugar prices have since declined below 25 cents a pound. If the price for sugar does not
recover before A&B is required to price its remaining sugar deliveries in the medium- to long-tensi, A&B’s Agribusiness segment would be adversely affected, including possible
cessation of operations.

A &B is’ subject to risks associated with raw sugarproduction.

A&B’s production of raw sugar is subject to numerous risks that could adversely affect the volume and quality of sugar produced. Any of these risks has the potential to
adversely affect A&B’s sugar operations, including possible cessation of operations. These risks include, but are not limited to:

• equipment accidents or failures in the factory or the power plant, particularly where equipment is old and difficult to repair or replace;

• govemnient restrictions on fanning practices, including cane burning;

• loss ofA&B’s major customer;

• weather and natural disasters;

increases in costs. including, but not limited to fuel, fertilizer, herbicide, and drip tubing;

• labor, including labor availability (see risk factorabove regarding labor disruptions) and loss of qualified personnel:

• lack of demand for A&B’s production;

• disease;

• uncontrolled fues, including arson;

• andweedcontrol.

A &B ‘a power sales contra eta could be replaced on less’ favorable terms or may not be replaced.

A&B’s power sales contracts eapire at various points in the future and may not be replaced or could be replaced on less favorable terms, which could adversely affect
A&B’s agribusiness operations. Recently, the State of Hawaii has approved power sales contracts with third parties that use a fixed price, rather than an avoided cost formula.
Such a change in A&B’s power sales contracts may adverseb’ affect power revenue and provide less protection against internal power generation costs in a rising oil price market.

The ,uarleetfor power sales i,, Hawaii is limited.

The power distribution systems in Hawaii are small and island-specific; currently, there is no ability to move power generated on one island to any other island. In
addition, Hawaii law limits the ability of independent powerproducers. such as A&B’s agribusiness operations, to sell theiroutput to firms other than the respective utilities on
each island, without themselves becoming utilities and subject to the State’s Public Utilities Commission (PUn regulation. Further, any sales of electricity by A&B to the utilities
on each island are subject to the approval of the PUC. Unlike some areas in the Mainland, Hawaii’s independent power producers have no ability to use utility infrastructure to
trsnsfer power to other locations.

A &B has limited optionsfor carriage ofsugar to domestic markets.

In order to directly ship bulk orpartially processed food-grade sugar from Maui to markets on the U.S. West coast, or any alternate U.S. domestic port, A&B must utilize
vessels that are subject to the restrictions delineated in Section 27 of the Merchant Marine Act, 1920, commonly referred to as the Jones Act. A&B currently owns a bulk sugar
transportation vessel, the MVMoku Pahu. and theretbre, A&B itself is also subject to the restrictions of the Jones Act. Under the Jones Act, all vessels transporting cargo
between covered U.S. ports must, subject to limited exceptions, be built in the U.S., registered under the U.S. flag, manned by predominantly U.S. crews, and owned and operated
by U.S-organized companies that are controlled and 75 percent owned by U.S. citizens. U.S-flagged vessels are generally required to be tnaintained at higher standards than
foreign-flagged vessels and arc supervised by, as well as subject to rigorous inspections by. or on behalf of, the U.S. Coast Guard, which requires appropriate certifications and
background checks of the crew members. Because of these restrictions. A&B would have limited options for carriage of sugar to domestic markets if the MVMoku Pahu no longer
qualified under the Jones Act or were taken out ofservice due to its age.

Risks Relating to the Separation

Ifthe Separation were to frill to qualijj’ as tax-freefor US. federal income tax purposes, then A &B, Matson aud the shareholders who received their shares ofA&B
com,,,on stock in the Separation could be subject to significant tax liability or tax indemunity obligations.



Matson received a private letternsling fromthe IRS (which we referto as the IRS Ruling) that, forU.S. federal income taxpurposes (i) certain transactions to be effected in
connection with the Separation qualilij as a reorganization under Sections 355 and/or 368 ofthc Internal Revenue Code of 1986, as amended (which we refer to as the Code), or as a
complete liquidation under Section 332(a) ofthe Code and (ii) the Separation qualifies as a transaction under Section 355 ofthe Code. In addition to obtaining the IRS Rulisig,
Matson received a taxopinion (which we refer to as the TaxOpinion) from the law firm ofSkadden, Arps, Slate, Meagher & FIomLLP (which Tax Opinion relies on the effectiveness
ofthe IRS Ruling) substantially to the effect that, forU.S. federal income taxpurposes. the Separation and certain related transactions qualify as a reorganization under Section 368
ofthe Code. The IRS Ruling and TaxOpinion rety on certain facts and assumptions, and certain representations from A&B and Matson regarding the past and future conduct of
their respective businesses and other matters. Notwithstanding the IRS Ruling and TaxOpinion, the IRS could detennine on audit that the Separation and related transactions
should be treated as a taxable transaction ifit determines that any of these facts. assunWtions, representations or undertakings is not correct or has been violated, or that the
Separation and related transactions should be taxable for other reasons, including as a result ofa significant change in stock or asset ownership after the Separation or ifthe IRS
were to disagree with the conclusions in the Tax Opinion that are not covered by the IRS Ruling. tfthe Separation and related transactions ultimately were determined to be taxable,
the distribution ofour stock in the Separation could be treated as taxable for U.S. federal income taxpurposes to the shareholders who received tlseir shares ofA&B common stock
in the Separation, and such shareholders could incursignittcsnt U.S. federal income taxliabilities. In addition. Mstson would recognize gain in an amount equal to the excess of the
fsirmarketvalue ofthe shares ofA&Bcommon stockdistributed to Matson’s shareholders on the Separation date overMatson tsxbasis in such shares.

In addition, under the terms of the Tax Sharing Agreement that A&B entered into with Matson. A&B also generally is responsible for soy taxes imposed on Matson that
arise from the failure of the Separation and certain related transactions to qualify as tax-free for U.S. federal income tax purposes within the meaning of Sections 355 and 368 of the
Code, to the extent such failure to qualify is attributable to actions, events or transactions relating to A&B’s stock, assets or business, ora breach of the relevant representations
or covenants made by A&B and its subsidiaries in tise Tax Sharing Agreement, the materials submitted to the IRS in conisection with the request for the IRS Ruling or the
representation letterprovided to counsel in connection with the TaxOpinion. The amounts ofany such taxes could be significant.

A&B is subject to continuing contingent liabilities ofMatsonfollowing the Separation.

After the Separation, there are several significant areas where the liabilities of Matson may become A&B’s obligations. For example, under the Code and the related rules
and regulations, each corporation that was a member of the Matson consolidated tax reporting group during any taxable period or portion of any taxable period ending on or before
the effective time of the Separation is severally liable for the U.S. federal income tax liability of the entire Matson consolidated taxreporting group for such taxable period. In
connection with the Separation and related transactions, A&B entered into a TaxSharing Agreement with Matson that allocates the responsibility forpriorperiod taxes ofthe
Matson consolidated taxreporting group between A&B and Matson. lfMatson were unable to pay any prior period taxes forwhich it is responsible, however, A&ll could be
required topsy the entire amount of such taxes, and such amounts could be significant. Other provisions ofU.S. federal, state, local, or foreign law may establish similar liability for
other matters, including laws goveming tax-qualified pension plans as well as other contingent liabilities.

A&B might not be able to engage in desirable strategic transactions and equity issuancesfollowing the Separation because ofcertain restriction.s relating to
requirements for tax-free distributions.

A&B’s ability to engage in significant equity transactions could be limited or restricted after the Separation in order to preserve, for U.S. federal income taxpurposes, the
tax-free nature ofthe Separation to Matson. Even tftlse Separation otherwise qualifies fortax-free treatment under Section 355 of the Code, the Separation may result iii corporate-
level taxable gain to Matson under Section 355(c) ofthe Code if 50% or more, by vote or value, ofthe shares ofA&B’a stock or Matson’s stock are treated as acquired or issued as
part ofa plan or series ofrelated transactions that includes the Separation . The process for determining whether an acquisition or issuance triggering these provisions has
occurred is complex, inherently factual and subject to interpretation oftlse facts and circumstances ofa particularcase. Any acquisitions or issuances ofA&B’s stockorMatson’s
stock within two years after the Separation generally arc presumed to be part of such a plan, although A&B or Matson, as applicable, maybe able to rebttt that presumption.

To preserve the tax-free treatment of the Separation to Matson, under the Tax Sharing Agreement that A&8 entered into with Matson, A&B may be prohibited from taking
or failing to take ctrtain actions that could prevent the Separation or certain related transactions from being tax-free under the Code. Further, for the two-year period following the
Scparation,A&B may be prohibited fiont

• issuing equity securities to satisfy financing needs if the equity securities issued would represent a 50% or greater interest in A&B;
• acquiring businesses or assets with equity securities if the equity securities issued would represents 50% orgreater interest itt A&B; or
• engaging in mergers or asset transfers that could jeopardize the tax-free status of the Separation or certain related transactions.

These restrictions may limit our ability to pursue strategic transactions or engage in newbusiness or other transactions that may maximize the value ofourbusiness.

.4 court could require that we assume responsibilityfor obligations allocated to Matson under the Separation and Distribution Agreement.

Underthe Separation and Distribution Agreement entered into with Matson, we and Matson are each responsible for the debts, liabilities and other obligations related to the
businesses which each company owns and operates following the consummation of the Separation. A court, however, could disregard the allocation agreed to between the parties
in the Separation and Distnbution Agreement, and require that we assume responsibility for obligations allocated to Matson, particularly if Matson were to refuse or were unable to
pay orperfonu the allocated obligations.

Potential indenmn(fication liabilities to Matson pursuant to the Separation and Distribution Agreement could materially adversely affect onr company.

Among otherthings, the Separation and Distribution Agreement provides for indemnification obligations designed to make our company financially responsible for
substantially all liabilities that may exist relating to ourbusiness activities, whether incurred prior to or after the Separation. Ifwe arc required to indemnify Matson underthe
circumstances set forth in the Separation and Distribution Agreement, we may be subject to substantial liabilities.

In connection wit!, the Separation, .°Jatson is required to indemn(fr us for certain liabilities. However, there can be ito assurance that the indemnity ,t’i!l be sufficient
to insure us against the/id! amou,,t ofsuch liabilities, or that Matson’s ability to satisfr its indemnification obligation will not he impaired in thefuture.

Pursuant to the Separation and Distribution Agreetnent. Matson is required to indemnify us for substantially all liabilities that ntay exist relating to Matson’s business
activities, whether incurred prior to or afterthe Separation. However, third parties could seekto hold us responsible for any of the liabilities thai Matson agrees to retain, and there
can be no assurance that the indemnity from Matson will be sufficient to protect us against the full amount ofsueh liabilities, or that Matson will be able to filly satiaf’ its
indemnification obligations. Moreover, even ifwe ultimately succeed in recovering from Matson any amounts for which we are held liable, we may be temporarily required to bear
these losses.

The Separatiot, izzay expose us to potential liabilities arising out ofstate andfederalfraudulent coIzi’eyance laws.

The Separation is subject to rcvicw under various state and federal fraudulent conveyance laws. Fraudulent conveyance laws generally provide that an entity engages in a
constructive fraudulent conveyance when (i) the entity transfers assets and does not receive faireonsideration orreasonably equivalent value in retum and (ii)the entity (a) is
insolvent at the time of the transfer or is rendered insolvent by the transfer, (b) has unreasonably small capital with which to carry on its business or (c) intends to incur orbeieves
it will incur debts beyond its ability to repay its debts as they mature. An unpaid creditor or an entity acting on behalf ofa creditor (including without limitation a trustee or debtor-



in-possession in a bankruptcy by us or Matson or any of our respective subsidiaries) may bring a lawsuit alleging that the Separation or any of the related transactions constituted
a constructive fraudulent conveyance. Ifs court accepts these allegations, it could impose a number of remedies, including without limitation, requiring our shareholders to return
to Matson some or all of the shares ofour conuixtn stock distributed in the distribution.

lTf7I lB. UNRESOLVED STAFF COMMUNTS

None.

1T3. LEGAL PROCEEDINGS

A&B owns 16,000 acres of watershed lands in Fast Maui that supply a significant portion of the irrigation water used by Hawaiian Commercial & Sugar Company
a division ofA&B that produces raw sugar. A&B also held four waler licenses to another 30,000 acres owned by the State of Hawaii in East Maui which, over the last

ten years. have supplied approximately 58 percent ofthe irrigation water used by HC&S. The last of these water license agreements expired in 1986, and all four agreements were
then extended as revocable peninits that were renewed annually. In 2001, a request was nude to the State Board ofLand and Natural Resources (the “BLNR”) to replace these
revocable permits with a long-termwaser lease. Pending the conclusion by the BLNR ofthis contested case hearing on the request for the long-termlease, the BLNR has renewed
the existing permits on a holdover basis. Ifthe Company is not permitted to utilize sufficient quantities ofslreamwaters from Stale lands in East Maui, it could have a material
adverse effect on the Company’s sugar-growing operations.

In addition, on May 24,2001, petitions were filed by a third party, requesting that the Commission on Water Resource Management of the State of Hawaii (‘Water
Conmission”) establish interim instreamfiow standards (“lIPS”) in 27 East Maui streams that feed the Company’s irrigation system. On September25, 2008, the Water Commission
tookaction on eight of the petitions, resulting in some quantity ofwater being returned to the streams rather than being utilized for irrigation purposes. In May 2010, the Water
Commission took action on the remaining l9petisions resulting in additional waterbeing returned to the streams. A petition requesting a contested case hearing to challenge the
Water Commission’s decisions was filed with the Commission by the opposing third party. On October 18, 2010, the Water Commission denied the petitioner’s request for a
contested case hearing. On November 17, 2010, the petitionerfiled an appeal ofthe WaterCommission’s denial to the Hawaii Intermediate Court ofAppeals. On August 31,2011,
the Intennediate Court ofAppeals dismissed the petitioner’s appeal. On November 29,2011, the petitioner appealed the Intermediate Court ofAppeals’ dismissal to the Hawaii
Supreme Court. On January 11,2012, thc Hawaii Supreme Court vacated the Intermediate Court of Appeals’ dismissal of the petitioner’s appeal and remanded the sppcal back to the
Intermediate Court ofAppesls. On November 30, 2012, the Intermediate Court of Appeals remanded the case back to the Water Commission, ordering the Commission to grant the
petitioner’s request for a contested case hearing.

On June 25, 2004, two organizations filed a petition with the Water ontnission to establish IIFS for fourstream.s in West Maui to increase the amount ofwaterto be
retumed to these streams. The West Maui irrigation system provided approximately 15 percent of the irrigation water used by FIC&S over the last ten years. The Water Commission
issued a decision in June 2010, which required the return ofwater in two ofthe four streams. In July 2010, the two organizations appealed the WaterCommission’s decision to the
Hawaii Intermediate Court ofAppeals. On June 23, 2011, the case was transferred to the Hawaii Supreme Court. On August 15,2012, the Hawaii Supreme Court overtumed the
Water Commission’s decision and remanded the case to the Water Commission for thrther consideration in connection with the establishment of the IIFS.

The loss ofEast Maui and West Maui water as a result of the Water Commission’s decisions imposes challenges to the Company’s sugargrowing operations. While the
resulting water loss does not immediately threaten near-term sugar production, it will result in a future suppression ofsugaryields and will have an impact on the Company that will
only be quantifiable over time. Accordingly, the Company is unable to predict, at this time, the outcome or financial impact ofthe waterproceedings.

In March 2011, theEnvironmentalProtectionAgency (“EPA”)publishednationwide standards forcontrolling hazardous airpollutant emissions fromindualrial,
commercial, institutional boilers and process heaters (the “Boiler MACT” rule), which would apply to HC&S’s three boilers at the Puunene Sugar Mill. The EPA subsequently
reconsidered the March 2011 rule, and on December 21, 2012, EPA announced that it had finalized a revised Boiler MACF rule; the final rule was published in the Federal Register
on January 31, 2013. The effective date of the rule is April 1,2013, with compliance required by April 1,2016.

The Company is currently evaluating the final rule and assessing its compliance options. Based on a preliminary review, EPA has made significant revisions fromthe
March 2011 final rule addressing two of industry’s primary concerns: technical achievability and compliance time. As a result, the Puunene Mill boilers are capable of meeting
most of the emissions limits specified in the final rule and will not require expensive upgrades to the existing particulate matter controls. However, the boilers are not currently able
to consistently meet new limits on carbon monoxide emissions during bagasse firing. This is due in large part to the highly variable nature ofbagasse fuel. As a result, at minimum
improvements to combustion controls and monitoring will be required on all three boilers.

The Company has begun the process of assessing current carbon monoxide emissions during bagasse firing, and will need to complete an engineenng evaluation in order
to develop a plan for coining into coiq,liance with the new rule. The compliance deadline for this rule will be three years from the date ofpublication of the final rule in the Federal
Register (i.e., April 1,2016), with the option for states to grant a one-year extension. A rough estimate of anticipated compliance costs based on currently available information is in
the range ofSl toSS million. This estinute will be refined as the engineering evaluation proceeds.

Tn June 2011, the Equal Employment Opportunity Commission (“EEOC”) served McBnyde Resources, Inc., formerly known as Kauai Coffee Company, Inc. (“McBnyde
Resources”) with a lawsuit, which alleged that MeBryde Resources and five other farms were complicit in illegal acts by Global Horizons Inc., a company that had hired Thai
workers for the farms. The lawsuit was filed in the U.S. District Court for the District of Hawaii. In July 2011, the EEOC amended the lawsuit to name Alexander & Baldwin, LLC
(formerly known as Alexander & Baldwin, Inc.), a wholly-owned subsidiary of the Company, as a defendant. After motions to dismiss the complaint, and amended complaints,
certain claims against the defendants remain and McBiyde Resources and Alexander & Baldwin, LLC are defending the lawsuit. Discovery is ongoing. The Company is unable to
predict, at this lime, the outcome or financial inWact. if any. ofthe lawsuit.

A&B and its subsidiaries are parties to, ormay be contingently liable in connection with, other legal actions arising in the nonnal conduct ofits businesses, the outcomes
ofwhich, in the opinion ofmanagennent afler consultation with counsel, would not have a material effect on A&B’s consolidated financial statements as a whole.

f[FM 4. MINE SAFETY DIS CLOS URIS

Not Applicable.



ITE’46. SFIECTED FINANCIAL DATA

The following should be read in conjunction with Item 8, ‘Financial Statements and Supplementary Data,” and Item 7, “Management’s Discussion and Analysis of Financial
Condition and Results of Operations” (dollars and shares in millions. exeept shareholders of record and per-share armunts):

2012 2011 2010 2009 2008
Rewnue:

Real Estate:
Leasing S 100.6 $ 99.7 S 93.8 $ 102.5 $ 107.0
Development and Sales 32.2 59.8 131.0 125.5 350.0
Less amounts reported in discontinued operations’ (10.1) (49.3) (128.6) (137.0) (164.7)Agn’business2 182.3 157.5 165.6 99.6 21.6

Reconciling Items3 (8.3)

________________

—
—

—

Total Resenue $ 296.7 $ 267.7 $ 261.8 190.5 $ 413.9

Operating Profit:
Real Estate:

Leasing 5 41.6 $ 39.3 $ 35.3 $ 43.2 $ 47.8
Development and Sales4 (4.4) 15.5 50.1 39.1 95.6
Less aimsunts reported in discontinued operations I (4.7) (24.8) (55.5) (59.5) (77.2)

Agn1tusiness2 20.8 22.2 6.1 (27.8) (12.9)
Total operating profit (loss) 53.3 52.2 36.0 (5.0) 53.3

Interest expense, net (14.9) (17.1) (17.3) (17.0) (12.5)General corporate expenses (15.1) (19.9) (22.7) (21.0) (20.5)
Separation costs (6.8) — — — —

Income (loss) from continuing operations before income taxes 16.5 15.2 (4.0) (43.0) 20.3
Income taxexpense (benefit) (1.2) 6.6 (1.7) (17.2) 8.1
Incomeloss)fromconttnuingoperations 17.7 8.6 (2.3) (25.8) 12.2
Income from discontinued operationa 2.8 14.9 35.4 36.7 47.7
Net Income $ 20.5 $ 23.5 $ 33.1 $ 10.9 $ 59.9

I Prioryearantounts restated for amounts treated as discontinued operations.

2 Includes a $4.9 million gain in 2010 related to an agriculture disasterrelief payment fordrought experienced in prioryears and a $5.4 million gain recorded upon consolidation of
HS&TC in 2009.

3 Represents the sale ofa 286-acre agricultural parcel in the third quarter of 2012 classified as “Gain on sale of agricultural parcel” in the consolidated statements ofincon3e, but
reflected as revenue for segment reporting purposes.

4 The Real Estate Development and Sales segment includes approximately 5(8.3) million, ($7.9) million. $2.0 million, and S9.0 million in equity in (loss) cammgs from its various teal
estate joint venturea for 2012, 2011,2010, and 2008, respectively. Equity in eamings fromjoint ventures in 2009 was tsegligible. Included in operating profit are noncaah
inspairment atid equity losses of $9.8 million (Bakersfield joint venture and Santa Barbara real estate project) in 2012 and $6.4 million (Waiawa real estate joint venture) in 2011.



SELECTED FINANCIAL DATA (CONTINUED)

Capital Expenditures:
Real Estate:

Leasing6
Development and Sales7

Agifbusinesss

Other

Total capital expenditures9

2012 2011

1.3 1.1
$ 35.1 S 34.8

2010 2009 2008

2.0 3.1 3.2
$ 35.2 $ 34.8 $ 32.8

5 The Real Estate Development and Sales segment includes approsimately $319.7 million, $290.1 million. $274.8 million, $193.3 million, and $162.1 million related to ta investment in
various real eatatejoint ventures as of December 31, 2012, 2011,2010, 2009, and 2008. respectively.

5 Represents gross capital additions to the leasing portfolio, including gross tax-defereed property purchases that are retlected as non-cash transactions in the Consolidated
Statements of Cash Flows

7 Excludes expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activities within the Consolidated Statements of Cash Flows
and excludes investment in joint ventures classified as Cash Flows from Investing Activities. Operating cash flows for expenditures related to real estate developments were
$37.2 tnillion. $13.8 million, $21.6 million, $6.2 million, and $38.8 million for 2012,2011,2010,2009, and 2008, respectively. Investments in joint ventures were $17.4 million, $27.9
million. $100.5 million, $46.4 million and $40.6 million in 2012. 2011,2010,2009, and 2008. respectively.

Includes S21.8 million of capital related to the Company’s Port Allen solar project before tax credits.

9 Total capital eq,etsditures foraegmeut disclosure purposes includes tax-defereed property purchases of $9.4 million, $39.1 million. $148.4 million. $94.1 million and $46.1 million for
the years ended 2012. 2011,2010,2009, and 2008, respectively, that are treated as non-cash transactions, and therefore, not included in Capital Expenditures for properties and
developments on the Consolidated Statements of Cash Flows.

Identifiable Assets:
Real Estate:

Leasing
Development and SalesS

Agribusiness

Other

Total assets

Depreciation and Amortization:
Real Estate:
Leasing’
Development and Sales
Agribusiness

Other

Total depreciation and amortization

S 771.3 S 772.0 S 761.3 $ 686.9 $ 621.2
504.8 451.5 420.3 349.0 347.4
149.9 157.8 153.3 169.6 196.2

11.3 5.3 6.6 30.2 10.8
S 1,437.3 S 1,386.6 $ 1,341.5 $ 1,235.7 $ 1,175.6

S 23.1 43.6 S 164.7 S 108.8 $ 1002
— 5.2 0.1 0.1 0.6

31.7 10.5 6.8 3.4 15.2
—

— 0.3 0.3 2.7
5 54.8 $ 59.3 $ 171.9 $ 112.6 $ 118.7

S 22.0 S 21.6 $ 20.3 S 19.5 $ 17.9
0.2 0.2 0.2 0.3 0.2

11.6 11.9 12.7 11.9 11.5



SELECTED FINANCIAL DATA (CONTINUED)

2012 2011 2010 2009 2008

Earnings (loss) per share:i
Basic:

Continuing operations
Discontinued operations

Basic earnings per share
Diluted:

Continuing operations
Discontinued operations

Diluted earnings pershare

$ 0.41 $ 0.20
0.07 0.35

$ 0.48 S 0.55

S (0.05) S (0.61) $ 0.29
0.83 0.87 1.12

S 0.78 S 0.26 $ 1.41

$ 0.41 S 0.20 S (0.05) S (0.61) $ 0.29
0.07 0.35 0.83 0.87 1.12

$ 0.48 $ 0.55 $ 0.78 S 0.26 S 1.41

Balance sheet data (in millions):
Investment in real estate and joint ventures $ 1,203.4 $ 1,165,0 S 1,123.8 S 916.8 5 841.2
Total assets 1,437.3 1,386.6 1,341.5 1,231.3 1,175.7Total liabilities 522.9 660.8 652.9 584.5 562.2
Long-termdebt—non-cureent 220.0 327.2 249,6 258.3 219.8Shareholders’ equity 914.4 725.8 688.6 646.8 613.5

The computation of basic and diluted earnings per common share for all periods prior to Separation is calculated using 42.4 million, the number of shares ofA&B common
stockoutsianding on July 2,2012, which was the first day oftrading following the June 29, 2012 distribution ofA&B common stock to Holdings shareholders, as ifthoseshares were outstanding for those periods. For all periods prior Lo Separation, there were no dilutive shares because no actual A&B shares or share-based awards were
outstanding prior to the Separation.



ITE’.4 7. MANAGEMEN[’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESIjT,TS OF OPERATIONS

FORWARD-LOOKING STATIIMENTS AND RISK FACTORS

Wc have made or incorporated by reference forward-looking statements in this Form 10-K that are based on ourmanagement’s beliefs and assumptions and on infonsiation
currently available to our management. Forward-looking statements include the information concerning ourpossible or assumed future results ofoperaiions,business strategies,financing plans, competitive position, potential growth opportunities, potential operating performance improvements, the effects of competition and the effects offisture legislation
or regulations. Forward-looking statements include all statements that are not historical facts and can be identified by the usc of forward-looking terminology such as the words
“believe,” “expect,” “plan,” “intend,” “anticipate,” “estimate,” “predict,” “potential,” “continue,” “may,” “might,” “should,” “could” or the negative of these tenns or similar
expressions.

Forward-looking statements involve risks, uncertainties and assumptions. Actual results may differ materially from those expressed in these forward-looking statements.
You should not put undue reliance on any forward-looking statements in this Form 10-K. We do not have any intention or obligation to update forward-looking statements after we
file this Form 10-K.

The risk factors discussed in “Risk Factors” could cause our results to differmaterially fromthose expressed in forward-looking statements. There may be otherrisks and
uncertainties that we are unable to predict at this time or that we currently do not expect to have a material adverse effect on our financial position, results of operations or cash
flows. Any such risks could cause our results to differ materially from those expressed in for.vsrd-tooking statements.

Introduction

Management’s Discussion and Analysis of Financial Condition and Results of Operations C’MD&A”) is a supplement to the accompanying consolidated financial
statements and provides additional information about A&B’s business, recent developments, financial condition, liquidity and capital resources, cash flows, results of operations
and how certain accounting principles, policies and estimates affect A&fl’s fInsttcialststements. MD&A is organized as follows:

• Basis ofPresentaiion: This section provides a discussion ofthe basis on which A&B’s consolidated financial statements were prepared, including A&B’s historical
results of operations.

• Business Overview: This section provides a general description ofA&B’s business, as well as recent developments that A&B believes are importsnt in
understanding its results of operations and financial condition or in understanding anticipated future trends.

• CriticalAccountingEstiniates: This section identifies and summarizes those accounting policies that significantly impact A&B’s reported results ofoperations and
financial condition and require significant judgment or estimates on the part of management in their application.

• Consolidated Results ofOperations: This section provides an analysis ofA&B’s results ofoperations forthe three years ended December31, 2012, 2011 and 2010.

• .4nal’sis ofOperating Revenue and ProfIt by Segment: This section provides an analysis ofA&B’s results of operations by business segment.

• Liquidity and Capital Resources: This section provides a discussion ofA&B’s financial condition and an analysis ofA&B’s cash flows for the years ended
December 31,2012,2011, and 2010, as well as a discussion ofA&B’s ability to fund the its future commitments and ongoing operating activities through internal and
extemal sources of cap ital.

Contractual Obligations, Commitnienls, Contingencies and OfjBalance-Sheet Arrangenienis: This section provides a discussion ofA&B’s contractual obligations
and other comnsitmetits and contingencies that imated at December 31,2012.

• Quantitative and Qualitative Disclosures about Market Risk: This section discusses how A&B monitors and manages exposure to potential gains and losses
associated with changes in interest rates.

• Outlook: This section provides a discussion ofmanagement’s general outlook about its markets and A&B’s competitive position.

Basis of Presentation

Prior to June 29, 2012, A&B’s businesses included Matson Navigation, a wholly owned subsidiary, that provided ocean transportation, tnsck brokerage and intemiodal
services. As part ofa strategic initiative designed to allow A&B to independently execute its strategies and to best enhance and maximize its earnings, growth prospects and
shareholder value, A&B made a decision to separate the transportation businesses from the Hawaii real estate and agriculture businesses. In preparation for the separation, A&B
modified its legal-entity stmcture and became a wholly owned subsidiary ofHoldings. On June 29, 2012, Holdings distributed to its shareholders all ofthe shares ofA&B stock in
the Separation. Holders of Holdings comnxin stock continued to own ttic transportation businesses, but also received one share ofA&B conanon stock for each share of Holdings
common stock held at the close ofhusiness on June 18,2012, Ihe record date. Following the Separation, Holdings changed its name to Matson, Inc. On July 2,2012, A&B began
regular trading on the New York Stock Exchange under the ticker symbol “ALEX” as an independent, public company.

The financial statements and related financial information pertaining to the periods preceding the Separation have been presented on a combined basis and reflect the
financial position, results of operations and cash flows of the real estate and agriculture businesses and corporate functions of Alexander & Baldwin, Inc., all ofwhich were under
eonsnion ownership and common management prior to the Separation. The financial statements and related financial information pertaining to the period subsequettt to the
Separation have been presented on a consolidated basis. The financial statements for periods prior to the Separation included herein may not necessarily reflect A&B’a results of
operations, financial position and cash flows in the future or what its results of operations, financial position and cash flows would have been had A&B been a stand-alone
company during the periods presented.

Business Oieriew

A&B, whose history dates back to 1870, is headquartered in Honolulu and operates in three segments in two industries—-Real Estate and Agribusiness.

Real Estate

The Real Estate Industry consists of two segments, both ofwhich have operations in Hawaii and on the Mainland. The Real Estate Development and Sales segment
generates its revenues through the investment in and development and sale of land and commercial and residential properties. The Real Estate Leasing segment owns, operates,
and manages retail, office, and industrial properties in Hawaii and on the Mainland. The Real Estate Leasing segment also leases land in Hawaii. Real estate activities are conducted



through A&B Properties, Inc. and various otherwholly owned subsidiaries ofA&B.

Agribusiness

Agribusiness, which contains one segment, produces bulk raw sugsr, spccislty food grade sugars, and molasses; markets and distributes specaIty food-grade sugars;provides general trucking services, mobile equipment maintenance. and repair services in Hswaii; leases agricultural land to third parties; and generates and sells electricity, to the
e,lent not uses! in the Compsny’s Agribusiness operations. A&B is the member in Hawaiian Sugar & Transportation Cooperative (‘HS&TC”), a cooperative that provides rawsugarniarketing and trdnsportation services.

Critical Accounting Estimates

A&B’s significant accounting policies are described in Note 2 to the Consolidated Financial Statements. The preparation offinancial statements in conformity withaccounting principles generally accepted in the United States of America. upon which the MD&A is based, requires that management exercisejudgment when making estimatesand assumptions about future events that may affect the amounts reported in the financial statements and accompanying notes. Future events and their effects cannot bedetermined with certainty and actual results will, inevitably, differ from those critical accounting estimates. These differences could be matenal.

A&B considers an accounting estimate to be critical if: (i)(a) the accounting estimate requires A&B to make assumptions that are difficult or subjective about matters thatwere highly uncertain at the tinm that the accounting estimate was made, (b) changes in the estimate are reasonably likely to occur in periods subsequent to the period in which theestimate was made, or (c) use of different estimates by A&B could have been used, and (ii) changes in those assumptions or estimates would have had a material impact on thefinancial condition or results of operations ofA&B. The critical accounting estimates inherent in the preparation ofA&B’s fmancial statements are described below.

Principles ofConsolidation

The consolidated financial statements include the accounts ofAlexander & Baldwin, Inc. and all wholly owned and controlled subsidiaries, after elimination of significantintercompany amounts. Significant investments in businesses, paritierships, and liinnited liability companies in which the Company does not have a controlling flnancisi interest, buthas the ability to exercise significant influence, are accounted forunder the equity method. A controlling financial interest is one in which the Company has a majority voting
interest or one in which the Company is the primary beneficiary ofa variable interest entity. In determining whether the Company is the primary beneficiary ofa variable interestentity in which it has an interest, the Company is required to make significant judgments with respect to various factors including, but not limited to, the Company’s ability to directthe activities that most significantly impact the entity’s economic performance, the rights and ability of other investors to participate in decisions affecting the economic
performance of the entity, and kick-out rights, among others. Activities that significantly affect the economic performance of the entities in which the Company has an interest
include, but are not limited to, establishing and modifying detailed business, development, marketing and sales plans, approving and modifying the project budget, approving
design changes and associated overruns, if any, and approving project financing, among others. The Company has not consolidated any vatiable interest entity because it has
determined that is is not the primary beneficiaty since decisions to direct the activities that most signtficantly impact the entity’s performance are shared by the joint venture
partners, and therefore, the Company has determined that it does not have a controlling financial interest in any variable interest entity.

hnpairnienl ofLong-Lived Assets and Finite-Lived Intangible Assets

A&B’s long-lived assets, including finite-lived intangible assets, are reviewed forpossible impairment when events or circumstances indicate that the carrying value maynot be recoverable. In such an evaluation, the estimated future undiseounted cash flows generated by the asset are compared with the amount recorded for the asset to determine ifits carrying value is not recoverable. If this review determines that the recorded value will not be recovered, the amount recorded for the asset is reduced to estimated fair value.A&B has evaluated certain long-lived assets, including intangible assets, for impairment. During the second quarter of 2012. A&B recorded anon-cash impairment charge of $5.1million related to its Santa Barbara real estate landholdings in California. The impairment loss recorded to reduce the carrying anunt to the estimated fairvalue reflects the changein the Company’s development strategy, following Separation, to focus on development projects in Hawaii, and therefore, its related decision not to proceed with the developmentof Santa Barbara landholdings in the near term. The impairment of the Santa Barbara landholdings are classified within Operating Costs and expetises in the consolidated
statements of income. No impairment charges were recorded in 2011, or 2010. These asset impairment analyses are highly subjective because they require management to make
assumptions and apply considerablejudgments to, among others, estimates ofthe timing and amount offliture cash flows, expected useful lives ofthe assets, uncertainty aboutfuture events, including changes in economic conditions, changes in operating performance, changes in the use of the assets, and ongoing costs of maintenance and
improvements of the assets, and thus, the accounting estimates may change from period to period. If management uses different assumptions or if different conditions occur infuture periods, A&B’s financial condition or its future operating results could be matenally impacted.

Jnipairntent oflns’eslnie,ils

A&B’s investments in unconsolidated affiliates are reviewed for impairment wheneverthere is evidence that fairvalue may be below carrying cost. An investment is
written down to fairvalue iffairvalue is below canying Cost and the impairment is other-ihan-temporaty. In evaluating the fairvslue ofan itsvestmenl and whetherany identifiedimpairment is other-than-temporary, significant estimates and considerablejudgments are involved. These estimates and judgments are based, in part, on A&B’s current and futureevaluation of economic conditions in general, as well as ajoint venture’s current and future plaits. Additionally, these impainhient calculations are highly subjective because theyalso require management to make assumptions and apply judgments to estimates regarding the timing and amount of future cash flows, probabilities related to various cash flow
scenarios, and appropriate discount rates based ott the perceived risks, among others. In evaluating whetheran impairment is other-than-temporary, A&B considers all availableinformation, including the length of time and extent of the impairment, the financial condition and near-temiprospects ofthe affiliate, A&B’s ability and intent to hold the
investment fora period oftiixe sufficient to allow for any anticipated recovery in market value, and projected industry and economic trends, among others. Changes in these andother assumptions could affect the projected operational results and fair value of the unconsolidated affiliates, and accordingly, may require valuation adjustments to A&B’s
investments that may materially impact A&B’s financial condition or its future operating results. For exenple, if current market conditions deteriorate significantly or ajoint
venture’s plans change irmterially, impairment charges may be required in future periods, and those charges could be material.

In 2012, A&B recorded an impairment loss and equity losses totaling $4.7 million related to its joint venture investment in Bakersfield (CA) for a commercial development.The recognition ofthe impairment loss reduced the carrying amount of the investment to its estimated fair value and reflected the change in the Company’s development strategyto focus on development projects in Hawaii, and therefore, its related decision not to proceed with the development of California real estate assets in time near term. The impairmentloss and equity losses of the Conpanys investment in its Bakersfield joint venture is classified as Jnipairment and equity losses related to Bakersfieldjoi,il ienlure in the
consolidated statements of income. Tn 2011, A&B recorded a S6.4 million reduction in the carrying value of its investment in Waiawa, a residential joint venture on Oahu, due to thejoint venture’s termination of its development plans. In 2010, A&B recorded an impairment loss of approximately $1.9 million related to its Santa Barbara investment.

Continued weakness in the real estate sector, difficulty in obtaining or renewing project-level financing, and changes in A&B’s development strategy, among oilier
factors, may affect the value or feasibility of certain development projects owned by A&B or by its joint ventures and could lead to additional impairment charges in the future.

Legal Contingencies

A&B’s results of operations could be affected by significant litigation adverse to A&B, including, but not limited to, liability claims and construction defect claims. A&Brecords accnuals for legal matters when the information available indicates that it is probable that a liability has been incurred and the amount ofthe loss can be reasonably
estimated. Management nsukes adjustments to these accruals to reflect the impact and status ofnegotistions, settlements, rnlmngs, advice of counsel and other infonnation and



2012ss.2011

Operating Revenue for 2012 increased 11 percent, or $29.0 million, to $296.7 million. Agribusiness revenue increased $24.8 million, primarily due to higher prices on sugar sold. Real
Estatc Leasing revenue increased $3.5 million in 2012 (excluding revenue fromdiscontinued operations). primarily due to acquisitions and overall higher mainland occupancies. The
reasons for bosiness- and segment-specific year-to-year fluctuations in revenue are further described below in the Analysis of Operating Revenue and Profit by Segment.

Because of the recurring nature ofproperty sales, the Company views changes in Real Estate Sales and Real Estate Leasing revenues on a year-over-year basis before the
reclassification of revenue to discontinued operations to be more meaningful in assessing segment performance. Additionally, due to the timing of sales for development properties
and the mixof properties sold, management believes perfonmnce is more appropriately assessed over a multi-yearperiod. Year-over-year comparisons ofrevenue are also not
complete without the consideration of results from the Company’s investment in its real estate joint ventures, which are not included in consolidated operating revenue, but are
included in segment operating profit. The Analysis of Operating Revenue and Profit by Segment that follows, provides additional information on changes in Real Estate Sales
revenue and operating profit before reclassifications to discontinued operations.

Operating Costs and Expenses for2Ol2 increased by 10 percent, or $22.4 million, due principally to S26.0 million in higherAgribusiness costs, $6.8 million in higherprofessional
fees related to the Separation, which included $1.2 in share-based compensation related to the exchange ofexisting employee options wills replacement options in the new company
as pars of the Separation, and a $5.1 million impairment of the Company’s Santa Barbara landholdings that resulted from the Comparsy’s change in its development strategy to focus
on development projects in Hawaii, partially offset by a $7.3 million gain on the sale ofan agricultural parcel and $3.5 million in lower Real Estate Development and Sales costs (after
excluding costs from discontinued operations). The Company also recognized a $9.4 million gain on land recognized at fair value in connection with its donation 505 Maui not-for-
profit. The gain was fully offset by an equal airinunt representing the cost ofthe charitable donation, which is included in selling, general and administrative expenses. The reasons
for changes in business- and segment-specific year-to-year fluctuations in operating costs, which affect segment operating profit, arc more fully described below in the Analysis of
Operating Revenue and Profit by Segment.

Other Income arid Expense: Other income (expense) was ($23.9) million in 2012 compared with ($18.6) million in 2011. The change in other income (espense) was due to $4.7 million
in impairment and equity losses related to the Company’s Bakersfield joint venture development project in Califomia, resulting from the Company’s change in its development
strategy to focus on development projects in Hawaii, and S4.4 million in real essasejoins venture losses in 2012. The higherexpenses were partially offset by a S2.2 million reduction
in interest expenses ass result of lower average debt levels.

Income Taxes and she effective rate were lower in 2012 compared with 2011 due principally to she Company’s solar project on Kauai and a land donation and charitable donations,
partially offset by certain non-deductible separation expenses. The Company expects that its effective tax rate in 2013 will return to a combined statutory rate of approximately 39
percent.

2011 sx 2010

Operating Revenue for 2011 increased 2 percent, or $5.9 million, to $267.7 million. Real Estate Leasing revenue increased 16 percent in 2011 (after subtracting leasing revenue fl-urn
assets classified as discontinued operations), primarily due to acquisitions and higher mainland occupancies. Agribusiness revenue decreased 5 percent, primarily due to lower
coffee re’,’enue as a result ofthe sale of the assets ofthe coffee operations in the first quarter of 2011. The reasons forbusiness- and segment-specific year-so-year fluctuations in
revenue growth are further described below in the Analysis of Operating Revenue and Profit by Segment.

Operating Costs and Expenses for 2011 decreased by 10 percent, or $26.8 million, to S233.9 million. Real Estate Sales and Leasing costs increased by 12 percent, primarily due to
property acquisitions. This increase was offset by Agribusiness costs, which decreased 18 percent due principally tos lowervolurne ofsugar sold, combined with higher
production levels. Additionally, Selling, Conersl and Administrative costs C’SG&A”) decreased t2percent due principally to highernon-qualified benefits paid in 2010 related to the
retirement of certain seniorexecutives and lower perfomnce-based compensation. The reasons for changes in business- and segment-specific year-to-year fluctuations in
operating costs, which affect segment operating profit, are more fully described below in the Analysis of Operating Revenue and Profit by Segment.

Other Income and Expense: Other expense in 2011 increased $13.5 million, compared with 2010, due primarily to $7.9 million in joint venture losses, a $4.9 million payment received
in 2010 for agriculture disasterrelief, $3.4 million gain in 2010 related to the settlement ofa non-performing mortgage note acquired as an investment, and a $1.7 million decrease in
interest income in 2011.

Income Taxes in 2011 were higher compared with 2010 due so higherincome from continuing operations. The effective taxrate in 2011 was lower than the rate in 2010 due principally
so taxbenelits that were more significant in relation to the nominal loss from continuing operations in 2010.

ANALYSIS OF OPFRATING REVINUE AND PROFIT BY SEGMENT

Additional detailed information related to the operations and financial performance of the Company’s Operating Segments is included in Part 11 Item 6 and Note 14 to the
Consolidated Financial Statements. The following information should be read in relation to the information contained in those sections.

Real Estate Industry

Real Estate Leasing and Real Estate Developnient and Sales revenue and operating profit are analyzed before subtracting amousts related to discontinued operations. This is
consistent with how the Company s management evaluates perjbrmance and nsakes decisions regarding capital allocation/br the Company c i-cal estate busmesses. A
discussion ofdiscontinued operationsfor the real estate business is included separately.

El/bet ofProperty Sales Mix on Operating Results: Direct year-over-year comparison ofthe real estate development and sales results may not provide a consistent, measurable
indicator of future perfornrance because results from period to period are sign iflcantlv affbcted by the mix and timing ofproperty sales. Operating results, by virtue ofeach
project y asset class, geography, and timing, are inherentl.i episodic. Earn ingsfl-orrrjoint venture in vestments ar-c riot included in segment revenue, but are included in
operating profit. The mix ofi-cal estate sales in airy year or quarter carl be diver-se and can include developed reside,, hal i-eat estate, conrrnercial properties, developable
subdivision lots, undevel aped land, arid properrr’ sold under threat ofconidemniatiorr. The sale ofundeveloped land and s’acanrt parcels in Hawaii generally pros-ides higher
margi irs than does the sale ofdeveloped arid cornrnercialpropertj’, due to tire lair historical-cost basis aTtire Corrrpanry y Hasr’aii land. Consequently, i-eat estate developrrrerrt
arid sales revenue tn-ends, cash flows front the soles ofreal estate, arid the amount air-eat estate heldforsale on ihe balance sheets do riot necessarily inrdicatefuttrre
profitability tn-ends for this segment. .4dditionally, the operating profit reported in cacti quarter does mat necessarilvfolloss- a percentage ofsales trend because tire cost basis of
proper-tv sold can difibr significanrth’ between transactions.

Real E.çiaie Lea.s’inc’: 2012 compared with 2011

(dollars in millions) 2012 2011 Change



Real estate leasing segint revenue
Real estate leasing operating Costs and expenses
Selling, general and administrative expenses
Other segment expense (income)
Segment operating profit
Operating profit margin
Average Occupsncy Rates:

Mainland
Hawaii

1%
-3%
-6%
NM

6%

Real Estate Leasing revenue for 2012 was one percent higher than the si-nount reported for 2011. The increase was principally’ due to the revenue impact resulting from the
acquisitions ofUnion Bank Office Building (June 2011), Issaquals Office Center (September 2011), Gateway at Mililani Mauka (December 2011) and Gateway at Miiilsni Mauka
South (June 2012) and a reversal of deferred rent in 2011 related to a tenant bankruptcy, partially offset by the dispositions of Apex Building (January 2011), Arbor Park Shopping
Center (June 2011), Wakes Business Center (September 2011) and Firestone Boulevard Building (March 2012).

Same store average revenue decreased to $1345 per square foot in 2012 from $13.63 per square foot in 2011, as higlser revenue from a mainland retail property and industrial
property was more than offset by lower revenue from two mainland office properties, a mainland retail property and the Hawaii retail property.

Same store occupancy increased to 93 percent in 2012, compared to 92 percent for 2011, due primarily to increased occupancy in the mainland industrial properties.

Operating profit was aix percent higher in 2012, compared with 2011, principally due to the higherrevcnuc and occupancies in the Hawaii and Mainland portfolios, lovercxpenses
related to the previously mentioned tenant bankruptcy in 2011, and the favorable impact from the timing ofacquisitions and dispositions. Depreciation expense was two percent
higher year-overyear, as proceeds from leased property sales under 1031 exchange transactions are reinvested in commercial properties at a higlser relative book basis than the
property replaced.

Leasable space remained essentially unchanged at 7.9 million square feet in 2012 compared with 2011, principally due to the following activity:

Dispositions
Date Property Less able sq. ft

3-12 Firestone Boulevard Building (CA)

Acquisitions

Date Property Leas able sq. ft

28,100 6-12 Gateway at Mililani Mauka South (HI) 18.700

Total Dispositions 28.100 Total Acquisitions 18,700

Real Esiate Leasi,z: 2011 compared sit/i 2010

(dollars in millions) 2011 2010 Change
Real estate leasing segment revenue S 99.7 S 93.8 6%
Real estate leasing operating costs and expenses 58.7 56.6 4%
Selling, general and administrative expenses 1.8 2.1 -14%
Other segment income (expense) 0.1 0.2 50%
Segment operating profit 39.3 35.3 11%
Operating profit margin 39.4% 37.6%
Average Occupancy Rates:

Mainland 92% 85%
Hawaii 91% 92%

Leasable Space (million sq. ft.) - Improved
Mainland 6.5 6.4 2%
Hawaii 1.4 1.5 -7%

Real Estate Leasing revenue for 2011 was 6 percent higher than the amount reported for 2010. The increase was principally due to the timing of acquisitions and dispositions, but
was also due to higher Mainland occupancy.

Same store average revenue decreased to $12.29 per square foot in 2011 from $13.23 per square foot in 2010, as higher mainland office and industrial revenue was more than offset
by lower revenue from a Califomia office property and a tenant bankruptcy at a Mainland industrial property.

Same store occupancy increased to 93 percent in 2011,compared to 85 percent for 2010, due primarily to increased occupancy in the Mainland industrial properties.

Operating profit was Il percent higher in 2011, compared with 2010, principally due to the same reasons cited for the revenue increase. The higlser operating costs and expenses
was attributable prinasrily to higherdeprecistion expense as proceeds from leased property sales under 1031 exchange transactions are reinvested in commercial properties ala
higher relative book basis than the property replaced.

Leasable space increased modestly in 2011 compared with 2010. pnncipally due to the following activity:

Dispositions Acquisitions

1-11 ApexBuildiog (HI)
6-Il Arbor Park Shopping Center (TX)
9-It Wakes Business Ccntcrll(H1)

28,100 6-11 Union Bank Office Building (WA)
139.500 9-11 Isssquah Office Center (WA)
61,500 9-11 Gateway at Mililani Mauka (HI)

$ 100.6
57.2

1 .7
0.1

41.6

41.4%

S 99.7
58.7

1.8
(0.1)
39.3
39.4%

93% 92%
92% 91%

Leasable Space (million sq. ft.) - Improved
6.5 6.5 —%Mainland
1.4 1.4 —%Hawaii

Leasable Leasable
Date Properly sq. ft Date Property sq. ft

84,000
146,900

5,900



229,100 236,800
Total Dispositions Total Acquisitions

Real Estate Development and Sales, 2012 compared will? 2011 and 2010

(dollars in millions) 2012 2011 2010
Hawaii improved $ — £ 22.8 S 55.2Mainland improved 5.0 22.4 58.5Hawaii development sales 8.7 6.7 5.8
Hawaii unimproved/other 18.5 7.9 11.5

Total real estate sales segment revenue 32.2 59.8 131.0
Cost of real estate development and sales (11.0) (31.6) (75.3)Operating expenses (11.4) (11.1) (11.9)Impairment of Santa Barbara development project (5.1) —

—Impairment and equity loss related to Bakersfield joint venture (4.7) ‘— —

Earnings (loss) fromjoint ventures (4.4) (7.9) 2.0
Other income (loss)

— 6.3 4.3
Total real estate development and sales operating profit (loss) S (4.4) $ 15.5 S 50.1

Operating profit margin NM 25.9% 38.2%

The lower revenue and operating profit results in 2012 were primarily due to fewer improved real estate sales and the impairment of two of the Company’s Calitbrnia devetopmentinvestments, Santa Barbara and Bakersfield. The composition of sales is described below.

2012: Revenue fromRcal Estate Development and Sales, before subtracting amounts presented as discontinued operations, was $32.2 million, principally related to the
gain on the sale of286 acres of agricultural-zoned land on Maui, a 4.1-acre parcel at Maui Business Park II, Firestone Boulevard Building, two leased fee parcels on Maui, threeresidential Units Ofl Oshu, and several non-core land parcels on Maui. Operating profit also included joint venture sales ofa parcel, a residential lot and sixhomes at Kukui’ula,eight residential units at the Company’s Ka Milo joint venture development on the island of Hawaii, and two units at Kai Main, the Company’s joint venture Wailea development
on Maui. The margin on the sales described above was partially offset by $9.8 million ofin,airment charges in the second quarterof 2012. related to the Company’s Santa Barbaraand Bakersfield development projects in California, resulting from the Company’s change in its development strategy to focus on development projects in Hawaii, as well as jointventure expenses.

2011: Real Estate Development and Sales revenue and operating profit included the sales of Arbor Park Shopping Center, a retail center in Texas; two commercial
properties, an 86-acre industrial parcel, a leased fee parcel and several non-core parcels on the island of Maui; and sixresidential Units and one commercial space at the Cotxpany’sKeola La’i high-rise development on Oahu. Operating profit also inctuded a loss ofS6.4 million on the Company’s investment ni its Waiawa joan venture due to the joint venture’stermination ofita development ptans, as well as various joint venture expenses, partially offset by again on the sale ofthe Company’s interest in the Bridgeport Marketplacejointventure development in Valencia, California, a four-acre commercial parcel at the Company’s Kukui’ula joint venture on Kausi, and four units at the Company’s Ks Milo joint
venture development on the island of Hawaii.

2010: Real Estate Sales revenue and operating profit included the sales ofMililani Shopping Center, a retail center in Hawaii, Ontario Distribution Center, an industrial
property in California, Valley Freeway Corporate Park, an industrial facility in Washington, sixresidential units and one commercial space at the Con,any’s Keola La’i high-use
development on Oslsu, a 75-acre agricultural parcel on Kausi, two leased fee parcels and several non-core Maui land parcels. In addition to the aforementioned sales, operating
profit included a $3.6 million gain recorded in connection with the acquisition oflahaina Square, a retail center on Maui that was acquired by the Company in the settlement ofsnon-performing mortgage loan, which was purchased by the Company in the first quarter of2OlO. Operating profit also included $2.0 million ofjoint venture earnings, principallydue to £51 million in gains recognized on the settlements oftwo ninrtgage loans owed to a project lenderunderregutatomy supervision, partially offset by a S1.9million impairment
loss on the Company’s Santa Barbara joint venture investment.

Discontinued Operations: The revenue, operating profit, and after-tax effects of discontinued operations for 2012, 2011 and 2010 were as follows (in millions, except per-share
amounts):

2012 20t1 2010

Proceeds from the sale of income-producing properties
(Real Estate Sales Segment) $ 8.9 $ 45.5 $ lt7.l
Real Estate Leasing revenue (Real Estate Leasung Segment) 1.2 3.8 11.5

Coin on sale of income-producing properties S 4.0 S 22.5 S 48.6
Real Estate Leasing operating profit 0.7 2.3 6.9
Total operating profit before taxes 4.7 24.8 55.5
Incometaxexpense 1.9 9.9 20.1
Income from discontinued operations $ 2.8 $ 14.9 S 35.4

2012: The revenue and expenses retated to the sales ofthe Firestone Boulevard Building and Northpoint Industrial, two industrial properties in Califomia, and two leasedfee properties in Maui have been classified as discontinued operations. Northpoint Industrial was sold in Januaiy 2013, but has been classified as held for sale, as ofDecember 31,2012, in the consolidated balance sheets. Additionally, the revenues, expenses and operating profit fromNorthipoint Isave been classified as discontinued operations for all periods
presented.

2011: The revenue and expenses ofArbor ParkShopping Center, a retailpmopertv in Texas; Wakes Business Centeril, a commercial facility on Maui; and a leased Maui
property were classified as discontinued operations.

2010: The revenue and expenses of Ontario Distribution Center. an industrial property in California; Valley Freeway Corporate Park, an industrial facility in Waslsington;Mililani Shopping Center, a retail center in Hawaii: Kete Shopping Center on Maui; and various Maui parcels were classified as discontinued operations. Additionally, a retail
property on Maui that was held for sale at year-end was classified as discontinued operations.





Agribusiness

Aril,usi,,ess: 2012 compared ii’ith 2011

(dollars in millions) 2012 2011 Change
Revenue $ 182.3 $ 157.5 16%Operating profit (loss) $ 20.8 $ 22.2 -6%Operatingprofitmargin 11.4% 14.1%
Tons sugar produced 178,300 182.800 -2%
Tons sugarsold 198,200 163,100 22%

Agribusiness revenue increased $24.8 million, or 16 percent, in 2012 compared with 2011. The increase was primarily due to $24.3 million in higherraw sugar sales revenue due to 5sugar shipments in 2012 as compared to 4 sugar shipments in 2011, Sl.5 million fromhigher specialty sugar sales resulting fromhigher volume and prices, $1.5 million in higher
nlasses sales due to highervolume and prices, and $1.1 million in higher parts and repairrevenue, partially offset by Sl.8 million in lower charter revenue.

Operating profit decreased Sl.4 million in 2012 compared with 2011. The decrease in operating profit was primarily due to a $3.9 million decrease in raw and specialty sugarmargins. The decrease in rawand specialty sugarmargins were principally the result ofa decrease in the volume ofsugarproduction overwhich costs are allocated, resulting in
higher per unit costs. The lower margin on raw and specialty sugar was partially offset by a $1.9 million improvement due to the sale of the coffee assets in 2011 and higher power
margins fromhydroelectric production on Ksuai, as well as $1 million in lower charitable foundation contribution expenses.

Sugar production in 2012 was 2 percent lower than 2011 due principally to loweryields on the acres harvested, resulting from lower water availability. The average netrevenue per ton of sugar for 2012 was $619 or 2 percent higher than the average revenue per ton of $605 in 2011.

.4’ribusiness: 2011 compared nith 2011)

(dollars in millions) 2011 2010 Change
Revenue $ 157.5 $ 165.6 -5%Operating profit (loss) $ 22.2 $ 6.1 4X
Operating profit margin 14.l% 3.7%
Tons sugar produced 182,800 171 .800 6%
Tons sugar sold 163,100 176.700 -8%

Agribusiness revenue decreased $8.1 million in 2011 compared with 2010. The decrease was primarily due to $8.2 million in lower coffee revenue as a result ofthe sale ofthe assetsof the coffee operation in the first quarter of 201 I and $13.4 million in lower sugar revenue, due to lower sugar sales volume. These decreases were partially offset by a $5.4 million
increase in power revenue, $3.0 million in highermolasses revenue due to highervolunins and prices, and $2.4 million higher outside charter revenue.

Operating profit increased $16.1 million in 2011 compared with 2010. The increase in operating profit was primarily due to a $6.1 million improvement in power margins and a$5.2 million increase in raw and specialty sugar ntargina. The improvements in raw and specialty sugar margins were principally the result of higher sugar prices and an increase in
the volume ofaugarproduction overwhich costa are allocated, resulting in lowerperunit costs. Molasses margins also increased $3.2 million due to higher sales volumes andprices. The increase in operating profit was partially offset by the aforementioned sgnculture disaster relief payment for drought received in 2010.

Sugarproduction in 2011 was 6 percent higher than in 2010 due principally to higher average yields per acre. The higheryields in 2011 were principally the result ofimproved growing conditions and factory enhancements. The average net revenue per ton of sugar for 2011 was $605 or 5 percent higher than the average revenue per ton of $575in 2010.

LIQUIDITY AND CAPITAL RFSOURCFS

Owrwevs A&B’s primary liquidity needs have historically been to support working capital requirements and flind capital expenditures and real estate developments. In the fiuture,A&B may have liquidity needs to finance acquisitions orrepurchaae eomninn stock, when appropriate. Historically, A&B’s principal sources ofliquidity have been cash flowsprovided by operating activities, available cash and cash equivalent balances, and its credit facilities.

A&B’s operating income is generated by its subsidiaries. There arc no restrictions on the ability ofA&B’s subsidiaries to pay dividends ormake otherdistributions to
A&B. A&B regularly evaluates investnsettt opportunities, including development projects,joint venture investments, and other strategic transactions to increase shareholdervalue. A&B cantiot predict whetherorwhen it nitty enterinto scquisitions,joint ventures or dispositions, orwhst impact any such transactions could have on A&B’s results of
operations, cash flows or financial condition. A&B’s cash flows from operations, borrowing availability and overall liquidity are subject to certain risks and uncertainties, includingthose described in the section titled “Risk Factors” beginning on page 18.

A&B has a committed revolving bank credit facility with a total capacity of $260 million and a $300 million uncommitted shelf facility, A&B believes its operating cash flow.availability of borrowings under credit agreements and access to capital markets will provide sufficient liquidiiy to support A&’s financing needs.

Cash Now: Cash flows provided by operating activities continue to be the Company’s most significant source of liquidity. Net cash flows from operating activities totaled SlO.9million for 2012. Sl0.4million for 2011. and $1.6 million for 2010. Cash flows for 2012 were comparable to 2011. Excluding expenditures tbrthe Company’s real estate development
inventory, cash flows frornoperating activities were $23.9 million higherthsn 2011. due to lowertaxes, lowercorporate expenses, lower interest expense and higher earnings in 2012.exclusive ofnon-cash impairment losses. The inci’ease in 2011 over 2010 was due principally to higher Agribusiness and Real Estate Leasing earnings, as well as lower capital
requirements for real estate developments, partially offset by lower Real Estate Sales segment earnings. A&B classifies expenditures for real estate development assets as cashflows from operating activities ifA&B intends to develop and sell the real estate.

Net cash flows used in investing activities were $50.1 million for 2012, S26.l million for 2011. and $58.8 million for 2010. Of the 2012 amount, $45.4 million was for capital expenditures.including $13.7 million related to capital improvements to commercial properties. S2l .8 million related to the Port Allen solsrprojcct on Kauai, and the balance primarily related to
routine replacements for agricultural operations. Other cash flows used in investing activities included $17.5 million, principally related to investments in A&B’s Kukui’ula jointventure projects. These cash outflows were partially offset by $2.4 million in cash proceeds received, primarily related to property sales, and S2.9 million related to distributions fromjoint ventures and otherinveatments. The cash used in investing activities for20l2 excludes $9,4million of 1031 tax-defei’red purchases since A&B did not actually take control ofthe cash during the exchange period. Additionally, expenditures for i’eal estate held-for-sale are excluded from capital expenditures and are instead included in Cash Flows from



ALFXANDFR & BALDWIN, INC.
CONS OLIDATFI) STATF1MUTS OF INCOME

(In millions, except per-share amounts)

Operating Rewnue:
Real estate leasing
Real estate sales
Agribusiness

Total operating revenue
Operating Costs and Expenses:

Cost ofreal estate leasing
Cost ofreal estate sales
Cost of agribusiness goods and services
Selling, general and administrative
Coin on sale ofagricultural parcel
Gain on charitable donation of appreciated land
Impairment of real estate assets (Santa Barbara)
Separation costs

Total operating costs and e?q,enses
Operating Income
Other Income and (Ecpense):

Agriculture disaster reliefpayment
Income (loss) related to real estate and joint ventures
Impairment and equity losses related to Bakersfield joint venture
Interest income and other
Interest expense

Income (Loss) From Continuing Operations Before Income Taxes
Income tax expense (benefit)

Income (Loss) From Continuing Operations
Income from discontinued operations, net of income taxes (Note 4)

Net Income

Basic Earnings per Share of Common Stock:
Continuing operations
Discontinued operations

Net income
Diluted Earnings per Share of Common Stock:

Continuing operations
Discontinued operalions

Net income

5.2
161.0
37.7
(7.3)
(9.4)
5.1
6.8 — —

256.3 233.9 260.7
40.4 33.8 1.1

Weighted Awrage Number of S hares Outstanding:
Basic
Diluted

Year Ended December 31,
2012 2011 2010

$ 99.4 S 95.9
15.0 14.3

182.3 157.5

296.7 267.7

S 82.4
13.8

165.6
261.8

57.2 57.5 52.4
8.7

135.0
32.7

6.8
164.2
37.3

(4.4)
(4.7)
0.1

(14.9)
16.5
(1.2)
17.7

(1.8)

0.3
(17.1)

15.2
6.6
8.6

2.8 14.9
$ 20.5 S 23.5

4.9
4.6

2.7
(17.3)

(4.0)
(1.7)
(2.3)
35.4

S 33.1

$ (0.05)
0.83

$ 0.78

S (0.05)
0.83

S 0.78

$ 0.41
0.07

$ 0.48

S 0.41
0.07

S 0.48

S 0.20
0.35

S 0.55

S 0.20
0.35

S 0.55

42.6 42.4 42.4
42.9 42.4 42.4



ALFXANDFR & BALDWIN, INC.
CONSOLIDATED BALANCE SHEETS

(In millions, except per-share amount)

December31.
2012 2011

ASSETS
Current Assets

Cash and cash equivalents $ 1.1 $ 11.7
Accounts receivable, less allowances of$l .6 for 2012 and $1.7 for 2011 8.2 6.7

Inventories 23.5 36.3
Real estate held for sale 11.5 2.8
Deferred income taxes 7.8 3.5
Prepaid mq,enses and other assets 11.3 7.8

Total current assets 63.4 68.8
Investments in Affiliates 319.9 290.8
Real EsIa(e Developments 144.0 143.3
Property— net 838.7 830.6
Other Assets 71.3 53.1

Total Assets $ 1,437.3 S 1,386.6
LIABILITIES AND SI-IAREJ’IOLDERS’ EQUITY

Current Liabilities
Notes payable and current portion of long-term debt $ 15.5 S 34.5

Accounts payable 26.2 20.8
Income taxes payable 2.8

Accrued interest 5.2 3.2
Accrued and other liabilities 22.7 28.7

Total current liabilities 69.6 90.0
Long-term Liabilities

Long-term debt 220.0 327.2
Deferred income taxes 152.9 164.1
Accrued pension and postretirernent benefits 58.9 54.6
Other non-current liabilities 21.5 24.9

Total long-term liabilities 453.3 570.8
Commitments and Contingencies (Note 13)
Shareholders’ Equity

Common stock— no parvalue; authorized, 150 million shares; outstanding, 42.9 million shares at December 31,2012 939.8
Preferred stock, no par value; authonzcd, 15 million shares; noise issued or outstanding

— —

Net investment 773.4
Accumulated other comprehensive loss (47.2) (47.6)
Retained earnings 21.8

Total sharelsolders equity 914.4 725.8
Total S 1,437.3 $ 1,386.6

See notes to consolidated finaneial statements.



ALEXANDER & BALDWIN, INC.
CONS OLIDATFJ) STATE]\4ENFS OF CASH FLOWS

(In millions)
Year Ended December31,

2012 2011 2010
Cash flossa from Operating Actixities:

Net income S 20.5 S 23,5 $ 33.1
Adjustments to reconcile net income to net cash provided by operations:

Depreciation and amortization 35.1 34.8 35.2
Deferred income taxeS (6.3) (0.9) 2.1
Gains on asset transactions, net ofimpainnent losses (14.8) (33.2) (54.4)
Gain from receipt of insurance proceeds

— — (1.1)
Share-based expense 5.4 4.8 4.9
Equity in (income) loss of affiliates. net of distributions 8.4 8.4 (2.0)

Changes in operating assets and liabilities:
Accounts receivable 0.1 3.7 (1.9)
Inventories 12.8 (6.2) 5.9
Prepaid expenses and other assets (10.0) (4,3) (8.2)
Accrued pension and postretiretnent benefits 4.2 6.4 14.0
Accounts payable (1.5) (2.6) 0.3
Accrued and other liabilities (14.2) (16.6) (10.2)

Real estate developments held for sale:
Real estate inventory sales . 8.4 6.4 5.5
Expenditures forreal estate inventoiy (37.2) (13.8) (21.6)

Net cash provided by operations 10.9 10.4 1.6
Cash Nos.x from Inxesting Acliwties:

Capital expenditures forproperty and developments 45.4) (20.2) (23.5)
Proceeds frominvestment tax credits and grants related to renewable energy projects 7.5 — —_

Proceeds from disposal of income-producing property and other assets 2.4 14.2 32.5
Eoans to affiliate

— 20.0
Payments forpurchases of investments in affiliates (17.5) (28.0) (100.7)
Proceeds from investments in affiliates 2.9 7.9 12.9

Net cash used in investing activities (50.1) (26.1) (58.8)
Cash Nossa from Financing Actiitics:

Proceeds fromissuanceoflong-tenndebt 134.0 147,0 134.0
Payments of long-tenn debt and deferred financing costs (257.2) (145.9) (78.7)
Proceeds from (,paymeiits on) line-of-credit agreement, net (6.0) 1.1 (3.6)
Distributions to Alexander & Baldwin Holdings, me(s) (26.7) (53.1) (52.2)
Contributions from Alexander & Baldwin Holdings, lnc.(a) 172.7 72,8 54.2
Proceeds from issuance of capital stock and other 11.8 — —

Net cash provided by financing activities 28.6 21.9 53.7
Cash and Cash Equixalents:

Net increase (decrease) for the year (10.6) 6.2 (3.5)
Balance, beginning of year 11.7 5.5 9.0
Balance, end ofyear S 1.1 $ 11.7 $ 5.5

Other Cash Flowlnformation:
Interest paid, net ofamounts capitalized S 14.9 S 16.9 $ 16.8
Income taxes paid S (2.0) $ (26.0) S (3.8)

Non-cash Actixities:
Contribution of land and development assets to Waihonua joint venture S 24.2 $ — S —

Debt assumed in real estate purchase S — $ — $ 6.7
Real estate received in settlement ofa nrtgage note $ — $ — $ 8.4
Capital expenditures included in accounts payable and accrued expenses S 12.2 $ 6,8 $ 4.2
Tax-deferred property sales S 18.8 $ 44.7 S 120.0
Tax-deferred property purchases S (9.4) S (39.1) S (148.4)
Conversion ofnet investment ofA&B Holdings into common stock S 926.3 $ — $ —

(a) Refer to Note 3, “Related Party Transactions.”
See notes to consolidated financial statements.



14. OPERATING SEGMFNTS

Operating segments are components ofan enterprise that engage in business activities fromwhich it may cam revenues and incur espenses, whose operating results are regularly
reviewed by the chiefoperating decision maker to make decisions about resources to be allocated to the segment and assess its performance, and forwhich discrete financial
infonnation is available. The Company’s chiefoperacing decision maker is its ChiefExecutive Officer. Based on the foregoing, the Company has three groups ofproducts and
services that are provided by its three segments that operate in two industries: Real Estate and Agribusiness.

The Real Estate Industry consists oftwo operating segments. The Real Estate Development and Sales segment generates its revenues tltrough the investment in and development
and sale of land, commercial and residential properties. The Real Estate Leasing operating segment ovns, operates, and manages retail, office, and industrisi properties. When
property that was previously leased is sold, the sales revenue and operating profit are included with the Real Estate Sales segment.

Agribusiness. which consists of one segment, grows sugar cane; produces bulk raw sugar, specialty food-grade sugars, and molasses; markets and distributes specialty food-
grade sugars; provides general mocking services, mobile equipment maintenance and repair services in Hawaii: and generates and sells, to the mectst not used in the Company’s
operations, electricity.

The accoutsting poitcies of the operating segments are described in the summary of significant accounting policies. Reportable segments ste measured based on operating profit,
exclusive of interest expense, getieral corporate expenses, and income taxes. Transactions between reportable segments are accounted for on the same basis as transactions with
unrelated third parties.

Raw sugar revenues from the Company’s largest customer. C&H Sugar Company, Inc., exceeded 10 percent of total consolidated revenues and totaled $117.5 million. $93.2 million,
and $95.3 million in 2012, 2011, and 2010, respectively.



Operating segment information for 2012,2011, and 2010 is summarized below (in millions):

FortheYcar 2012 2011 2010
Rewnue:

Real Estate:
1_easing $ 100.6 S 99.7 S 93.8
Development and Sales 32.2 59.8 131.0

Less amounts reported in discontinued operations] (10.1) (49.3) (128.6)
Agribusiness2 182.3 157.5 165.6
Reconciling Itema 3 (8.3) — —

Total revenue S 296.7 S 267.7 S 261.8
Operating Profit:

Real Estate:
Lessing $ 41.6 $ 39.3 S 35.3
Development and Sales4 (4.4) 5.5 50.1
Less amounts reported in discontinued operations] (4.7) (24.8) (55.5)

Agribusiness2 20.8 22.2 6.1
Total operating profit 53.3 52.2 36.0

Interest eense, net (14.9) (17.1) (17.3)
General corporate eN,enses (15.1) (19.9) (22.7)
Separation costs (6.8) — —

Income from continuing operations before income taxes 16.5 15.2 (4.0)
Income taxes (1.2) 6.6 (1.7)
Income from continuing operations 17.7 8.6 (2.3)
Discontinued operations 2.8 14.9 35.4
Net income S 20.5 $ 23.5 S 33.1

Prior year amounts restated for amounts treated as dis continued operations.

2 Includes a $4.9 million gain in 2010 related to an agriculture disaster reliefpayment for drought eerienced in prioryears.

3 Represent the sale ofa 286-acre agricultural parcel in the third quarter of 2012 classified as “Gem on sale of agricultural parcel” in the consolidated statement of income,
but reflected as revenue for segment reporting purposes.

4 The Real Estate Development and Sales segment includes approximately ($8.3) million equity iii loss, ($7.9) million equity in loss and S2.0 million in equity in earnings
from its various real estate joint ventures for 2012,2011 and 2010, respectively. Included in operating profit are noncash impainzent and equity losses of S9.8 million
(Bakersfield joint venture and Santa Barbara real estate project) in 2012 and $6.4 million (Waiawa real estatejoint venture) in 2011.



OPFRATING SEGMEJ’TS (CONTINuED)

As ofDecember31: 2012 2011 2010
Identifiable Assets:

Real Estate:
Real estate leasing S 771.3 S 772.0 S 761.3
Real estate development and sales5 504.8 451.5 420.3

Agribusiness 149.9 157.8 153.3
Other 11.3 5.3 6.6

Totalassets $ 1,437.3 $ 1,386.6 $ 1,341.5
Capital Expenditures:

Real Estate:
Real estate leasings S 23.1 $ 43.6 $ 164.7
Real estate development and sales7

— 5.2 0.1
Agribusiness5 31.7 10.5 6.8
Other

— — 0.3
Totalcapitalexpenditures9 S 54.8 S 59.3 S 171.9

Depi-eciation and Amortization:
Real Estate:

Real estate leasingi S 22.0 $ 21.6 $ 20.3
Real estate development and sales 0.2 0.2 0.2

Agribusiness 11.6 11.9 12.7
Other 1.3 1.1 2.0

Total depreciation and amortization S 35.1 $ 34.8 S 35.2

5 The Real Estate Development and Sales segment includes approximately $319.7 million. $290.1 million, and S274.8 million related to its investment in various real estate
joint ventures as ofDccember 31, 2012, 2011, and 2010, respectively.

6 Represents gross capital additions to the leasing portfolio, including gross tax-deferred property purchases that are reflected as non-cash transactions in the
Consolidated Statements of Cash Flows.

7 Excludes expenditures for real estate developments held for sale which are classified as Cash Flows from Operating Activitiet within the Consolidated Statements of
Cash Flows and excludes investment in joint ventures classified as Cash Flows from Investing Activities. Operating cash flows for expenditures related to real estate
developments were $37.2 million, $13.8 million, and S2l.6 million for 2012,2011, and 2010, respectively. Investments in joint ventures were Sl7.4 million, S27.9 million, and
$100.5 million in 2012. 2011, and 2010, respectively.

Includes $21.8 million of capital related to the Company’s Port Allen solar project before taxcredits.

9 Total capital expenditures for segment disclosure purposes includes tax-deferred property purchases of S9.4 million, $39.1 million, and Sl48.4 million for the years ended
2012, 2011, and 2010, respectively, that arc treated as non-cash transactions, and therefore, not included in Capital Expenditures forproperties and developments on the
Consolidated Statements of Cash Flows.



15. QUARTERLY INFORMATION (Unaudite

Segment results by quarter for 2012 are listed below (in millions, except per-share amounts):

2012

Ql Q2 Q3 Q4
Revenue:

Real Estate:
Leasing S 25.5 $ 25.5 $ 24.9 $ 24.7
Sales 11.4 7.0 8.4 5.4
Less amounts reported in discontinued operations I (9.3) (0.3) (0.3) (0.2)

Agribusiness 13.6 39.9 67.9 60.9
Reconciling Items 2

— — (8.3) —

Total Revenue $ 41.2 $ 72.1 $ 92.6 S 90.8
Operating Profit (Loss):

Real Estate:
Leasing 10.7 10.5 10.2 10.2
Sales3 0.9 (9.9) 3.3 1.3
Less amounts reported in discontinued operations’ (4.1) (0.2) (0.2) (0.2)
Agribusiness 3.5 7.0 9.1 1.2

Totaloperatingprofit 11.0 7.4 22.4 12.5
Interest Eense (4.1) (4.0) (3.6) (3.2)
General Corporate EN,enses (4.7) (4.0) (3.0) (3.4)
Separation costs (1.7) (4.4) (0.7)
Income (Loss) From Continuing Operations before
Income Taxes 0.5 (5.0) 15.1 5.9

Income tax eense (benefit) 0.2 (0.5) 1.8 (2.7)
Income (Less) From Continuing Operations 0.3 (4.5) 13.3 8.6
Discontinued Operations’ 2.5 0.1 0.1 0.1

Net Income S 2.8 S (4.4) S 13.4 S 8.7

Earnings Per Share:
Basic S 0.07 S (0.10) $ 0,31 S 0.20
Diluted $ 0.07 $ (0.10) $ 0.31 $ 0.20

I Sec Note 4 for discussion of discontinued operations.

2 Represent the sale of a 286-acre agriculruml parcel in the third quarter of’ 2012 classified as Gein on sale of agricultural parcel’ in the consolidated statement of income, but
reflected as revenue forsegnient reporting purposes.

3 The Real Estate Development and Sales segment operating profit for the second quarter of 2012 includes noncash impainnt and equity losses ofS9.8 million related to the
Con’any’s Bakersfield and Santa Barbara real estate projects.



Segment results by quarter for 2011 are listed below (in millions, except per-share amounts):

2011

QI Q2 Q3 Q4

Revenue:
Real Estate:

Leasing S 26.0 $ 25.1 S 24.4 $ 24.2

Sales 19.7 28.0 9.3 2.8
Less amounts reported in discontinued operations I (15.7) (23.5) (9.2) (0.9)

Agribusiness 15.8 43.4 37.1 61.2

Reconciling Items — — —

Total Rewnue $ 45.8 $ 73.0 $ 61.6 $ 87.3

Operating Profit (Loss):
Real Estate:
Leasing 10.6 10.4 9.2 9.1
Sales 12.0 10.6 3.5 (10.6)

Lest amounts reported in discontinued operations’ (7.4) (9.4) (7.3) (0.7)

Agribusiness 2.6 8.5 3.8 7.3

Totalopcratingprofit 17.8 20.1 9.2 5.1

Interest Expense (4.3) (4.2) (4.4) (4.2)

General Corporate Expenses (4.1) (4.1) (4.7) (7.0)

Income (Loss) From Continuing Operations before
Income Taxes 9.4 11.8 0.1 (6.1)

Income tax expense (benefit) 4.1 5.1 — (2.6)

Income (Loss) From Continuing Operations 5.3 6.7 01 (3.5)

Discontinued Operational 4.5 5.6 4.4 0.4

Net Income $ 9.8 $ 12.3 $ 4.5 $ (3.l.

Earnings Per Share:
Basic $ 0.23 $ 0.29 $ 0.10 $ (0.07)

Diluted $ 0.23 $ 0.29 S 0.10 $ (0.07)

I See Note 4 for discussion of discontinued operations.
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Leak Detection

Leak detection is a necessary component to the management of water distribution systems
worldwide. Accurate determination of the position of leaking water pipes within a supply system and
subsequent repair senies to conser water as well as energy. Water that is lost after treatment and
pressurization, but before del[ery to customers, is money and energy wasted.

LEAK DETECTION FREQUENTLY ASKED QUESTIONS

How much water is lost to leaks?

Answer: A detailed water audit and leak detection program of 47 California water utilities found an
arage loss of 10 percent and a range of 30 percent to less than 5 percent of the total water supplied
by the utilities. The July 1997 Journal American Water Works Association cites examples of more
than 45 percent leakage.

Do leaks get bigger with age?

Answer: Yes. Leaks inriably get larger with time. A small leak this year will grow to become a
large leak next year, all the while losing water and causing greater damage to infrastructure and
property.

Does water from leaks always rise to the surface?

Answer: No, leaks are often unseen at the surface. Nonisible leaks include leaks that percolate into
the surrounding ground, leaks that enter other coneyance facilities, such as storm drains, sewers,
stream channels, or old abandoned pipes. DWR estimates that up to 700,000 acre-feet of leakage
occurs in California each year from nonisible leaks.

What are the reasons to find and repair leaks?

Answer:

‘ Leaks get bigger with age.

Repairing leaks reduces growing water losses.

Repairing leaks with regularly scheduled maintenance reduces ortime costs of unscheduled
repairs.

Leak repairs provide more treated, pressurized water to sell to customers.

Leak detection and repair can reduce power costs to delier water and reduce chemical costs
to treat water.

> Leaks ha been known to cause damage to nearby roads, other infrastructure, and sometimes
buildings. Some water utilities conduct frequent leak detection and repair programs near
unstable geologic areas to reduce their legal liability against expenshe lawsuits.

Exhibit E-R13
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1/7/14 Water Use Efficiency

Leak detection and repair improves public relations. The public appreciates seeing that its
water systems are being maintained.

> The utility gains credibility by putting its own house in order before asking the customers to
conserve water.

How can I determine if there are leaks at my home or business?

Answer: Leaks from the pipes going to the building or inside the building lose water delivered through
the utility meter and service.

There is one way to test if leaks exist inside the building:

Repair leaky faucets, showers, toilets, etc.

Turn off all the water using appliances (including the swimming pool, ice cube maker, water
softener, etc.),

‘ Look at the meter. On the dial of many meters is a small triangle which rotates if any water
passes through the meter. If this deice is turning, then water is flowing to an appliance or a
leak.

“c You can also listen for the sound of leaks at the meter or at a hose bib.

What is Unaccounted-for-Water?

Answer: Unaccounted-for-water is a misleading term long used by the water industry. Unaccounted-
for-water includes unmeasured water put to beneficial use as well as water losses from the system.
Better terms distinguish between authorized unmetered uses and water losses. Authorized
unmetered uses include firefighting, main flushing, process water for water treatment plants,
landscaping of public areas, etc. Water losses include all water that is not identified as authorized
metered water use or authorized unmetered use. Water losses are lost from the distribution system,
do not produce revenue, and are unaveilable for other beneficial uses. Examples of water losses are:
illegal connections, accounting procedure errors, reserveir seepage and leakage, reserveir overilow,
leaks, theft, eveporation, and malfunctioning distribution system controls.

Where does the water from leaks go?

Answer: Leaks often stay underground. The water may enter other underground facilities such as
storm drains, sewers, electrical conduits, basements of buildings, or old abandoned pipes. Some
water percolates into the surrounding ground, flows over the surface to stream channels, or
eveporates.

What does leak detection cost?

Answer: Acoustic leak detection surveys can be conducted at the rate of about 2 miles of pipe main
per day. The dollar cost will very with local labor or consultant charges. For a Califomia leak detection
program, half the savings were achieved with survey cost of less than $100 per acre-foot and 80
percent of the water savings were achieved with survey cost of less than $200 per acre-foot.

What do leak repairs cost?

w.water.ca.g oateruseefficiency/Ieak’ 2/3



1/7/14 Water Use Efficiency

Answer: The cost of leak repair ries widely, from a few minutes by one person to tighten a nut on a
leaky meter, to two days by a crew with hea’ equipment to repair a deeply buried main. Scheduled
maintenance for leak repairs is far cheaper than unscheduled oertime.

Why do leaks produce noise?

Answer: Leaks make noise because the pressurized water forced out through a leak loses energy to
the pipe wall and to the surrounding soil area. This energy creates sound was in the audible range,
which can be sensed and amplified by electronic transducers, or in some cases, by simple
mechanical means. Some additional noise created by the impact of water upon soil in the area of the
leak. Agitated sand and grael can sometimes be heard striking the pipe.

ww.water.ca.g oeteruseefficioncy/Ieal 3/3
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Availability of Publications of the U.S. Geological Survey

Order U.S. Geological Survey (USGS) publications from the
offices listed below. Detailed ordering instructions, along with
prices of the last offerings, are given in the current-year issues
of the catalog “New Publications of the U.S. Geological
Survey.”

Books, Maps, and Other Publications

By Mail

Books, maps, and other publications are available by mail
from—

USGS Information Services
Box 25286, Federal Center
Denver, CO 80225

Publications include Professional Papers, Bulletins, Water-
Supply Papers, Techniques of Water-Resources Investigations,
Circulars, Fact Sheets, publications of general interest, single
copies of permanent USGS catalogs, and topographic and
thematic maps.

Over the Counter

Books, maps, and other publications of the U.S. Geological
Survey are available over the counter at the following USGS
Earth Science Information Centers (ESIC’s), all of which are
authorized agents of the Superintendent of Documents:

• Anchorage, Alaska—Rm. 101, 4230 University Dr.
• Denver, Colorado—Bldg. 810, Federal Center

Menlo Park, Califomia—Rm. 3128, Bldg. 3,
345 Middlefield Rd.

• Reston, Virginia—Rm. 1C402, USGS National Center,
12201 Sunrise Valley Dr.

• Salt Lake City, Utah—2222 West, 2300 South (books and
maps available for inspection only)

• Spokane, Washington—Rm. 135, U.S. Post Office
Building, 904 West Riverside Ave.

• Washington, D.C.—Rm. 2650, Main Interior Bldg.,
18th andCSts., NW.

Maps only may be purchased over the counter at the following
USGS office:

• Rolla, Missouri—1400 Independence Rd.

Electronically

Some USGS publications, including the catalog “New Publica
tions of the U.S. Geological Survey” are also available elec
tronically on the USGS’s World Wide Web home page at
http://www.usgsgov

Preliminary Determination of Epicenters

Subscriptions to the periodical “Preliminary Determination of
Epicenters” can be obtained only from the Superintendent of

Documents. Check or money order must be payable to the
Superintendent of Documents. Order by mail from—

Superintendent of Documents
Government Printing Office
Washington, DC 20402

Information Periodicals

Many Information Periodicals products are available through
the systems or formats listed below:

Printed Products

Printed copies of the Minerals Yearbook and the Mineral Com
modity Summaries can be ordered from the Superintendent of
Documents, Government Printing Office (address above).
Printed copies of Metal Industry Indicators and Mineral Indus
try Surveys can be ordered from the Center for Disease Control
and Prevention, National Institute for Occupational Safety and
Health, Pittsburgh Research Center P.O. Box 18070, Pitts
burgh, PA 15236—0070.

Mines FaxBack: Return fax service

I. Use the touch-tone handset attached to your fax machine’s
telephone jack. (ISDN [digitall telephones cannot be used with
fax machines.)
2. Dial (703) 648—4999.
3. Listen to the menu options and punch in the number of your
selection, using the touch-tone telephone.
4. After completing your selection, press the start button on
your fax machine.

CD-ROM

A disc containing chapters of the Minerals Yearbook (1993—
95), the Mineral Commodity Summaries (1995—97), a statisti
cal compendium (1970—90), and other publications is updated
three times a year and sold by the Superintendent of Docu
ments, Government Printing Office (address above).

World Wide Web

Minerals information is available electronically at
http :Hminerals.er.usgsgov/minerals/

Subscription to the catalog “New Publications of the U.S.
Geological Survey”

Those wishing to be placed on a free subscription list for the
catalog “New Publications of the U.S. Geological Survey”
should write to—

U.S. Geological Survey
903 National Center
Reston,VA 20192
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The balance between supply and demand for water is a delicate one, marked

over time by political and environmental conflicts, the impacts of natural disasters
and human actions, and the day-to-day demands for a multiplicity of uses for this
most vital resource. Although a renewable resource, water is not always available
to a thirsty Nation when and where it is needed, nor is it always of suitable quality
for the intended use. Water must be considered as a finite resource that has limits
and boundaries to its availability and suitability for use.

In the United States, many existing sources of water are being stressed by
withdrawals from aquifers and diversions from rivers and reservoirs to meet the
needs of homes, cities, farms, and industries. Increasing requirements to leave
water in the streams and rivers to meet environmental, fish and wildlife, and recre
ational needs further complicate the matter. After continual increases in the
Nation’s total withdrawal of surface water and ground water for the years reported
from 1950 to 1980, water withdrawals declined and have remained fairly constant
since the mid 1980’s. The decline in withdrawals is especially significant in light
of the fact that population continued to increase during the same period. Clearly as
a Nation, we are using our surface- and ground-water resources more efficiently.
This decline signals that water use does respond to economic and regulatory
factors, and that the general public has an enhanced awareness about water-
resources and conservation issues.

As planners, managers, and elected officials wrestle with the varied water-
management problems tàcing the Nation at the beginning of the new century, they
need consistent information on water supply and use by State, watershed, and
water-use category. This will help the Nation realize the maximum benefit from its
water resources and will help strike that crucial balance between supply and
demand.

The U.S. Geological Survey has compiled and disseminated estimates of
water use for the Nation at 5-year intervals since 1950. In 1977, the Congress
expanded the Survey’s water-use activities by establishing a National Water-Use
Information Program, which, in cooperation with the States, collects reliable and
uniform information on the sources, uses, and dispositions of water in the United
States. The result of that cooperative effort is a valuable long-term data set of
national water-use estimates that can be used to assess the effectiveness of alterna
tive water-management policies, regulations, and conservation activities, and to
make projections of future demands. This Circular documents water use in 1995
and identifies changes in water use that have occurred over the past 45 years.

More detailed water-use information is available on our Web site at URL:
http ://water. usgs. gov/publ ic/watuse/
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CONVERSION FACTORS

Multiply By To Obtain Area

acre 43,560 square foot (ft2)

4,047 square meter (m2)
0.001562 square mile (mi2)

Flow

gallon per day (galld) 3.785 liter per day

million gallons per day (MgalId) 1.121 thousand acre-feet per year
0.00 1547 thousand cubic feet per second

0.6944 thousand gallons per minute
0.003785 million cubic meters per day

1.38 15 million cubic meters per year

thousand acre-feet per year 0.892 1 million gallons per day
0.001380 thousand cubic feet per second

0.6 195 thousand gallons per minute
0.003377 million cubic meters per day

Some water relations in inch-pounds units are listed below:

(Approximations)

1 gallon
1 million gallons

1 cubic foot

1 acre-foot (acre-ft)

1 inch of rain

= 8.34 pounds
= 3.07 acre-feet
= 62.4 pounds
= 7.48 gallons

= 325,851 gallons
= 43,560 cubic feet

= 17.4 million gallons per sqare mile
= 27,200 gallons per acre
= 100 tons per acre

vii



GLOSSARY

Water-use tenninology is continuing to expand in this series of water-use circulars prepared
at 5-year intervals. The term “water use” as initially used in 1950 in the U.S. Geological Survey’s
water-use circulars meant withdrawals of water; in the report for 1960, the term was redefined to in
clude consumptive use of water as well as withdrawals. With the beginning of the Survey’s National
Water-Use Information Program in 1978 the term was again redefined to include return flow and off-
stream and instream uses. In the report for 1985, the term was redefined to include withdrawals plus
deliveries.

acre-foot (acre-ft)—the volume of water required to cov
er 1 acre of land (43,560 square feet) to a depth of 1 ft.

animal specialties—water use associated with the pro
duction of fish in captivity except fish hatcheries,
fur-bearing animals in captivity, horses, rabbits, and
pets. See also livestock water use.

aquaculture—farming of organisms that live in water,
such as fish, shellfish, and algae.

aquifer—a geologic formation, group of formations, or
part of a formation that contains sufficient saturated
permeable material to yield sigisificant quantities of
water to wells and springs.

commercial water use—water for motels, hotels, restau
rants, office buildings, other commercial facilities,
and institutions. The Water may be obtained from a
public supply or may be self supplied. See also public
supply and self-supplied water.

consumptive use—that part of water withdrawn that is
evaporated, transpired, incorporated into products or
crops, consumed by humans or livestock, or other
wise removed from the immediate water environ
ment. Also referred to as water consumed.

conveyance loss—water that is lost in transit from a pipe.
canal, conduit, or ditch by leakage or evaporation.
Generally, the water is not available for further use;
however, leakage from an irrigation ditch, for exam
ple, may percolate to a ground-water source and be
available for further use.

cooling water—water used for cooling purposes, such as
of condensers and nuclear reactors.

delivery/release—the amount of water delivered to the
point of use and the amount released after use; the dif
ference between these amounts is usually the same as
the consumptive use. See also consumptive use.

domestic water use—water for household purposes,
such as drinking, food preparation, bathing, washing
clothes and dishes, flushing toilets, and watering
lawns and gardens. Also called residential Water use.
The water may be obtained from a public supply or
may be self supplied. See also public supply and
self-supplied water.

evaporation—process by which water is changed from a
liquid into a vapor. See also evapotranspiration.

evapotranspiration—a collective term that includes
water discharged to the atmosphere as a result of
evaporation from the soil and surface-water bodies
and as a result of plant transpiration. See also evapo
ration and transpiration.

freshwater—water that contains less than 1,000 parts
per million (ppm) of dissolved solids; generally,
more than 500 ppm of dissolved solids is undesir
able for drinking and many industrial uses.

ground water—generally all subsurface water as dis
tinct from surface water; specifically, that part of
the subsurface water in the saturated zone (a zone
in which all voids are filled with water).

hydroelectric power water use—the use of water
in the generation of electricity at plants where the
turbine generators are driven by falling water.
Hydroelectric water use is classified as an
instream use in this report.

in-channel use—see instream use.

industrial water use—water used for industrial
purposes such as fabrication, processing, washing,
and cooling, and includes such industries as steel,
chemical and allied products, paper and allied
products, mining, and petroleum refining. The wa
ter may be obtained from a public supply or may
be self supplied. See also public supply and self-
supplied water.

instream use—water that is used, but not withdrawn,
from a ground- or surface-water source for such
purposes as hydroelectric power generation,
navigation, water-quality iniprovement. fish
propagation, and recreation. Sometimes called
nonwithdrawal use or in-channel use.

irrigation district—a cooperative, self-governing
public corporation Set U as a subdivision of the
State government, with definite geographic
boundaries, organized and having taxing power to
obtain and distribute water for irrigation of lands
within the district; created under the authority of a
State legislature with the consent of a designated
fraction of the landowners or citizens.

irrigation water use—artificial application of water
on lands to assist in the growing of crops and
pastures or to maintain vegetative growth in recre
ational lands such as parks and golf courses.

kilowatthour (kWh)—a unit of energy equivalent to
one thousand watthours.

livestock water use—water for livestock watering,
feed lots, dairy operations, fish farming, and other
on-farm needs. Livestock as used here includes
cattle, sheep, goats, hogs, and poultry. Also in-
eluded are animal specialties. See also rural water
use and aoiinal specialties.

via



million gallons per day (MgaJ/d)—a rate of flow of
water.

mining water use—water use for the extraction of min
erals occurring naturally including solids, such as
coal and ores; liquids, such as crude petroleum; and
gases, such as natural gas. Also includes uses asso
ciated with quarrying, milling (crushing, screening,
washing, floatation, and so forth), and other prepa
rations customarily done at the mine Site or as part
of a mining activity. Does not include water used in
processing, such as smelting, refining petroleum,
or slurry pipeline operations. These uses are includ
ed in industrial water use.

offstream use—water withdrawn or diverted from a
ground- or surface-water source for public-water
supply, industry, irrigation, livestock, thermoelec
tric power generation, and other uses. Sometimes
called off-channel use or withdrawal use.

per-capita use-the average amount of water used per
person during a standard time period, generally per
day.

public supply—water withdrawn by public and private
water suppliers and delivered to users. Public
suppliers provide water for a variety of uses, such
as domestic, commercial, thermoelectric power,
industrial, and public water use. See also commer
cial Water use, domestic water use, thermoelectric
power water use, and industrial water use.

public-supply deliveries—water provided to users
through a public-supply distribution system.

public water use—water supplied from a public-water
supply and used for such purposes as firefighting,
street washing, and municipal parks and swimming
pools. See also public supply.

reclaimed wastewater—wastewater treatment plant
effluent that has been diverted for beneficial use
before it reaches a natural waterway or aquifer.

recycled water—water that is used more than one time
before it passes back into the natural hydrologic
system.

residential water use—see domestic water use.

return flow—the water that reaches a ground- or sur
face-water source after release from the point of
use and thus becomes available for further use.

reuse-see recycled water.

rural water use—term used in previous water-use
circulars to describe water used in suburban or farm
areas for domestic and livestock needs. The water
generally is self supplied, and includes domestic
use, drinking Water for livestock, and other uses,
such as dairy sanitation, evaporation from stock-
watering ponds, and cleaning and waste disposal.
See also domestic water use, livestock water use,
and self-supplied water.

saline water—slightly saline water contains from
1,000 to 3,000 parts per million (ppm) of dissolved
solids. Moderatly saline water contains from
3,000 ppm to 10,000 ppm, and highly saline water
contains from 10,000 to 35,000 ppm.

self-supplied water—water withdrawn from a surface-
or ground-water source by a user rather than being
obtained from a public supply.

standard industrial classification (SIC) codes—four-
digit codes established by the Office of
Management and Budget and used in the classifica
tion of establishments by type of activity in which
they are engaged.

surface water—an open body of water, such as a
stream or a lake.

thermoelectric power water use—water used in the
process of the generation of thermoelectric power.
The water may be obtained from a public supply or
maybe self supplied. See also public supply and
self-supplied water.

transpiration—process by which Water that is
absorbed by plants, usually through the roots, is
evaporated into the atmosphere from the plant sur
face. See also evaporation and evapotranspiration.

wastewater—water that can-jet wastes from homes,
businesses, and industries.

wastewater treatment—the processing of wastewater
for the removal or reduction of contained solids or
other undesirable constituents.

wastewater-treatment return flow—water returned
to the hydrologic system by wastewater-treatment
facilities.

water-resources region—designated natural drainage
basin or hydrologic area that contains either the
drainage area of a major river or the combined
drainage areas of two or more rivers; of2l regions,
18 are in the conterminous United States, and one
each are in Alaska, Hawaii, and the Caribbean. (See
map on inside of front cover.)

water-resources subregion—the 21 designated water-
resources regions of the United States are subdivid
ed into 222 subregions. Each subregion includes
that area drained by a river system, a reach of a
river and its tributaries in that reach, a closed
basin(s), or a group of streams forming a coastal
drainage system.

water transfer—artificial conveyance of water from
one area to another.

water use—fl in a restrictive sense, the term refers to
water that is actually used for a specific purpose,
such as for domestic use, irrigation, or industrial
processing. In this report, the quantity of water use
for a specific category is the combination of self-
supplied withdrawals and public-supply deliveries.
2) More broadly, water use pertains to human’s
interaction with and influence on the hydrologic
cycle, and includes elements such as water with
drawal, delivery, consumptive use, wastewater
release, reclaimed wastewater, return flow, and
instream use. See also offstream use and instream
use.

watthour (Wh)—an electrical energy unit of measure
equal to one watt of power supplied to, or taken
from, an electrical circuit steadily for one hour.

withdrawal—water removed from the ground or
diverted from a surface-water source for use. See
also offstream use and self-supplied Water.

ix





ESTIMATED USE OF WATER
IN THE UNITED STATES
IN 1995
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ABSTRACT

Estimates indicate that after continual increases
in the Nation’s total water withdrawals for the years
reported from 1950 to 1980, withdrawals declined
from 1980 to 1995. The withdrawal of fresh- and
saline water in the United States during 1995 is esti
mated to have been 402,000 million gallons per day
(Mgalld) for all offstream uses—2 percent less than
the 1990 estimate. The 1995 withdrawal estimate is
nearly 10 percent less than the 1980 estimate, which
is the peak year of water use documented in this
5-year compilation series that began in 1950. This
decline in water withdrawals occurred even though
population increased 16 percent from 1980 to 1995.
Total freshwater withdrawals are an estimated
341,000 MgalJd for 1995, or about the same as in
1990. Per-capita use for all offstream uses in 1995
was 1,500 gallons per day (galld) of fresh- and
saline water combined and 1,280 galld of fresh
water, compared to 1990 when per-capita use was
1,620 galld of fresh- and saline water and
1,340 gal/d of freshwater.

Estimates of withdrawals by source indicate
that during 1995, total surface-water withdrawals
were 324,000 MgalJd, which is about the same as
during 1990, and total ground-water withdrawals
were 77,500 Mgalld, or 4 percent less than during
1990. Total saline-water withdrawals during 1995
were 60,800 MgalId, or 12 percent less than during
1990, most of which was saline surface water. The
use of reclaimed wastewater is estimated to have
been 1,020 MgalJd during 1995, which is 36 percent
more than the 750 MgaL’d used during 1990.

Offstream water-use categories are classified
in this report as public supply, domestic, commer
cial, irrigation, livestock, industrial, mining, and
thermoelectric power. The two largest water-use
categories continue to be thermoelectric power and
irrigation. In 1995, the most water (190,000 Mgalld,
of which 57,900 Mgalld was saline) was withdrawn
for thermoelectric power cooling, whereas the most
freshwater (134,000 MgalJd) was withdrawn for
irrigation. The estimate of total (fresh, saline) self-

supplied withdrawals for “other” industrial uses
during 1995 is 29,100 Mgalld, or about 3 percent
less than during 1990. Industrial withdrawals de
clined from 1980 to 1995 after remaining about the
same for the years reported from 1965 to 1980. In
fact, self-supplied withdrawals for “other” industri
al use during 1995 are the lowest since records
began in 1950.

Water for hydroelectric power generation, the
only instream use compiled in this report, is estimat
ed to have been about 3,160,000 MgalJd during
1995. This is 4 percent less than the 1990 estimate.

Total freshwater consumptive use is esti
mated to have been about 100,000 Mgal/d
during 1995, or 6 percent more than during 1990.
Consumptive use by irrigation accounts for the larg
est part of total consumptive use and is an estimated
81,300 MgaL/d for 1995. Freshwater consumptive
use in the East (water-resources regions east of
and including the Mississippi regions) is about
12 percent of freshwater withdrawn in the East and
accounts for only 20 percent of the Nation’s con
sumptive use. By comparison, freshwater consump
tive use in the West is about 47 percent of freshwater
withdrawals. The higher consumptive use in the
West is attributable to the 90 percent of the water
withdrawn for irrigation that occurs in the West.

A comparison of total withdrawals by water-
resources region indicates that the California, South
Atlantic-Gulf, and Mid-Atlantic regions account for
one-third of the total water withdrawn in the United
States. The largest amount of irrigation occurs in the
California, Pacific Northwest, and Missouri
regions; and the largest withdrawals for thermoelec
tric power occur in the Mid-Atlantic and South
Atlantic-Gulf regions. A similar comparison of total
withdrawals by State indicates that California
accounts for the largest withdrawal, which is about
45,900 MgalId, followed by Texas, Illinois, and
Florida. Some 24 States and Puerto Rico had less
water withdrawn for offstream uses during 1995
than during 1990.
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INTRODUCTION
Many existing sources of water are being stressed

by withdrawals from aquifers and diversions from rivers
and reservoirs to meet the needs of homes, cities, farms,
and industries. Increasing requirements to leave water in
the streams and rivers to meet environmental, human,
and recreational needs further complicate the matter.

Traditionally, water management in the United
States has focused on manipulating the country’s sup
plies of freshwater to meet the needs of users. A number
of large dams were built during the early 20th century to
increase the supply of freshwater for any given time.
This era of building large dams to meet water demand in
the United States has passed. As we approach the 21st
century, the finite water supply and established infra
stmcture require that demand be managed effectively
within the available sustainable supply. Quantitative as
sessments derived from this type of national water-use
compilation can be used to evaluate the impacts of pop
ulation growth and the effectiveness of alternative water-
management policies, regulations, and conservation ac
tivities. As the focus on water management is increasing
ly on the river basin or watershed, often spanning
multiple States, this national compilation of data also can
be used to develop and evaluate trends in water use, to
plan for more effective uses of the Nation’s water re
sources, and to make projections of future demands.

PuRPOsE AND SCOPE

The purpose of this report is to present consistent
and current water-use estimates by State and water-
resources region for the United States, Puerto Rico, the
U.S. Virgin Islands, and the District of Columbia. Esti
mates of water withdrawn from surface- and ground-wa
ter sources, estimates of consumptive use, and estimates
of instream use and wastewater releases during 1995 are
presented in this report. The U.S. Geological Survey
(USGS) has compiled similar national estimates at 5-
year intervals since 1950 (MacKichan, 1951. 1957; Mac
Kichan and Kammerer, 1961: Murray, 1968; Murray and
Reeves, 1972, 1977: and Solley and others, 1983, 1988,
1993). This series of water-use reports serves as one of
the few sources of information about regional or naional
trends in water use. This report discusses eight catego
ries of offstream water use—public supply, domestic,
commercial, irrigation, livestock, industrial, mining, and
thermoelectric power—and one category of instream

use: hydroelectric power. Detailed information for other
instream uses, such as navigation, recreation, pollution
abatement, and fish habitat is beyond the scope of this
report. Information on wastewater-treatment facilities is
given in the “Wastewater Release” section.

For each category of offstream water use, 1995
withdrawal and consumptive-use estimates are discussed
and those estimates are compared with corresponding
1990 estimates. The text is supplemented with illustra
tions and tables showing data for each State, Puerto
Rico. the U.S. Virgin Islands, and the District of Colum
bia and for each of the 21 water-resources regions.
(Water-resources regions are shown on a map on the
inside of the front cover.) Totals are highlighted in the
tables for ease of reference. At the beginning of this
report is a section on total water use by category and
source of water, and at the end is a section on trends in
water use for the period 1950-95.

TERMINoLoGY

The terms and units used in this report are similar
to those used in previous water-use circulars in this
series. In this report. the term “offstream use” refers to
water diverted or withdrawn from a surface- or ground
water source and conveyed to a place of use. “Instream
use” refers to uses taking place within the river channel
itself. Hydroelectric power generation is discussed as an
“instrearn use,” although some hydroelectric power wa
ter use was reported as offstream use. The hydroelectric
power offstream use is included in the instream totals for
consistency with previous reports. The terms “freshwa
ter,” “saline water,” and “reclaimed wastewater,” as
types of water, are defined in the glossary. The definition
of saline water has been expanded in the glossary to
include slightly saline, moderately saline, and highly
saline. Slightly saline withdrawals, 1,000 to 3,000 parts
per million (ppm) of dissolved solids, are reported as
freshwater in this series. Saline water is tabulated only
for the industrial, mining, and thermoelectric power cat
egories. A few States reported saline withdrawals for the
conmiercial, animal specialties, and public-supply cate
gories. These withdrawals are small and are included
under freshwater for the commercial and public-supply
categories. The saline withdrawals reported for animal
specialties are not listed in the tables or included in the
totals. Some public supplies treat slightly saline water
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before it is distributed, but all public-supply withdrawals
are considered as freshwater in this report. Surface water
and ground water, as sources of water, and the categories
of water use also are defined in the glossary. In this re
port, withdrawals refer to self-supplied withdrawals, and
deliveries refer to public-supply deliveries. “Consump
tive use” refers to that part of the water withdrawn that is
evaporated, transpired, incorporated into products and
crops, consumed by humans or livestock, or otherwise
removed from the immediate water supply.

SOURCES OF DATA AND
METHODS OF ANALYSIS

In cooperation with State and local agencies, the
water-use estimates for 1995 were compiled by the
USGS’s District offices for each county in the United
States, Puerto Rico, and the U.S. Virgin Islands, and for
the 2,149 water-resources cataloging Units. [For an
explanation of cataloging Units, see Seaber and others
(1987)1. These estimates were entered into a State aggre
gate water-use data base in each District office,
reviewed by a regional water-use specialist, and submit
ted to the USGS’s headquarters in Reston, Va. The infor
mation was aggregated by State (including Puerto Rico,
the U.S. Virgin Islands, and the District of Columbia)
and by the 21 water-resources regions for each category
of water use. All the water-use information compiled for
this report is stored in the USGS’s Aggregate Water-Use
Data System (AWUDS) and is available by both county
and cataloging unit on the World Wide Web through
URL:

http://water.usgs.gov/public/wat-use/
Sources of information and accuracy of data vary

and are discussed for each category in subsequent parts
of this report. This compilation effort was coordinated
by the USGS’s National Water-Use Information Pro
gram which was implemented in 1977 to provide more
uniform, current, and reliable information on water use.
“Guidelines for Preparing U.S. Geological Survey
Water-Use Estimates in the United States for 1995” were
developed and distributed on the Web, and are available
at the site identified above. USGS water-use project
chiefs also are identified at the Web site mentioned
above. Each project chief compiled and analyzed infor
mation from various State cooperators, made estimates
of missing data elements, and prepared documentation
that identifies the sources of water-use information for
each State and describes how the water-use estimates
were determined for this report. Many state agencies

publish reports on water use as part of their participation
in the National Water-Use Information Program, and a
list of these publications is given at the end of this report.

The following national data files were made avail
able to each USGS District office for reference: U.S.
Environmental Protection Agency Permit Compliance
files and Safe Drinking Water Information System
(SDWIS) tiles, U.S. Bureau of Census population files,
and the U.S. Department of Energy. Energy Infonnation
Administration reports. Each District is responsible for
determining the most reliable source of infommtion
available for that State.

Water-use numerical data are the average daily
quantities used. Irrigation water is applied during only a
part of each year and at variable rates; therefore, the
actual rate of application is much greater than the aver
age daily rate given in tables in this report. In this report,
numerical data generally are rounded to three significant
figures for values greater than 100 and two significant
figures for values less than 100. Most tables show these
data in million gallons per day. Selected tables also show
per-capita-use data in gallons per day, rounded to three
significant figures, and irrigation and hydroelectric pow
er data in thousand-acre feet per year. A conversion table
is given before the glossary to assist those readers who
may wish to convert the data to other units of measure
ment. All numbers were rounded independently; thus,
the sums of individual rounded numbers may not equal
the totals. The percentage changes discussed in the text
were calculated from the unrounded data.

Population data, which are from the U.S. Bureau of
the Census population estimates and projections (U.S.
Bureau of the Census, 1996), are shown to the nearest
thousand. Data on population served by public supply
were compiled in cooperation with State and local agen
cies and are rounded to three significant figures.
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WATER USE
Water use in this report is subdivided into offstream

use, instream use, and wastewater release. The difference
among these types of use is explained below.

Offstream use is a water use that refers to water
being diverted or withdrawn from a surface- or ground
water source and conveyed to the place of use. To deter
mine the total quantity of offstream water use (self-sup
plied withdrawals and public-supply deliveries), five
subtypes of use are evaluated, as explained below and
shown in the following sketch.

1. Withdrawal—The quantity of water diverted or with
drawn from a surface- or ground-water source.
(A in sketch).

2. Delivery/release—The quantity of water delivered at

the point of use (B) and the quantity released after
use (C).

3. Conveyance loss—The quantity of water that is lost in
transit, for example, from point of withdrawal to
point of delivery (A-B), or from point of release to
point of return (C-D).

4. Consumptive use—That part of water withdrawn that
is evaporated, transpired, or incorporated into prod
ucts or crops. In some instances, consumptive use
will be the difference between the volume of water
delivered and the volume released (B-C).

5. Return flow—The quantity of water that is discharged
to a surface- or ground-water source (D) after
release from the point of use and thus becomes
available for further use.

A Withdrawal
B Delivery
C Release
D Return
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In this report, self-supplied withdrawals by source,
deliveries from public suppliers (where applicable), and
consumptive-use estimates are given for the following
categories of offstream use: domestic, commercial, irri
gation, livestock, industrial, mining, and thermoelectric
power. For the public-supply category, in addition to
withdrawals, the report also gives water delivered to
domestic, commercial, industrial, and thermoelectric
power users.

Each category of offstream use typically effects the
reuse potential of return flows differently. Reuse poten
tial reflects the quality and the quantity of water avail
able for subsequent uses; for example, irrigation return
flow may be contaminated by pesticides and fertilizers,
and, because of the high consumptive use of water
during irrigation, the mineral content of the return flow
often is substantially greater than that of the water
applied. Consequently, irrigation return flow frequently
may have little reuse potential. This is a significant
contrast to the reuse potential of most water discharged
from thermoelectric plants, where the principal change
is an increase in water temperature.

Instream use is a water use that takes place without
the water being diverted or withdrawn from surface- or
ground-water sources. Examples of instream uses are
hydroelectric power generation, navigation, freshwater
dilution of saline estuaries, maintenance of minimum

streamfiows to support fish and wildlife habitat, and
wastewater assimilation.

Quantitative estimates for most instream uses are
difficult to compile on a national scale. However, be
cause such uses compete with offstream uses and affect
the quality and quantity of water resources for all uses,
effective water-resources management requires that
methods and procedures be devised to enable instream
uses to be assessed quantitatively. California is one of
the first States to quantify various types of instream uses.

The only instream-use estimates compiled for this
report are for hydroelectric power generation. Unlike
other instream uses, the water used for hydroelectric
power generation is a measurable quantity because the
amount of water passed through the plant can be docu
mented. Consumptive use in actual hydroelectric power
generation (as opposed to evaporation from impound
ments created by hydroelectric dams) generally is
negligible.

In this report, wastewater release refers to water re
leased from private and public wastewater-treatment fa
cilities. Information is provided on the number of
publicly and privately owned wastewater-treatment fa
cilities and on releases from only the public wastewater
treatment facilities. The releases can be either returned
to the natural environment or reclaimed for beneficial
uses, such as irrigation of golf courses and parks.
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OFFSTREAM USE
Total Water Use 402,000 miVion gaHons per day

Total fresh and saline withdrawals during 1995 are
estimated to have been 402,000 million gallons per day
(Mgal/d) for all offstream water-use categories (public
supply, domestic, commercial, irrigation, livestock,
industrial, mining, thermoelectric power), which is
nearly 2 percent less than the withdrawal estimate for
1990. Total freshwater withdrawals were an estimated
341,000 MgalJd during 1995, which is about the same as
during 1990. Per-capita use for all offstream uses in 1995
was 1,500 gallons per day (galld) of fresh- and saline
water combined and 1,280 galld of freshwater, compared
to 1990 when per-capita use was 1,620 galld of fresh-
and saline water and 1,340 gal/d of freshwater (Solley
and others, 1993).

Estimates of withdrawals by source indicate that
during 1995, total surface-water withdrawals were
324,000 MgalId, which is about the same as during 1990.
About 59,700 MgalJd of surface water withdrawn was
saline water. Total ground-water withdrawals were
77.5 00 Mgal/d, or 4 percent less than during 1990.
About 99 percent of ground water withdrawn was
freshwater.

A comparison of total withdrawals by water-
resources region (figure 1; table 1) indicates that the
California, South Atlantic-Gulf, and Mid-Atlantic
regions account for one-third of the total water with
drawn in the United States. The largest amount of irriga
tion occurs in the California, Pacific Northwest, and
Missouri regions; and the largest withdrawals (fresh and
saline) for thermoelectric power occur in the Mid-Atlan
tic and South Atlantic-Gulf regions. A similar compari
son of total withdrawals by State (figure 2; table 2)
indicates that California accounts for the largest with
drawals, 45,900 MgalJd, followed by Texas, Illinois,
and Florida. Some 24 States and Puerto Rico had less
water withdrawn for offstream uses during 1995 than
during 1990.

The two largest water-use categories continue to be
thermoelectric power and irrigation. During 1995, the
most water (190,000 MgalJd, of which 57,900 MgalJd
was saline) was withdrawn for thermoelectric power
cooling, whereas the most freshwater (134,000 MgaIId)
was withdrawn for irrigation (tables 3, 4). California
accounts for the largest irrigation withdrawals; whereas,
Illinois accounts for the largest thermoelectric freshwa
ter withdrawals (table 4).

Surface-water withdrawals by water-use category
are shown by water-resources region in table 5 and by
State in table 6. Ground-water withdrawals by water-use
category are shown by water-resources region in table 7
and by State in table 8.

Total freshwater consumptive use was about
100,000 Mgal/d during 1995, or 6 percent more than
during 1990. Freshwater consumptive use in the East (w a
ter-resource regions east of and including the Mississippi
regions) is about 12 percent of freshwater withdrawn in
the East and accounts for only 20 percent of Nation’s con
sumptive use (figure 3: table 1). By comparison, freshwa
ter consumptive use in the West is about 47 percent of
freshwater withdrawals. The higher consumptive use in
the West is attributable to the 90 percent of the water with
drawn for irrigation that occurs in the West and irrigation
accounts for the largest part of consum ptive use. Califor
nia accounts for the largest consumptive use (figure 4)
because it has the largest amount of irrigation.

The distribution of per-capita freshwater withdraw
als by State is shown in figure 5 and table 2. High per
capita values are characteristic of thinly populated states
having large acreages of irrigated land such as Idaho,
Montana, and Wyoming. In contrast, figure 6 shows the
intensity of freshwater withdrawals by State in million
gallons per day per square mile. The smaller states in the
northeast show the most intense withdrawals by area.
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EXPLANATION

Water withdrawals, in
million gallons per day

0-12000

12,000- 24,000

_____

24000- 36,000

36,000 - 47,000

Table 1, Total offstream water use by water-resources region, 1995

[Figures may not add to totals because of independent rounding. Mgal/d = million gallons per day: gal/d = gallons per dayj

WITHDRAWALS, in Mgal/d
PER (includes irrigation conveyance losses)

POPULA- CAPITA RECL4IMED CONVEY- CONSUMP
TION, USE. By source and tyrre WASTE- ANCE TIVE USE,

REGION in lhou- fresh- Total WATEF1, LOSSES. fresh-
sands water, Ground waler Surface water in in water,

in gal/d Mgal/d Mgavd in Mgal/d
Fresh Saline Total Fresh Saline Total Fresh Saline Total

New England 12849 289 725 0 725 2,980 8,800 11,800 3,710 8,800 12 500 0 0 388
Mid-Atlantic 42,412 509 2,690 1.0 2,690 18 900 20,300 39,200 21,600 20,300 41,900 72 1.9 1,170
South Atlantic-Gulf . 37845 848 7,110 16 7,120 25,000 12,700 37,700 32,100 12,700 44 BOO 237 33 5,570
Great Lakes 21,836 1,500 1,510 4.6 1,520 31,100 6.5 31,100 32,700 11 32,700 0 .1 1,580
Ohio 22.631 1,330 1980 22 2,000 28,100 .6 28,100 30 100 23 30 100 1.1 .7 1,870

Tennessee 4.198 2,140 258 0 258 8,730 0 8,730 8,980 0 8,980 3 0 289
Upper Mississippi . . 22,268 1050 2,570 4.2 2,670 20,700 0 20 700 23,300 4.2 23,300 11 0 1,660
Lower Mississippi . . 7,324 2,720 9,180 0 9,180 10,800 0 10,800 20,000 0 20 000 .7 653 7.740
Souris-Red-Rainy . . 693 364 115 0 115 138 0 138 253 0 253 0 1.8 122
Missouri Basin 10,664 3.380 9,320 38 9,360 26,700 0 26,700 36,000 38 36,100 22 7,840 14,200

Arkansas-White-Red 8931 1,800 7,490 284 7.780 8,590 0 E,590 16,100 284 16,400 37 944 8,190
Texas-Gulf 16.755 1,050 5,960 324 6,280 11,700 4,860 16,600 17,700 5,190 22,900 71 390 7,340
Rio Grande 2,566 2.600 1,930 61 1,990 4,740 0 4,740 6,670 61 6,730 7.2 1,360 2,960
Upper Colorado 714 10,400 116 14 130 7,310 0 7,310 7,420 14 7,440 1.7 1,940 2,520
Lower Colorado 5318 1,500 3,000 12 3,010 4,970 2.3 4,970 7,960 14 7,980 187 1,090 4,520

Great Basin 2,405 2,510 1,610 56 1,660 4,420 143 4,560 6,030 199 6,230 33 1,140 3,260
Pacific Northwest . . - 9,948 3.220 5,500 0 5,500 26,500 38 26,500 32,000 38 32,000 .1 8,050 10.600
California 32,060 1,140 14,600 185 14,800 21,900 9.450 31,300 36,500 9,640 48,100 330 1.860 25,300
Alaska 604 350 58 75 132 154 43 196 211 117 329 0 .1 25
Hawaii 1,187 853 515 16 531 497 906 1,400 1,010 922 1,930 6.2 98 542
Caribbean 3,858 152 156 .2 156 433 2,450 2,880 588 2,450 3,040 0 15 189

Total 267.068 1,280 76.400 1,110 77,500 264,000 59,700 324,000 341,000 60,800 402,000 1,020 25,300 100,000

Figure 1. Total water withdrawals by water-resources region, 1995.
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TOTAL WITHDRAWALS

EXPLANATION

Water withdrawals, in
million gallons per day

o - 2,000

2,000 - 5000

5,000 - 10,000

10,000 - 20,000

20,000 - 46,000

SURFACE-WATER WITHDRAWALS GROUND-WATER WITHDRAWALS

Hawsn

Alaska

Virgin Islands

qW
Puerto Rico

Figure 2. Total water withdrawals by source and State, 1995.
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Table 2. Total offstream water use by State, 1 995
[Figures may not add to totals because of independent rounding. MgalId = million gallons per day; gal/d = gallons per day]

WITHDRAWALS. in Mgalfd
PER (includes irrigation conveyance losses)

POPULA- CAPITA RECLAIMED CONVEY- CONSUMP
TION, USE, By source and type WASTE- ANCE TIVE USE,

STATE in thou- fresh- Total WATER, LOSSES, fresh-
sands wate Ground water Surface water in in water,

in gal/d MgaI/d MgaIfd in
Fresh Saline Total Fresh Saline Total Fresh Saline Total Mgalld

4,253 1,670 436 9 1 445 6,650 0 6,650 7,090 9 1 7,100 0 1 0 532
604 350 58 75 132 154 43 196 211 117 329 0 1 25

4,218 1 620 2,830 12 2,840 3,980 23 3,990 6,820 14 6,830 180 1,030 3,830
2,484 3530 5,460 0 5,460- 3310 0 3,310 8770 0 8,770 0 416 4,760

32063 1,130 14500 185 147O0 21,800 9,450 31,300- 36,300 9.640 45,900 334 1,670 25,500

3,747 3,690 2260 17 227O, 11,600 0 11,600 13,800 17 13,800 11 3,770 5230
3,275 389 166 0 166 1,110 3,180 4,290 . 1,280 3,180 4,450 0 0 97

717 1,050 110 0 110 642 743 1,390 752 743 1,600 0 0 71
554 18 .5 0 .5 9.7 0 9.7 10 0 10 0 0 15

14,166 509 4,340 4.6 4,340- 2,880 11,000 13,800 7,210 11,000 18200 236 32 2,780

7,201 799 1,190 0 1,190 4,560 64 4,630- 5,750 64 5,820 6 0 1,170
1,187 853 515 16 531 497 906 1,400 1,010 922 1,930 62 98 542
1,163 13,000 2,830 0 2,830 12,300 0 12,300 15,100 0 15,100 0 5,480 4,340

11,830 1,680 928 25 953 19,000 0 19,000 19,900 25 19,900 2,0 0 857
5,803 1,570 709 0 709 8,430 0 8,430 9,140 0 9,140 0 0 505

2,842 1 070 528 0 528 2,510 0 2,510 3,030 0 3,030 0 0 290
2,565 2,040 3,510 0 3,510 1,720 0 1,720 5,240 0 5,240 68 143 3,620
3,860 1,150 226 0 226 4,190 0 4,190 4,420 0 4,620 0 5 318
4,342 2,270 1,350 0 1,350 8,500 0 8,500 9,850 0 9,850 0 166 1,930
1,241 178 80 0 80 141 105 246 221 105 326 0 0 48

5,042 289 246 0 246 1,210 6,270 7,480 1,460 6,270 7,730 70 0 150
6,074 189 351 0 351 795 4,370 5,160 1,150 4,370 5,510 0 0 180
9,549 1.260 358 4.4 862 11,200 0 11,200 12,100 4.4 12,100 0 0 667
4,610 736 714 0 714 2,680 0 2,680 3,390 0 3,390 0 0 417
2,697 1,140 2,590 0 Z590 502 112 614 3,090 112 3,200 0 17 1,570

5,324 1,320 891 0 891 6,140 0 6,140 7,030 0 7,030 11 0 692
870 10.200 204 13 217 8,640 0 8,640 8,850 13 8,860 0 4,410 1,960

1,637 6,440 6,200 47 6,200 4,350 0 4,350 10,500 47 10,500 2.0 906 7,020
1.530 1,480 855 42 896 1,400 0 1,400 2,260 42 2,300 24 473 1,340
1,148 388 81 0 81 364 877 1,240 446 877 1,320 0 0 35

7,945 269 580 0 580 1,560 3,980 5,530 2,140 3,980 6,110 1.1 0 210
1,686 2,080 1,700 0 1,700 1,800 0 1,800 3,510 0 3,510 0 628 1,980

18,136 567 1,010 1.5 1,010 9,270 6,500 15,800 10,300 6,500 16,800 0 0 469
7,195 1,070 535 2.1 535 7,200 1,550 8,750 7,730 1,560 9,290 1.0 0 713

641 1,750 122 0 122, 1,000 0 1,000 1,120 0 1,120 0 51 181

11.151 944 905 0 905 9,620 0 9620 10,500 0 10500 0 .2 791
3,278 543 959 259 1,220 822 0 822 1,780 259 2,040 0 4.9 716
3.140 2,520 1,050 0 1,050 6,860 0 6,860 7,910 0 7,910 0 1,300 3,210

12,072 802 860 0 860 8,820 0 8,820 9,680 0 9,680 11 0 565
990 138 27 0 27 109 275 383 136 275 411 0 0 19

3,673 1,690 322 0 322 5.880 0 5,880 6,200 0 6,200 0 0 321
729 631 187 0 187 273 0 273 460 0 460 0 54 249

5,256 1,920 435 0 435 9,640 0 9,640 10,100 0 10.100 5 0 233
18,724 1.300 8,370 411 8,780 16,000 4,860 20,800 24,300 5,280 29,600 109 540 10.500

1,951 2,200 776 14 790 3.530 143 3,670 4,300 157 4,460 14 612 2,200

585 967 50 0 50 515 0 515 565 0 565 0 0 24
6,618 826 358 0 358 5,110 2,800 7,900 5,470 2,800 8,260 0 2.9 218
5,431 1,620 1,760 0 1,760 7,060 38 7,100 8,820 38 8,860 0 1,090 3,080
1,828 2,530 146 5 146 4,470 0 4,470 4,620 5 4,620 0 0 352
5,102 1,420 759 0 759 6,490 0 6.490 7,250 0 7,250 0 0 443

480 14,700 317 lB 335 6,720 0 6,720 7,040 18 7,060 9.1 2,470 2,800
3,755 154 155 0 155 422 2,260 2,680 576 2,260 2,840 0 15 187

103 113 5 .2 .7 11 190 201 12 190 202 0 0 1.9

76,400 1,110 77,500 264 000 59,700 324,000 341,000 60,800 402,000 1.020 25,300 100,000

Alabama
Alaska
Arizona
Arkansas
California

Colorado
Connecticut .

Delaware
D.C
Florida

Georgia
Hawaii
Idaho
Illinois
Indiana

Iowa
Kansas
Kentucky
Louisiana
Maine

Man/land
Massachusetts
Michigan
Minnesota
Mississippi

Missouri
Montana
Nebraska
Nevada
New Hampshire

New Jersey ,

New Mexico
New York
North Carolina
North Dakota

Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island .

South Carolina
South Dakota
Tennesaee
Texas
Utah

Vermont
Virginia
Washington . . ,

West Virginia . .

Wisconsin

Wyoming
Puerto Rico . . .

Virgin Islands. .

Total 267,068 1280



New England 1440 169 90 146
Mid-Atlantic 6,000 486 283 293
South Atlantic-Gulf . . 5,470 719 130 4,600
Great Lakes 4,420 355 152 315
Ohio 2,680 328 170 104

Tennessee 574 64 22 4-8
Upper Mississippi. . 1,880 311 208 484
Lower Mississippi. 1,070 73 36 8,130
Souris-Red-Rairiy. 66 17 .3 88
Missouri Basin 1,570 138 34 24,600

Arkansas-White-Red. 1,550 105 115 9,250
Texas-Gulf 2,840 115 42 5,530
Rio Grande 487 25 19 6,020
Upper Colorado 141 12 6.2 7030
Lower Colorado 1,170 45 30 6,410

Great Basin 605 14 25 5,110
Pacific Northwest 1,910 260 1,070 25700
Calitornia 5,610 124 396 29,100
Alaska 81 8.7 11 .6
Hawaii 214 3.7 46 852
Caribbean 437 13 3.4 107

Total 40,200 3,390 2890 134000

19 153 0 24 0 1,670 8,800 3,710 8,800
134 1,430 526 321 8.6 12,600 19,700 21,00 20,300
405 2,790 40 339 9.1 17,600 12,700 32,10t1 12,700

70 4,170 36 390 76 22,800 0 32,700 11
141 3,690 0 327 23 22,600 0 30,100 23

205 1,070 0 11 0 6,990 0 ,8,980 0
255 988 0 134 42 19,100 0 2330 4.2

1,010 2,890 0 5.3 0 6,730 0 0,Q0O 0
20 22 0 1.4 0 38 0 253 0

426 152 0 306 38 8,800 0 36,000 38

395 438 0 56 284 4,170 0 16,100 284
208 1,060 996 197 324 7,680 3,870 17,700 5,190

35 10 0 55 60 18 1 0 6,670 61
54 64 0 23 14 146 0 7,420 14
40 47 0 152 14 63 0 7,960 14

86 91 .1 74 162 24 37 ,030 199
1,510 1,080 38 35 0 385 0 32,000 38

453 541 36 78 151 205 9,450 86,500 9,640
5 55 1.8 24 116 31 0 211 117

10 19 .9 5 0 67 903 1,010 922
6.4 14 17 45 0 22 2,440 588 2,450

5,490 20,700 1,660 2,560 1,210 132,000 57,900 341,000’ 60,800

10 / OFFSTREAM USE

Table 3. Total water withdrawals by water-use category and water-resources region, 1995

[Figures may not add to totals because of independent rounding, All values in million gallons per dayj

REGION

PUBUC COMMER
SUPPLY DOMESTIC C1AL IRRIGATION LIVESTOCK INDUSTRIAL MINING THERMOELECTRIC TOTAL

Fresh Fresh Fresh Fresh Fresh Fresh Saline Fresh Saline Fresh Saline Fresh Saline



TOTAL / 11

129 733 0 11 9.1 5,200 0 7,090 9.1
.5 55 1.8 24 118 31 0 211 117

32 39 0 144 14 62 0 6,820 14
354 187 0 .1 0 1,770 0 8,800 0
459 538 36 76 151 205 9,450 38,300 9,640

59 123 0 52 17 114 0 13,800 17
1.4 9.6 0 1.7 0 760 3,180 1,280 3,180
4.1 61 3.2 0 0 534 740 752 743
0 .5 0 0 0 9.7 0 10 0

56 345 8.0 296 0 636 11,000 7,210 11,000

48 633 32 12 0 3,040 33 5,750 64
10 19 .9 .5 0 67 903 1,010 922

1,460 47 0 29 0 0 0 15,100 0
56 452 0 50 25 17,100 0 19,900 25
46 2,270 0 137 0 5,690 0 8,140 0

110 258 0 43 0 2,120 0 3,030 0
109 53 0 24 0 1,270 0 5,240 0
46 347 0 28 0 3,440 0 4,420 0

325 2,580 0 1.8 0 5,480 0 9,650 0
1.9 11 0 5,0 0 30 105 221 105

35 65 261 5.2 0 360 6,000 1,460 6,270
10 85 0 3.2 0 196 4,370 1,150 4,370
14 1,850 3.6 58 .8 8,370 0 12,100 4.4
62 140 0 298 0 2,090 0 3,390 0

396 290 0 3.7 0 263 112 3,090 112

76 39 0 24 0 5,550 0 7,030 0
52 60 0 6.6 13 22 0 8,850 13

142 30 0 141 4.7 2,350 0 10,500 4.7
5.7 15 0 68 11 27 30 2,260 42

.8 43 0 7.0 0 229 877 446 877

1.5 201 195 90 0 580 3.780 2,140 3,950
30 8,3 0 61 0 58 0 3,510 0
34 259 0 45 16 6,570 6.490 10,300 6,500

297 369 0 16 0 5,860 1,550 7,730 1,560
24 Ii 0 5.8 0 880 0 1,120 0

27 557 0 93 0 8,190 0 10,500 0
147 21 0 5.4 259 124 0 1 780 259
23 378 0 1.2 0 9.0 0 7910 0
55 1,680 0 252 0 5,920 0 9,650 0

3.6 1,1 0 6.2 0 0 275 136 275

25 700 0 2.9 0 4,810 0 6,200 0
46 5.1 0 27 0 5.4 0 460 0
37 863 0 5.5 0 8,300 0 10,100 0

315 1,300 996 211 409 9,590 3,870 24,300 5,280
108 86 .1 16 150 48 6.7 4,300 157

5.3 9.4 0 3.0 0 453 0 565 0
36 516 67 39 0 3,890 2,730 5,470 2,800
34 611 38 3.5 0 376 0 8,820 38
18 1,320 0 11 .5 3,010 0 4,620 .5
92 441 0 12 0 5,830 0 7,250 0

25 2.8 0 96 18 220 0 7,040 18
6.3 11 0 4.2 0 2.2 2,260 576 2,260

.1 3.0 17 0 0 0 173 12 190

5,490 20,700 1,660 2,560 1,210 132,000 57,900 341 000 60,800

Table 4. Total water withdrawals by water-use category and State, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day]

PUBLIC COMMER
SUPPLY DOMESTIC CIAL IRRIGATION LIVESTOCK INDUSTRIAL MINING THERMOELECTRIC TOTAL

STATE
Fresh Fresh Fresh Fresh Fresh Fresh Saline Fresh Saline Fresh Saline Fresh Saline

Alabama 813 62
Alaska 81 8.6
Arizona 807 39
Arkansas 381 38
California 5,620 120

Colorado 705 27
ConnectIcut 393 55
Delaware 89 12
D.C 0 0
Florida 2,070 297

Georgia 1,150 99
Hawaii 214 3.7
Idaho 189 65
Illinois 1,820 129
Indiana 669 115

Iowa 373 45
Kansas 370 24
Kentucky 496 25
Louisiana 638 39
Maine 100 35

Maryland 834 73
Massachusetts . . 725 34
Michigan 1,300 194
Minnesota 485 88
Mississippi 344 33

Missouri 699 58
Montana 143 18
Nebraska 286 42
Nevada 468 11
New Hampshire 98 32

NewJersey 1,040 86
New Mexico 311 26
Now York 3,000 144
North Carolina. . . 769 172
North Dakota 73 12

Ohio 1,420 140
Oklahoma 567 30
Oregon 504 68
Pennsylvania . . . 1,550 181
Rhode Island 114 7.3

South Carolina . . 543 71
South Dakota . .. 88 9.4
Tennessee 777 54
Texas 3,290 130
Utah 497 9.4

Vermont 47 19
Virginia 786 125
Washington 1,180 125
West Virginia 176 41
Wisconsin 600 92

Wyoming 90 10
Puerto Rico 431 12
Virgin Islands . . . 6.5 1,4

4.9 139
11 .6
21 5,670

100 5,940
385 28,900

8.6 12.700
27 26
2.8 48
0 0

50 3,470

46 722
46 652

306 13,000
104 180

93 116

43 39
5.2 3,380

22 12
11 769
11 27

24 62
12 82
41 227
66 157
18 1,740

14 567
0 8,550

.3 7,550
21 1,640
3D 6.3

18 125
20 2,990

200 30
7.6 239

.2 117

68 27
23 864

756 6,170
30 16

1.5 2.3

1.7 52
10 269
20 24
44 9,450

3.8 3,530

26 3.9
41 30
24 6,470
46 0
17 169

1.6 6,590
2.7 107

.8 0

Total 40,200 3,390 2,890 134,000
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Table 5. Surface-water w[thdrawals by water-use category and water-resources region, 1995

[Figures may not add to totals because of independent rounding, All values in million gallons per day]

PUBLIC COMMER
SUPPLY DOMESTIC CIAL IRRIGATION LIVESTOCK INDUSTRIAL MINING THERMOELECTRIC TOTAL

STATE
Fresh Fresh Fresh Fresh Fresh Fre’,lme Fresh Saline Fresh Saline Frsli, Sale

New England 1 100 05 26 13 ioi4 21 - 0 1 620 8 800 4800
Mid-Atlantic 4,730 6 65 15 55 1090 163 75 12,600 19,700 ,‘t ,asoe 4-
South Atlantic-Gulf . . 2,710 0 16 2,320 217 2,010 40 162 0 17,500 12,700 5, .,jZ700
Great Lakes - 3,830 10 108 145 20 3,900 0 356 6.5, 22,800 0 65
Ohio 1,800 5.0 30 ‘ 43 81 3310 , A) 212 .8 22,600 0 ,. 6

Tennessee 449 0 18 39 187 1,030 0 7.2 0 6.990 0 ‘ “ 0
Upper Mississippi. . 731 0 114 39 660 Q 112 0 19MO. 0 2Q- 0
Lower Mississippi. . . - 330 .1 21 272 2,28GQ 2.2 0 -- 8.673, 0 0 SE-
Souris-Red-Rainy. 32 0 1 -43 3.0 2’ h0 1.Q 0 3’ 0 ....7 0 .‘

Missouri Basin 926 1.2 15 1Le 173 5 201 0 8.770 . 0 .. 0 ,
.

, “S
‘ 2,

Arkansas-White-Rod 1170 0 99 2,590 205 360 ‘‘ 0 26 0 4,140 0 0 24’
Texas-Gulf 1,860 0 8.0 1,170 126 846 996 79 0 7,630 3,870 1j’Gi 4,86Q
Rio Graride .,,,.. 131 0 1.8 4,600 85 1 0 2.1 0 22 0 0
Upper Colorado - . 106 4 7 6,990 50 40 0 3 5 0 146 0 ‘ 7:3f a
Lower Colorado . . . . 698 2 7 5 4,200 68 5.5 0 26 2 3 17 0 - 4,910 2.3

Great Basin 254 1.6 15 4,020 77 31 0 28 143 21 0 4420 143
Pacific Northwest 993 7.3 1,030 21,700 1,470 866 38 29 0 384 0 265G 38
California. 2,880 12 319 18200 222 19 26 62 0 202 9,430 21,900 9,450
Alaska 50 .4 1 5 4 51 1 8 24 41 26 0 1S4 43
Hawaii 14 1.3 .4 479 2.6 0 0 1 0 0 903 - 49S 906
Caribbean 342 6.9 2.1 75 1.8 4.0 17 1.1 0 0 2,440 2,450

Total . . , 25,100 38 1,950 84,700 3,230 16,700 1,640 1,490 201 131,000 57,900 264,obo 59,700



Table 6. Surface-water withdrawals by water-use category and State, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day[

TOTAL / 13

o o 88 107 699 0 7.0 0 5190 0 6650 0
.3 .1 .5 .4 51 1.8 24 41 26 0 154 43

0 0 3,540 2.4 0 0 25 2,3 20 0 3980 2.3
0 100 1,010 110 80 0 .1 0 1,770 0 3,310 0

12 309 18,100 225 16 26 62 0 202 9,430 21800 9,450

0 .9 10,700 36 86 0 27 0 93 0 11,600 0
0 1.5 12 .1 6.2 0 1.4 0 760 3,180 1,110 3,180
0 0 15 .4 43 3.2 0 0 534 740 642 743
o o 0 0 0 0 0 0 9.7 0 9.7 0
0 .2 1,800 5.9 106 8.0 148 0 615 11,000 2,880’ 11,000

0 13 243 38 337 32 2.9 0 3,040 33 4,560 64
1.3 .4 479 2.6 0 0 .1 0 0 903 497 906
0 297 10,500 1,440 7.9 0 27 0 0 0 12,300 0
0 88 0 2.2 290 0 44 0 17,100 0 19,000 0
0 48 55 18 2,160 0 126 0 5,680 0 8,430 0

o 25 3.6 27 184 0 42 0 2,110 0 2,510 0
0 .3 230 19 3:2 0 11 0 1,250 0 1,720 0
2.5 14 11 44 255 0 21 0 3,410 0 4,190 0
o .7 294 181 2.230 0 1.4 0 5,450 0 8,500 0
0 1.7 24 .5 5.9 0 3.7 0 30 105 141 ‘ 105

0 4.9 26 23 45 261 4.3 0 358 6,000 1,210 6.270
0 0 54 8.5 47 0 2.7 0 150 4.370 795 4,370

.1 25 127 1.4 1,670 0 51 0 8,370 0 11,200 0
0 20 37 0 83 0 292 0 2,090 0 2,680 0
0 0 97 19 124 0 .2 0 220 112 502 112

0 .5 33 57 18 0 15 0 5,540 0 6,140 0
1.0 0 8,460 35 29 0 3.6 0 22 0 8,640 0
0 0 1,770 33 4.4 0 134 0 2,350 0 4,350 0

.2 14 1,000 4.7 7.5 0 3.5 0 21 0 1,400 0

.5 18 6.1 .2 38 0 7.0 0 228 877 364 877

0 1.2 93 0 158 195 87 0 578 3,780 1,560 3,980
o 1.6 1,710 3.6 2.0 0 .7 0 46 0 1.800 0
0 65 14 12 132 0 34 15 6,570 6,490 9,270 6,500
0 .3 181 207 308 0 4.3 0 5,860 1,550 7,200 1,550
0 .2 57 9.9 7.9 0 2.0 0 879 0 ‘1,000 0

2.8 41 16 19 399 0 46 0 8,170 0 9,620 0
0 16 98 101 17 0 0 0 121 0 822 0
7.2 752 5,290 20 365 0 0 0 9.0 0 6,860 0
0 14 7.7 7.1 1,530 0 41 0 5,920 0 8,820 0
0 0 1.6 3.1 0 0 5.7 0 0 275 109 275

o o 25 12 640 0 0 0 4,770 0 5,880 0
0 4.1 184 28 1.0 0 20 0 1.9 0 273 0
0 18 15 15 795 0 2.7 0 8,300 0 9,640 0
0 11 2,920 176 1,070 996 83 0 9,530 3,870 16,000 4,860
1.7 0 3,140 100 31 0 .9 143 48 0 3,530 143

.4 16 3.5 1.3 7.4 0 2.8 0 452 0 515 0
0 13 24 28 410 67 37 0 3,890 2,730 5,110, 2,800
0 .4 5,650 11 478 38 .7 0 375 0 7.060 38

.8 9.2 0 3.6 1,300 0 7.5 0 3,010 0 4,470 0
0 0 1.5 13 363 0 4.3 0 5.820 0 6,490 0

.5 .6 6,410 11 1.2 0 25 0 219 0 6,720 0
5.5 1.5 75 1.8 1.1 0 1.4 0 0 2,260 422 2,260
1.4 .6 0 0 2.9 17 0 0 0 173 11 190

PUBLIC COMMER
SUPPLY DOMESTIC CIAL IRRIGATION LIVESTOCK INDUSTRIAL MINING THERMOELECTRIC TOTAL

STATE
Fresh Fresh Fresh Fresh Fresh Fresh Saline Fresh Saline Fresh Saline Fresh Saline

Alabama 560
Alaska 50
Arizona 398
Arkansas 246
California 2,880

Colorado 605
Connecticut 329
Delaware 49
D.C 0
Florida 210

Georgia 890
Hawaii 14
Idaho 9.9
Illinois 1,450
Indiana 350

Iowa 116
Kansas 209
Kentucky 441
Louisiana 344
Maine 75

Maryland 751
Massachusetts . . 533
Michigan 952
Minnesota 154
Mississippi 41

Missouri 473
Montana 89
Nebraska 53
Nevada 351
New Hampshire. . 66

New Jersey 640
New Mexico 34
New York 2,450
North Carolina 633
North Dakota 43

Ohio 923
Oklahoma 468
Oregon 417
Pennsylvania . . . 1,300
Rhode Island 99

South Carolina . . 436
South Dakota . . . 35
Tennessee 500
Texas 2,160
Utah 204

Vermont 32
Virginia 704
Washington 548
West Virginia 139
Wisconsin 289

Wyoming 52
Puerto Rico 336
Virgin Islands . . . . 6.2

Total 25,100 38 1,950 84,700 3,230 16,700 1.640 1,490 201 131,000 57,900 264,000 59.700
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Table 7. Ground-water withdrawals by water-use category and water-resources region, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day}

REGION

______ ________

New England 335 168 64 47
Mid-Atlantic 1270 485 217 128
South Atlantic-Gulf. 2,760 719 114 2,280
Great Lakes 585 354 44 170
Ohio 880 323 91 61

Tennessee 125 64 3.6 8.7
Upper Mississippi. . . 1,150 311 94 430
Lower Mississippi. . . 741 73 15 6,930
Souris-Red-Rainy. . . 34 17 .2 45
MisCouri Basin 643 137 19 8,030

Arkansas-White-Red 378 105 16 6,660
Texas-Gulf 978 115 34 4,370
Rio Grande 356 25 17 1,420
Upper Colorado 35 11 5.6 38
Lower Colorado 476 44 22 2,210

Great Basin 350 13 10 1,090
Pacific Northwest. . . 917 2S3 37 4,030
California 2,730 112 77 10,900
Alaska 30 8.3 11
Hawaii 200 2.4 45 173
Caribbean 95 6.4 1.3 33

6.4 53 0 2.9 0
79 344 0 159 1.0

188 787 0 177 9.1
50 270 3.6 34 1.0
60 379 0 115 22

19 35 0 3.7 0
216 328 0 22 4.2
740 611 0 3.1 0

17 1.7 0 .4 0
253 102 0 104 38

190 78 0 30 284
82 214 .5 118 324
27 10 0 53 60

4.2 2.4 0 20 14
33 42 0 126 12

9.2 60 .1 71 19
44 215 0 6.5 0

231 522 10 16 151
.1 3.8 0 0 75

7.5 19 .9 .5 0
4.5 10 .2 3.4 0

48 725 0
11 2,690 1.0
79 7110 16
76 ‘1,510 4.6

70 1,980 22

0 258 0
24 2,570 4 2
69 9,180 0

0 115 0
30 9,320 38

37 7,490 284
50 5,960 324
16 1,930 61

0 116 14
45 3,000- 12

2.6 1,610 56
5 5,500 0

3.6 14,600 185
42 58 75

67 515 16
2.2 156 2

PUBLIC COMMER
SUPPLY DOMESTIC CIAL IRRIGATION LIVESTOCK INDUSTRIAL MINING THERMOELECTRIC TOTAL

Fresh Fresh Fresh Fresh Fresh Fresh Saline Fresh Saline Fresh Fresh Saline

Total 15,100 3,350 939 49.000 2,260 4,090 15 1,070 1,010 565 76,400 1,110



Table 8. Ground-water withdrawals by water-use category and State, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day]

TOTAL / 15

Alabama 253 62
Alaska 30 6.3
Arizona 409 39
Arkansas 135 38
California 2.740 108

Colorado 100 27
Connecticut 65 55
Delaware 40 12
D.C 0 0
Florida 1,860 297

Georgia 263 99
Hawaii 200 2,4
Idaho 180 65
Illinois 371 129
Indiana 319 115

Iowa 257 45
Kansas 161 24
Kentucky 55 23
Louisiana 294 39
Maine 25 35

Maryland 83 73
Massachusetts . . , 192 34
Michigan 348 194
Minnesota 331 88
Mississippi 302 33

Missouri 226 58
Montana 55 17
Nebraska 232 42
Nevada 117 11
New Hampshire. . 31 31

New Jersey 397 86
New Mexico 277 26
New York 552 144
North Carolina. . , 136 172
North Dakota 30 12

Ohio 497 138
Oklahoma 99 30
Oregon 87 61
Pennsylvania . . . 243 181
Rhode island 16 7.3

South Carolina , . 107 71
South Dakota . . . 53 9.3
Tennessee 277 54
Texas 1,130 130
Utah 293 7.7

Vermont 15 18
Virginia 82 125
Washington 631 125
West Virginia 38 40
Wisconsin 311 92

Wyoming 38 9.7
Puerto Rico 95 6.4
Virgin Islands . . . .3 0

Total 15,100 3.350

7.7 2,020
25 16

2.8 34
0 0

50 1,670

33 479
45 173

9.8 2,520
16 180
45 61

17 32
18 1,280

136 16
7.3 57

.1 59

.4 4.0 1.9 0
5.6 7.8 107 0

819 24 133 0
0 15 13 0

167 79 78 0

.9 181
1.2 33

.1 0

.3 0
2.6 0
2.8 0
3.7 .5
7.9 0

PUBLIC COMMER- THERMO
SUPPLY DOMESTIC CIAL IRRIGATION LIVESTOCK INDUSTRIAL MINING ELECTRIC TOTAL

STATE
Fresh Fresh Fresh Fresh Fresh Fresh Saline Fresh Saline Fresh Fresh Saline

4 9 51 22 34 0 4 0 9 I 6 0 436 9 1
11 1 .1 3.8 0 0 75 42 58, 75
21 2,130 29 39 0 119 12 42 ‘2,830 12

4 4,930 244 108 0 0 0 52 5,460 0
77 10,800 234 522 10 14 151 3.6 14,500 185

23 37 0 25 17 22 2,260 17
1.4 3.5 0 3 0 2 166 0
3.8 17 0 0 0 2 110 0
0 .5 0 0 0 0 .5 0

50 240 0 148 0 21 4,340 4.6

97 295 0 8.7 0 4.8 “1,190 0
75 19 .9 .5 0 67 515 16

17 39 0 1.2 0 0 ‘2,830 0
54 162 0 5.5 25 11 926 25
28 119 0 10 0 11 70 0

18 36 82 74 0 11 0 15 - 528 0
49 3,150 91 50 0 13 0 14 0
8 0 5 2 3 92 0 74 0 38 226 0

10 475 144 356 0 4 0 31 1,350 0
98 26 14 46 0 1.3 0 7 80 0

19 37 13 19 0 .9 0 1 8 246 0
12 28 1 5 38 0 5 0 46 251 0
16 101 13 177 3.6 7.1 8 30 858 4.4
46 120 62 58 0 6.3 0 1.9 714 0
18 1,640 377 166 0 3.5 0 42 2,590 0

13 535 20 21 0 86 0 9.5 891 0
0 82 16 31 0 2.8 13 0 204 13

3 5,780 108 26 0 6.1 4.7 4.4 6,200 47
7 1 641 1 0 74 0 65 11 63 855 42

12 3 6 56 0 0 0 8 81 0

15 43 0 2.4 0 19 580 0
26 63 0 61 0 93 1,700 0
22 127 0 11 1.5 0 1,010 1 5
89 61 0 12 0 I 535 21
14 3.6 0 3.8 0 3 122 0

28 12 7.6 158 0 47 0 tg 905 0
6 6 766 45 3 8 0 5.4 259 3 5 - 959 259
4 4 878 3.4 13 0 1 2 0 0 1,050 0

16 82 48 147 0 211 0 62 860 0
1 5 .7 .5 1.1 0 5 0 0 27- 0

1 7 27 12 60 0 2 9 0 39 322 0
6.1 85 18 4,1 0 7.8 0 34 187 0
20 99 21 68 0 2.8 0 0 435 0

33 6,530 139 226 .5 128 409 59 8,370 411
38 393 76 55 1 16 7.3 0 776 14

96 4 50 0
28 4 358 0
24 5 1,760 0
36 5 146 5
17 58 759 0

13 1,6 0 71 18 1.0 317 18
45 10 0 2.8 0 22 155 0

.1 .1 .2 0 0 0 .5 2

939 49,000 2.260 4,090 15 1,070 1,010 565 76,400 1,110
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Figure 3. Freshwater consumptive use by water-resources region, 1995.

Figure 4. Freshwater consumptive use by State, 1995.
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For an overview of how the 341,000 MgaI/d
of freshwater withdrawn in the United States dur
ing 1995 was used (table 2), the eight offstream
categories mentioned above have been combined
into five major categories: public supply, domestic
and commercial, irrigation and livestock,
industrial and mining, and thermoelectric power.

The source (withdrawals), use (withdrawals, de
liveries), and disposition of freshwater for each
category of use are summarized in figure 7. The
source column shows the proportion of withdraw
als by source and the distribution of withdrawals
by water-use category. Source data indicate, for
example, that surface water was the source of
264,000 Mgal/d of freshwater (table 2), or
77.6 percent of total freshwater withdrawals. Of
the 264,000 MgalJd of surface water withdrawn,
49.6 percent was for thermoelectric power. Public
supply is considered a source of water and figure 7
shows the total quantity of water withdrawn by
public supply, the percentage of surface and
ground water withdrawn, and the percentage of
water delivered to the other water-use categories.
The use column shows total freshwater use for

each category, and the percentage each category
represents total offstream water use. In addition,
the use column shows the proportion of the source
(surface water, ground water, public supply) and
disposition (consumptive use, return flow) for
each category. The use data indicate, for example,
that domestic and commercial use totaled
41,700 Mgal/d (tables 12 and 14), (including
losses in the public-supply distribution system),
or 12.2 percent of the Nation’s total freshwater
withdrawals. Of this 41,700 Mgal/d, 84.9 percent
was supplied by public-supply systems, and
80.8 percent was returned to a surface- or ground
water source after use. The disposition column
shows the quantity of consumptive use and return
flow after use (figure 7). The disposition data indi
cate that of the total freshwater withdrawn, con
sumptive use was 100,000 Mgalld (table 2), or
29.3 percent, and return flow was 241,000 Mgalld,
or 70.7 percent (including 25,300 Mgal/d of irriga
tion conveyance losses) (figure 7). Irrigation
Livestock accounted for 84.6 percent of consump
tive use and thermoelectric power accounted for
53.4 percent of return flow.
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SURFACE WATER

SOURCE DISPOSITION

CONSUMPTWE USE

USE

DOMESTIC-COMMERCIAL

Figure 7. Source, use, and disposition of freshwater in the United States, 1995. For each water-use category, this
diagram shows the relative proportion of water source and disposition and the general distribution of water from source to
disposition. The lines and arrows indicate the distribution of water from source to disposition for each category; for example,
surface water was 77.6 percent of total freshwater withdrawn, and going from “Source” to “Use” columns, the line from the
surface-water block to the domestic and commercial block indicates that 0.8 percent of all surface water withdrawn was the
source for 4.8 percent of total water (self-supplied withdrawals, public-supply deliveries) for domestic and commercial pur
poses. In addition, going from the “Use” to “Disposition” columns, the line from the domestic and commercial block to the
consumptive use block indicates that 19.2 percent of the water for domestic and commercial purposes was consumptive use;
this represents 8.0 percent of total consumptive use by all water-use categories.
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Public Supply
The quantity of water withdrawn for public supply

during 1995 was an estimated 40,200 Mgal/d, or
4 percent more than during 1990. (See tables 9, 10).
Public suppliers served about 225 million people during
1995, which is about 84 percent of the total population
and a 7-percent increase from 1990. Total public-supply
withdrawals in 1995 averaged 179 gal/d for each person
served compared to 184 gal/d in 1990 and 183 gal/d in
1985. This is the first time public supply per-capita use
declined since 1950.

The source and delivery of water for public supply
for 1995 are shown in the chart below. Surface water was
the source for 63 percent of public-supply withdrawals.
Public-supply water was distributed to users as follows:
domestic, 56 percent; commercial, 17 percent; industri
al, 12 percent; and thermoelectric power. 0.3 percent.
The remaining 15 percent was unaccounted water or
public use and losses. This unaccounted water represents
2 percent of freshwater use for all offstream categories.

Public supply refers to water withdrawn by public
and private water suppliers and delivered to multiple users
t’or domestic, commercial, industrial, and thermoelectric
power uses. In this report, public supply includes public
and private water systems that furnish water to at least
25 people, or that have a minimum of 15 connections.

The difference between the quantity of water with
drawn by public suppliers in a water-resources region or
State and the quantity of water delivered to all users rep
resents losses in the distribution systems, filter back
flushing, public use (water for firefighting, Street wash
ing, municipal, office buildings, parks and swimming
pools) and, in a few areas, water transferred between
adjacent States or water-resources regions. These
differences are shown in tables 9 and 10 as “Public use

40,200 million gallons per day

and losses.” Large positive values of “Public use and
losses” may indicate, in addition to public use and
losses, large exports of public-supply water to adjacent
areas; negative values indicate imports of public-supply
water from adjacent areas to the extent that public-sup

ply deliveries in a region or in a State exceed public-sup

ply withdrawals. This is the case in Washington, D.C.,
which imports public-supply water from Maryland.

Information on public supply generally is available
from State health agencies and through State permitting
offices. The U.S. Environmental Protection Agency’s
Safe Drinking Water Information System also is avail
able as a reference. Data on population served and with
drawals usually are accurate because local and State
agencies maintain nearly complete information.
Deliveries from public suppliers to various users are
more difficult to obtain, and the information generally is
less accurate.

State agencies were asked in 1995 for the first time
to report saline-water withdrawals. Slightly saline
ground-water withdrawals were reported for three states:
Florida, 60 Mgal/d: California, 2.0 MgalJd: and North
Carolina, 2 Mgal/d. These values are included in the
tables as freshwater.

Public-supply withdrawals in the Mid-Atlantic,
South Atlantic-Gulf. and California water-resources
regions, the three most populated regions, account for
about 42 percent of total public-supply withdrawals
(figure 8; table 9). Public-supply withdrawals in Califor
nia, Texas, New York, and Florida. the four most popu
lous States (3 I percent of the Nation’s population),
account for 35 percent of nation-wide public-supply
withdrawals (figure 9; table 10),

Commercial
17

Industrial
_-_------‘

12

SOURCE DELIVERY

40,200 MILLION GALLONS PER DAY

Public use
—and losses

15

Thermoelectric
power

less than 1

PUBLIC—SUPPLY SOURCE AND DELIVERY, 1995, IN PERCENT
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EXPLANATION
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Figure 8. Public-supply freshwater withdrawals by water-resources region, 1995.

Ground Surface Total Ground Surface Total
water water water water

USE,
in

gatfd Domestic

New England 3,950 6,470 10,400 335 1,100 1,44O 138 717
Mid-Atlantic 10,100 25,600 35,700 1,270 4,730 6,000 168 3,340
South Atlantic-Gulf . 17,000 13,100 30,100 2,760 2,710 5,470 182 3,080
Great Lakes 3,340 13,600 17,000 585 3,830 4,420 260 1,400
Ohio 6,140 11900 18,000 880 1,800 2,680 149 1,140

Tennessee 862 2,380 3,250 125 449 574 177 274
Upper Mississippi 7,750 10,200 18,000 1,150 731 1,880 104 1,450
Lower Missiasippi . . . . 4,780 1,540 6,330 741 330 1,070 169 703
Souris-Red-Rainy . . . 262 184 448 34 32 66 149 26
Missouri Basin . . . 3,890 5.090 8,980 643 926 1,570 175 966

Arkansas-White-Red 2,540 5,140 7,680 378 1,170 1,550 202 767
Texas-Gulf 6,580 9.110 15,700 978 1,860 2,840 181 2,160
Rio Grands 1,560 735 2,300 356 131 48’ 212 340
Upper Colorado 154 407 561 35 106 141 252 86
Lower Colorado. . . 2,440 2.510 4,950 476 698 1,170 237 757

Great Basin 1,230 1,050 2,280 350 254 605 265 417
Pacific Northwest . . 3,460 4,020 7,480 917 993 1,910 256 1,020
California 13,000 17,400 30,400 2,730 2,880 5,610 184 3,700
Alaska 161 220 381 30 50 81 212 38
Hawaii . . 1,080 45 1,120 200 14 214 191 131
Caribbean . . . 835 2,750 3,580 95 342 437 122 173

Total 91,200 134,000 225,000 15,100 25,100 40,200 179 22,700

Table 9. Public-supply freshwater use by water-resources region, 1995

[Figures may not add to totals because of independent rounding. Mgal/d = million gallons per day; gal/d = gallons per day)

POPULATION SERVED, WATER WITHDRAWALS, WATER DELIVERIES, BY
in thousands in Mgal/d TYPE OF USE, in MgalId

PER
REGION Source Source CAPITA

PUBLIC
USE AND

Thermo- LOSSES1
Commer- Indus- electric

cial trial power

___________

343 168 2.3 210
942 516 27 1,170
866 742 5.6 779
600 775 .1 1,640
461 590 .3 494

134 101 0 64
653 361 7.4 .599
144 94 1.1 129

15 3.9 0 21
279 106 4.7 212

275 291 28 193
126 171 13 372

73 20 0 55
25 4.2 0 26

235 68 1.5 113

132 17 0 39
267 407 0 221
992 284 5.3 626

23 12 .6 8.0
47 5.6 .3 31
64 15 2.2 183

6,690 4,750 100 5,980

Includes transfers from adjacent areas.
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Figure 9. Pubflc-supply freshwater withdrawals by source and State, 1995.
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122 213 0
23 12 .6

135 66 0
58 57 0

994 283 5.3
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78 15 .1
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15 2.5 0

355 355 0
170 122 1.2
79 71 0

218 193 1.6
20 12 0

50 44 0
21 7.9 0

214 130 .5
130 268 29
115 17 0

7.7 7.7 0
152 88 .5
161 331 0
23 14 .2

111 151 .1

16 2.4 0
61 15 2.2
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629

90
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324
99
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88
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40

125
39
26
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6.7

203
30
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15

213
34
62

574
26

81
7.1

78
412

25

5.5
121
122

44
148

17
182

.8

Table 10. Public-supply freshwater use by State, 1995
[Figures may not add to totals because of independent rounding. Mgal/d = mition gallons per day; gal/d = gallons per day]

STATE Source Source

POPULATION SERVED, WATER WITHDRAWALS, WATER DELIVERIES, BY
in thousands in Mgai/d TYPE OF USE, in MgaVd

PUBLIC
USE AND

Thermo- LOSSES’
Commer- lndus- electric

Domestic cial trial power

PER
CAPITA

USE,
Ground Surface Total Ground Surface Total in
water water wafer water galfd

Alabama 1.380 2,040 3,430 253 560 813 237
Alaska 161 220 383 30 50 81 212
Arizona . . 2,240 1,670 3,920 409 398 807 206
Arkansas . . . 831 1,160 2,000 135 246 381 191
California 13,000 17,500 30,500 2,740 2,880 5,620 185

Colorado 475 2,920 3,390 100 605 705 208
Connecticut. . . , 1.030 1,500 2,530 65 329 393 155
Delaware. . . 321 243 554 40 49 89 159
D.C 0 554 554 0 0 0 0
Florida 11,200 1,040 12,200 1,860 210 2,070 169

Georgia 1,680 4,220 5,900 263 890 1,150 195
Hawaii 1,080 45 3,120 200 14 214 191
Idaho 736 44 780 180 99 189 243
Illinois . 2,500 7,900 10,400 371 1 450 1,820 175
Indiana 2,170 2,120 4,280 319 350 669 156

Iowa 1,530 619 2,150 257 116 373 173
Kansas , . 1,050 1,270 2,320 361 209 370 159
Kentucky 465 2,890 3,360 55 441 496 148
Louisiana . , 2,150 1,690 3,850 294 344 638 166
Maine . . 217 491 708 25 75 300 142

Maryland . . . 679 3,490 4.170 83 751 834 200
Massachusetts 2,280 3,300 5.580 192 533 725 130
Michigan . . . 1,740 5,170 6,900 348 952 1,300 188
Minnesota . . . . 2,410 936 3,340 331 154 486 145
Mississippi . . 2,050 214 2,260 302 41 344 152

Missouri 1,870 2,460 4,330 226 473 699 161
Montana . . 240 405 645 55 89 143 222
Nebraska . 1,080 212 1,290 232 53 286 221
Nevada 380 1,060 1,440 117 351 468 325
New Hampshire 257 440 697 31 66 98 140

New Jersey 3,220 3,710 6,930 397 640 1,040 150
New Mexico... 1,210 174 1,380 277 34 311 225
New York . . . 4,350 11,900 16,200 552 2,450 3,000 185
North Carolina.. 1,130 3,620 4,750 136 633 769 162
North Dakota . 213 276 489 30 43 73 149

Ohio . 3,290 5,990 9,280 497 923 1,420 153
Oklahoma 759 2,170 2,930 99 468 567 194
Oregon 374 1,770 2,150 87 417 504 235
Pennsylvania . 1,950 7,110 9,050 243 1.300 1,650 171
Rhode Island . 150 728 878 16 99 114 130

South Carolina . . 698 2,020 2,720 107 C36 543 200
South Dakota . . 382 220 602 53 35 88 147
Tennessee 1,630 2,790 4,420 277 500 777 176
Texas 7330 10,200 17,600 1,130 2,160 3,290 188
Utah 1,010 840 1,850 293 204 497 269

Vermont 110 204 315 15 32 47 148
Virginia 594 4,360 4,960 82 704 786 159
Washington 2,300 2,130 4,430 631 548 1,180 266
West Virginia 282 1,040 1,320 38 139 176 134
Wisconsin 2,020 1 540 3,560 311 289 600 169

Wyoming 145 199 344 38 52 90 261
Puerto Rico . . 827 2,710 3,540 95 336 431 122
Virgin Islands . 7 6 39 47 3 62 65 138

Total 91,200 134,000 225,000 15,300 25,100 40,200 179 22,700 6,690 4,750 100 5,980

1 Includes transfers from adjacent areas.



24 / OFFSTREAM USE

Domestic water u-se during 1995 was an estimat
ed 26,100 Mgal/d. or 3 percent more than during 1990.
Domestic use represents about 8 percent of freshwater
use for all offstrcam categories. Self-supplied domestic
withdrawals were an estimated 3,390 Mgal/d (tables
11, 12). Ground water was the source for about
99 percent of self-supplied domestic withdrawals.
Public suppliers delivered about 22,700 Mgalld of
water to domestic users; this accounted for 56 percent
of total public-supply withdrawals.

The source and disposition of water for domestic
purposes for 1995 are shown in the chart below. Public
supply is the dominant source of water (87 percent)
for domestic use. The consumptive use of water for
domestic purposes in 1995 was estimated at about
6,680 Mgal/d, or about 26 percent of withdrawals
and deliveries.

Domestic water use includes water for normal
household purposes, such as drinking, food prepara
tion, bathing, washing clothes and dishes, flushing
toilets, and watering lawns and gardens. Information
from public suppliers about withdrawals and popula
tion served generally is reliable. Information on
deliveries to various users is more difficult to obtain
and generally is estimated from the population served.

The number of people served by their own water
systems (self supplied) is determined by subtracting
the number of people served by public suppliers from
the total population as reported by the U.S. Bureau of
the Census (1996). The difference between these totals
indicates that 42.4 million people, or 16 percent of the

Nation’s total population, were served by their own
water-supply systems in 1995, compared with
42.8 million people in 1990. Self-supplied domestic
systems rarely are metered and few data exist. Self-
supplied domestic withdrawals are estimated using
per-capita use coefficients generally ranging from
60 to 120 gallons per person per day. Consumptive-use
estimates are based on coefficients generally ranging
from 10 to 50 percent of withdrawals and deliveries.

Withdrawals for the population served by their
own water systems averaged about 80 gal/d for each
person in 1995, about the same as 1990. Public-supply
domestic deliveries averaged 101 gal/d for each person
served in 1995, compared to 105 gai/d during 1990 and
1985. Per-capita use has remained about the same or
declined in some areas for the last decade as the result
of active conservation programs in many states that in
clude the installation of additional meters and water—
conserving plumbing fixtures.

In 1995, the South Atlantic-Gulf and lvlid-Atlan
tic water-resources region had the largest self-supplied
withdrawals for domestic purposes (figure 10), where
as the Mid-Atlantic, California, and South Atlantic
Gulf regions had a large total of domestic withdrawals
and deliveries (table 11). Self-supplied withdrawals for
domestic purposes are fairly evenly distributed among
the States, led by Florida, Michigan, Pennsylvania, and
North Carolina. (See figure 11; table 12.) California
and Texas. along with New York, Florida, and Illinois,
lead the Nation in total domestic use (withdrawals.
deliveries) as shown in figure 12.

Domestic 26,100 million gallons per day

DISPOSITION

_.. Consumptive use
26

SOURCE

Groundwater

Surface water
less than 1

26,100 MILLION GALLONS PER DAY

DOMESTIC SOURCE AND DISPOSITION, 1995, IN PERCENT



Figure 10. Domestic self-supplied withdrawals by water-resources region, 1995.
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Tab’e 11. Domestic freshwater use by water-resources region, 1995

[Figures may not add to totals because of independent rounding. MgaI/d = million gallons per day: galld = gallons per day)

SELF SUPPLIED PUBLIC SUPPLY TOTAL USE

Water withdrawals,
in Mgal/d

Per Per Withdrawals
REGION Population, Source capita Population Water capita and Consump

in thousands Total use, served, in deliveries, use, deliveries, live use,
Ground Surface in gal/d thousands in Mgalid in gal!d in MgaI/d in Mgal/d
water water

New England 2,420 168 0.5 189 70 10,400 717 69 886 139
Mid-Atlantic 6,730 485 .6 486 72 35,700 3,340 94 3,830 355
South Atlantic-Gull 7.700 719 0 719 93 30,100 3,080 102 3800 888
Great Lakes 4,870 354 1.0 355 73 17,000 1.400 83 1780 248
Ohio 4.640 323 5.0 328 71 18,000 1.140 63 1,470 189

Tennessee 953 64 0 64 67 3250 274 85 338 51
Upper Mississippi 4,290 311 0 311 72 18,000 1,450 81 1,760 329
Lower Mississippi , 996 73 .1 73 74 6.330 703 111 776 529
Souris-Red-Rainy . 248 17 0 17 67 446 26 59 43 17
Missouri Basin 1.690 137 1.2 138 82 8,980 966 108 1,100 423

Arkansas-White-Red 1,250 105 0 105 84 7.680 767 100 872 374
Texas-Gulf 1.070 115 0 115 108 15,700 2,160 138 2,270 958
Rio Grande 269 25 0 25 94 2,300 340 148 365 173
Upper Colorado . . - 153 11 .4 12 76 561 86 154 98 36
Lower Colorado - . . 367 44 .2 45 121 4,950 757 153 802 397

Great Basin 126 13 1.6 14 114 2,280 417 183 431 160
Pacific Northwest , . 2,470 253 7.3 260 105 7,480 1,020 136 1,260 190
California 1,620 112 12 124 76 30.400 3,700 122 3,830 1,060
Alaska 223 8.3 .4 8.7 39 381 38 99 46 4.5
Hawaii 65 2.4 1.3 3.7 57 1,120 131 117 134 76
Caribbean 274 6.4 6.9 13 49 3,580 173 48 186 83

Total 42,400 3,350 38 3,390 80 225,000 22,700 101 26,100 6,680
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Figure 11. Domestic self-supplied withdrawals by Slate, 1995.

Figure 12. Domestic freshwater use (withdrawals, deliveries) by State, 1995.
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Tabfe 12. Domestic freshwater use by State, 1995

[Figures may not add to totals because of independent rounding. Mgal/d = million gallons per day; gal/d = gallons per day]

SELF SUPPLIED PUBLIC SUPPLY TOTAL USE

Water withdrawals,
in Mgal/d

Per Per Withdrawals
STATE Population, Source capita Population Water capita and Consump

in thousands Total use, served, in deliveries, use, deliveries, tive use,
Ground Surface in gal/b thousands in Mgal/d in gal/d in Mgal/d in Mgalld
water water

Alabama.,,,,,,,. 826 62 0 62 75 3430 383 112 445 89
Alaska ...,,,,,,. 223 8.3 .3 8.6 39 381 38 99 46 4.5
Arizona ......... 301 39 0 39 131 3,920 526 134 565 283
Arkansas ........ 488 38 0 38 78 2,000 193 97 231 100
California , . ,.,.,, 1600 108 12 120 75 30,500 3,710 122 3830 1.060

Colorado 353 27 0 27 76 3,390 481 142 508 154
Connecticut 742 55 0 55 74 2,530 191 75 246 49
Delaware 153 12 0 12 80 564 43 76 55 5.5
D.C 0 0 0 0 0 554 95 171 95 9.5
Florida 1,950 297 0 297 152 12,200 1,260 103 1,660 389

Georgia 1,300 99 0 99 76 5.900 629 107 728 131
Hawaii 65 2.4 1.3 3.7 57 1.120 131 117 134 76
Idaho 383 65 0 65 168 780 141 181 206 9.8
Illinois 1,430 129 0 129 90 10,400 936 90 1,060 107
Indiana 1,520 115 0 115 76 4,280 326 76 441 66

lows 689 45 0 45 65 2.150 139 65 184 73
Kansas 242 24 0 24 100 2.320 191 82 215 140
Kentucky 505 23 2.5 25 50 3,360 235 70 260 34
Louisiana 496 39 0 39 79 3,850 468 122 508 508
Maine 533 35 0 35 65 708 46 65 81 12

Maryland 875 73 0 73 83 4,170 433 104 506 51
Massachusetts . 497 34 0 34 68 5,580 362 65 396 54
Michigan 2,650 194 1 194 73 6,900 623 90 817 119
Minnesota 1,270 88 0 88 69 3,340 239 71 326 110
Mississippi 434 33 0 33 75 2.260 248 110 281 75

Missouri 995 58 0 58 59 4,330 374 86 433 108
Montana 225 17 1.0 18 78 645 77 119 94 46
Nebraska 346 42 0 42 12. 1,290 155 120 197 100
Nevada 91 11 .2 11 120 1,440 306 213 317 158
New Hampshire . . . 451 31 .5 32 70 697 57 82 89 13

New Jersey 1,010 86 0 86 85 6,930 538 78 624 122
New Mexico 306 26 0 26 86 1,380 188 136 215 118
New York 1,930 144 0 144 75 16,200 1,810 112 1,960 107
North Carolina . . . 2,450 172 0 172 70 4.750 332 70 504 163
North Dakota 152 12 0 12 79 489 40 82 52 16

Ohio 1,870 138 2.8 140 75 9,280 497 54 637 96
Oklahoma 351 30 0 30 85 2,930 241 82 270 81
Oregon 995 61 7.2 68 68 2,150 292 136 360 83
Pennsylvania 3,020 181 0 181 60 9.050 559 62 740 74
Rhode Island 112 7.3 0 7.3 65 878 57 65 64 9.6

South Carolina . . . 951 71 0 71 75 2,720 368 135 439 88
South Dakota 127 9.3 0 9.4 74 602 52 87 62 15
Tennessee 838 54 0 54 65 4420 355 80 409 41
Texas 1,170 130 0 130 110 17.600 2,450 140 2,580 1,080
Utah 103 7.7 1.7 9,4 91 1.850 340 184 349 118

Vermont 270 18 .4 19 70 315 26 82 45 6.7
Virginia 1,660 125 0 125 75 4,960 424 86 548 55
Washington 1,000 125 0 125 125 4.430 565 128 691 83
West Virginia 509 40 .8 41 80 1.320 96 72 136 14
Wisconsin 1540 92 0 92 60 3,560 189 53 281 56

Wyoming 136 9.7 .5 10 75 344 54 157 64 33
Puerto Rico 217 6.4 5.5 12 55 3,540 171 48 183 83
Virgin Islands 57 0 1.4 1 4 24 47 1.6 35 3.0 .7

101 26,10042,400 3,350 38 3,390 80Total 225,000 22.700 6,680
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Commercial
Commercial water use during 1995 was an estimat

ed 9,590 Mgal/d, or 16 percent more than during 1990.
Commercial use represents about 3 percent of freshwater
use for all offstream categories. Self-supplied commer
cial withdrawals were an estimated 2,890 Mgal/d.
Surface water was the source thr about 67 percent of
self-supplied commercial withdrawals, Public suppliers
delivered about 6,690 Mgal!d of water to commercial
users duiing 1995; this accounted for 17 percent of total
public-supply withdrawals.

The source and disposition of water for commer
cial purposes are shown in the chart below. Public
supply is the dominant source of water (70 percent) for
commercial use. The consumptive use of water for com
mercial purposes during 1995 was estimated at about
1,310 Mgal/d, or about 14 percent of withdrawals
and deliveries.

Commercial water was higher in 34 states in 1995
compared to commercial use in 1990. Some of the larger
increases in commercial water use probably are because
of different sources of information, changes in how the
estimates are calculated, and how fish hatcheries and
military establishments are reported, rather than actual
changes in water use. California, idaho, New York,
Florida, and Oklahoma reported large increases in
commercial use; whereas, Arkansas and Illinois reported
large decreases.

Commercial water use includes water for motels,
hotels, restaurants, office buildings, other commercial
facilities, and civilian and military institutions. Also
included are public-supply deliveries to golf courses. A

9,590 mdlton gaflons per day

few States. such as Arkansas. Oregon, and California,
have some offstream fish hatcheries that also are includ
ccl in the commercial category in this report. Most fish
hatcheries are located instream and are not included in
this compilation. Information on commercial withdraw
als is limited but may be available through State
agencies that permit withdrawals or require permits to
operate potable water supplies. In many cases,
withdrawal estimates are based on the population of
the commercial facilities: that is, the number of students
attending a university, inmates in a penal institution,
workers in an office building, or the average occupancy
rate of a hotel, rather than actual reported use. Informa
tion on deliveries from public suppliers to commercial
users are estimated from a variety of methods if not
available directly from public suppliers. Consumptive
use estimates are difficult to obtain and generally are
based on coefficients, most ranging from 5 to 30 percent
of withdrawals and deliveries.

States agencies were asked in 1995 for the first
time to report saline-water withdrawals. Maryland
was the only State to identify slightly-saline with
drawals for commercial use (8.8 Mgal/d). This value is
included in the tables as freshwater.

In 1995, the Pacific Northwest water-resources
region had the most water withdrawn for commercial
purposes as shown in figure 13 and table 13. Oregon
reported the largest self-supplied commercial withdraw
als as shown in figure 14 and table 14. California,
Oregon, New York, and Illinois reported the most
commercial water use (figure 15).

SQU ROE DISPOSITION

___— Ground water

rcHer

10 Consumptive use
14

9,590 MILLION GALLONS PER DAY

COMMERCIAL SOURCE AND DISPOSITION, 1995. IN PERCENT
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Figure 13. Commercial self-supplied withdrawals by water-resources region, 1995.
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Table 13. Commercial freshwater use by water-resources region, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day]

SELF-SUPPLIED
WITHDRAWALS TOTAL USE

—.----.-- PUBLIC-SUPPLY
REGION Source DELIVERIES

Total Withdrawals and Consumptive
Ground Surface deliveries use

water Water

New England ,..,,.., 64 26 90 343 433 46
Mid-Atlantic ,.,,.,., 217 65 283 942 1,230 102
South Atlantic-Gull - 114 16 130 866 996 138
Great Lakes 44 108 152 BOO 752 82
Ohio 91 80 170 461 631 93

Tennessee 3.6 16 22 134 156 18
UpperMississippi 94 114 208 653 861 86
Lower Mississippi 15 21 36 144 180 16
Souris-Red-Rainy .2 .1 .3 15 15 2.0
Missouri Basin 19 15 34 279 313 79

Arkansas-White-Red. . 16 99 115 275 390 51
Texas-Gulf 34 8.0 42 126 168 37
Rio Grsnde 17 1.8 19 73 91 49
Upper Colorado 5.6 .7 6.2 25 31 6.4
Lower Colorado 22 7.5 30 235 265 101

Great Basin 10 15 25 132 158 39
Pacitic Northwest 37 1,030 1.070 267 1,330 42
California 77 319 396 992 1,390 257
Alaska 11 .1 11 23 34 5.1
Hawaii 45 .4 46 47 92 43
Caribbean 1.3 2.1 3.4 64 68 20

Total 939 1,950 2,890 6690 9.590 1,310

Souris-Rr
Rainy

Missouri

Upper
Colorado

Great

Lower
Colorado

Texas-Gulf

Alaska

Caribbean
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Figure 14. Commercial self-supplied withdrawals by State, 1995
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Figure 15. Commercial freshwater use (withdrawals, deliveries) by State, 1995.



Alabama
Alaska
Arizona.
Arkansas.
California

Colorado
Connecticut
Delaware
D.C
Florida

Georgia
Hawaii
Idaho
Illinois
Indiana

Iowa
Kansas
Kentucky
Louisiana
Maine

Maryland
Massachusetts
Michigan
Minnesota
Mississippi

Missouri
Montana
Nebraska
Nevada
New Hampshire

New Jersey
New Mexico
New York
North Carolina
North Dakota

Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island

South Carolina
South Dakota
Tennessee
Texas
Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin

Wyoming
Puerto Rico
Virgin Islands

Total

COMMERCIAL/ 31

Tab’e 14. Commercial freshwater use by State, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day]

SELF-SUPPLIED
WITHDRAWALS TOTAL USE

PUBLIC-SUPPLY
STATE Source DELIVERIES

Total Withdrawals and Consumptive
Ground Surface deliveries use

water water

49 0 4.9 122 127 28
11 .1 II’ 23 34 51
21 0 21 135 155 78

.4 100 100 58 158 12
77 309 385 994 1,380 259

7.7 .9 8.6 101 109 16
25 1.5 27’ 69 116 12
28 0 2.8 20 22 2.2
0 0 0 50 50 50

50 .2 50 386 43 54

33 13 46 168 215 39
45 .4 46 47 92 43
98 297 306 18 324 1.4

16 88 104 440 544 44
45 48 93 119 212 32

18 25 43 65 108 14
49 .3 5.2 67 72 38
80 14 ‘22 23 45 16

10 7 11 55 68 88
98 1.7 11 25 37 37

19 14 33 85 118 11
12 0 12’ 188 200 25
16 25 41 253 294 31
46 20 66 103 169 18
18 0 18 33 51 8.6

13 5 ‘14 59 73 53
0 0 0 26 26 96

3 0 ,3 79 79 30
7.1 14 21 116 137 24

12 18 30 21 51 3.5

17 12 18 179 197 75
18 16 20 78 97 56

136 65 200 409 609 61
73 .3 7.6 138 146 72

1 .2 ‘2 15 15, 23

28 41 68. 355 424 66
66 16 23 170 193 18
4.4 752 756 79 835 7

16 14 30 218 247 11
15 0 15 20 21 21

17 0 1.7 50 52 78
61 41 10 21 31 3,1
20 18 20 214 234 21

33 11 44 130 174 35
38 0 3.8 115 119 35

96 16 26 77 33 24
28 13 41 152 193 23
24 .4 24 161 185 37
36 92 46 23 68 10
17 0 17 111 128 26

9 .6 1.6 16 18 27
12 15 2.7 61 64 19

1 .6 .8 33 4,1 6

939 1,950 2,890 6,690 9,590 1.310



32 / OFESTREAM USE

The quantity ot water withdrawn for irrigation during
1995 was an estimated 134,000 Mgal!d or 150 million
acre-feet. Irrigation withdrawals during 1995 were
2 percent less than during 1990 and acres irrigated were

percent more. This indicate-s lower liTigation application
rates because of improved irrigation techniques. In addi
tion, many areas received more precipitation during 1995
than during 1990. Irrigation use represents 39 percent of
freshwater use for all offstream categories.

The source and disposition of water for irrigation are
shown in the chart below. Surface water was the source
for about 63 percent of irrigation withdrawals, and, except
for a small fraction of 1 percent that was reclaimed waste
water. ground water was the source for the remainder.
Surface-water withdrawals for irrigation during 1995 were
about 1 percent less than during 1990, and ground-water
withdrawals were about 4 percent less. Of the 134,000
Meal/cl withdrawn for irrigation. 19 percent was lost in
conveyance. 61 percent was consumptive use, and 20 per
cent was returned to surface- or ground-water supplies.

Irrigation water use includes all water artificially
applied to farm and horticultural crops as well as self-sup
plied water used to irrigate public and private golf courses.
Irrigation water can be self supplied or supplied by irriga
tion companies or districts. However, all irrigation with
drawals in this report are identified as self-supplied. -

Irrigation of crops developed concurrently with the
settlement of the arid West. where natural precipitation was
insufficient to raise many crops. in the humid F.ast, irriga
tion is used to supplement natural precipitation to increase
the number of plantings per year or the yields of crops, and
to reduce the risk of crop failures during droughts.

information about the number of acres irrigated and
the quantity of water withdrawn is obtained from a variety
of sources such as State agencies responsible for permit- -

ting or allocating the withdrawal of water, the U.S. Soil

Conservation Service, U.S. Bureau of Reclamation, coun
ty Cooperative Extension Service, individual farmers,
agricultural research stations, and the U.S. Bureau of the
Census. Agricultural Census, and the Farm and Ranch
Survey. Total acres irrigated are reported in three
types—sprinkler (includes center pivot and travelling
gun), micro (includes trickle and drip), and surface
(includes flooding, furrow, and ditch).

Methods of estimating withdrawals for irrigation
vary greatly. In some instances, they are based on theoret
ical estimates of water required to raise a given crop in an
area. in other instances, accurate records of water applica
tion rates are available. Fairly accurate estimates of water
withdrawn for irrigation can be made if the acreage irrigat
ed, water application rates, and conveyance losses are
known. It usually is difficult to obtain reliable estimates
for consumptive use and for conveyance loss. Thus, some

of the estimates of consumptive use and conveyance loss
may be only rough approximations of actual conditions. In
most States, consumptive use is based on coefficients
ranging t’rom 40 to iOO percent of withdrawals, or on the
oretical crop requirements. In a few States, consumptive
use is calculated as the difference between reported with
drawals and reported return flows.

Irrigation is by far the largest water use in the West.
The nine western water-resources regions (excluding
Alaska and Hawaii), led by the California region, account
for 89 percent of the total water withdrawn for irrigation
(figure 16; table 15). In the eastern regions, most of the
water withdrawn for irrigation is in the Lower Mississippi
and South Atlantic-Gulf regions. By State. California. is
the largest user of irrigation water (figure 17) and, together
with Idaho. Colorado, Texas, and Montana account for
54 percent of the national total (table 16). Florida has the
most water withdrawn for irrigation in the East although it
ranks thirteenth nationwide.

Irrigation 134,000 million gallons per day

SOURCE

Ground water
37

DISPOSITION

Conveyance oss
19

134000 MILLION GALLONS PER DAY

IRRIGATION SOURCE AND DISPOSITtON. 1995, IN PERCENT
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Figure 16. Irrigation freshwater withdrawals by water-resources region, 1995.

Table IS. Irrigation water use by water-resources region, 1995

[Figures may not add to totals because of independent rounding[

THOUSAND ACRE-FEET PER YEAR

Souris-Red --.-_-— -

flainy •“‘ - -- - -

Great ,, -

Lakes :
:-‘

Upper - MId- -

SSlSST - -
- AllfltiC

L -,

. Ohio -

--

.— •1

MILLION GALLONS PER DAY

Consump
IRRIGATED LAND BY TYPE, Withdrawals, by source Withdrawals, by source live

STATE in thousand acres ———— Reclaimed Convey- use,
Freshwater Total Freshwater Total waste- ance trash

-— water losses water
Sprinkler Micro Surface Total Ground Surface Ground Surface

New England . . 88 2.6 12 103 53 111 164 47 99 146 0 0 142
Mid Atlantic 310 15 3.6 328 144 185 328 128 165 293 0 1.9 200
Souih Atlantic-Gulf 1.840 670 1040 3,550 2,560 2,600 5,160 2.280 2,320 4,600 221 33 3,290
Great Lakes 535 19 1,6 556 191 162 353 170 145 315 0 .1 295
Ohio 219 1.2 1.3 222 68 48 117 61 43 104 1.1 .7 97

Tennessee 39 4.6 .3 44 9.7 44 54 8.7 39 48 .3 0 48
Upper Mississippi . 1.040 .8 13 1,050 482 60 542 430 54 484 1.2 0 449
Lower Mississippi . t.230 1.9 4,490 5,730 7,770 1,350 9,110 6,930 1,200 8,130 .1 553 5,860
Souris-Rad-Rainy . 130 0 37 168 50 48 99 45 43 88 0 1.8 78
Missouri Basin . . . 5,980 9.5 7,170 13,200 9,000 18,600 27,600 8,030 16,600 24.600 18 7,840 13,000

Arkansas White Red 3.240 3.3 2,870 6,120 7,470 2,900 10,400 6,660 2.590 9,250 13 944 7,070
Texas Gulf 1.920 40 2,320 4,280 4,890 1,310 6200 4,370 1,170 5530 38 390 5.320
Rio Grande 282 15 968 1,260 1,600 5,150 6,750 1,420 4,600 6,020 3.0 1360 2,640
Upper Colorado, , , 236 .1 1,470 1,710 42 7,840 7,680 38 6,990 7,030 1.7 1.940 2,320
Lower Colorado., 315 2.9 938 1,260 2,480 4,710 7,190 2.210 4,200 6,410 131 1.090 3,710

Great Basin 537 8.7 1,060 1,610 1,230 4,500 5,730 1,090 4,020 5,110 33 1.140 2,900
Pacific Northwest - 4,630 105 2,300 7,030 4,510 24,300 28,900 4,030 21.700 25,700 .1 8,050 10,100
California 1.850 628 7,060 9,540 12,200 20,400 32,600 10,900 18,200 29,100 252 1,860 23,300
Alaska 1.4 0 0 1.4 .1 .6 .6 .1 .5 .6 0 .1 .3
Hawaii 17 108 10 136 194 537 731 173 479 652 6.2 98 415
Caribbean 0 17 21 38 36 84 120 33 75 107 0 15 70

Total 24.400 1,650 31.800 57,900 55,000 94,900 150,000 49,000 84,700 134,000 718 25,300 81,300
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Figure 17. Irrigation freshwater withdrawals by source and State, 1995.

Alaska

EXPLANATION

Water withdrawals in
million gallons per day

EEl 0-200

LEEJ 200-1000

1000-5,000

_____

5000- 15,000

______

15000 - 29,000

Pustlo Rico



IRRIGAHON / 33

Table 16. Irrigation water use by State, 1995

[Figures may not add to totals because of independent rounding]

THOUSAND ACRE-FEET PEA YEAR MILLION GALLONS PER DAY

Consump
IRRIGATED LAND BY TYPE, Withdrawals, by source Withdrawals, by source live

STATE in thousand acres Reclaimed Convey- use,

________________________________

Freshwater Total Freshwater Total waste- ance fresh
water losses water

Sprinkler Micro Surface Total Ground Surface Ground Surface

Alabama...... 52 .4 0 52 57 98 155 51 88 139 .1 0 139
Alaska ........ 1.4 0 0 1.4 .1 .6 .6 .1 .5 6 0 .1 .3
Arizona...... 289 0 799 1,090 2,390 3,970 6360 2,130 3,540 5,670 124 1,030 3,180
Arkansas , ..... 527 0 2,980 3510 5,520 1,130 6660 4,930 1,010 5,940 0 416 4,390
California ...... 1,809 631 7,D50 9,480 12,100 20,300 32400 10,800 18,100 28,900 256 1,670 23,500

Colorado 797 0 2.510 3,310 2,260 12,000 14 300 2,020 10,700 12,700 7.1 3,770 4,910
Connecticut 18 .7 0 19 18 13 31 16 12 28 0 0 28
Delaware 66 0 0 66 38 17 64 34 15 48 0 0 48
D.C 0 0 0 0 0 0 0 0 0 0 0 0 0
Florida 484 606 1,040 2,130 1,880 2,010 3,890 1,670 1,800 3,470 220 32 2,170

Georgia 1,090 60 0 1,150 537 273 810 479 243 722 0 0 722
Hawaii 17 108 10 136 194 537 731 173 479 652 6.2 98 415
Idaho 2,010 0 1,000 3,010 2,820 11,800 14,600 2,520 10,500 13,000 0 5,480 4,310
Illinois 359 0 0 359 202 0 202 180 0 180 2.0 0 180
Indiana 241 0 0 241 69 61 130 61 55 116 0 0 104

Iowa 158 0 0 158 39 4.9 43 35 3.6 39 0 0 39
Kansas 2,100 2.9 986 3,090 3,540 258 3,790 3,150 230 3,380 6.6 143 3,220
Kentucky 32 0 .7 32 .5 12 13 .5 11 12 0 .5 11
Louisiana 190 0 620 810 533 330 862 475 294 769 0 166 596
Maine 25 1.9 0 27 2.9 27 30 2.6 24 27 0 0 24

Maryland 74 0 0 74 41 29 70 37 26 62 0 0 57
Massachusetts . , 28 0 12 40 31 60 91 28 54 82 0 0 81
Michigan 334 19 1.5 354 113 142 255 101 127 227 0 0 216
Minnesota 377 0 25 401 135 41 176 120 37 157 0 0 140
Mississippi 389 0 985 1,370 1.840 109 1 950 1,640 97 1,740 0 17 1,110

Missouri 351 4.4 431 786 599 37 636 535 33 567 0 0 421
Montana 526 0 1280 1,810 92 9,490 9,580 82 8,460 8,550 0 4,410 1,820
Nebraska 3,940 0 3,510 7,450 6,480 1,990 8460 5,780 1,770 7550 1 0 906 6,740
Nevada 136 0 424 560 719 1,120 1,840 641 1,000 1,640 24 473 1,060
New Hampshire. 8.6 0 0 8.6 .3 6.8 7 1 .3 6.1 8.3 0 0 5.7

New Jersey 89 6.8 3.2 99 36 104 140 32 93 125 0 0 46
New Mexico . . , 410 5.2 544 959 1,430 1,920 3,360 1,280 1,710 2,990 0 628 1,680
New York 44 2.8 . 47 17 16 33 16 14 30 0 0 26
North Carolina. 163 4.4 0 167 64 203 267 57 181 239 1.0 0 239
North Dakota, . , 135 0 61 196 66 64 131 59 57 117 0 5.1 105

Ohio 59 0 0 59 13 17 31 12 16 27 0 .2 26
Oklahoma 377 0 184 560 859 110 969 766 98 864 0 4.9 401
Oregon 1,070 5.3 766 1,840 985 5,930 6,910 878 5,290 6,170 0 1.300 3,070
Pennsylvania . . 18 4.6 0 23 9.2 8.6 18 8.2 7.7 16 0 0 16
Rhode Island. . . 7.1 0 0 7.1 .8 1.8 2.6 .7 1.6 2.3 0 0 2.3

South Carolina . 23 0 0 23 31 28 58 27 25 52 0 0 52
South Dakota . 225 0 77 301 95 206 301 85 184 269 0 54 175
Tennessee 55 4.6 4.1 63 11 16 27 9.9 15 24 .5 0 24
Texas 2,740 51 3,520 6,310 7,320 3,280 10,600 6,530 2,920 9,450 48 540 8,140
Utah 411 8.9 722 1,140 441 3.520 3,960 393 3.140 3,530 14 612 1,930

Vermont 3.8 0 0 3.8 .4 3.9 4,3 .4 3.5 39 0 0 3.5
Virginia 66 2.8 0 69 6.3 27 33 5.6 24 30 0 2.9 18
Washington 1,510 100 512 2,120 918 6,330 7,250 819 5,650 6470 0 1.090 2,800
West Virginia. . , 1.9 0 .9 2.8 0 0 0 0 0 0 0 0 0
Wisconsin 331 0 0 331 187 1.7 189 167 1 5 169 0 0 151

Wyoming 286 6.5 1,700 1,990 203 7.190 7,390 181 6.410 6,590 9.1 2,470 2,660
PuertoRico 0 17 21 38 36 84 120 33 75 107 0 15 70
Virgin Islands . . 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 24,400 1,650 31.800 57,900 55,000 94,900 150,000 49,000 84,700 134,000 718 25,300 81,300
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Livestock 5,490 million gallons per day

The quantity of water withdrawn for total livestock
purposes (livestock, animal specialties) during 1995 was
an estimated 5.490 Mgalfd, or 22 percent more than
withdrawn during 1990. Livestock USC represents nearly
2 percent of freshwater use for all offstream categories.
Idaho reported a substantial increase in withdrawals for
animal specialties based on more reliable information.

The source and disposition of water for total live
stock use are shown in the chart below. Surface water was
the source for about 59 percent of withdrawals for total
livestock use, and ground water was the source for the
remaining 41 percent. The consumptive use of water for
total livestock during 1995 was about 3,200 Mgal/d. or
58 percent of withdrawals.

Livestock water use includes water for livestock.
feed lots, dairies, fish farms, and other on-farm needs. The
“Livestock category” includes livestock water use, which
is defined as water associated with the production of red
meat, poultry. eggs, milk, and wool: and animal speciali
ties water use, which is defined as water use associated
with the production of fish in captivity (except fish hatch
eries), fur—bearing animals in captivity, horses. rabbits, and
pets (Office of Management and Budget. 1987, p. 27-29).
A few States, such as Arkansas. Oregon, and California.
have some offstream fish hatcheries that are included in the
commercial category in this report. Water used instream
for fish hatcheries is not included in this compilation.

Livestock use in this report is equivalent to the live
stock category listed under “Livestock” or “Rural use” in
previous water-use circulars in this series. Beginning in
1990, animal specialties were identified as a subset of
livestock activities because of the large increase in fish-
farming water use. Fish farms are primarily engaged in the
production of food fish under controlled feeding,
sanjtation, and harvesting procedures (Office of Manage
ment and Budget. 1987. p. 29). Most water used for fish

farms is required to maintain acceptable pond levels and
waler quality.

The quantities of surface water and ground water
withdrawn for usc by livestock are estimated from the
numbers of animals in a county. The livestock and poultry
numbers are available in most States from the U.S. Depart
ment of Agrmculture Crop and Livestock Reporting Service
or the Cooperative Extension Service. The number of each
type of animal in each county is multiplied by an average
water use per animal to obtain the water-use estimate. Th.e
Crop and Livestock Reporting Service or the Cooperative
Extension Service generally have pond acreage for fish
farms. Water use is estimated by multiplying pond acreage
by an application rate, In some States, water use for fish
farms is reported under a permit system.

The uncertainties in the livestock water-use estimates
include difficulties in determining the sources of water and
great variations in estimates of consumptive use. Con
sumptive-use estimates generally are based on coefficients
ranging from 10 to 100 percent of withdrawals.

State agencies in Hawaii and Maryland reported
18 MgalId and 3.3 Mgal/d. respectively, of saline with
drawals for animal specialties. These saline withdrawals
are not listed in the tables or included in the totals.

In 1995, the Pacific Northwest and Lower Mississip
pi water-resources regions had the most water withdrawn
far total livestock (figure 18; table i7) and accounted for
nearly 46 percent of the Nation’s total livestock use. The
Missouri Basin and Arkansas-White-Red regions have the
most water withdrawn for livestock, and the Pacific North
west and Lower Mississippi regions have the most water
withdrawn for animal specialties. By State, Idaho accounts
for the largest use of water for total livestock (figure 19;
table 18). Idaho, Mississippi, Louisiana, and Arkansas
account for 76 percent of the Nation’s animal-specialties
water use, largely because of fish farming.

SOURCE DISPOSITION

5490 MLLlON GALLONS PER DAY

TOTAL LIVESTOCK SOURCE AND DISPOSITION, 1995, IN PERCENT
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EXPLANATION
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Table 17. Livestock freshwater use by water-resources region, 1995

[Figures may fbI add to totals because of independent rounding, All values in million gallons per day]

LIVESTOCK ANIMAL SPECIALTIES TOTAL LIVESTOCK

Withdrawals Withdrawals Withdrawals
REGION

Ground Surface Total Consump- Ground Surface Total Consump- Ground Surface Total Consump
waler water live use water water live use water water live use

New England 5.4 1.8 7.2 6.0 1.0 11 12 9.5 6.4 13 19 16
Mid-Atlantic 70 37 107 92 8.6 18 26 1.3 79 55 134 94
South Atlantic-Gulf 156 100 256 256 33 117 150 122 188 217 405 378
Great Lakes 45 17 61 53 4.8 3,7 86 1.8 50 20 70 55
Ohio 47 77 123 111 13 42 18 4.6 60 81 141 115

Tennessee 6.6 11 18 18 12 176 188 26 19 187 205 44
Upper Mississippi . 188 35 223 205 28 4.4 32 13 216 39 255 21g
Lower Mississippi . . 9.2 13 22 22 730 259 990 760 740 272 1,010 782
Souris-Red-Rainy . . , 17 3.0 20 20 0 0 0 0 17 3.0 20 20
Missouri Basin 230 157 386 386 24 16 40 5.3 253 173 426 391

Arkansas-White-Red 178 192 370 370 12 12 24 15 190 205 395 385
Texas-Gulf 77 118 195 194 5.0 8.1 13 13 82 126 208 207
Rio Grands 26 6.3 32 31 1.0 2.2 3.2 1.2 27 8.5 35 32
Upper Colorado . . . , 3.5 9.7 13 12 .7 40 41 .3 4.2 50 54 13
Lower Colorado . . . 33 6.8 39 39 .4 .1 .5 .5 33 6.8 40 40

Great Basin 9.0 11 20 13 .2 66 66 .4 9.2 77 86 14
Pacific Northwest . . 43 43 86 60 1.0 1,420 1,420 1.5 44 1,470 1,510 62
California 128 165 293 293 103 58 160 32 231 222 453 325
Alaska 0 .3 .3 .3 .1 .2 .2 .2 .1 .4 .5 .5
Hawaii 2.7 1.9 4.6 4.6 4.8 .6 54 .1 7.5 2.6 10 4.7
Caribbean 4.5 1.8 6.3 6.3 0 0 .1 .1 4.5 1.8 6.4 6.4

Total 1.280 1,010 2,290 2,190 982 2,220 3,200 1,010 2,260 3,230 5,490 3.200

Figure 18. Total livestock freshwater withdrawals by water-resources region, 1995.
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Figure 19. Total liVestock freshwater withdrawals by State, 1995.
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Table 18. Livestock freshwater use by State, 1995

[Figures may not add to totals because of independent rounding. All values in million gallons per day]

LIVESTOCK ANIMAL SPECIALTIES TOTAL LIVESTOCK

Withdrawals Withdrawals Withdrawals
STATE

Consump Consump- Consump
Ground Surface Total tive Ground Surface Total live Ground Surface Total live
water water use water water use water water use

Alabama ...,,., 15 20 35 35 6.9 87 94 94 22 107 129 129
Alaska 0 3 .3 .3 .1 .2 .2 .2 .1 .4 5 .5
Arizona 29 2.3 31 31 .4 .1 .6 .5 29 2.4 32 32
Arkansas 15 23 39 39 228 87 315 176 244 110 354 215
California 132 167 299 299 103 58 160 32 234 225 469 331

Colorado 23 21 45 45 0 14 14 0 23 36 59 45
Connecticut 1.1 .1 1.2 1.0 .3 0 3 .3 1.4 .1 1.4 1.3
Delaware 3.8 .4 4.1 3.7 0 0 0 0 3.8 .4 4.1 3.7
D.C 0 0 0 0 0 0 0 0 0 0 0 0
Florida 45 49 50 50 5,2 1.0 6.2 6.2 50 5.9 56 56

Georgia 1.6 29 30 30 8.1 9.2 17 17 9.7 38 48 47
Hawaii 2.7 1 9 4.6 4.6 4.8 .6 5.4 .1 7.5 2.6 10 4.7
Idaho 16 11 27 5.4 .3 1,430 1,430 0 17 1,440 1,460 . 5.4
Illinois 45 0 45 36 9.0 2.2 11 11 54 2.2 56 47
tndiana 28 18 46 37 .6 0 .6 .5 28 18 46 37

Iowa 82 27 109 109 .5 0 .5 .5 82 27 110 110
Kansas 89 18 ‘107 107 1.5 1.2 2.7 2.5 91 19 109 109
Kentucky 2.3 43 45 45 0 .9 .9 .9 2.3 44 46 46
Louisiana 4.2 48 9.0 9.0 140 176 316 316 144 181 325 325
Maine 1.4 .5 1.8 1.6 0 0 0 0 1.4 .5 1 9 1.7

Maryland 7.8 3.5 11 10 5.0 19 24 0 13 23 35 10
Massachusetts . . 1.0 .8 1.8 1.4 .4 7.7 8.2 6.5 1.5 8.5 10 7.9
Michigan 12 1.3 13 12 .6 .1 .6 .6 13 1.4 14 13
Minnesota 62 0 62 62 .4 0 .4 .4 62 0 62 62
Mississippi 7.0 11 18 18 370 8.8 378 280 377 19 396 298

Missouri 19 57 76 76 .8 .2 1.0 1.0 20 57 76 76
Montana 16 35 51 51 .3 .6 .9 .9 16 35 52 52
Nebraska .,,,., 94 22 116 115 14 12 26 2.0 108 33 142 117
Nevada 1.0 4.2 5.1 2.1 0 .5 .5 0 1.0 4.7 5.7 2.1
New Hampshire. . .6 .2 .8 .5 0 0 .1 .1 .6 .2 8 .6

New Jersey 1.2 0 1.2 1.2 .3 0 3 .3 1.5 0 1.5 1.5
New Mexico 26 3.6 30 28 0 0 0 0 26 3 6 30 28
New York 22 12 33 30 .4 .1 .5 .5 22 12 34 30
North Carolina. . . 86 35 121 121 3.7 172 175 4.1 89 207 297 125
North Dakota 14 9.2 23 23 0 .6 .7 0 14 9.9 24 23

Ohio 6.9 19 26 25 .7 0 7 0 7.6 19 27 25
Oklahoma 45 101 146 146 0 .7 .7 0 45 101 147 146
Oregon 3.3 19 23 23 .1 .5 .6 .6 3.4 20 23 23
Pennsylvania 48 7.1 55 41 .6 0 .6 .6 48 7.1 55 42
Rhode Island .3 0 .4 .3 .2 3.1 3.2 2.6 .5 3.1 3.6 2.8

South Carolina . . 4.0 4.9 8.9 8.9 5.3 7.5 16 .8 12 12 25 9.7
South Dakota . . . 18 28 46 46 0 0 0 0 18 28 46 46
Tennessee 4.0 4.4 8.4 8.4 17 11 28 28 21 15 37 37
Texas 132 166 298 298 6.7 10 17 17 139 176 315 315
Utah 6.8 9.4 16 12 .8 91 92 .5 7.6 100 108 13

Vermont 3.8 1 3 5.1 4.6 .2 0 .2 .2 4.0 1.3 5.3 4.8
Virginia 7.8 28 36 36 0 .1 .1 .1 7.8 28 36 36
Washington 23 10 34 29 .5 .2 7 .7 24 Ii 34 29
West Virginia 1,6 3.5 5.1 4.4 13 .1 13 .1 15 3.6 18 4.4
Wisconsin 57 64 64 51 22 6.2 29 2.8 79 13 92 54

Wyoming 5.5 11 16 16 7.9 .4 83 .5 13 11 25 17
Puerto Rico 4.4 1 8 8.2 6.2 0 0 1 .1 4.5 1.8 6.3 6.3
Virgin Islands . . . .1 0 .1 .1 0 0 0 0 .1 0 1 .1

Total 1,280 1.010 2,290 2,190 982 2,220 3,200 1,010 2,260 3,230 5,490 3,200
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Industrial 27,100 million gallons per day

Total industrial water use during 1995 was
an estimated 27,100 Mgal/d (tables 19, 20), or
2 percent less than during 1990. Most of the de
crease, 1,620 Mga]Jd, was in saline surface-water
withdrawals. Industrial freshwater use was an esti
mated 25,500 Mgal/d during 1995, about 4 percent
more than in 1990, and represents about 7 percent
of freshwater use for all offstream categories. Self-
supplied industrial withdrawals were an estimated
20,700 Mgal/d of freshwater and 1,660 Mgal/d of
saline water. (See tables 19, 20.) Surface water
was the source for 82 percent of self-supplied
industrial withdrawals; ground water, 18 percent;
and reclaimed wastewater less than] percent. Pub-
lie-supply deliveries to industries were about
4,750 Mgal/d and accounted for 12 percent of total
public-supply withdrawals.

The source and disposition of water for
industrial purposes for 1995 are shown in the chart
below. The consumptive use of freshwater for in
dustrial purposes during 1995 was 3,370 Mgal/d,
or 13 percent of freshwater withdrawals and de
liveries; saline consumptive use was 665 MgalJd,
or 40 percent of saline withdrawals. Total con
sumptive use was 15 percent of combined fresh
and saline withdrawals.

Industrial water use includes water for such
purposes as processing, washing, and cooling in
facilities that manufacture products. Major water-
using industries include, but are not limited to,
steel, chemical and allied products, paper and
allied products, and petroleum refining.

Many States have developed permit
programs that require reporting of industrial
withdrawals and return flows. Information on
deliveries from public suppliers to industrial users
are estimated from a variety of methods if not
available directly from the public suppliers. Con
sumptive-use estimates generally are based on
coefficients, most ranging from 10 to 40 percent
(depending on the type of industry) of withdraw
als and deliveries.

In 1995, the Great Lakes and Ohio water-
resources regions had the largest total (fresh, sa
line) withdrawals for industrial purposes as shown
in figure 20. By State, Louisiana, Texas, Indiana,
Michigan, and Pennsylvania reported the largest
withdrawals for industries as shown in figure 21.
Louisiana and Indiana, reported the largest fresh
water use (figure 22), and Maryland and Texas
reported the largest quantities of reclaimed waste-
water used by industries.

SOURCE

Surface water
Sailne

DISPOSITION

ConsumptNe
— use

27,100 MILLiON GALLONS PER DAY

INDUSTRIAL SOURCE AND DISPOSiTION, 1995, IN PERCENT



INDUSTRIAl / 41

Souris-Red
Rainy.:

Missouri

Great Bas

Upper
Colorado

“9

Lower Arkansas-White-Red
Colorado

Rio -

Grande

‘S

/ I
Hawaii

Alaska

EXPLANATION

Water withdrawals, in
million gallons per day

0 - 600

600- 1,500

1,500 - 3,000

3,000 - 4,200

Figure 20. Industrial self-supplied water withdrawals (fresh, saline) by water-resources region, 1995.

Table 19. Industrial water use by water-resources region, 1995

[Figures may not add to totals because of independent rounding. All values in million gallons per day]

SELF-SUPPLIED WITHDRAWALS TOTAL USE

By source and type PUBLIC- With-
RECLAIMED SUPPLY drawals

REGION Ground water Surface water Total WASTE- DELIV- and Consumptive use
WATER ERIES deliveries

Fresh Saline Fresh Saline Fresh Saline Total Fresh Fresh Fresh Saline

New England 53 0 100 0 153 0 153 0 168 321 24 0
Mid-Atlantic 344 0 1,090 526 1,430 526 1,960 71 516 1,950 198 49
South Atlantic-Gulf. . 787 0 2,010 40 2,790 40 2.830 1.2 742 3,530 502 2.2
Great Lakes 270 3.6 3,900 0 4,170 3.6 4,180 0 775 4,950 436 .4
Ohio 379 0 3,310 0 3,690 0 3,690 .1 590 4,280 480 0

Tennessee 35 0 1,030 0 1,070 0 1,070 0 101 1,170 115 0
upper Mississippi. . . 328 0 660 0 988 0 988 0 361 1,350 176 0
Lower Mississippi. . . 611 0 2,280 0 2,890 0 2,890 0 94 2.990 294 0
Souris-Red-Rainy. . . 1.7 0 20 0 22 0 22 0 3.9 26 4.9 0
Missouri Basin 102 0 50 0 152 0 152 0 106 258 76 0

Arkansas-White-Red 78 0 360 0 438 0 438 13 291 72& 119 0
Texas-Gulf 214 .5 846 996 1,060 996 2,060 17 171 1,230 375 599
Rio Grande 10 0 .1 0 10 0 10 2.1 20 30 16 0
Upper Colorado 2.4 0 4.0 0 6.4 0 64 0 4.2 11 3.5 0
Lower Colorado 42 0 5.5 0 47 0 47 2.3 68 115 102 0

Great Basin 60 .1 31 0 91 .1 91 0 17 109 46 0
Pacific Northwest. . . 215 0 866 38 1,080 38 1,120 0 407 1 490 148 4.2
California 522 10 19 26 541 36 577 3.6 284 824 239 9.1
Alaska 3.8 0 51 1.8 55 1.8 57 0 12 66 9.9 .3
Hawaii 19 .9 0 0 19 .9 20 0 5.6 25 2.5 .1
Caribbean 10 .2 4.0 17 14 17 31 0 15 29 8.0 .3

Total 4,090 15 16,700 1,640 20,700 1,660 22,400 110 4,750 25,500 3,370 665

Caribbean
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Table 20. Industrial water use by State, 1995

[Figures may not add to totals because of independent rounding. All values in million gallons per day]

SELF-SUPPLIED WITHDRAWALS TOTAL USE

By source and type PUBLIC- With-
RECLAIMED SUPPLY drawals

STATE Ground water Surface water Total WASTE- DELIV- and Consumptive use
WATER ERIES deliveries

Fresh Saline Fresh Saline Fresh Saline Total Fresh Fresh Fresh Saline
Alabama...... 34 0 699 0 733 0 733 0 213 — 946 116 0
Alaska 3.8 0 51 1.8 55 1.8 57 0 12 66 9.9 .3
Arizona 39 0 0 0 39 0 39 2.3 66 106 98 0
Arkansas 108 0 80 0 187 0 167 0 57 245 14 0
California 522 10 16 26 538 36 575 3.6 283 821 239 9.1

Colorado 37 0 86 0 123 0 123 0 19 143 42 0
Connecticut - . 3.5 0 6.2 0 9.6 0 9.6 0 42 51 1.1 0
Delaware 17 0 43 3.2 61 3.2 64 0 16 76 11 0
D.C .5 0 0 0 .5 0 .5 0 .7 1.2 .1 0
Florida 240 0 106 8.0 345 8.0 353 .7 103 449 46 0

Georgia 295 0 337 32 633 32 666 .6 194 827 85 2.2
Hawaii 19 .9 0 0 19 .9 20 0 5.6 25 2.5
Idaho 39 0 7.9 0 47 0 47 0 6.7 54 3.1 0
Illinois 162 0 290 0 452 0 452 0 118 570 63 0
Indiana 119 0 2,160 0 2,270 0 2,270 0 125 2,400 144 0

Iowa 74 0 184 0 258 0 258 0 78 335 44 0
Kansas 50 0 3.2 0 53 0 53 .2 37 90 45 0
Kentucky 92 0 255 0 347 0 347 0 197 543 22 0
Louisiana 356 0 2,230 0 2,580 0 2,580 0 35 2,620 266 0
Maine 4.6 0 5.9 0 11 0 11 0 14 25 2.5 0

Maryland 19 0 45 261 65 261 326 70 44 109 16 26
Massachusetts - - 38 0 47 0 85 0 85 0 86 171 13 0
Michigan 177 3.6 1,670 0 1,850 3.6 1,850 0 270 2,120 160 .4
Minnesota 58 0 83 0 140 0 140 0 41 181 26 0
Mississippi 166 0 124 0 290 0 290 0 20 310 49 0

Missouri 21 0 18 0 39 0 39 0 140 179 27 0
Montana 31 0 29 0 60 0 60 0 1.0 61 9.3 0
Nebraska 26 0 4.4 0 30 0 30 0 26 57 16 0
Nevada 7.4 0 7.5 0 15 0 15 0 2.2 17 4.9 0
New Hampshire 5.6 0 38 0 43 0 43 0 13 56 6.6 0

New Jersey - . . , 43 0 158 195 201 195 396 0 91 292 22 15
New Mexico . . . 6.3 0 2.0 0 8.3 0 8.3 0 15 23 12 0
New York 127 0 132 0 259 0 259 0 356 615 62 0
North Carolina . 61 0 308 0 369 0 369 0 193 562 112 0
North Dakota - . 3.6 0 7.9 0 11 0 11 0 2.5 14 9,4 0

Ohio 158 0 399 0 557 0 557 0 355 912 190 0
Oklahoma 3.8 0 17 0 21 0 21 0 122 142 8.9 0
Oregon 13 0 365 0 378 0 378 0 71 448 18 0
Pennsylvania . . 147 0 1,530 0 1,680 0 1,680 1.1 193 1,870 158 0
Rhoda Island . . 1.1 0 0 0 1.1 0 1.1 0 12 13 1.3 0

South Carolina - 60 0 640 0 700 0 700 0 44 744 112 0
South Dakota . - 4.1 0 1.0 0 5.1 0 5.1 0 7.9 13 1.9 0
Tennessee 68 0 795 0 863 0 863 0 130 993 109 0
Texas 226 .5 1,070 996 1,300 996 2,300 32 268 1,570 $30 599
Utah 55 .1 31 0 86 .1 86 0 17 103 45 0

Vermont 1.9 0 7.4 0 9.4 0 9.4 0 7.7 17 1.7 0
Virginia 107 0 410 67 516 67 583 0 88 605 72 8.0
Washington . . . 133 0 478 38 611 38 649 0 331 942 120 4.2
West Virginia . . 13 0 1,300 0 1.320 0 1,320 0 14 1,330 200 0
Wisconsin 78 0 363 0 441 0 441 0 151 592 95 0

Wyoming 1.6 0 1.2 0 2.8 0 2.8 0 2.4 5.1 .8 0
Puerto Rico - . . . 10 0 1.1 0 11 0 11 0 15 26 7.6 0
Virgin Islands . . . .1 .2 2.9 17 3.0 17 20 0 0 3.0 .4 .3

4 750 25 500 3 370 665Total 4,090 15 16,700 1,640 20,700 1,660 22,400 110
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Total mining water use during 1995
was an estimated 3,770 MgalJd and included
1,210 Mgal/d of saline water (table 21). Mining
freshwater use during 1995 was 22 percent less
than during 1990, and represents less than 1 per
cent of freshwater use for all offstream catego
ries. Much of the decrease can he attributed to
not including dewatering as a mining water use.

The source and disposition of water for
mining purposes for 1995 are shown in the chart
below. Ground water was the source for about
55 percent of total mining withdrawals, and
surface water was the source for the remaining
45 percent. Saline water accounted for approxi
mately one-third of total mining withdrawals.
Total consumptive use in 1995 was about
1,020 Mgal/d or 27 percent of total withdrawals.

Mining water use includes water for the
extraction of naturally occurring minerals; sol
ids, such as coal and ores; liquids, such as crude
petroleum; and gases, such as natural gas. The
category includes quarrying, milling (crushing,
screening, washing, and flotation), and other
operations as part of mining activity. All water is
self supplied, and saline water is significant.
Dewatering is no longer considered as a mining
water use unless the water is put to a beneficial

use, such as washing or dust control.
Water used in mining is difficult to quanti

fy. Except for some washing and milling, water
used at mining sites tends to be an impediment
to or a by-product of the extraction process.
Unless water is needed for the mining operation,
little attention is paid to quantities withrawn.
Estimates for mining withdrawals were obtained
from State agencies that regulate discharges, or
by use of coefficients for the relation between
the quantity of water withdrawn and the quantity
of material extracted. Consumptive-use esti
mates were based on coefficients, ranging from
10 to 90 percent of withdrawals, depending on
the type of mining activity.

Most water withdrawn for mining use dur
ing 1995 was in the Texas-Gulf water-resources
region, followed by the Great Lakes region, as
shown in figure 23 and table 21. By State, Texas,
Minnesota, and Florida had the most freshwater
and saline water withdrawn for mining (figure
24; table 22), and accounted for about 32 percent
of the Nation’s total mining withdrawals. Min
nesota, Florida, Texas and Pennsylvania had the
most freshwater withdrawn for mining. (See
figure 25 and table 22.)

Mining

____________________--

3,77orniliiongaHonsperday

SOURCE

Ground water
Saline

27

DISPOSITION

Ground water
Fresh

28

—Surface water
Saline

5

3770 MILLION GALLONS PER DAY

MINING SOURCE AND DISPOSITION, 1995, IN PERCENT



Figure 23. Mining water withdrawals (fresh, saline) by water-resources region, 1995.

Table 21. Mining waler use by water-resources region, 1995
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EXPLANATION

Water withdrawals, in
million gallons per day

0-50

50-150

150-350

350-530

(Figures may not add to totals because of independent rounding. All values in million gallons per day]

WITHDRAWALS

By source and type CONSUMPTIVE USE
Total

REGION Ground water Surface water

Fresh Saline Total Fresh Saline Total Fresh Saline Total Fresh Saline Total

New England 2.9 0 2.9 21 0 21 24 0 24 3.8 0 3.8
Mid-Atlantic 159 1.0 160 163 7.5 170 321 8.6 330 34 2.2 36
South Atlantic-Gulf 177 9.1 186 162 0 162 339 9i 348 26 0 26
Great Lakes 34 1.0 35 356 6.5 363 390 7.6 398 35 1.9 37
Ohio 115 22 137 212 .6 213 327 23 349 54 22 76

Tennessee 3.7 0 3.7 7.2 0 72 11 0 11 1.4 0 1.4
Upper Mississippi . 22 4.2 26 112 0 112 134 4.2 138 tg 4.2 24
Lower Mississippi . 3.1 0 3.1 2.2 0 2.2 5.3 0 53 .7 0 .7
Souris-Red-Rainy . .4 0 4 1.0 0 1.0 1.4 0 1 4 .4 0
Missouri Basin 104 38 143 201 0 201 306 38 344 58 8.6 66

Arkansas-While-Red 30 284 314 26 0 26 56 284 340 26 0 25
Texas-Gulf 118 324 442 79 0 79 197 324 521 194 0 194
Rio Grands 53 60 113 2,1 0 21 55 60 115 36 0 36
Upper Colorado - . . 20 14 34 3.5 0 3.5 23 14 38 12 1,7 14
LowerColorado. . . 126 12 138 26 2.3 28 152 14 166 116 11 126

Great Basin 71 19 90 2.8 143 146 74 162 236 71 145 216
Pacific Northwest. . 6.5 0 6.5 29 0 29 35 0 35 12 0 12
California 16 151 167 62 0 62 78 151 229 77 34 110
Alaska 0 75 75 24 41 65 24 116 140 1.3 9.7 11
Hawaii .5 0 5 .1 0 1 .5 0 5 .5 0 .5
Caribbean 3.4 0 3.4 1.1 0 1.1 45 0 4.5 1.4 0 1.4

Total 1,070 1,010 2,080 1490 201 1.690 2,560 1,210 3770 780 240 1,020

Alaska

Caribbean
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Figure 24. Mining withdrawals (flesh, saline) by State. 1995.
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Table 22. M[n[ng water use by State, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day)
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WITHDRAWALS

By source and type CONSUMPTIVE USE
Total

STATE Ground water Surface water

Fresh Saline Total Fresh Saline Total Fresh Saline Total Fresh Saline Total

Alabama 4.0 9.1 13 7.0 0 70 11 9.1 20 0 0 0
Alaska 0 75 75 24 41 65 24 116 140 1.3 g.7 11
Arizona 119 12 131 25 2.3 27 144 14 158 109 11 120
Arkansas 0 0 0 .1 0 .1 .1 0 .1 0 0 0
California 14 151 165 62 0 62 76 151 227 75 34 109

Colorado 25 17 41 27 0 27 52 17 68 20 2.8 23
Connecticut . .3 0 .3 1.4 0 1.4 1.7 0 ‘1,7 .3 0 .3
Delaware 0 0 0 0 0 0 0 0 0 0 0 0
D.C 0 0 0 0 0 0 0 0 0 0 0 0
Florida 148 0 148 148 0 148 296 0 296 15 0 15

Georgia 8.7 0 87 2.9 0 2.9 12 0 12 1.4 0 1.4
Hawaii .5 0 .5 .1 0 .1 .5 0 .5 .5 0 .5
Idaho 1.2 0 1.2 27 0 27 29 0 29 10 0 10
Illinois 5.5 25 31 44 0 44 50 25 75 10.0 25 35
Indiana 10 0 10 126 0 126 137 0 137 8.2 0 82

Iowa 1.1 0 1.1 42 0 42 43 0 43 0 0 0
Kansas 13 0 13 11 0 11’ 24 0 24 5.1 0 5.1
Kentucky 7.4 0 7.4 21 0 21 28 0 28 .8 0 .8
Louisiana .4 0 4 1 4 0 1 4 1.8 0 1.8 0 0 0
Maine 1.3 0 1.3 3.7 0 37 5.0 0 5.0 .9 0 .9

Maryland .9 0 .9 4.3 0 4.3 5.2 0 52 1.0 0 1.0
Massachusetts . .5 0 .5 2.7 0 27 3.2 0 32 .3 0 .3
Michigan 7,1 .8 79 51 0 51 58 .8 58 2.9 1 3.0
Minnesota 6.3 0 6.3 292 0 292 298 0 298 12 0 12
Mississippi 3.5 0 3.5 .2 0 .2 3.7 0 3.7 .9 0 .9

Missouri 8.6 0 8.6 15 0 15 24 0 24 2.4 0 2.4
Montana 2.8 13 16 3.8 0 3.8 6.6 13 20 1,1 0 1.1
Nebraska 6,1 4.7 11 134 0 134 141 4.7 145 2.1 0 21
Nevada 65 11 76 3.5 0 35 58 11 80 68 11 80
New Hampshire, 0 0 0 7.0 0 70 7.0 0 70 1.4 0 1 4

New Jersey 2.4 0 2.4 87 0 87 90 0 90 7.2 0 7.2
New Mexico . . . 61 0 61 .7 0 .7 61 0 61 39 0 39
New York 11 1,5 13 34 15 49 45 16 62 13 4.4 17
North Carolina . 12 0 12 4.3 0 4.3 16 0 16 9.3 0 9.3
North Dakota . . 3.8 0 3 8 2.0 0 2.0 5.8 0 5.8 .7 0 .7

Ohio 47 0 47 46 0 46 93 0 93 52 0 52
Oklahoma 5.4 259 264 0 0 0 5.4 259 264 1.5 0 1 5
Oregon 1.2 0 1.2 0 0 0 1.2 0 12 .6 0 .6
Pennsylvania . . 211 0 211 41 0 41 252 0 252 25 0 25
Rhode Island . . .5 0 .5 5.7 0 5.7 6.2 0 6.2 .8 0 .8

South Carolina . 2.9 0 2.9 0 0 0 2.9 0 2.9 .3 0 .3
South Dakota , . 7.8 0 7.8 20 0 20 27 0 27 6.8 0 6.8
Tennessee 2.8 0 28 2.7 0 2.7 5.5 0 5.5 .6 0 .6
Texas 128 409 538 83 0 83 211 409 621 211 0 211
Utah 16 7.3 23 .9 143 144 16 150 167 12 133 145

Vermont .3 0 .3 2.8 0 2.8 3.0 0 3.0 .6 0 6
Virginia 2.6 0 2.6 37 0 37 39 0 39 4.7 0 47
Washington 2.8 0 28 .7 0 7 3.5 0 3.5 .5 0 .5
West Virginia . . . 3.7 .5 4.2 7.5 0 7.5 11 .5 12 2,2 .5 2.7
Wisconsin...,.. 7.9 0 7.9 4.3 0 4.3 12 0 12 2.5 0 2.5

Wyoming 71 18 90 25 0 25 96 18 115 40 7.5 47
Puerto Rico 2.8 0 2.8 1.4 0 1 4 4.2 0 4.2 1.3 0 1.3
Virgin Islands . . 0 0 0 0 0 0 0 0 0 0 0 0

Total 1070 1,010 2,080 1,490 201 1,690 2.560 1,210 3,770 780 240 1,020
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Thermoelectric Power 190,000 million gallons per day

The total quantitY of water used for thermoelectric
power generation during 1995 was an estimated
190,000 Mgal/d, or about 3 percent less than during
1990. This use included 57.900 Mgal/d of saline water.
or 10 percent less than during 1990). (See tables 23,
24.) Withdrawals for thermoelectric power generation
account for 39 percent of freshwater use for all off
stream categories and represent 47 percent of combined
fresh and saline withdrawals. Public suppliers only
delivered about 100 Mgal/d of water to thermoelectric
plants during 1995: this accounted for less than

1 percent of total public-supply withdrawals. Fossil-
fuel thermoelectric plants account for about 71 percent
of total thermoelectric vi thdrawals; nuclear plants,
29 percent; and geothermal plants, less than I percent.

The source and disposition of water for thermo
electric power are shown in the chart below. Surface
water was the source for more than 99 percent of total
thermoelectric withdrawals, and about 31 percent of
the surface-water withdrawal was saline. About
2 percent of the water withdrawn for thermoelectric
power during 1995 was consumptively used as a result
of once-through. cooling-tower, or pond cooling.

The thermoelectric power category includes water
used in the generation of electric power with fossil-fuel,
nuclear, or geothermal energy. The estimates of water
withdrawals for thermoelectric power estimates should
be reliable because relatively complete files on power
generation are maintained by Federal and State agen
cies. The Electric Power Annual is prepared by the U.S.

Department of Energy, Energy Information Admin is
tration. and contains information about electric power
net generation. Most of the water withdrawn by ther
moelectric plants is used for condenser and reactor
cooling. Plants vary widely as to the techniques used in
the disposal of the cooling water after it is passed
through the condensers. Less water is required when
cooling water is recycled through cooling towers or
ponds, but a higher percentage of the cooling water
is evaporated (consumptive use). usually more than
60 percent. When the water withdrawn for cooling is
used only once before it is returned to a surface water
body, significantly more water is required, but evapora
tion is low (less than 3 percent). Withdrawal estimates
generally are based on power generation. Consumptive
use is based on coefficients ranging from I to 100 per
cent of withdrawals.

Thermoelectric power is by far the largest water
use in the East. The eight eastern water-resources
regions, led by the Mid-Atlantic region, account for
75 percent of the total water withdrawn for thermoelec
tric power cooling (figure 26; table 23). The highly
populated States of Illinois. Texas, New York, Florida,
and California use the most water for thermoelectric
power. Illinois leads the Nation, nearly double Texas,
in the use of freshwater for thermoelectric power.

Saline ground water was only reported for
geothermal plants in California (22 Mgal!d), Nevada
(30 Mgal/d), and Utah (6.7 Mgai/d), and is not listed in
the tables or included in the totals.

SOU ROE DISPOSITION

__-—--Consumptve use
Fresh

2

190000 MILLION GALLONS PER DAY

THERMOELECTRIC POWER SOURCE AND DISPOSITION, 1995, IN PERCENT
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EXPLANATION

Water withdrawals, in
million gallons per day

0-5,000

5,000- 10,000

10000- 20,000

20,000- 33,000

Figure 26, Thermoelectnc power water withdrawals (fresh, saline) by water-resources region, 1995.

Table 23. Thermoelectric power water use by water-resources region, 1995
[Figures may not add to totals because of independent rounding. Mgal!d = million gallons per day; kWh = kilowatthourj

ALL THERMOELECTRIC POWER WATER USE, in MgaI/d

Self-supplied withdrawals, by source and type Total use

Public- Withdrawals
REGION Ground supply and Consumptive use POWER

water Surface water deliveries deliveries GENERATED,

in

million kWh
Fresh Fresh Saline Total Fresh Fresh Fresh Saline Total

New England 48 1,620 8800 10,400 2.3 1,670 17 88 105 84,600
Mid-Atlantic 11 12,600 19.700 32,400 27 12.700 188 213 401 259,000
South Atlantic-Gulf . 79 17,500 12,700 30,200 5.6 17,600 344 20 365 478000
Great Lakes 7.6 22,800 0 22,800 .1 22,800 429 0 429 219,000
Ohio 70 22.600 0 22,600 .3 22,600 838 0 838 451,000

Tennessee 0 6,990 0 6,990 0 6,990 13 0 13 76,600
Upper Mississippi . . 24 t9,000 0 19,000 7.4 19,100 388 0 388 211.000
Lower Mississippi . , 69 6,670 0 6,670 1.1 6,740 253 0 253 78,100
Souris-Red-Rainy . . 0 38 0 38 0 38 0 0 0 396
Missouri Basin 30 8,770 0 8,770 4.7 6,810 172 0 172 167,000

Arkansas-White-Red 37 4,140 0 4,140 28 4,200 163 0 163 143.000
Texas-Gulf 50 7.630 3,870 11,500 13 7,700 252 12 264 224,000
Rio Grande ,.,,,, 16 2.2 0 2.2 0 ‘IS 14 0 14 7,780
Upper Colorado 0 146 0 146 0 146 130 0 130 94.000
Lower Colorado 45 17 0 17 1.5 64 57 0 57 . 62,400

Gresl Bssn 26 21 0 21 0 24 23 86 32 16 300
Pacific Northwest . . .5 384 0 354 0 385 18 0 18 17,000
California ...,,.,, 3,6 202 9,430 9,630 5.3 211 9.7 19 29 76,000
Alaska 4,2 26 0 ‘ 26 .6 31 3.1 0 3.1 3,770
Hawaii 67 0 903 903 .3 67 .7 9.0 9.7 6.370
Caribbean,,, 2.2 0 2,440 2,440 2.2 4.3 .9 0 .9 16500

Total 565 131,000 57,900 189.000 100 132,000 3.310 369 3,680 2,690.000
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‘WA

MT

:014

Water withdrawals, in
million gallons per day

0- 2000

2000- 4,000

4,000- 6,000

6000 - 9,000

9,000- 18,000

Figure 27. Thermoelectric power water withdrawals (fresh, saline) by State, 1 995.

Figure 28. Thermoelectric power freshwater withdrawals by State, 1995.

EXPLANATION

Water withdrawals, in
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Table 24. Thermoelectric power water use by State, 1995

[Figures may not add to totals because of independent rounding. Mgal/d = million gallons per day; kWh = kilowatthour]

ALL THERMOELECTRIC POWER WATER USE, in Mgalld

Self-supplied withdrawals, by source and type Total use

Public- Withdrawals
STATE Ground supply and Consumptive use POWER

water Surface water deliveries deliveries GENERATED,
in million kWh

Fresh Fresh Saline Total Fresh Fresh Fresh

Alabama 6.0 5,190 0 5,190 0 5,200 32
Alaska 4.2 26 0 26 6 31 3.1
Arizona 42 20 0 20 0 62 54
Arkansas . . 5.2 1,770 0 1,770 0 1,770 28
California - 3 6 202 9,430 9,630 5 3 211 9.7

Colorado.. . . 22 93 0 93 14 128 41
Connecticut . . . .2 760 3,180 3,940 1 0 761 59
Delaware . . . .2 534 740 1,270 5 535 2
D C . 0 9.7 0 9.7 0 9.7 8
Florida - . . 21 615 11,000 11.600 36 640 56

Georgia 4.6 3,040 33 3,070 0 3,040 145
Hawaii 67 0 903 903 3 67 7
Idaho . 0 0 0 0 0 0 0
Illinois 11 17,100 0 17,100 52 17,100 407
Indiana . 11 5,680 0 5,680 0 5,690 114

Iowa 15 2,110 0 2,110 30 2,130 10
Kansas - 14 1,250 0 1,250 8 1,270 58
Kentucky 38 3.410 0 3,410 0 3,440 203
Louisiana 31 5,450 0 5,450 0 5,480 222
Maine 7 30 105 135 9 31 3.5

Maryland . . . . 1.8 358 6,000 6,360 0 360 3.7
Massachusetts 46 150 4,370 4,520 0 196 0
Michigan .., 30 8,370 0 8,370 0 8,370 126
Minnesota.., 1 9 2,090 0 2,090 1 2,090 48
Mississippi . 42 220 112 333 22 265 27

Missouri . 95 5,540 0 5,540 .2 5,550 51
Montana . . 0 22 0 22 0 22 22
Nebraska - 4.4 2.350 0 2,350 0 2,350 12
Nevada - 6.3 21 0 21 1 5 28 28
New Hampshire . .8 228 877 1,110 3 229 4.3

New Jersey - 1 9 578 3780 4,360 25 605 4.4
New Mexico 9.3 46 0 46 1 56 48
New York ..,., 0 6,570 6,490 13,100 0 6,570 170
North Carolina 1 5,860 1 550 7,420 4 5,860 57
North Dakota . . 3 879 0 879 0 880 25

Ohio 19 8170 0 8,170 0 8,190 336
Oklahoma. 35 121 0 121 1 2 126 60
Oregon . . . . 0 90 0 9.0 0 9.0 7.8
Pennsylvania 6.2 5 920 0 5,920 1 6 5,930 239
Rhode Island 0 0 275 275 0 0 0

South Carolina . 39 4,770 0 4,770 0 4,810 51
South Dakota 34 1 9 0 1 9 0 54 .1
Tennessee 0 8,300 0 8,300 5 8,300 .5
Texas , . . 59 9 530 3870 13,400 29 9,620 297
Utah 0 44 0 48 0 48 47

Vermont . 4 452 0 452 0 453 4 0
Virginia 4 3890 2,730 6,620 5 3,890 88
Washington. . 5 375 0 375 0 376 10
West Virginia . 5 3,010 0 3,010 2 3,010 122
Wisconsin - 5 8 5.820 0 5,820 1 5,830 58

Wyoming .... 1 0 219 0 219 0 220 50
Puerto Rico 2.2 0 2,260 2,260 22 4,4 J
Virgin Islands 0 0 173 173 8 .8 2

Total 565 131,000 57,900 189,000 100 182,000 3,310

Saline Total

0 32 85,300
0 3.1 3,770
0 54 65,300
0 28 37,400

19 29 76,000

0 41 30,600
74 RD 27,500
29 3.1 6,060
0 .8 189
0 56 149.000

0 145 92,700
9 0 9.7 6,370
o o 0
0 407 147,000
o 114 105,000

0 10 32,600
0 58 38,100
0 203 70,600
0 222 54,200
1 7 5.2 4,600

48 52 43,200
6 0 6.0 34,000
0 126 96,700
0 48 41,300
36 31 26,100

0 51 63,600
0 22 8,770
0 12 23,800
83 37 16,900
0 4.3 14,000

32 36 23,600
0 48 29,100

130 300 76,100
17 74 93,400

0 25 26,300

0 336 135,000
0 60 44,700
0 7.8 3,620
0 239 168,000
55 55 278

0 51 74,200
0 .1 2,800
0 .5 73,800

12 309 259,000
3 47 31,600

0 4.0 4,400
0 8.8 50,900
0 10 13,300
0 122 79,100
0 58 44,700

0 50 38,600
0 .7 15,800
0 .2 771

369 3,680 2,690,000
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Tab’e 25. Thermoelectric power water use by energy source and water-resources region, 1995

[Figures may not add to totals because ot independent rounding. All values in million gallons per dayl

FOSSIL FUEL NUCLEAR

Withdrawals, Withdrawals,
by source and type by source and type
— Consumptive Consumptive

REGION Ground use Ground use
water Surface water water Surtace water

Fresh Fresh Saline Total Fresh Saline Fresh Fresh Saline Total Fresh Saline

New England 48 684 5,460 6,150 14 82 0.1 936 3,340 4,270 3.2 6.0
Mid-Atlantic 9.6 8490 10,900 19,400 95 155 1,2 4,140 8,790 12.900 93 58
South Atlantic-Gulf . . 39 11.200 9.290 20,500 220 3.6 40 6,340 3,360 9,700 124 17
Great Lskes 7.4 15.300 0 15300 180 0 .2 7.520 0 7,520 249 0
Ohio 70 22.500 0 22,500 810 0 0 65 0 65 29 0

Tennessee 0 4,750 0 4,750 11 0 0 2,240 0 2,240 1,5 0
Upper Mississippi . . . 20 12,300 0 12,300 163 0 3.4 6,690 0 6690 225 0
Lower Mississippi . . . 37 5,650 0 5,650 223 0 32 1020 0 1,020 30 0
Souris-Red-Rainy - . , 0 38 0 38 0 0 0 0 0 0 0 0
Missouri Bssln 28 7,700 0 7,700 161 0 .4 1,080 0 1,080 11 0

Arkansas-White-Red, . 37 3.150 0 3,150 149 0 0 989 0 989 14 0
Texas-Gulf 49 4,820 3870 8,680 226 12 .8 2,820 0 2,820 26 0
Rio Grande 16 2.2 0 22 14 0 0 0 0 0 0 0
Upper Colorado 0 146 0 146 130 0 0 0 0 0 0 0
Lower Colorado 45 17 0 17 57 0 0 0 0 0 0 0

Great Basin 2.5 21 0 21 23 0 0 0 0 0 0 0
Pacific Northwest . . . .4 26 0 26 8.2 0 .1 358 0 358 9.8 0
California 3.5 190 4,730 4,920 9.4 2.8 .1 12 4690 4,710 .3 1.3
Alaska 4.2 26 0 26 3.1 0 0 0 0 0 0 0
Hawaii 67 0 903 903 .7 9.0 0 0 0 0 0 0
Caribbean 2.2 0 2,440 2,440 .9 0 0 0 0 0 0 0

Total 486 97,000 37,600 135,000 2,500 263 78 34,300 20,200 54,500 815 82
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STATE
Consumptive

Ground use
water Surface water

_____________

Fresh Fresh Saline Total Fresh Saline

Alabama 6.0 4330 0 4330 30 0
Alaska 4.2 26 0 26 3.1 0
Arizona 42 20 0 20 54 0
Arkansas 5.2 798 0 798 27 0
California 3.5 190 4730 4,920 9.4 2.8

Colorado 22 93 0 93 41 0
Connecticut .1 276 882 1,160 5.9 74
Delaware .2 534 740 1,270 .2 2.9
D.C 0 9.7 0 ,97 .8 0
Florida 21 615 9140 9760 54 0

Georgia 39 2910 33 2950 52 0
Hawaii 67 0 903 903 .7 9.0
Idaho 0 0 0 0, 0 0
Illinois 9.5 9,570 0 9,570 144 0
Indiana 11 5,680 0 5,680 114 0

Iowa 13 2.100 0 2,100 7.8 0
Kansas 14 1,230 0 1,230 45 0
Kentucky 38 3.410 0 3,410 203 0
Louisiana 31 4,430 0 4,430 212 0
Maine .7 30 105 135 3.5 1.7

Maryland 1.6 358 2,780 3,140 3.7 32
Massachusetts 46 150 3,910 4,060 0 0
Michigan 3.0 6,030 0 6,030 50 0
Minnesota 1.8 1,210 0 1,210 28 0
Mississippi 10 220 112 333 8.0 3.6

Missouri 9.1 5.520 0 5,520 40 0
Montana 0 22 0 22 22 0
Nebraska 4.4 1,290 0 1,290 12 0
Nevada 6.2 21 0 21 28 0
New Hampshire . . .8 228 292 521 4.3 0

New Jersey 1.2 578 980 1,560 3.7 9.9
New Mexico 9.3 46 0 46 48 0
New York 0 5,140 5,470 10,600 103 109
North Carolina .1 3.210 0 3,210 56 0
North Dakota. . . 0 879 0 879 25 0

Ohio 19 8.040 0 8,040 309 0
Oklahoma 3.5 121 0 121 60 0
Oregon 0 9.0 0 9.0 7.8 0
Pennsylvania. . . 6.2 3.870 0 3,870 120 0
Rhode Island. . . . 0 0 275 275 0 5.5

South Carolina . .4 1,290 0 1,290 23 0
South Dakota . . 2.6 1.9 0 1.9 .1 0
Tennessee 0 6.830 0 6,830 .5 0
Texas 58 6,710 3,870 10,600 271 12
Utah 0 48 0 48 47 0

Vermont .4 .5 0 .5 .7 0
Virginia 1 I 820 973 2 790 88 0
Washington .4 17 0 17 .4 0
West Virginia . . . .5 3,010 0 3,010 122 0
Wisconsin 5.6 3,860 0 3,860 39 0

Wyoming 1.0 219 0 219 50 0
Puerto Rico 2.2 0 2.260 2,260 .7 0
Virgin Islands . . 0 0 173 173 .2 0

Consumptive
Ground use
water Surface water

_____________

Fresh Fresh Saline Total Fresh Swine

0 862 0 862 17 0
0 0 0 0 0 0
0 0 0 0 0 0
0 967 0 967 12 0

1 12 4,690 4,710 3 1 3

0 0 0 0 0 0
1 484 2,300 2,780 0 0

0 0 0 0 0 0
0 0 0 0 0 0

3 0 1,810 1,810 1 2 0

10 122 0 122 93 0
0 0 0 0 0 0
0 0 0 0 0 0
1 3 7,520 0 7,520 263 0
0 0 0 0 0 0

20 81 0 8.1 2.6 0
0 22 0 22 13 0
0 0 0 0 0 0

.1 1,020 0 1,020 10 0
0 0 0 0 0 0

2 0 3,220 3,220 0 16
0 0 454 454 0 60

1 2,340 0 2,340 76 0
1 886 0 886 20 0

32 0 0 0 19 0

4 21 0 21 11 0
0 0 0 0 0 0
0 1,060 0 1,060 0 0
0 0 0 0 0 0
0 0 585 585 0 0

7 0 2,800 2,800 7 22
0 0 0 0 0 0
0 1,420 1,010 2,440 68 20
0 2,660 1,550 4,210 1 5 17
0 0 0 0 0 0

0 137 0 137 27 0
0 0 0 0 0 0
0 0 0 0 0 0
0 2,050 0 2,050 119 0
0 0 0 0 0 0

39 3.470 0 3,470 28 0
0 0 0 0 0 0
0 1,470 0 1,470 0 0

8 2,820 0 2,820 26 0
0 0 0 0 0 0

0 452 0 452 32 0
3 2,080 1,760 3,830 0 0
1 358 0 358 98 0

0 0 0 0 0 0
1 1,970 0 1,970 20 0

0 0 0 0 0 0
0 0 0 0 0 0
o 0 0 0 0 0

Tab’e 26. Thermoelectric power water use by energy source and State, 1995
[Figures may not add to totals because of independent rounding. All values in million gallons per day[

FOSSIL FUEL NUCLEAR

Withdrawals, Withdrawals,
by source and type by source and type

Total 486 97,000 37,600 135.000 2,500 263 78 34.300 20,200 .54,500 815 82
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INSTREAM USE
Hydroelectric Power 3,160,000 million gallons per day

Water used for hydroelectric power genera-
lion in 1995 was an estimated 3,160,000 Mgal/d, or
4 percent less than during 1990. (See tables 27,28.)
This total is 2.6 times the average annual runoff in
the conterminous United States. (Graczyk and
others, 1986). It is possible for the hydroelectric
power water use to exceed average annual runoff
because some water is used several times as it pass
es through several hydroelectric dams on a river.

Water used for hydroelectric power genera
tion is classified as an instream use and refers to the
water used in the generation of electricity at plants
where the turbine generators are driven by falling
water. Estimates of water used for hydroelectric
power generation may vary because of the way
individual estimates are made of the quantities of
water passed through the plants. If the water is
passed through the plants only one time, then
accurate estimates of water use can be obtained by
streamfiow measurements and gate openings.
Howevei it is difficult to define and obtain net
water use at pumped-storage hydroelectric plants
because the same water is recycled a number of
times. Pumped-storage plants usually generate
electric energy during peak-load periods by using
water previously pumped into an elevated storage
reservoir during off-peak periods when excess
generating capacity is available to do so. When
additional generating capacity is needed, the water
can be released from the pumped-storage reservoir
through a conduit to turbine generators located in a
power plant at a lower level.

State agencies were asked in 1995 for the first
time to report offstream hydroelectric power
generation. Offstream hydroelectric power genera
tion water use was reported for ten states and
totaled 90,000 MgaI/d. California reported the
most water use (69,000 Mgal/d), followed by

Maine (6,290 Mgal/d), Oregon (5,880 Mgal/d) and
Pennsylvania (5,260 Mgal/d). The reported off-
stream uses were included in the instream uses to
be consistent with previous reports in this series.

Estimates of hydroelectric power water use
and power generation, as with the thermoelectric
power category, are based on more information and
fewer extrapolations than for the other water-use
categories. Most of the information is obtained
from hydroelectric utility companies. If informa
lion is not available from utilities, then records of
the power generated are obtained from the U.S.
Department of Energy’s Energy Information
Administration (1996). The power-generation data
are multiplied by water-use coefficients to obtain
estimates of hydroelectric power water use. In this
report, it is assumed that none of the water used for
hydroelectric power generation is consumptively
used. Although the quantity of water evaporated in
the actual generation of hydroelectric power
(consumptive use) is small, considerable depletion
of the available water supply for hydroelectric
power generation occurs as an indirect result of
evaporation from reservoirs and repeated reuse of
water within a pumped-storage power facility.

Fresh surface water provides virtually all
water for hydroelectric power generation. The
Pacific Northwest water-resources region had by
far the largest use of water for hydroelectric power
generation during 1995, more than triple the use in
the Great Lakes region (figure 29), and accounts
for about 40 percent of the water use for hydroelec
tric power generation in the Nation. Almost one-
half of the water use for hydroelectric power
generation in the United States occurs in Washing
ton; Oregon, primarily on the Columbia River sys
tern; and New York (figure 30), on the Niagara and
the St. Lawrence River systems.
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EXPLANATION

Water use, in million
gallons per day

czi
. 100,000 200,000

]] 200,000- 300,000

______

300,000 - 1,300,000

Table 27. Hydroelectric power water use by water-resources region, 1995

[Figures may not add to totals because of independent rounding.
Mgal/d million gallons per day; kWh = kilowafthour]

WATER USE

REGION Thousand
Mgal/d acre-feet POWER GENERATED,

per year in million kWh

New England 156,000 175.000 6.720
Mid-Atlantic 144,000 162.000 5.260
South Atlantic-Guif 229,000 256,000 17,100
Great Lakes 340,000 382,000 24,200
Ohio 172,000 192.000 5,250

Tennessee 209,000 235.000 16,000
Upper Mississippi 119,000 133,000 2,990
Lower Mississippi 78,200 87.700 1320
Souris-Red-Rainy 3.970 4450 100
Missouri Basin 141,000 159,000 16,000

Arkansas-White-Red 95,400 107,000 6,740
Texas-Gulf 14,500 16,300 1,050
Rio Grande 3,860 4,320 464
Upper Colorado 17,900 20,000 7,220
Lower Colorado 23,400 26,300 9,740

Great Basin 5,060 5,670 633
Pacific Norlhwesf 1260,000 1,410000 140,000
California 140,000 157,000 47,000
Alaska 2,090 2,340 1,440
Hawaii 229 256 148
Caribbean 349 391 101

Total 3160,000 3,540.000 310,000

Souris-Red’-.-
any

Figure 29, Hydroelectric power water use by water-resources region, 1 995.
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Table 28. Hydroelectric power water use by State, 1995

[Figures may not add to totals because of independent rounding.
MgaI/d = million gallons per day; kWh = kilowatthour]

WATER USE

STATE Thousand
Mgal/d acre-feet POWER GENERATED,

per year in million kWh

Alabama 157,000 177000 9,510
Alaska 2,090 2,340 1,440
Arizona 21,200 23,700 7,960
Arkansas 42,700 47,900 2,630
California 146,000 164,000 47,100

Colorado 6,810 7,630 2,140
Connecticut 3,610 4,050 317
Delaware 0 0 0
D.C 0 0 0
Florida 16,900 19,000 443

Georgia 50,900 57,100 4,850
Hawaii 229 256 148
Idaho 115,000 129,000 11,300
Illinois 55,800 62,500 1,010
Indiana 12,300 13,800 467

Iowa 2,350 2,630 21
Kansas 1,250 1,410 11
Kentucky 83,000 93,100 2,880
Louisiana 76,100 85,400 1,110
Maine 85,200 95,500 3,440

Maryland 14,400 16,100 1,450
Massachusetts 24,200 27,100 992
Michigan 39,800 44,600 1,410
Minnesota 19,800 22,200 1,030
Mississippi 0 0 0

Missouri 17,100 19,200 1,920
Montana 66,200 74,200 10,400
Nebraska 15,000 16,800 1,040
Nevada 6,080 6,810 6,320
New Hampshire 33,000 37,000 1,460

New Jersey 309 346 241
New Mexico 2,750 3,090 353
New York 356,000 399,000 24,600
North Carolina 56,400 63,200 5,810
North Dakota 13,900 15,600 2,480

Ohio 14,200 15,900 227
Oklahoma 49,100 55,100 3,300
Oregon 456,000 511,000 40,400
Pennsylvania 55,900 62,600 352
Rhode Island 339 380 6.1

South Carolina 42,200 47,300 3,070
South Dakota 62,400 69,900 6,420
Tennessee 122,000 137,000 9,430
Texas 18,600 20,900 1,520
Utah 3,720 4,170 931

Vermont 17,500 19,600 983
Virginia 14,800 16,600 922
Washington 653,000 733,000 82,300
West Virginia 51,500 57,700 1,210
Wisconsin 50,800 57,000 1,600

Wyoming 5,150 5,770 793
Puerto Rico 349 391 101
Virgin Islands 0 0 0

Total 3,160,000 3,540,000 310,000
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Wastewater Release
Wastewater Treatment

In addition to water withdrawals, public-supply
deliveries, and consumptive use, the term “water use”
also includes wastewater releases and return flow
Because quality as well as quantity considerations
are increasingly important in water management,
more information is needed concerning the location
of wastewater-treatment facilities and the quantities
of treated wastewater released from the facilities and
returned to the hydrologic system.

The wastewater treatment category includes in
formation on facilities engaged primarily in the collec
tion, treatment, and disposal of wastewater conveyed
through a sewer system. Return of treated water gener
ally is to surface waters. Treatment facilities are sepa
rated into two categories in this report: publicly owned
(municipal) treatment works and “other.” Publicly-
owned treatment works are publicly owned or receive
some form of public funding, and receive and treat
wastewater from various users such as domestic, com
mercial, and industrial. Other wastewater facilities are
privately owned and include commercial and industrial
facilities that treat their own wastewater. Information
on the quantities of water treated and released from
publicly-owned treatment facilities and returned di
rectly to the hydrologic system, or released for benefi
cial reuse (reclaimed wastewater), are given in this
report, along with the number of public and other

wastewater-treatment facilities.

The release information usually is obtained from
wastewater-treatment facility operators, ufihity depart
ments, or from discharge permit files maintained by
State or Federal agencies. Return flows to surface
water usually are regulated by State or Federal agen
cies. The number of wastewater-treatment facilities
typically is available from permit files at State or
Federal agencies. The reliability of the data varies by
State depending on available information.

About 16,400 publicly-owned treatment facilities
released some 41,000 Mgal/d of treated wastewaterna
tionwide during 1995. (See tables 29, 30.) Nationally,
an average of from 1 million to 2 million gallons of
treated wastewater per public-treatment facility was
returned daily to streams or other surface-water bodies.
In addition, over 2 percent (983 MgalJd) of the treated
wastewater that was released was reclaimed for bene
ficial uses such as irrigation of golf courses and public
parks. The largest return flows occurred in regions
(figure 31) and States (figure 32) that have large popu
lations and large public-supply withdrawals. Illinois
and Ohio, which have large public-supply withdraw
als, reported the largest releases of treated wastewater.
Florida, California, and Arizona reported large uses of
reclaimed wastewater.



Table 29. Wastewater treatment water releases by water-resources region, 1995

[Figures may not add to totals because of independent rounding.
MgalId = million gallons per day]

EXPLANATION

Return flow, in million
gallons per day

0- 1,000

1,000- 2,000

2,000 - 4,000

4,000- 6,400

New England
Mid-Atlantic,.,.,.......
South Atlantic-Gulf......
Great Lakes
Ohio

Tennessee
Upper Mississippi
Lower Mississippi
Souris-Red-Rainy
Missouri Basin

Arkansas-White-Red
Texas-Gulf
Rio Grande
Upper Colorado
Lower Colorado

Great Basin
Pacific Northwest
California
Alaska
Hawaii
Caribbean

PUBLIC RELEASES

Return Reclaimed
flow, wastewater,

in Mgal/d in Mgal/d

1,670 0
5,260 71
4,520 298
5,030 0
5,310 .1

645 .1
6,330 0
1,850 0

61 0
1,360 12

868 26
2,030 71

165 10
62 1.8

500 217

287 59
1,390 0
3,250 211

61 0
137 6.2
189 0

WASTEWATER TREATMENT / 59

Souris-Red’’=
— Th o, -

Figure 31. Wastewater treatment return flow by water-resources region, 1995.

REGION
NUMBER OF FACILITIES

Public

488
1,066
1,798
1,152
2,144

224
1,950

598
251

2,103

1.047
1,106

116
193
179

101
636

1,040
127
32
78

Other

490
1,543
3,154
1,537
5,002

301
1,480
1,041

41
1,555

1,133
2,686

127
90

344

73
1,850

827
108
171

0

Total 16,428 23,700 41,000 983
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EXPLANATION
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Figure 32. Wastewater treatment return flow by State, 1995.
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Table 3D. Wastewater treatment water releases by State, 1995

[Figures may not add to totals because of independent rounding.
Mgal/d = million gallons per day]

PUBLIC RELEASES

NUMBER OF FACILITIES Return Reclaimed
STATE flow, wastewater,

Public Other in Mgal/d in MgaI/d

Alabama 255 0 474 0
Alaska 126 107 61 0
Arizona 150 300 359 209
Arkansas 313 442 241 0
California 1,049 857 3,250 216

Colorado 393 179 422 11
Connecticut 94 47 411 0
Delaware 15 48 103 0
D.C 1 6 309 0
Florida 387 228 1540 271

Georgia 501 370 777 4.0
Hawaii 32 171 137 6.2
Idaho 76 6 99 0
Illinois 532 610 4,850 0
Indiana 407 422 762 0

Iowa 754 475 522 0
Kansas 442 343 217 7.4
Kentucky 223 1,465 341 0
Louisiana 153 159 1,450 0
Maine 71 0 115 0

Maryland 161 870 422 70
Massachusetts 86 443 867 0
Michigan 295 698 2.540 0
Minnesota 436 0 516 0
Mississippi 307 1,575 307 0

Missouri 1,164 1,284 1,030 0
Montana 228 118 202 0
Nebraska 290 285 181 1.0
Nevada 68 67 179 24
New Hampshire 79 0 89 0

NewJersey 209 467 915 0
New Mexico 46 59 99 5.6
New York 596 0 2,760 0
North Carolina 307 1,348 1,330 1.5
North Dakota 277 99 45 0

Ohio 1,236 2,510 4.690 0
Oklahoma 332 159 312 0
Oregon 189 23 483 0
Pennsylvania 289 140 1,340 .6
Rhode Island 115 0 182 0

South Carolina 274 481 404 22
South Dakota 207 0 64 0
Tennessee 251 0 739
Texas 1,308 3,113 2,180 96
Utah 50 10 236 39

Vermont 95 0 42 0
Virginia 67 1 561 0
Washington 329 1,791 736 0
West Virginia 594 1,342 199 0
Wisconsin 411 231 653 0

Wyoming 79 203 50 0
Puerto Rico 70 0 185 0
Virgin Islands 8 0 4.1 0

Total 16,428 23,700 41,000 983
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TRENDS IN WATER UsE, 1950-1 995
These national water-use compilations began

in 1950 and are conducted at 5-year intervals. To
facilitate the following discussion of trends in
water use, the estimates for some categories used
in this report have been combined to correspond to
the categories used in previous water-use compila
tions (public supply, rural use, irrigation, indus
trial, thermoelectric power, hydroelectric power).
Self-supplied domestic withdrawals are combined
with livestock withdrawals in this section to com
pare to the rural-use category listed in some previ
ous water-use circulars; and self-supplied indust
rial withdrawals are combined with commercial
and mining withdrawals to compare to “other
industries,” which were listed with thermoelectric
power generation under “industrial” in some
previous water-use circulars.

Estimates in table 3lsummarize the water
use—withdrawals, source of water, reclaimed
wastewater, consumptive use, and instream use
(hydroelectric power)—at 5-year intervals from
1950 to 1995. Table 31 also shows the percentage
change in the 1990 and 1995 summary estimates.

Estimates in table 31 and figure 33 show that
after continual increases in the Nation’s total water
withdrawals for offstream use for the years
reported from 1950 to 1980, withdrawals declined
from 1980 to 1995. The 1995 estimate of total
withdrawals (402,000 Mgal/d) is 2 percent less
than the 1990 estimate and nearly 10 percent less
than the 1980 estimate, which is the peak year of
water use documented in this 5-year compilation
series. This decline in water withdrawals occurred
even though population increased 16 percent from
1980 to 1995.

The “Public supply” and “Rural domestic and
livestock” categories are the only two categories to
show continual increases from 1950 to 1995,
largely because of continual increases in popula
tion (figure 34). The 4-percent increase in public-
supply withdrawals from 1990 to 1995, compared
to a 7-percent increase in population served by
public supply, indicates that conservation pro
grams have been effective in lowering public sup
ply per-capita use from about 184 gal/d in 1990 to

179 gal/din 1995. The 13-percent increase in rural
domestic and livestock withdrawals is attributable
to an increase in livestock withdrawals, especially
animal specialities withdrawals, which were 43
percent higher during 1995 than during 1990.
Rural (self-supplied) domestic withdrawals were
the same in 1995 (3,390 Mgal/d) as in 1990.

More water (fresh, saline) continues to l’
withdrawn for thermoelectric power generation
than for any other category (figure 34). Withdraw
als for thermoelectric power generation peaked in
1980 at 210,000 Mgal/d and fluctuated arouwl
190,000 Mgal/d during 1985, 1990, and 1995.

The estimate of total self-supplied withdraw
als (fresh, saline) for “other” industrial uses for
1995 is 29,100 MgalJd, or about 3 percent less than
for 1990. Industrial withdrawals declined from
1980 to 1995 after remaining about the same for
the years reported between 1965 and 1980. In fact,
self-supplied withdrawals for “other” industrEal
use during 1995 are the lowest in this series since
records began in 1950. Lower industrial withdraw
als are the result of new industries and technologies
that require less water, improved plant efficiencies.
increased water recycling, changes in laws and reg
ulations to reduce the discharge of pollutants, and
conservation measures.

Total irrigation withdrawals were about the
same during 1955 and 1960, then steadily
increased for the individual years reported from
1965 to 1980, and gradually decreased from 1980
to 1995 (figure 34; table 31). Estimated irrigation
withdrawals during 1995 (134,000 Mgal/d) were
about 2 percent less than during 1990 and 1985.
liTigation application rates vary from year to year
and depend on annual rainfall, surface water avail
ability, energy costs, farm commodity prices,
application technologies, and conservation prac
tices. The average amount of water applied per
acre for irrigation in the United States during 1995
was about 2.1 acre-feet, which is about the same as
in 1990, slightly less than the 1985 average o
2.2 acre-feet, and well below the 1975 and 1980
average of 2.5 acre-feet. This decline in application
rates is the result of implementation of improved
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and more efficient irrigation systems and tech
niques. Also, application rates in the more humid
Eastern United States tend to be lower than in the
dryer Western United States and the amount of irri
gated acreage continues to increase in the Eastern
United States.

The total number of acres irrigated in the
United States steadily increased for the individual
years reported from 1950 to 1980 and remained
fairly constant at around 58 million acres for the
years reported from 1980 to 1995. The increase in
acres irrigated from 1950 to 1980 was the result of
increases in both the Western and Eastern United
States. Acres irrigated in the 19 western states
decreased from 1980 to 1995 as a result of irrigated
acreage being replaced by dry land farming and
urban development, and irrigation water rights

being sold to municipal water suppliers. Acres irri
gated in the eastern United States, however, contin
ued to increase more than offsetting the decrease in
the western states.

Instream use (hydroelectric power) during
1995 was 4 percent less than during 1990. Water
used for hydroelectric power generation increased
steadily from 1950to 1975, but, during 1980, it was
about the same as during 1975. Hydroelectric power
water use during 1985, 1990, and 1995 fluct’iated
above 3,000 billion gallons per day. Changes in
hydroelectric power water use are closely related to
the availability of surface water. The use of
reclaimed wastewater is estimated to have been
about 1,020 MgalJd in 1995, which is 36 percent
more than the estimated 750 MgalJd used in 1990.

Table 31. Trends of estimated water use in the United States, 1950-95

[Data for 1950-90 adapted from MacKichan (1951. 1957), MacKichan and Kammerer (1961). Murray (1968). Murray and Reeves (1972,
1977). and Solley and others (1983, 1988. 1993). The water-use data are in thousands of million gallons per day and are rounded to two
significant figures for 1950-80. and to three significant figures for 1985-95: percentage change is calculated from unrounded numbers]

Year Percentage
change

‘1950 ‘1955 21960 21965 1970 1975 l980 1985 l990 1995 1990-95

Population, in millions 150.7 164.0 179.3 193.8 205.9 216.4 229.6 242.4 252.3 267.1 +6

Offstream use:
Total withdrawals 180 240 270 310 370 420 440 399 408 402 -2

Public supply 14 17 21 24 27 29 34 36.5 38.5 40.2 ÷4
Rural domestic and

livestock 3.6 3.6 3.6 4.0 4.5 4.9 5.6 7.79 7.89 8.89 +13
Irrigation 89 110 110 120 130 140 150 137 137 134 -2

Industrial:
Thermoelectric power

use 40 72 100 130 170 200 210 187 195 190 -3
Other industrial use. . . 37 39 38 46 47 45 45 30.5 29.9 29.1 -3

Source of water:
Ground:

Fresh 34 47 50 60 68 82 553 73.2 79.4 76.4 -4
Saline (6) .6 .4 .5 1 1 .9 .652 1.22 1.11 9

Sutface:
Fresh 140 180 190 210 250 260 290 265 259 264 +2
Saline 10 18 31 43 53 69 71 59.6 68.2 59.7 -12

Reclaimed wastewater (6) .2 .6 .7 .5 .5 .5 .579 .750 1.02 +36
Consumptive use (6) (6) 61 77 87 96 l00 92.3 94.0 ‘100 +6

Instream use:
Hydroelectric power 1.100 1,500 2,000 2,300 2.800 3.300 3,300 3.050 3.290 3,160 -4

‘48 States and District of Columbia.
250 States and District of Columbia.

States and District of Columbia. and Puerto Rico.

5Revised
6Data not available.
7Freshwater only.

50 States and District of Columbia. Puerto Rico, and Virgin Islands.
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The general increase in water use from 1950 to
1980 and the decrease from 1980 to 1995 can be
attributed, in part, to the following major factors:

• Most of the increases in water use from 1950 to
1980 were the result of expansion of irrigation
systems and increases in energy development.

• The development of center-pivot irrigation
systems and the availability of plentiful and
inexpensive ground-water resources supported
the expansion of irrigation systems.

• Higher energy prices in the 1970’s, and large
drawdown in ground-water levels in some
areas increased the cost of irrigation water. In
the 1980’s, improved application techniques,
increased competition for water, and a down
turn in the farm economy reduced demands for
irrigation water.

• The transition from water-supply management
to water-demand management encouraged
more efficient use of water.

• New technologies in the industrial sector that
require less water, improved plant efficiencies,
increased water recycling, higher energy pric
es, and changes in laws and regulations to
reduce the discharge of pollutants resulted in
decreased water use and less water being
returned to the natural system after use.

• The enhanced awareness by the general public
to water resources and active conservation
programs in many States have contributed to
reduced water demands.

Projections of future water use are beyor’i the
scope of this report, although the trends established
over the past 45 years from these national compila
tions provide some basis for estimating future water
demands. It seems likely that water withdrawals for
public supply and domestic uses will continu’ to
increase as population increases. Higher water
prices and active water conservation prograrrs,
however, may reduce the per-capita use rates. With
increased competition for water for instream uses,
such as river-based recreation, esthetic enjoyment,
fish and wildlife habitat, and hydroelectric power,
along with higher municipal uses, irrigators v’ill
have increasing difficulty competing economically
for available water supplies. Thus, a leveling in the
rate of agricultural water use combined with grow
ing population and urbanization suggests that, for
the foreseeable future, new balances will have to be
struck in water use between the rural and urbn
areas, especially in the Western United Stater
(Moore and others, 1990, p. 97). It seems likely
that, for the foreseeable future, industrial water use
and use per unit of production will continue to
decline in most sectors, although probably nct as
sharply as in the recent past (David, 1990, p. 85).

Regardless of which projection proves correct,
major attention needs to be given to water-manage
ment problems to ensure that maximum benefits
will be obtained from use of the Nation’s water
resources. This has become more evident, because,
in addition to the need for an adequate water supply,
water-quality conditions need to be suitable if
supply and demand are to be kept in balance.



U
0
C’)>
0<

C’)
D

HZ

(0<

Z

aJ

LL
0
C’)>

cr
LU

0
HZ

>Z

H

300

250

U)
Z
0

200

2

150 Z
0
H

D100
0
0

TRENDS / 65

400

350

300

250

200

150

100

50

0

300

250

200

150

100

50

0

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995

Figure 33. Trends in fresh ground- and surface-water withdrawals, and population, 1 950-95.
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software to view the data, and explanatory text.

Water-Resources Investigations Reports are papers of an
interpretive nature made available to the public outside the for
mal USGS publications series. Copies are produced on request
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public inspection at depositories indicated in USGS catalogs.
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reports. and a wide range of scientific documents on USGS
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ries is the earliest Government publication to furnish estimates
covering nonfuel mineral industry data. Data sheets contrin
information on the domestic industry structure, Governmnt
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‘lao Ground Water Management Area High-
Level Source Water Use Permit Applications
and Petition to Amend Interim Instream Flow
Standards of Waihe’e, Waiehu, ‘lao, &
Waikapu Streams Contested Case Hearing

____________________________________________________________________________)

The Parties to the above-entitled contested case, by and through their respective
attorneys, hereby stipulate as follows:

WHEREAS, the Commission on Water Resource Management (“Commission”) issued
its Findings of Fact, Conclusions of Law, and Decision and Order on June 10, 2010 (“6/10/10
D&O”); and

WHEREAS, the 6/10/10 D&O amended the Interim Instream Flow Standards (“IIFS”)
for Waihe’e River, North Waiehu Stream, and South Waiehu Stream; and

WHEREAS, the 6/10/10 D&O required implementation of the amended IIFS to occur in
no more than two months from the date of the 6/10/10 D&O unless the existing diversions
require re-engineering; and

WHEREAS, the release of waler to Waihe’ e River, North Waiehu Stream, and South
Waiehu Stream to implement the IIFS commenced on August 9 and 10, 2010; and

WHEREAS, some Parties raised concerns that full implementation of the amended IIFS
for South Waiehu Stream would result in certain offstream users who use water from the ditch
system on their kuleana lands to cultivate kalo or for other agricultural or domestic purposes
(“kuleana users”) being harmed due to the loss of or a serious reduction in their water supply;
and

WHEREAS, these certain kuleana users did not appear in these proceedings, but have
contacted the Parties and the Commission with their concerns about the impacts of implementing
the IIFS for South Waiehu Stream on their kuleana water uses; and

WHEREAS, Petitioners HUI 0 NA WAL ‘EHA, MAUI TOMORROW FOUNDATION,
INC. and OFFICE OF HAWAIIAN AFFAIRS (“Petitioners”) requested the other Parties and the
Commission to enter into a series of Stipulations and Orders suspending full implementation of
the 6/10/10 D&O with respect to South Waiehu Stream to facilitate the gathering of more data to
assess and address the impact on certain kuleana users; and
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WHEREAS, the Petitioners requested the other Parties and the Commission to enter into
the Third Stipulation and Order filed on January 3, 2011, which suspended the Mi
implementation of the 6/10/10 D&O with respect to South Waiehu Stream for a period of one
year and provided that, during that period (a) the entire flow of South Waiehu Stream would be
diverted into the diversion ditch, which would allow Commission staff to gather stream flow data
and assure the kuleana users of sufficient water, (b) Hawaiian Commercial and Sugar Company
(HC&S) would proceed with the repair of the concrete apron of the South Waiehu Stream
diversion structure, and (c) the Parties would continue to explore improvements to the stream
and kuleana diversion structures; and

WHEREAS, South Waiehu Stream flow has been measured continuously for eight
months, HC&S has completed the concrete apron repair and the Commission staff and Parties
conducted a site visit in which they met with the South Waiehu kuleana users and inspected the
kuleana ‘auwai from its intake in HC&S’s ditch to its return flow into South Waiehu Stream; and

WHEREAS, the Commission is currently in the process of determining the appurtenant
rights of kuleana users in Na Wai ‘Eha, including South Waiehu Stream, after which it will
quantify those rights; and

WHEREAS, the Parties and the Commission staff have met several times and consulted
with the South Waiehu kuleana users to discuss improvements to the kuleana intake to make
delivery more efficient; and

WHEREAS, the Parties and the Commission staff have discussed a provisional ditch
modification to maximize the amount of water diverted from South Waiehu Stream that can be
delivered to the kuleana users during low ditch flows, and the kuleana users on the parcel
designated as TIvfK No. 3-3-2-9 have been informed of and approve the ditch modification
notwithstanding that they may need to clear the grate of debris more than is currently required;
and

WHEREAS, it may be premature to attempt the development of a longer term
engineering solution until the appurtenant rights and any associated surface water use permits of
the South Waiehu kuleana users are determined and quantified;

NOW, THEREFORE, the Parties stipulate and the Commission orders as follows:

1. Full implementation of the 6/10/10 D&O with respect to South Waiehu Stream
shall be suspended until January 3, 2013 (the suspension period);

2. During the suspension period the Parties will undertake measures designed to
achieve the delivery of 250,000 gallons per day, during low flow periods, to the kuleana users
through the South Waiehu diversion ditch, with stream flow in excess of that amount needed to
deliver 250,000 gallons per day during low flow periods to remain in South Waiehu Stream.

3. To implement that goal, as soon as practicable HC&S will modify the diversion
ditch as discussed on December 5, 2011, to channel the diverted water in the ditch toward the
grate of the kuleana users’ intake to minimize the flow that bypasses the grate during periods of
low ditch flows(the “ditch modification”). HC&S shall provide the kuleana users, either directly
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or through the Parties or Commission staff with as much advance notice as practicable beforethe kuleana water is cut off to implement the ditch modification.

4. As soon as practicable after the ditch modification is completed, HC&S, in
coordination with the Commission stafl, will reset the sluice gate on the South Waiehu diversionstructure to a point (the “baseline setting”) that will allow sufficient water to enter the diversionditch to result in approximately 250,000 gallons per day being delivered to the kuleana intakeduring periods of low stream flows, and the remainder being returned to the stream.

5. The baseline setting shall be maintained during the suspension period subject totemporary adjustments as may be necessary to facilitate system maintenance and the periodictaking of stream and ditch flow measurements and to otherwise insure that the goal set forth inparagraph 2 hereof is met.

DATED: Dceember 30, 2012.
Thzanber 30, 201L

ISAAC MORIWAKE/D. KAPUA’ALA SPROAT
Attorneys for HUI 0 NA WAI ‘EHA and MAUI
TOMORROW FOUNDATION, INC.

JANE B. LOVELL
Attorney for COUNTY OF MAUI,
DEPARTMENT OF WATER SUPPLY

PAMELA W.BUNN
Attorney for OFFICE OF HAWAIIAN AFFAiRS

PAUL R. MANCINI
Attorney for WAILUKU WATER COMPANY, LLC

DAVID SCHULMEISTER/ELIJAR YIP
Attorneys for HAWAIIAN COMMERCIAL &
SUGAR COMPANY
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or through the Parties or Commission staff; with as much advance notice as practicable before
the kuleana water is cut off to implement the ditch modification.

4. As soon as practicable after the ditch modification is completed, HC&S, in
coordination with the Commission staff; will reset the sluice gate on the South Waiehu diversion
structure to a point (the “baseline setting”) that will allow sufficient water to enter the diversion
ditch to result in approximately 250,000 gallons per day being delivered to the kuleana intake
duing periods of low stream flows, and the remainder being returned to the stream.

5. The baseline setting shall be maintained during the suspension period subject to
temporary adjustments as may be necessary to facilitate system maintenance and the periodic
taking of stream and ditch flow measurements and to otherwise insure that the goal set forth in
paragraph 2 hereof is met.

DATED: Dcccmbcr 30, 2012.
Decenber 30, 2011.

ISAAC MORIWAKEID. KAPUA’ALA SPROAT
Attorneys for RU! 0 NA WA! ‘EHA and MAUI
TOMORROW FOUNDATION, INC.

JNg E. LOVELL
Aetafney for COUNTY OF MAUI,
DEPARTMENT OF WATER SUPPLY

PAMELA W. BUNN
Attorney for OFFICE OF HAWAIIAN AFFAIRS

PAUL R. MANCINI
Attorney for WAILUKU WATER COMPANY, LLC

DAVID SCHULMEISTERJELIJAH YIP
Attorneys for HAWAIIAN COMMERCIAL &
SUGAR COMPANY

FOURTH STIPULATION AND ORDER; ‘lao Ground Water Management Area High-Level Source Water Use
Permit Applications and Petition to 4mend Interim Insiream Flow Standards of Waihe ‘e, Waichu, ‘Tao. & Wailcapü
Streams Contested Case 1-Fearing: Case No. CCH-MA-06-O I
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or through the Parties or Commission statT. with as much advance notice as practicable before
the kuleana water is cut ff to implement the ditch modification.

4. As soon as practicable after the ditch modiicaiion is completed. NC&S. in
coordination with th Commission staff, will reset the sluice gate on the South Waichu
structure to a point (the baselirte setiing9 that will allow sufficient water tc enter the diversion
ditch t< result in approvimately 25OOOt) gallons per day being delivered to the kuleana intake
during periods of low stream thiws. atid the remainder being returned t the stream.

5. The baseline setting shall be maintained dwing the suspension period subiect to
temporary adjustments as may be nectasary to leilltate system maintenance and the periodic
takint ot stream and ditch flow measurements and in otherwise insure that the goal set forth in
paragraph 2 hereof is met,

DATED: Decerner 2012.
tcanber 3Y, Jil. (L

ISAAC MORfV AM DKAPUA l t I&O\ r
Attorneys for HUl 0 NA WAI ‘EH, and MAUI
TOMORROW FOUNDAIEON. INC.

JANE E. LOVELL
Attorney lbr COUNTY OF MAUL
DEPART ENT OF WATER SUPPLY

Attorney for OFFICE OF HAWAIIAN AFFAIRS

PAUL R. 4ANCiNl
Attorney tby’ WAJLUKtJ WATER COMPANY. LLC

DAVID SCHULMEISTER’EIJJAH YIP
Attorneys fnr HAWAIIAN COMMERCIAL &
SUGAR COMPANY
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or through the Parties or Commission staff, with as much advance notice as practicable beforethe kuleana water is out off to implement the ditch modification.

4. As soon as practicable after the ditch modification is completed, HC&S, incoordination with the Commission staff; will reset the sluice gate on the South Waiehu diversionstructure to a point (the “baseline setting”) that will allow sufficient water to enter the diversionditch to result in approximately 250,000 gallons per day being delivered to the kuleana intakeduring periods of low stream flows, and the remainder being returned to the stream.

5. The baseline setting shall be maintained during the suspension period subject totemporary adjustments as may be necessary to cilitate system maintenance and the periodictaking of stream and ditch flow measurements and to otherwise insure that the goal set forth inparagraph 2 hereof is met.

DATED: Dcocmbcr 30, 2012.
Lanber 30, 2011.

ISAAC MORIWAKB/D. KAPUA’ALi SPROAT
Attorneys for HUI 0 NA WAI ‘El-IA and MAUI
TOMORROW FOUNDATION, INC.

JANE E. LOVELL
Attorney for COUNTY OF MAUI,
DEPARTMENT OF WATER SUPPLY

PAMELA W. BUNN
Attorne r OFFICE OF HAWAIIAN AFFAIRS

PA R. MANCINI
Attorney for WAILUKU WATER COMPANY, LLC

DAVID SCHULMBJSTEPJELIJAH YIP
Attorneys for HAWAIIAN COMMERCIAL &
SUGAR COMPANY
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or through the Parties or Commission staff, with as much advance notice as practicable before
the kuleana water is cut off to implement the ditch modification.

4. As soon as practicable after the ditch modification is completed, HC&S, in
coordination with the Commission staff; will reset the sluice gate on the South Waiehu diversion
structure to a point (the “baseline setting”) that will allow sufficient water to enter the diversion
ditch to result in approximately 250,000 gallons per day being delivered to the kuleana intake
during periods of low stream flows, and the remainder being returned to the stream.

5. The baseline setting shall be maintained during the suspension period subject to
temporary adjustments as may be necessary to facilitate system maintenance and the periodic
taking ofstream and ditch flow measurements and to otherwise insure that the goal set forth in
paragraph 2 hereof is met.

DATED: December 30, 2Ol2—#,
tber 30, 2011. J’

ISAAC MORIWAKE/D. K.APUA’ALA SPROAT
Attorneys for HUI 0 NA WAI ‘EllA and MAUI
TOMORROW FOUNDATION, NC.

JANE E. LOVELL
Attorney for COUNTY OF MAUI,
DEPARTMENT OF WATER SUPPLY

PAMELA W. BUNN
Attorney for OFFICE OF HAWAIIAN AFFAIRS

PAUL R. MANCINI
Attorney for WAILUKU WATER COMPANY, LLC

DAVID S liJLMEISTERIELIJAfl’—
Attorneys for HAWAIIAN COMMERCIAL &
SUGAR COMPANY

FOURTh STIPULATION AN!) ORDER; ‘lao Ground Waler Management Area High-Level Source Water UsePermit Applications and Petition to Amend Interim Instream Flow Standards of Waihe ‘e, Walehu, ‘faa, & WaikapaStreams Contested Case Hearing; Case No. CCH-MA-06-O1
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GOOD CAUSE APPEARING, IT IS SO ORDERED.

f1y
WILLIAM J. AILA, JR., Chairperson

WILLIAM D. BALFOUR, JR., Commissioner

SUMNER ERDMAN, Commissioner

NEAL S. FUJ1WARA, Commissioner

LORETA J. FUDDY, Commissioner

LAWRENCE H. MHKE, M.D., J.D., Commissioner

FOURTH STIPULATION AND ORDER; lao Ground Water Management Area High.Level Source Water UsePermiAppiicatwns and Petition wAmend in erim Instream Flow Standards of Waihee. Waiehu, lao, & WaikapñStreams Contested Case Hearing; Case No. CCH-MA-06-O1
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GOOD CAUSE APPEARING, IT IS SO ORDERED.

WILLIAM S. AILA, JR., Chairperson

WILLIAM D. BALFOUR, JR., Comniissioner

SUMNER ERDMAN, Commissioner

NEAL S. F(JJJWARA, Commissioner

LAWRENCE H. MIIKE, M.D., S.D., Commissioner
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GOOD CAUSE APPEARING, IT IS SO ORDERED.

WILLIAM J. AILA, JR., Chairperson

WILLIAM P. BALFOUR, JR., Commissioner

SUMNER ERDMAN, Commissioner

NEAL S. FUJIWARA, Commissioner

LORETFA J. FtJDDY, Commissioner
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COMMISSION ON WATER RESOURCE MANAGEMENT

‘Tao Ground Water Management Area
High-Level Source Water-Use
Permit Applications and
Petition to Amend Interim Instream
Flow Standards of Waihe’e River
and Waiehu, ‘Tao, & WaikapU
Streams Contested Case Hearing

STATE OF HAWAII

DAVID SCHULMEISTER
Cades Schutte LLP
1000 Bishop St., Ste. 1200
Honolulu, HI 96813
ATTORNEY FOR HAWAIIAN
COMMERCIAL & SUGAR
COMPANY (HC&S)

GILBERT S.C. KEITH-AGARAN
Takitani & Agaran, Law Corporation
24 N. Church Street, Suite 409
Wailuku, HI 96793
ATTORNEY FOR WAILUKU
WATER COMPANY LLC

JANE E. LOVELL, ESQ.
BRIAN T. MOTO, ESQ.
Department of the Corporation Counsel
County of Maui
200 South High Street
Wailuku, HI 96793
ATTORNEYS FOR COUNTY OF MAUI
DEPARTMENT OF WATER SUPPLY

DAVID LOUIE
Attorney General
DONNA KALAMA
Deputy Attorney General
JULIE CHINA
Deputy Attorney General
State of Hawaii
Department of the Attorney General
Land/Transportation Division
465 South King Street, Room 300
Honolulu, HI 96813
(Via State Messenger)

MR. PAUL R. MANCINI, ESQ.
Mancini, Welch & Geiger LLP
33 Lono Avenue, Suite 470
Kahului, HI 96732
ATTORNEY FOR WAILUKU
WATER COMPANY LLC

PAMELA W. BUNN, ESQ.
Paul Johnson Park & Niles
American Savings Bank Tower, Suite 1300
1001 Bishop Street
Honolulu, 1-11 96813
ATTORNEY FOR OHA

D. KAPUA SPROAT, ESQ.
ISAAC H. MORIWAKE, ESQ.
Earthjustice
223 5. King Street, Suite 400
Honolulu, HI 96813
ATTORNEYS FOR HUI 0 NA WAI EHA

JON M. VAN DYKE
2515 Dole Street
Honolulu, HI 96822
ATTORNEY FOR COUNTY OF MAUI
DEPARTMENT OF WATER SUPPLY
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CERTIFICATE OF SERVICE

The undersigned hereby certifies that on this date a copy of the foregoing was served by U.S. mail,postage pre-paid or via State Messenger to the following parties addressed as follows:

Dated: Honolulu, HI January 3.2012

KATHY YOs non Water Resource Management



‘- Y GROUND WATER USE -2007
WELL PUMP STATE# JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 0.0 0.0 19.2 0.0 0.0 139.7 104.1 280.9 0.0 0.0 36.8 0.0 580.8
7B 0.0 0.0 0.0 0.0 0.0 0.0 14.2 0.0 0.0 0.0 0.0 0.0 14.2

MOI”HLY GROUND WATER USE - 2008
WELL PUMP STATE # JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.2 0.0 12.2
7B 0.0 0.0 0.0 0.0 0.0 0.0 47.1 0.0 0.0 0.0 0.0 0.0 47.1

MONTHLY GROUND WATER USE - 2009
WELL PUMP STATE # JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 0.0 0.0 0.0 0.0 0.0 301.8 331.4 0.0 57.0 0.0 0.0 0.0 690.1
7B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MONTHLY GROUND WATER 3E - 2010
L WELL PUMP STATE # JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 0.0 0.4 0.0 0.0 10.8 460.3)224.1 544.9 432.9 482.8 0.0 55.5 2211.6
7B 0.0 0.0 0.0 0.0 0.0 O.0jo.o 0.0 0.0 0.0 0.0 0.0 0.0

MONTHLY GROUND WATER USE - 2011
LWELL PUMP STATE # JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 0.0 337.7 266.4 517.7 413.8 473.8 414.9 112.8 513.9 561.4 371.6 343.0 4327.0
7B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.2

MONTHLY GROUND WATER USE - 2012
jjLL PUMP STATE # JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 371.0 444.2 10.6 0.0 413.1 82.7 473.8 473.8 361.1 159.1 0.0 66.8 2856.2
7B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.5 397.4 464.9 160.0 1033.8

MONTHLY GROUND WATER USE - 2013
WELL PUMP STATE # JAN FEB MAR APR MAY JUN JUL ( AUG SEPT OCT NOV DEC TOTAL

7 7A 5128-02 3.9 0.0 0.0 0.0 368.2 523.9 281.0 1 0.0 315.3 210.3 104.1
7B 0.0 0.0 309.3 507.8 60.0 0.0 164.1 1 332.7 184.2 90.5 87.4

IFS releases done on Waihee and North/South Walehu streams on 8/9 & 10/ 2010
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Well 7 Data

Date Gage Height in Feet Pump Running
2/28/2011 3.66’ No
3/29/2011 3.58’ No
3/29/2011 3.40’ Yes -7AC
4/28/2011 2.70’ Yes -7AC
5/31/12011 2.59’ Yes -7AC
6/6/2011 3.43’ No

6/23/2011 3.48’ No
7/18/2011 3.52’ No
7/19/2011 2.70’ Yes-7AC
8/4/2011 — 2.74’ Yes -7AC

9/17/2011 2.60’ Yes -7AC
10/10/2011 2.68’ Yes -7AC
11/9/2011 2.59’ Yes-7AC
12/6/2011 2.62’ Yes -7AC
1/11/2012 2.62’ Yes -7AC
2/12/2012 2.67’ Yes -7AC
3/5/2012 3.50’ No

4/23/2012 3.76’ No
5/21/2012 2.66’ Yes -7AC
6/8/2012 3.64’ No
7/9/2012 3.60’ No

8/5/2012 2.72’ Yes-7AC
9/10/2012 2.67’ Yes-7AC
10/23/2012 2.68’ Yes -7AC
11/9/2012 2.06’ Yes-7BD

12/12/2012 3.62’ No
1/10/2013 3.66’ No
2/7/2013 3.70’ No
3/11/2013 2.10’ Yes -7BD
4/20/2013 1.88’ Yes-7BD
5/28/2013 2.61’ Yes -7AC
6/12/2013 3.34’ No
6/17/2013 2.76’ Yes -7AC
7/1/2013 2.74’ Yes -7AC

7/15/2013 2.71’ Yes -7AC
9/19/2013 2.74’ Yes -7AC
9/24/2013 Yes -7AC
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10/23/2013 Yes -7AC
10/27/2013 2;66’ Yes-7AC
11/6/2013 Yes-7AC
11/9/2013 2.55’ Yes7BD



Chlorides ug/mI (ppm)

260.09
263.38
292.15
292.15

250.72

245.02
294.92
289.81
323.38
295.40
291.60

279.0

285.0

290.0
311.0
320.0
330.0

296.0
300.0
375.2

285.3

347.4

345.0
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SOIL SURVEY OF

1sands of Kauai, Oahu, Maui,
Molokai, and Lanai,

State of Hawaii

United States Department of
Soil conservation Service
in cooperation with
The University of Hawaii
Agricultural Experiment Station

Issued August 1912

Agriculture
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HOW TO USE THIS SOIL SURVEY

T HIS SURVEY contains information that
can be applied in managing farms, ranches,

and woodlands; in selecting sites for roads,
ponds, buildings, or other structures; and in
appraising the suitability of tracts of land for
farming, ranching, industry, or community
development.

Locating Soils

All the soils on the islands of Kauai, Oahu,
Maui, Molokai, and Lanai arc shown on the
detailed map at the back of this survey. This
map consists of many sheets that are made
from aerial photographs. Each sheet is num
bered to correspond with numbers shown on
the Index to Map Sheets.

On cach sheet of the detailed map. soil areas
are outlined and are identified by symbol. All
areas marked with the same symbol are the.
same kind of soil. The soil symbol is inside the
area if there is enough room; otherwise, it is
outside and a pointer shows where the symbol
belongs.

Finding and Using Information

The “Guide to Mapping Units” can be used
to find information in this puiblication. This
guide lists all of the soils on the islands in
alphabetic order by map symbol. It shows the
page where each kind of soil is described, the
classification of the soil by capability class and
subclass, and also the page for the suga.rcane
group, the pineapple group, the pasture group,
and t.he woodland group in which the soil has
been placed.

Interpretations not included in the text can
be developed by grouping the soils according

to their suitability or limitations for a particu
lar use. Translucent material can be used as an
overlay over the soil map and colored to show
soils that have the same limitation or suitabil
ity. For example, soils that have a slight limi
tation for a given use can be colored green,
those with ‘a moderate limitation can be colored
yellow, and those with a severe limitation can
be colored red.

Fa’rmers and those who work with them can
learn about use and management of the soils
from the soil descriptions and from the discus
sions of the sugarca.ne groups, the pine’apple
groups, the pasture groups, and the woodland
groups.

Ranchers and others interested in pasture can
find under “Pasture Management,” informa
tion about the suitability of the soils for pas
ture and the kind of plants that grow on the
islands.

Foresters and others can refer to “Woodland
Management” to learn about the suitability of
the soils for trees.

Engineers and builders will find under
“Engineering Uses of the Soils,” tables that
describe soil properties that affect engineering
and show the relative stability of the soil for
specific engineering purposes.

Scientists and others can read about how the
soils are classified and how they formed in the
section “Classification, Genesis, and Morphol
ogy of the Soils.”

Newcomers on the islands may be eeeiall
interested in the section “General Soil Map,’
where broad patterns of soils are described.
They may also be interested in the section
“General Nature of the Islands” where history,
geography, climate, and other general informa
tion are given.

U.S GOVERJ1MENT PRINTIOG OFFICE, 7972

Major fieldwork for this soil survey was completed in 1965. Soil names and descriptions were approved
in 1967 Unless otherwise indicated, statements in the publication refer to conditions on the islands in
1965. This survey was made cooperatively by the Soil Conservation Service and The University of Hawaii
Agricultural Experiment Station. It was part of the technical assistance furnished to the nine Soil and
Water Conservation Districts on the islands.

Either enlarged or reduced copies of the soil map in this publication can be made by commercial
photographers, or they can be purchased, on individual order, from the Cartographic Division, Soil
Conservation Service, United States Department of Agriculture, Washington, D.C. 20250.

Cover picture: Mt. Kahili forms backdrop for part of fer
tile, green grazing paddocks on island of Kauai. Steep moun
tain slopes are maintained in tree and shrub cover for soil
protection. Grazing paddocks are Puhi silty clay barns. Steep

slopes are Rough broken land.

For sole by the Superintendent of Documents, U.S. Government Printing Offlee
Washington, D.C. 20402



How this survey was made
General soil map

Island of Kauai
1. Jaucas-Mokuleja association
2. Ilanalei-Kolokolo-Pakala association
3. ICekaha-Nohili association
4. Xapaa-Pooku-Halii-Makapili association
5. Lihuc-Puhi association
6. Makaweli-Waiawa-Niu association
7. Waikomno-Kalihi-Koloa association
8. Rough broken land-Mahana-Kokee associatioa.
9. Waialeale-Alakai association

10. Rough mountainous land-Rough broken land-
Rock outcrop association

island of Oahu
1. Lualualei-FiLl land-Ewa association
2. llelemano-Wahiawa association
3. Tropohumults-Dystrandepts association
4. Rough mountainous land-Kapaa association
5. Rock land-Stony steep land association
6. Kaena-Waialua association
7. Lolekaa-Waikane a5oeiation

Island of Maui
1. Pulehu-Ewa-Jaucas association
2. Waiakoa-Keahua-Molokai association
3. Honolua-Olelo association
4. Rock land-Rough mountainous land assoeiation -

5. Pun Pa-Kula-Pane association
6. Hydrandepts-Tropaquods association
7. Hana-Makaalae-Kailna association
8. Pauwela-Haiku association
9. Laumaia-Kaipoioi-Olinda association

10. ICeawaka.pu-Makena association
11. Kamaole-Oanapuka association

Islands of Molokai arid Lanai
1. Jaucas-Mala-Pulehu association
2. Molokal-Lahaina association
3. Kahanui-Kalae-Kanepuu association
4. Very stony land-Rock land association
5. Rough broken land-Oh association
6. Rough mountainous land-Amalii-Olokui associa

tion
Descriptions of the soils

Alac series
Alaeioa series
Alakai series
Amalu series
Badland
Beaches
Blown-nut land
Cinder land
Coiluvial land
Coral outcrop
Duneland
Ewa series
Fill land
(Sullied land
Haiku series
Halawaserics
Haleiwaseries
Fialii series
Haliixnaile series
1-lamakuapoko series
Hamia series
Hanalei series
Hanamaulu series

Descriptions of the soils—Continued
Helemano series
J-Iihimanu series
Holomna series
Honolua series
Hononianu series
Honouliuli series
Hoolehua series
Ruins, series
Hydrandepts-Tropaquods association
lao series
Jo series
Ioleau series
Jaucas series
Kaena series
Kahana series
Kahanui series
[Cailua series
Kaimu series
Kaipoioi series
I5.alae series
Kalapa series
Kataupapa series
Kalihi series
Kalokoscries
Kamaolc series
Kaneoheseries
Icanepuu series
Kapaa series
Kanuhikani series
Kauposerics
Kawaihapai series
Keaau sen
Keahua series
Kealia series
Keawakapu series
Kekaha series
Kemoo series
Rode series
Kokee series
Koko series
Kokokahi series
Kolekoleseriea
Koloaseries
Kolokoloseries
Koolau series
Kulaseries
Kuniaseries
Knnuweia series
Lahainascries
Laumala series
Lava flows, Aa
Lawai series
Leilehua series
Lihue series
Lolekaaseries
Lualualei series
Mahana series
Makaalae series
Makalapaseries
Makapiiscri
Makawao series
Makaweli series
Makenasenies
Makiki series
Mala series
Mamma series

Contents
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Descriptions of the soils—Continued
Flamalaseries
Mananaseries
Marsh
Mokuleia series
Molokai series
Naiwa series
Nm series
Niulii series
Nohiliseries
ThTonopahuseries
Onnapuka series
Olelo series
Oh series
Olinda series
Olokui series
Opihikao series
Paoiki series
Paaloa sen
Paiaseries
Pakala series
Pamoa series
Pane series
Papaa series
Patunalu series
Pauwela series
Pearl Harbor series
Pohakupu series
Pooku series

—

Puhi series
Pulehu series
Puuone series___
Puu Opae series
Pun Pa series
Riverwash
Roekiand
Rock outcrop
Rough broken land
Rough broken and stony land
Rough mountainous land
Rubble land
Sandy alluvial land
Stony alluvial land
Stony blown-outland
Stony colluvial land
Stonyland
Stony steep land
Tantalus series
Tropnquepts
Tropaquods
Tropohumults-Dystrandepts association
Ulupalakua series
Uma series
Uwala series
Very stony land
l.’Tahiawa series
Wahikuli series

Descriptions of the soils—Continued
Waiakoa series
Waialeale series
\\raialua series
Waiawa serics_
Waihuna series
IVaikane series
Waikapn series
Waikurno series
\Vailuku series
Wainee series
‘qraipahu series

Use and management of the soils
Sugarcane management

Sugarcane groups
Pineapple management

Pineapple groups
Pasture management

Estabhshment of pasture
Forage production
Pasture groups

roodtand management
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KAUAI, OAHU, MAUI, MOLOKAI, and LANAI—
five of the eight major islands in the State of

Hawaii—make up the survey area (fig. 1). The Hawaiian
Islands, the 50th State of the United States, lie in the
Pacific Ocean about 2,100 miles west southwest of San
Francisco, California. Honolulu, on the island of Oahu’

22OO

21 OO

2000

1 9OO

is the principal city and the State capital. It is on the cross
roads of the Pacific and serves as a gateway to Asia and
the South Pacific.

The area surveyed covers 1,463,820 acres, or 2,287 square
miles. The total land area of Kauai is 355,000 acres, or
555 square miles; Oahu 386,500 acres, or 604 square miles;

16000 15900 15800 15700’ 15500’

1

Figure 1.—Location of the islands of Kauai, Oahu, Maui, Molokai, and Lanai, State of Hawaii.
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Maui 465,920 acres, or 728 square miles; Molokai 166,400
acres, or 260 square miles; and Lanai 90,000 acres, or 140
square miles.

Most of the soils on the islands formed in volcanic
material. A few formed in organic material and coral sand.
The climate is characterized by mild temperatures. An
nual rainfall, most of winch occurs during the period
October to April, ranges from 10 inches to more than
400 inches.

The econom of the islands depends mainly on farming
and ranching and on tourism. Sugarcanc and pineapple
are the principal crops. Cattle ranching is the principal
livestock industry.

How This Survey Was Made
Soil scientists made this survey to learn what kinds of

soil are on the islands, where they are located, and how
they can be used. They observed the steepness, length,
and shape of slopes, the size and speed of streams, the
kinds of native plants or crops, the kinds of rook, and
many facts about the soils. They dug maiiy holes to
expose soil profiles. A profile is the sequence of natural
layers, or horizons, in a soil; it extends from the surface
down into the parent material that has not been changed
much by leaching or by the action of plant roots.

The soil scientists made comparisons among the pro
files they studied, and they compared these profiles with
those on other islands of the United States and in places
more distant. They classified and named the soils accord
ing to nationwide, uniform procedures. The soil series
and the soil phase are the categories of soil classification
most used in a local survey (16) •1

Soils that have profiles almost alike make up a soil
series. Except for different texture in the surface layer,
all the soils of one series have major horizons that are
similar in thickness, arrangement, and other important
characteristics. Each soil series is named for a town or
other geographic feature near the place where a soil of
that series was first observed and mapped. Molokai and
Lahaina, for example, are the names of two soil series.
All the soils of the United States having the same series
name are essentially alike in those characteristics that
affect their behavior in the undisturbed landscape.

Soils of one series can differ in texture of the surface
soil and in slope, stoniness, or some other characteristic
that affects use of the soils by man. On the basis of such
differences, a soil series is divided into phases. The name
of a soil phase indicates a feature that affects manage
ment. For example, Molokai silty clay loam, 7 to 15 per
cent slopes, severely eroded, is one of several phases
within the Molokai series.

After a guide for classifying and naming the soils had
been worked out, the soil scientists drew the boundaries
of the individual soils on aerial photographs. These
photographs show woodlands, buildings, field borders,
trees, and other details that help in drawing boundaries
accurately. The soil map in the back of this publication
was prepared from the aerial photographs.

The areas shown on a soil map are called mapping
units. On most maps detailed enough to be useful in

planning the management of folds, a mapping unit is
nearly equivalent to a soil phase. It is not exactly equiva
lent, because it is not practical to show on such a map
all the small, scattered bits of soil of some other kind
that have been seen within an area that is dominantly
of a recognized soil phase.

Some mapping units are made up of soils of different
series, or of different phases within one series. Two such
kinds of mapping units are shown on the soil map of
the islands: soil complexes and soil associations.

A soil complex consists of areas of two or more soils,
so intermingled or so small in size that they cannot be
shown separately on the soil map. Each area of a com
plex contains some of each of the two or more dominant
soils, and the pattern and relative proportions are about
the same in all areas. The name of a soil complex consists
of the names of the dominant soils, joined by a hyphen.
Kemoo-Badland complex is an example.

A soil association is made up of adjacent soils that
occur as areas large enough to be shown individually on
the soil map but are shown as one unit because the time
and effort of delineating them separately cannot be
justified. There is a considerable degree of uniformity
in pattern and relative extent of the dominant soils, but
the soils may differ greatly one from another. The name
of an association consists of the names of the dominant
soils, joined by a hyphen. Amalu-Olokui association is
an example.

In most areas surveyed there are places where the soil
material is so rocky, so shallow, or so severely eroded
that it cannot be classified by soil series. These places
are shown on the soil map and are described in the sur
vey, but they are called land types and are given descrip
tive names. Gullied land is a land type on the islands.

While a soil survey is in progress, samples of soils are
taken, as needed, for laboratory measurements and for
engineering tests. Laboratory data from the same kinds
of soil in other places are assembled. Data on yields of
crops under defined practices are assembled from farm
or plantation records and from field or plot experiments
on the same kinds of soil. Yields under defined manage
ment are estimated for all the soils.

But only part of a soil survey is done when the soils
have been named, described, and delineated on the map,
and the laboratory data and yield data have been assem
bled. The mass of detailed information then needs to be
organized in such a way as to be readily useful to
different groups of users, among them farmers, managers
of woodland and rangeland, arid engineers.

On the basis of yield and practice tables and other
data, the soil scientists set up trial groups. They test
these groups by further study and by consultation with
farmers, agronomists, engineers, and others, then adjust
the groups according to the results of their studies and
consultation. Thus, the groups that are finally evolved
reflect up-to-date knowledge of the soils and their beha
vior under present methods of use and management.

General Soil Map
The general soil maps at the back of this survey show,

in color, the soil associations on the islands of Kauai,
Oahu, Maui, Molokai, and Lanai, State of Hawaii. A1 Italic numbers in parentheses refer to Literature Cited, page 230.
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soil association is a landscape that has a distinctive pro
portional pattern of soils. It normally consists of one or
more major soils and at least one minor soil, and it is
named for the major soils. The soils in one association
may occur in another, but in a different pattern.

A map showing soil associations is useful to people
who want a general idea of the soils on the Hawaiian
Islands, who want to compare different parts of the
islands, or who want to know the location of large tracts
that are suitable for a certain kind of land use. Such
a map is a useful general guide in managing a watershed,
a wooded tract., or a• wildlife area, or in planning engi
neering works, recreational facilities, and community
developments. It is not a suitable map for planning the
management. of a farm or field, or for selecting the exact
location of a. roach building, or similar structure, because
the soils in any one association ordinarily differ in slope,
depth, stoniness, drainage, and other characteristics that
affect their management.

The islands of Kauai, Oahu, Maui, Molokai, and Lanai,
and the soil associations on each are described in the
foil owmg pages.

Island of Kauai
Kauai is the northernmost and the fourth largest island

in the State. It is 33 miles long and 25 miles wide. The
la-nd area is 355,000 acres, or 555 square miles. The
island rises to its highest point, 5,170 feet, at Kawaikini
Peak, which is near the center of the island. The Kauai
volcano is believe.d to have formed late iii the Tertiary
period (7). After the completion of the Kiuai shield
cone, there was a long period of erosion during which no
volcanic activity occurred. The Koloa voicanics occurred
later and covered many of the eroded areas. Waves cut
high cliffs around the island and streams c-ut deep can
yons. The north and central parts of the islands are not
easily accessible. They consist chiefly of canyons and
steep mountain slopes and the Alakai swamp.

Nearly all the farm and ranch land and the populated
areas on the island are on the low uplands along the
coast. These low coastal uplands circle the island except
for part of the northwest coast.

Because of its lush vegetation and beautiful mountains,
Kauai is commonly referred to a.s the Garden Island.
Lihue is the population, business, and cultural center. It
has a-n airport. Nawiliwili and Hanapepe have deep-
water harbors.

Two of the island’s three pineapple canneries were
closed in recent years. Some of the abandoned pineapple
land is used for sugarcane, some for pasture, and some
for papayas.

During the last few years, hotels have been built in
the Wailua, Nawiliwili, a-nd Poipu areas to accommodate
the increasing number of tourists.

1. Jaucas-Mokulcia association
Deep, nearly level to moderately sloping, excessively
draihed and well-drained soils that have coarse-textured
underlying material; on coastal plains

This association consists of excessively drained and
well-drained soils in dunes and on former beach areas
on the island of Kauai. These soils are nearly level to

moderately sloping. They developed in coral or basaltic
sand. The association makes up about 1 percent of the
island.

The elevation ranges from near sea level to 150 feet.
The annual rainfall is 20 to 100 inches. The mean annual
soil temperature is 74° or 750 F. The natural vegetation
is kiawe, Mu, feather fingcrgrass, sandbur, koa haole, and
bermudagrass.

Jaucas soils make up about 60 percent of the associa
tion and Mokuleia soils 25 percent. Dune land and Jaucas
soils, dark variant, make up the rest.

Jaucas soils have a surface layer of pale-brown to
grayish-brown, very friable loamy fine sand to sand. The
substratum is light-colored loose sand. Mokuleia soils
have a surface layer of very dark-brown, friable fine
sandy loam. The substratum is dark-brown to dark
grayish-brown, loose fine sand to sand.

This association is used for irrigated sugarcane, irri
gated alfalfa, pasture, and wildlife habitat. Mokuleia
and Jaucas soils are used mainly for pasture. Irrigated
areas of Jaucas soils are used for sugarcana and alfalfa.
Jaucas soils are also used as a source of sand. Upland
game birds are the principal kinds of wildlife.

2. Hanalei-Kolokolo-Pakala association
Deep, nearly level, poorly drained to well-drained
soils that have dominantly moderately yne textured or
medium-textured subsoil or underlying material; on
bottom land

This association consists of poorly drained to well-
drained soils on bottom land on the island of Kauai.
These soils are nearly level. They developed ii alluvium.
The association makes up about 2 percent of the island.

The elevation ranges from near sea level to 500 feet..
The annual rainfall is 25 to 150 inches. The mean annual
soil temperature is about 74° F. The natural vegetation
is koa haole, kiawe, bermuda.grass, mango, california
grass, seusitiveplant, ‘honohono, java plum, p angolagrass,
kikuyugrass, guava, pandanus, glenwoodgrass, ric-egrass,
and han.

Hanalel soils make up about 45 percent of the associa
tion, Kolokolo soils 25 percent, and Pakala soils 20 per
cent. Mokuleia soils, poorly drained variant, make up
the rest.

Hanalei soils have a surface layer of mottled dark
grayish-brown to mottled very dark gray, firm silty clay,
silty clay loam, or peaty silty clay loam. Their subsoil is
mottled, dark-gray to dark grayish-brown, firm silty
clay or silty clay loam. The substratum is stratified allu
vium. Kolokolo soils have a surface layer of very dark
brown, friable silty clay loam, loam, or extremely stony
clay loam. This layer is underlain by brown to very dark-
brown, friable loam to silty clay loam. The substratum
is stratified alluvium. Pakala soils have a surface- layer
of dark reddish-brown, firm clay loam or extremely stony
clay loam. Below this is very dusky red to dark reddish-
brown, very friable very fine sandy loam to silt loam.
The substratum is stratified alluvium.

This association is used for irrigated sugareane, irri
gated taro, irrigated truck crops, pasture, and wildlife
habitat. All of the soils are used for pasture. Irrigated
areas of Hanalei and Pakala soils arc used for sugarcane
and truck crops. Hanalei soils are also used for taro.
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Upland game birds make up most of the wildlife
population.

3. Kekaha-Nohili association
Deep, nearly level, well-drained and poorly drained soils
that have a fine-textured subsoil; on coastal plai’ns

This association consists of well-drained and poorly
drained, medium-textured to very fine textured soils on
the Mann coastal plain on the island of Kauai. These
soils are nearly level. They developed in alluvium. The
association makes up about 2 percent of the island.

The elevation ranges from near sea level to 80 feet.
The annual rainfall is 20 to 23 inches. The mean annual
soil temperature is about 75° F. The natural vegetation
is kon haole, kiawe, klu, and flrigergrass.

Kekaha soils make up about 45 percent of the associa
tion and Nohili soils 15 percent. Fill land and Kaloko,
Lualualei, and Mamala soils make up the rest.

Kekaha soils have a surface layer of dark reddish-
brown, friable silty clay, clay, or extremely stony silty
clay loam. The subsoil is dark reddish-brown, firm silty
clay or clay. The substratum is stratified alluvium and
marine clay. Nohili soils have a surface layer of dark
reddish-brown, firm clay and a subsoil of dark-brown
to very dark-gray, mottled, firm clay. The substratum is
marly clay.

This association is used for irrigated sugarcane, irri
gated truck crops, and pasture. Sugarcane is the chief
crop and is grown on all of the soils. Extremely stony
phases of Kekaha soils are used for pasture. Nohili soils
require drainage.

4. Kapaa-Pooku-HaUi-Makapili association
Deep, nearly level to steep, well drained and moderately
well drained soils that have a fine textured or moderately
fine textured subsoil; on uplands

This association consists of well drained and moder
ately well drained, fine-textured soils on the uplands of
East Kauai. These soils are nearly level to steep. They
developed in material weathered from basic igneous rock.
The association makes up about 10 percent of the island.

The elevation ranges from 100 to 1,000 feet. The
annual rainfall is 70 to 200 inches. The mean annual soil
temperature is between 72° and 74° F. The natural vege
tation is melastoma, rhodomyrtus, guava, ricegrass, hilo
grass, yellow foxtail, Christmas berry, false staghorn
fern, pangolagrass, kikuyugra.ss, kaiiniclover, sensitive-
plant, java plum, and joee.

Kapaa soils make up about 40 percent of the associa
tion, Pooku soils 25 percent, Haul soils 20 percent, and
Makapili soils 5 percent. Rough broken land and other
soils make up the rest.

Kapaa soils have a surface layer of dark-brown to
dark yellowish-brown, friable silty clay. The subsoil is
yellowish-red to reddish-brown, friable silty clay and
clay loam. The substratum is soft, weathered basic igne
ous rock. Pooku soils have a surface layer of dark-brown
to dark yellowish-brown, friable silty clay. The subsoil
is a dark-red to dark reddish-brown, friable silty clay
loam to silty clay. The substratum is soft, weathered basic
igneous rock. Halii soils have a surface layer of very
dark grayish-brown, friable gravelly silty clay loam to

gravelly silty clay and a subsoil of dara reddish-brown
to dark-brown, friable clay loam to silty clay. The sub
stratum is soft, weathered basic igneous rock. Makapili
soils have a surface layer of dark-brown to very dark
grayish-brown, friable silty clay and a subsoil of dark
reddish-brown, firm clay loam to silty clay. The substra
tum is soft, weathered basic igneous rock.

This association is used for sugarcane, pasture, pine
apple, woodland, wildlife habitat, and water supply.
Pooku and Makapili soils are used mainly for pasture,
Kapaa soils for sugarcane, and Halii soils for water
supply. Upland game birds and wild pigs are the princi
pal kinds of wildlife.

5. Lihue-Pithi association
Deep, nearly level to steep, well-drained soils that have
a fine textured or moderately fine textured subsoil; on
uplands

This association consists of well-drained, medium-
textured and fine-textured soils on the uplands of South
and East Kauni. These soils are nearly level to steep.
They developed in material weathered from basic igneous
rock. The association makes up about 12 percent of the
island.

The elevation ranges from near sea level to 800 feet.
The annual rainfall is 40 to 80 inches. The mean annual
soil temperature is about 73° F. The natural vegetation
is guava, java plum, pangolagrass, kikuyugrass, elephan
topus, jose, yellow foxtail, rhodomyrtus, lantana, koa
haole, molassesgrass, ‘guineagrass, and bermudagrass.

Lihue soils make up about 40 percent of the association
and. Puhi soils 35 percent. Ioleau, Koloa, and other soils,
and areas of Rough broken land make up the rest.

Lihue soils have a surface layer of dusky-red to dark
reddish-brown, firm t.o friable silty clay. The subsoil is
dark-red to dark reddish-brown, firm silty clay. The sub
stratum is soft, weathered basic igneous rock. Puhi soils
have a surface layer of brown to very dark-brown, friable
silty clay loam. The subsoil is reddish-brown to dark-
brown, friable silty clay loam and silty clay. The sub
stratum is soft, weathered basic igneous rock.

This association is used for irrigated sugarcane, pine
apple, pasture, woodland, and wildlife habitat. Sugar
cane is the main crop. Upland game birds make up most
of the wildlife population.

6. Makaweli-Waiawa-Niu association

Deep, gently sloping to steep, well-drained soils that have
a dominantly moderately fine textured or fine textured
subsoil and shallow, steep and very steep, well-drained
soils over basalt bedrock; on uplands

This association consists of well-drained, moderately
fine textured and fine textured soils on the uplands of
South and West K’auai. These soils are gently sloping
to very steep. They developed in material weathered
from basic igneous rock. The association makes up about
9 percent. of the island.

The elevation ranges from near sea level to 2,000 feet.
The annual rainfall is 20 to 40 inches. The mean annual
soil temperature is between 69° and 74° F. The natural
vegetation is kiawe, lantana, fIngergrass, klu, koa haole,
piligrass, aaiii, guineagrass, indigo, and cactus.
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Makaweli soils make tip about 45 percent of the associ
ation, Waiawa soils 30 percent, and Niu soils 10 percent.
Rough broken land and other soils make up the rest.

Makaweli soils have a surface layer of dusky-red to
dark reddish-brown, friable silty clay loam or stony
silty clay loam. The subsoil is dusky-red, friable silt
loam and silty clay loam. The substratum is soft, weath
ered basic igneous rock that in places contains hard
boulders. Waiawa soils have a surface layer of dark
reddish-brown, very firm very rocky clay loam or very
rocky clay. This layer is underlain by hard basic igneous
rock. Nm soils have a surface layer of dusky-red to dark
reddish-brown, friable silty clay loam to silty clay. The
subsoil is dark-red, friable silty clay loam or silty clay.
The substratum is soft, weathered basic igneous rock.

This association is used for irrigated sugarcane, pas
ture, woodland, and wildlife habitat. Makaweli and Niu
soils are used mainly for sugareane. A small acreage of
Makaweli soils is used for irrigated pasture. Waiawa
soils are used only for pasture. Upland game birds, wild
pigs, and wild goats are the principal kinds of wildlife.

7. Waikomo-Kalihi.Koloa association
Moderately deep, gently sloping, well-drained upland
soils that have a moderately fine textured or fine textured
subsoil; deep, nearly level, poorly drained, bottom-land
soils that have a fine-textured subsoil

This association consists of well-drained, fine-textured
soils that developed in material weathered from basic
igneous rock and poorly drained, very fine-textured soils
that developed in alluvium. These soils are gently sloping
to nearly level and are on the uplands and bottom lands
of Southeast Kauai. The association makes tip about
2 percent of the island.

The elevation ranges from near sea level to 300 feet.
The annual rainfall is 35 to 60 inches. The mean annual
soil temperature is between 72° and 740 F. The natural
vegetation is lantana, koa haole, java plum, cactus,
swollen fingergrass, bermudagrass, and guineagrass.

Waikomo soils make up about 70 percent of the associa
tion, Kalihi soils 20 percent, and Koloa soils 10 percent.

Waikomo soils have a surface layer of dark-brown to
very dark grayish-brown, very firm stony silty clay. The
subsoil is reddish-brown to dark yellowish-brown, firm
heavy silt.y clay loam. The substratum is hard basic
igneous rock. Kalihi soils have a surface layer of very
dark-gray to mottled dark-brown, firm clay. The subsoil
is dark-gray, mottled, firm clay. The substratum is
grayish-brown and dark-gray, firm clay. Kolon soils have
a surface layer of dark reddish-brown, firm stony silty
clay. Tile subsoil is dusky-red to dark reddish-brown,
firm silty clay. The substratum is hard rock.

This association is used for irrigated sugarcane, pas
ture, and wildlife habitat. Sugarcane is the chief crop
and is grown on all the soils. Pasture is grown only on
Waikorno soils. Upland game birds are the principal
kinds of wildlife..

8. Rough broken land-Mahanct-Kokee association
Shallow to deep, very steep, rough broken land and deep,
moderately sloping to very steep, well-drained soils that

have a medium-textured to fine-textured subsoil; on
uplands

This association consists of well-drained, medium-
textured and fine-textured soils on the uplands of South
and West Kauai. These soils are moderately sloping to
very steep. They developed in material weathered from
volcanic ash and basic igneous rock. The association
makes up about 9 percent of the island.

Tile elevation ranges from 1,500 to 4,200 feet. The
annual rainfall is 30 to 70 inches. The mean annual soil
temperature is between 58° and 66° F. The natural vege
tation is ohia lehua, pukiawe, blackberry, yellow foxtail,
koa, plantain, uki uki, redwood, aalii, ricegrass, molasses-
grass, silver oak, lantana, joee, Japanese tea, passion
flower, Boston fern, and uki.

Rough broken land makes up about 35 percent of the
association, Mahana soils 20 percent, and Kokee soils
20 percent. 011, Paaiki, and Puu Opac soils make up
tile remaining 25 percent.

Rough broken land is very steep. The soil material
ranges from very shallow to deep over hard, weathered
basic igneous rock.

Mahana. soils have a surface layer of dusky-red to dark
reddish-brown, friable loam to silty clay loam. The sub
soil is dark-red to dusky-red, very friable very fine sandy
loam to silty clay loam. Tile substratum is soft, weath
ered basic igneous rock. Kokee soils have a surface layer
of dark-brown to very dark brown, friable silty clay
loam. The subsoil is strong-brown t.o dark yellowish-
brown, friable silty clay loam to silty clay. Tile substra
tum is hard and soft, weathered basic igneous rock.

This association is used for pasture, woodland, wild
life habitat, water supply, and irrigated sugarcane.
Mahana soils are used chiefly for pasture. Small acrea.ges
are irrigated and are in sugarcane. Kokee soils are used
chiefly for woodland. Upland game birds, wild pigs,
wild goats, and deer are the principal kinds of wildlife.

9. Waialeale-Alakai association
Moderately deep, very steep, somewhat poorly drained
soils that have a moderately fine textured subsoil and
level to moderately steep, very poorly drained organic
oilg over fine-textured material; on uplands

This association consists of somewhat poorly drained
to very poorly drained, organic soils on the uplands of
Central Kauai. These soils are level to very steep. They
developed in organic debris deposited on basic igneous
rock. The association makes up about 3 percent of the
island.

Tile elevation ranges from 3,500 to 5,000 feet. The
annual rainfall is 100 t.o 450 inches. The mean annual
soil temperature is between 560 and 59° F. The natural
vegetation is ohia lehua, Hawaiian lobelia, mokihana,
pukiawe, treefern, lapalapa, brackenfern, and uki uki.

Walaleale soils make up about 50 percent of the associa
tion and Alakai soils 35 percent. Rough broken land
makes Up the rest.

Waiaieale soils have a surface layer of dark reddish-
brown, friable mucky peat. The subsoil is dark-brown to
strong-brown, friable gravelly silty clay loam. The sub
stratum is hard, weathered basic igneous rock. Alakai
soils have a surface layer of dark reddish-brown to very
dusky-red, friable mucky peat.. Below this is black.
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friable muck, and below the muck, gray to greenish-gray,
firm clay.

This association is used for water supply and wildlife
habitat. Wild goats and wild pigs are the chief kinds of
wildlife.

10. Rough mountainous land-Rough broken land-Rock
outcrop association

Well-drained to excessively drained, very steep to precp
itous lands of mountains and gulches

This association consists of well-drained to excessively
drained land types on uplands on the island of Kauai.
The areas are very steep to precipitous. The assocmtion
makes up about 50 percent of the island.

The elevation ranges from near sea level to 5,170 feet.
The annual rainfall amounts to as little as 22 inches in
leeward lowlands and as much as 450 inches over wind
ward slopes of Mt. Waialeale. The mean annual soil
temperature is between 56° and 74° F. The natural vege
tation is false staghornfern, olin lehua, java plum, kiawe,
and koa haole.

Rough mountainous land makes tip about 45 percent
of the association, Rough broken land 30 percent, and
Rock outcrop 25 percent.

Rough mountainous land is very steep. In most places
elevations exceed 500 feet. The soil material is generally
shallow over hard, weathered basic igneous rock. Rough
broken land is very steep. The soil material is very
shallow to deep over hard, weathered basic igneous rock.
Rock outcrop is more than 90 percent bedrock. It occurs
on very steep slopes or on precipitous cliffs.

This association is used for water supply, pasture,
woodland, and wildlife habitat. Rough mountainous land
and Rock outcrop serve mainly as watershed. Upland
game birds, wild goats, and wild pigs are the principal
kinds of wildlife.

Island of Oahu
Oahu, the third largest island in the State, is 44 miles

long and 30 miles wide. The land area is 386,560 acres,
or 604 square miles. The island is divided into four main
areas—the Waianae Range, the Koolau Range, the Scho
field Plateau, and the coastal plains.

The Waianae Range, on the western part of the island,
is about 22 miles long. It is rough and mountainous and
has narrow ridges and very steep slopes. It rises to 4,025
feet, which is the highest point, on the island.

The Koolau Range, on the eastern part. of the island,
is 37 miles long. It is deeply dissected by numerous
drainageways. Along the northern side is a sheer cliff
that rises from the ocean’s edge to a height of as much
as 2,500 feet.

The Schofield Plateau lies between the two mountain
ranges. The soils on the plateau are well suited to culti
ration, and a large acreage is used for sugarcane and
pineapple.

The coastal plains adjacent to the ocean formed from
coral reefs and alluvial sediments. They have smooth,
gentle slopes. They are used mostly for fanning and
ranching or for urban development. There are several
volcanic cones, such as Diamond Head, Salt Lake Crater,
and Pimchbowl, near Honolulu.

An important source of water supply is an exceptional
lens of basal ground water in the Honolulu-Pearl Harbor
area. Smaller accumulations of basal ground water occur
in other parts of the island. Another important source
of water on Oahu is the high-level ground water that is
confined between lava dikes. The supply of ground water
is replenished by abundant rainfall in the mountainous
areas.

Honolulu, the principal city on Oahu, is the business,
cultural, and political center of the State of Hawaii.
More than four-fifths of the population of Hawaii lives
on Oa.hu. This is the only island where farming and
ranching are not the major economic activities. The
visitor industry and federal expenditures exceed the pro.
duction of pineapple and sugar as the top sources of
income.

1. Lualualei-Fill land..Ewa association
Deep, nearly level to moderately sloping, well-drained
soils that have a fine ten tured or moderately fine textured
subsoil or underlying material, and areas of fill land,’ on
coastal plants

This association consists of well-drained, fine textured
and moderately fine textured soils on fans and in drain
agewa.ys on the southern and western coastal plains on
the island of Oahu. The soils are nearly level to moder
ately sloping. They formed in alluvium. The areas of
Fill land consist of many kinds of material. The associa
t.ion makes up about. 14 percent of the island.

The elevation ranges from sea le.vel to 400 feet. The
annual rainfall is 15 to 30 inches in most places but is
as much as 50 inches in some of the valleys. Most of the
rain falls between November and April. Summers are
hot and dry. The mean annual soil temperature is be
tween 73° and 75° F. The natural vegetation is kiawe,
koa haole, and fingergrass.

Luaiualei soils make up about 20 percent of the
association, Fill land about 20 percent, and Ewa soils
15 percent. Honouliuli, Jaucas, Kawaihapa.i, Makalapa,
Mamala, and Pulehu soils make up the rest.

Lualualei soils have a surface layer of very dark
grayish-brown, very sticky and very plastic clay that
cracks widely upon drying. They are underlain by coral,
gravel, sand, or clay at a depth below 40 inches. Fill land
consists of various kinds of fill material. Ewa soils have
a surface layer and subsoil of dark reddish-brown, friable
silty clay loam. The substratum is gravelly alluvium or
coral limestone.

This association is used for sugareane, truck crops,
pasture, and urban development. Fill land is used mainly
for airports and industrial and homesites. Areas that
have been built up from mill wastes are used for
sugarcana.

2. Helemano-Wahiawa association
Deep, nearly level to moderately sloping, well-drained
soils that have a fine-textured subsoil; on uplands

This association consists of well-drained, moderately
fine textured and fine textured soils on uplands on the
island of Oahu. These soils are nearly level to moderately
sloping and occur in broad areas dissected by very steep
gulches. They formed in material weathered from basalt.
The association makes up about 18 percent of the island.
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The elevation ranges from 100 to 1,200 feet. The
annual rainfall is 25 to 50 inches in most areas hut is as
much as 60 inches in some. Most of it falls in winter. The
mean annual soil temperature is between 71° and 73° F.
The natural vegetation is guava, koa haole, lantana, joee,
and bermudagrass.

Helemano soils make up about 40 percent of the associ
ation, and Wahiawa soils 30 percent. Kunia, Lahaina,
and Molokai soils make up the rest.

Halemano soils are dark reddish-brown silty clays.
They occur on the sides of very steep gulches and have
slopes of 30 to 90 percent. Waiiiawa soils have a surface
layer of very dusky red silty clay, a subsoil of dark
reddish-brown silty clay and a substratum of soft weath
ered rock. They are on uplands and have slopes of 0 to
25 percent.

Helemano soils are used for pasture. Large acreages
of Wahiawa soils are used for sugarcane and pineapple.
Sugarcane is grown under irrigation. Pineapple is irri
gated oniy in the driest areas.

3. Tropohttmults-Dystrandepts association

Gently doping to very steep, well-drained soils that are
underlain by soft weathered rock, volcanic ash, or collu
vium; on narrow ridges and side slopes

This association consists of the mountainous areas and

lower slopes of the Waianae Range on the island of
Oahu. The soils are gently sloping to very steep, well
drained, and line textured to moderately fine textured.
The association makes up about 8 percent of the island.

The elevation ranges from 600 to 4,000 feet. The
annual rainfall is 30 to 75 inches. The mean annual soil
temperature is between 56° and 71° F. Lantana, yellow
foxtail, molassesgrass, and Japanese tea grow at the
lower elevations, and ohm lehua, pukiawe, koa., aalii, and
ferns at the upper elevations.

Tropohumults and Dystrandepts make up about 55
percent of the association. The rest is made up of
Mahana, Kolekole, Halawa, Helemano, and Alakai soils
and areas of Rock land, Rock outcrop, and Stony land.

Tropohumults occur on the narrow ridges at the upper
elevations. They have a surface layer and subsoil of
reddish-brown silty clay. They are underlain by soft
weathered rock. Dystrandepts occur in concave positions
on the steep side slopes. They were derived dominantly
from volcanic ash mixed with colluviurn. They are dark
colored and have a surface layer of silt loam or silty
clay loam. Their subsoil is massive.

Most of this association is very steep and inaccessible.
It is used mainly for watershed. Some of the minor soils
are used for woodland and pasture and some for pine
apple and sugarcane.

4. Rough mountainous land-Kapaa association

Very steep land broken by numerous drainageways and
deep, well-drain-ed soils that have a fIne textured or mod
erately fine textured subsoil; in gullies and on narrow
ridges

This association consists of very steep land broken by
numerous drainageways. It occurs on Oahu and makes
tip about 20 percent of the island.

The elevation ranges from 1,000 to 3,000 feet. Rainfall
is fairly well distributed throughout the year. The annual
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amount ranges from 70 inches at the lowest elevations to
250 inches near the mountain summit. The mean annual
soil temperature is between 60° and 71° F. The natural
vegetation is ohio Iehua, koa, treefern, false staghorn,
tern, hilograss, and sedge-s.

Rough mountainous land makes up about 80 percent
of the association and Kapaa soils about 15 percent. Rock
land and Rock outcrop make up the rest.

Rough mountainous land, consists of very steep gulches
and narrow ridges. The soil material is vary shallow,
very dark grayish-brown, smeary silty clay. Ka.paa soils
are in very steep gulches and on narrow ridges at the
northern end of the island. They have a surface layer and
subsoi.l of dark reddish--brown silty clay that contains

gibbsite nodules.
This association is inaccessible except for a few trails

used by hunters and hikers. It is used for watershed and
wildlife habitat. Gently sloping areas of Kapaa soils are
suited to timber. The heavy rainfall is an important
factor in recharging the supply of ground water. The
most important wildlife species is wild pigs.

5. Rock land-Stony steep land association

Steep to precipitous, well-drained to excessivdy drained,
rocky and stony land

This association consists of stony and rocky, steep to
precipitous slopes. It occurs on Oahu and makes up about
15 percent of the island.

The elevation ranges from sea level to 2,800 feet. The
annual rainfall is 15 to 50 inches in most areas but is as
much as 200 inches along the windward cliffs of the
Koolau Range. The mean annual soil temperature is
between 67° and 75° F. Kiawe, buffelgrass, and finger-
grasses grow in the drier areas, and ohia leiua, ferns,
and sedes in the wetter areas.

Rock Tand makes up about 60 percent of the association,
and Stony steep land 15 percent. Rock outcrop, Stony
land, and areas of Kawaihiapai, Lualualci, and Pulehu
soils make up the rest.

Rock land is 25 to 90 percent rock outcrop. It is very

steep and occurs in gulches and on mountainsides. The

soil material is very shallow. Stony steep land is a mass

of boulders and stones deposited by water or gravity in

valley bottoms or on side slopes of drainageways. Slopes

are very steep.
This association is used mainly for pasture, wildlife

habitat, and recreation. Sonic areas are used for home

sites. Upland game -birds and wild pigs are the principal

kinds of wildlife.

6. Kaena-Waialua association

Deep, mainly nearly level and gently sloping, poorly

drained to excessively drained soils that have a

fine-textured to coarse-textured subsoil or underlying
material; on coasted plains and talus slopes and in

drainageways

This association occurs as a narrow baud along the

northern and eastern coastline on the island of Oahu.

The soils occur in drainageways, on coastal plams, and

on talus slopes. They are nearly level and gently sloping

for the most part but are steeper on talus slopes. They
formed in alluvium and vary widely in texture and
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drainage. The association makes up about 10 percent of
the island.

The elevation ranges from sea level to 200 feet. The
annual rainfall is generally 30 to 45 inches but ranges
from 20 to 80 inches. Most of the rain falls in wmter.
Summer showers are common. The mean annual soil
temperature is about 74° F. Kiawe, ken haole, and finger-
grasses grow in the drier areas, and guava, java plmn,
and californiagrass in the wetter areas.

Kaena and Waialua soils make up about 50 percent of
the association. Hanalci, Kawaihapai, Jaucas, Halciwa,
Kaloko, Keaau, Mokuleia, Pearl Harbor, and Pulehu
soils, and areas of Coral outcrop and Marsh make up
the rest.

Kaena soils are poorly drained, dark-colored silty clays
or clays underlain by alluvium. Waialua soils are moder
ately well drained, dark reddish-brown silty clays or
clays underlain by alluvium.

This association is used for sugarcane, truck crops,
pasture, orchard, recreation, and urban development.
Ka.ena soils need to be drained before they can be
cultivated.

7. Lolekaa-Wcdkane association
Deep, nearly level to very steep, weii-dra2ned soils that
have a dominantly c-textured subsoil; on fans, terraces,
and uplands

This association consists of well -draine ci, fine textured
and moderately fine textured soils on uplands, fans, and
terraces on the island of Oahu. These soils are nearly
level to very steep. They formed in old alluvium and
material weathered from basic igneous rock. The associa
tion makes up about 15 percent of the island.

The elevation ranges from near sea level to 1,500 feet.
Rainfall is fairly well distributed throughout the year.
The annual amount is 40 to 90 inches. The mean annual
soil temperature is between 70° and 73° F. The natural
vegetation is guava, java plum, hilograss, and ricegrass.

Lolekea soils make up 20 percent of the association
and Waikane soils about 20 percent. Paumnalu, Kernoo,
Leilehua, Alaeloa, Kaneohe, Paaloa, Pohakupu, and
Manana soils make up the rest.

Lolekan soils have a surface layer of dark-brown silty
clay and a dominantly silty clay subsoil. Their substra
tum is gravelly alluvium. Waikane soils have a surface
layer of dark-brown silty clay and a subsoil of dark
reddish-brown silty clay. Their substratum is gravelly
alluvium.

This association is used mainly for pasture. Small areas
are used for homesites. truck crops, and orchard crops.
Areas of the minor soils in the association are used for
sugarcane and pineapple. The potential for timber is
high.

Island of Maui
Maui, the second largest island in the State, is 48 miles

long and 26 miles wide. The land, area is 465,920 acres, or
728 square miles. The island formed through the merg
ing of two volcanoes—the East Maui volcano, or Halea
kale, and the West Maui volcano. It is divided into three
main areas—West Maui, East Maui, and Central Naui,
or the isthmus.

Test. Maui is a deeply dissected volcano that rises to

5,788 feet at Puu Kukui. The central part of ‘West Maui
consists of canyons and steep ridges and is not easily
accessible. It is surrounded by a moderately sloping,
smooth narrow belt. There are a few gulches.

East Maui is dominated by the 10,025-foot Haleakala
volcano. The volcano is dormant. The last eruption was
about 1790 (8). Near the summit and on the eastern and
southwestern slopes, the land is rough and rocky. The
western and northern slopes are relatively smooth but are
sloping to moderately steep.

Central Maui, the isthmus that connects ‘West and East
Maui, is smooth and nearly level. It is used mainly for
sugarcane. Much of the isthmus is covered with alluvium.

Rainfall is heavy in the mountainous areas. Basal
ground water occurs at the eastern end of East Maui and
across the isthmus and along the coast of West Maui.
Perched water also occurs on East Maui.

The business activity, the population, and the seat of
government are centered in Wailuku and Kahului. Ka
hului has an airport and a deep-water harbor.
1. Pulehu-Ewa.Jaucas association
Deep, nearly level to moderately sloping, well-drained
and excessively drained soils that have a moderately fine
textured to coarse-textured subsoil or underlying mate
rial; on alluvial fans and in basins

This association consists of well-drained and exces
sively drained, medium-textured, moderately fine tex
tured, and coarse-textured soils on alluvial fans and in
basins on the island of Maui, mainly Central Maui. These
soils are nearly level to moderately sloping. They de
veloped in alluvium weathered from basic igneous rock,
coral, and seashells. The association makes up about 4
percent of the island.

‘Flie elevation ranges from near sea level to 600 feet.
The annual rainfall is 10 to 30 inches. The mean annual
soil temperature is about 75° F. The natural vegetation
is bermudagrass, bristly foitailgrass, kiawe, and lantana.

Pulehu soils make up about 40 percent. of the associa
tion, Ewa soils about 15 percent, and Jaucas soils 10 per
cent. Alac, lao, Kealia, and Puuone soils make up the
rest.

Pulehu soils have a surface layer of dark-brown. fri
able silt loam. Their substratum is dark-brown and dark
yellowish-brown alluvium weathered from basic igneous
rock. Ewe. soils have a surface layer and subsoil of dark
reddish-brown, friable silty clay loam. Their substratum
is alluvium weathered from basic igneous rock. Jaucas
soils have a pale-brown calcareous sand surface layer.
Their substratum is yellowish-brown sand weathered
from coral and seashells.

This association is used for sugarcane, truck crops,
pasture, wildlife habitat, and homesites. Most of the
sugarcane is grown on Ewa, Jaucas, and Pulehu soils.
Upland game birds and native water birds are the princi
pal kinds of wildlife.

2. Waiakoa-Keahua-Moloka.i association
Moderately deep and deep, nearly level to moderately
steep, well-drained soils f/cat have a moderately fine tex
tured subsoil; on low uplands

This association consists of well-drained, moderately
fine textured soils on low uplands on Central Maui. The
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soils are nearly level to moderately steep. They formed
in material weathered from basic igneous rocks. The as
sociation makes up about. 15 percent of the island.

The elevation ranges from nearly sea level to 1,500 feet.
The annual rainfall is 12 to 25 inches. The mean annual
soil temperature is between 73° and 75° F. The natural
vegetation is buffelgrass, feather flnge.rgrass, guineagrass,
ilima, kiawe, lantana, and uhaloa.

Waiakoa soils make up about 30 percent of the asso
ciation, Keahua soils about 20 percent, and Molokai soils
about 10 percent. The rest of the association consists of
Alaeloa, Haliirnaile, Kahana, Koele, bahama, Paia,
Wahikuli, Wailuku, and Wainee soils.

Waiakoa soils have a surface layer of dark reddish-
brown, friable silty clay loam. Their subsoil is dark
reddish-brown and, very dark grayish-brown, friable silty
clay loam. They have a substratum of hard, basic igne
ous rock at a depth of 20 to 40 inches. Keahua soils have
a surface layer of dark reddish-brown, friable silty clay
loam. Their subsoil is dark reddish-brown, firm silty clay
loam. The substratum is soft, weathered basic igneous
rock. Molokai soils have a surface layer of dark reddish-
brown, friable silty clay loam. Their subsoil is dark-red
and dusky-red, friable, silty clay loam and clay loam.
The substratum is soft, weathered basic igneous rock.

This association is used for sugarcane, pineapple, pas
ture, wildlife habitat, and homesites. Upland game birds
make up most of the wildlife population.

3. Honolua-Olelo association
Deep. gently sloping to moderately steep, well-drained
soils that have a fine-textured subsoil; on inter-mediate
uplands

This association consists of well-drained, fine-textured
soils on the intermediate uplands of West Maui. These
soils are gently sloping to moderately steep. They devel
ope.d in material weathered from basic igneous rock. The
association makes up about 1 percent of the island.

The elevation ranges from 500 to 3,500 feet. The an
nual rainfall is. 30 to 30 inches. The mean annual soil
temperature is between 67° and 71° F. The natural vege
tation is guava, ferns, hilograss, koa, lantana, ohia lehua,
and pukiawe.

Honolua soils make up about 40 percent of the asso
ciation, and Olelo soils about 35 percent. Halawa, Naiwa.,
and Oh soils make up the rest.

Honolua soils have a surface layer of dark-brown, fri
able silty clay. Their subsoil is dark reddish-brown to
reddish-brown, friable silty clay. Their substratum is
soft, weathered basic igneous rock. Olalo soils have a sur
face layer of dark reddish-brown to dusky-red, friable
silty clay, and their substratum is soft, weathered basic
igneous rock.

This association is used for pineapple, pasture, wood
land, wildlife habitat, and water supply. Olelo soils are
used mainly for pasture, and Honolue soils for pineapple
and woodland. Upland game birds make up most of the
wildlife population.

4. Rock land-Rough mountainous land association

Very shallow, steep and very steep, rode land and rough
mountain la-nd

This association consists of very shallow soils on inter
mediate. and high uplands on East and West Maui. These

soils arc steep and very steep. The association makes up
about 41 percent of the island.

The elevation ranges from sea level to 10,000 feet. The
annual rainfall is 20 to 150 inches. The natural vegeta
t.ion on Rock land is kiawe, klu, piligrass, and ilima in
the lower, drier areas and guava, pukiawe., and molasses-
grass in the higher, wetter areas. Rough mountainous
land is thickly vegetated with ferns, guava, hilograss,
kukui, and ohia lehua.

Rock land makes up about 50 percent of the association

and Rough mountainous land about. 30 percent. Cinder
land, Lava flows, Aa, Rock outcrop, Rough broken land,
and Rough broken and stony land make up the rest.

Rock land consists of areas where rock outcrop covers

60 to 80 percent of the surface and the soil is 2 to 10
inches thick over bedrock. Rough mountainous land has
very shallow soils, and local relief is generally more
than 500 feet. There are many small streams throughout
the area.

Upland game birds make up most of the wildlife
population.

This association is used mainly for wildlife habitat and
water supply. Small acreages of Rock land are used for
pasture.

5. Puu Pa-Kula-Pane association

Deep, qently sloping to steep, we U-drained soils that have
a medium-textured or moderately fine textured subsoil or
underlying i aterial, on intermediate and high uplands

This general soil area consists of well -drained, medium-
textured soils on intermediate and high uplands on
East Maui. These soils are gently sloping to steep. They
developed in material weathered from volcanic ash. The
association makes up about 0 percent of the island.

The elevation ranges from 1,000 to 6,000 feet. The an
nual rajnfaU is 20 to 50 inches. The mean annual soil
temperature is between 55° and 69° F. The natural vege
tation is bermudagrass, black wattle, cactus, guineagrass,
ilima, kikuyugrass, lantana, and rattailgrass.

Pun Pa soils make up about 35 percent of the associa
tion, Kula about 20 percent, and Pane soils about 10 per
cent. To, Kaimu, Ulupalakiia, and Uma soils make up the
rest.

Puu Pa soils have a surface layer of very dark brown,
very friable very stony silt loam. This layer is underlain
by very dark grayish-brown and dark-brown, very fri
able silt loam. Cobblestone- and stone-size fragmental Aa
lava is at a depth of 20 to 50 inches. Kula soils have a
surface layer of dark reddish-brown, friable loam. The
subsoil is dark reddish-brown, friable loam to silty clay
loam. The substratum is weathered basic igneous rock.
The depth to rock ranges from 24 to 60 inches. Pane soils
have a surface layer of dark reddish-brown, very friable
silt loam. The subsoil is dark reddish-brown, reddish
brown, and dark-brown, very friable silt loam arid loam.
The substratum is brown loam. It is 50 to 70 percent
soft weathered rock fragments the size of gravel and
cobblestones.

This association is used for truck crops, orchards, pas
ture, and wildlife habitat. Pun Pa. and Pane soils. are
used mainly for pasture, and Kula soils for truck crops
and orchards. Upland game birds are the main kinds of
wildlife.
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6. Hydrandepts-Tropaquods association
Gently sloping to steep, well-drained to poorly dra&ned
soils that have a moderately fine textured or fine textured
subsoil; on intermediate and high uplands

This association consists of well-drained to poorly
drained soils on the intermediate and high uplands of
East and West Maui. These soils are gently sloping to
steep. They developed in material weathered from vol
canic ash, cinders, and basic igneous rock. The associa
tion makes up about 10 percent of the island.

The elevation ranges from 1,000 to 6,000 feet. The an
nual rainfall is 100 to 350 inches. The mean annual soil
temperature is between 58° and 74° F. The natural vega
tution is ape., clubmoss, eucalyptus, guava, koa, lapalapa,
ohel o, ohm lehua, parnakani, ricegrass, false staghorn
fern, treefern, and sedges.

Hydrandepts make up about 60 percent of the associa
tion, and Tropaquods about 40 percent.

Hydrandepts are moderately well drained to well
drained soils that have a surface layer high in organic-
matter content. The subsoil is dark-brown or dark
yellowish-brown silty clay loam or silty clay. Tropaquods
are poorly drained soils that have a peaty and mucky
surface layer and a mottled silty clay subsoil. The sub
soil contains an ironstone sheet 1/ to 1 inch thick. These
soils are smeary and harden irreversibly.

This association is used for pasture, wildlife habitat.
and water supply. Upland game birds are the principal
kinds of wildlife.

7. Hana-Makaalae-Kailua association
Moderately deep and deep, gently sloping to steep, well-
drained soils that have a moderately fine textured or fine
textured subsoil or underlying material; on intermediate
uplands

This association consists of well-drained, moderately
fine textured and fine textured soils on the intermediate
uplands of East Maui. These soils are gently sloping to
steep. They developed in material weathered from vol
canic ash. The association makes up about 7 percent of
the island.

The elevation ranges from near sea level to 2,500 feet.
The annual rainfall is 40 to 160 inches. The mean annual
soil temperature is between 69° and 75° F. The natural
vegetation is Christmas berry, ferns, guava, guineagrass,
hilograss, kaimiciover, and kikuyugrass.

1-lana. soils make up about 30 percent of the association,
Makaalae soils about 5 percent, and Kailua soils about
20 percent. Kaupo, Makawao, Mamma, and Opihikao
soils make up the rest.

Hana soils have a surface layer of very dark brown
aiid very dark grayish-brown, fnable silty clay loam. The
subsoil is dark-brown, friable silty clay loam. The sub
stratum is moderately weathered gravel-size cinders.
Stone- and boulder-size fragmental Aa lava is at a depth
of 34 to 48 inches. Makaalae soils have a surface layer
of very dark-brown, firm silty clay. Below this is very
dark grayish-brown, firm silty clay. Hard, stone- and
boulder-size fragmental A’a lava is at a. depth of 24 to 48
inches. Kailun soils have a. surface layer of dark-brown,
friable silty clay. The subsoil is dark-brown and dark
reddish-brown, friable silty clay and silty clay loam. The

substratum is soft, weathered basic igneous rock. The sur
face layer of Hana and Makaalae soils ranges from non
stony to extremely stony.

This association is used for pineapple, truck crops, or
chards, pasture, woodland, wildlife habitat, homesites,
and water supply. Rena, Kailua, and Makaalae soils are
used mainly for pasture. Most of the pineapple, truck
crops, and woodland is on Kailna soils. Wildlife consists
mainly of upland game birds.

8. Pauwela-Haiku association
Deep, gently sloping to moderately steep, well-drained
soils that have a fine textured subsoil; on low uplands

This association consists of well-drained, fine-textured
soils on low uplands on the north-facing slopes of East
Maui. These soils are gently sloping to moderately steep.
They developed in material weathered from basic igneous
rock. The association makes up about 3 percent of the
island.

The elevation ranges from near sea level to 1,500 feet.
The annual rainfall is 50 to 120 inches. The mean annual
soil temperature is between 70° and 75° F. The natural
vegetation is californiagrass, Christmas berry, guava,
hiograss, and ricegrass.

Pauwela soils make up about 45 percent of the associa
tion and Haiku about 40 percent. Ramakuapoko soils
make up the rest.

Pauwela soils have a surface layer of dark grayish-
brown, firm clay. The subsoil is dark reddish-brown, firm
clay. The substratum is soft, weathered basic igneous
rock. Haiku soils have a surface layer of dark-brown, firm
clay. The subsoil is yellowish-red, dark reddish-brown,
and dark-red, friable clay and silty clay. The substratum
is soft, weathered basic igneous rock. The surface layer
of both soils has high bulk density because of the concen
tration of heavy minerals.

This association is used for pineapple, pasture, home-
sites, and water supply. Pauwela soils are used mainly
for pasture. Only a small acreage is in pineapple. Most
of the pineapple is gi-own on Haiku soils. Wildlife con
sists mainly of upland game birds.

9. Laumaia-Kaipoioi-Olinda association
Deep, gently sloping to very steep, well-drained soils that
have a moderately fine textured or medium-textuxed sub
soil; on intermediate and high uplands

This association consists of well-drained, medium
textured soils on the intermediate and high uplands of
East Maui. These soils are gently sloping to very steep.
They developed in material weathered from volcanic ash.
The association makes up about 5 percent of the island.

The elevation ranges from 2,500 to 8,000 feet. The an
nual rainfall is 30 to 60 inches. The mean annual soil
temperature is between 50° and 56° F. The natural vege
tation is black wattle, eucalyptus, gosmore, kikuyugrass,
pukiawe, sweet vernaigrass, white clover, and Yorkshire
foggrass.

Laumaia soils make up about 45 percent of the associa
tion, Kaipoioi soils about 40 percent, and Olinda soils
about 15 percent.

Laumaia soils have a surface layer of black, very fri
able loam. The subsoil is very dark brown, friable silty
clay loam and silt loam. The substratum consists of



ISLANDS OF KAIJAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII :ii

moderately consolidated bands of volcanic ash and cin
ders. Kaipoioi soils have a surface layer of black, very
friable loam. The subsoil is black and very dark brown,
very friable silt loam and silty clay loam. The substratum
consists of layers of ash and cinders. Olinda soils have
a surface layer of dark reddish-brown, friable loam.
The subsoil is dark reddish-brown and yellowish-red,
friable silty clay loam. The substratum is soft, weathered
basic igneous rock. It occurs at a depth of 40 to 60 inches
or more.

This association is used for truck crops, orchards,
pasture, woodland, and wildlife habitat.. Laurnaia and
Kaipoioi soils are used mainly for pasture. Most of the
truck crops, the orchards, and the woodland is on Olinda
soils. Upland game birds are the principal kinds of
wildlife.

10. Keawakapu-Makena association
Gently sloping to moderately steep, well-drained soils
that have a flue-textured to medium-textured subsoil and
are shallow to deep over fragmental lava; on low uplands

This association consists of well-drained, medium-
textured soils on the low uplands of East Maui. These
soils are gently sloping to moderately steep. They devel
oped in material weathered from volcanic ash. The associ
ation makes up about 2 percent of the island of Maui.

The elevation ranges from 100 to 800 feet. The annual
rainfall is 10 to 20 inches. The mean annual soil tempera
ture is about 75° F. The natural vegetation is feather
fingergrass, illina, kiawe, and uhaloa.

Keawakapu soils make up about 60 percent of the asso
ciation, and Makena about 40 percent.

Keawakapu soils have a surfac.e layer of dark reddish-
brown, very friable extremely stony silt loam. The sub
soil is dark reddish-brown, friable silty clay loam and
silty clay. The substratum is cobblestone- and stone-size
fragmental Aa lava. It is at a depth of 12 to 30 inches.
Makena soils have a surface layer of very dark brown,
very friable loam. The subsoil is very dark grayish-
brown and yellowish-brown, very friable silt loam. The
substratum is cobblestone- and stone-size fragmental An
lava. It is at a depth of 40 to 60 inches.

This association is used for pasture and wildlife
habitat. Wildlife consists of upland game birds.

II. Kamaole-Oanapuka association
Gently eloping to moderately steep, u’ell-drained, very
stony and extremely stony soils that have a fine-textured
or medium-textured subsoil and are shallow to deep over
fragmental lava; on low and intermediate uplands

This association consists of well-drained, very stony
and extremely stony, moderately fine textured and
medium-textured soils on the low and intermediate
uplands of East Maui. These soils are gently sloping to
moderately steep. They developed in material weathered
from volcanic ash. The association makes up about 3
percent of the island.

The. elevation ranges from 100 to 2,300 feet. The annual
rainfall is 15 to 25 inches. The mean annual soil tempera
tme is between 69° and 73° F. The natural vegetation is
bermudagrass, feather fingergrass, ilima, kiawe, koa
haole. lant:ana, and Natal redtop.

Kamaole soils make up about 55 percent of the associ
ation, and Oanapuka soils about 45 percent.

Kamaole soils have a surface layer of dark-brown and.
dark reddish-brown, friable silty clay loam. The subsoil
is dark reddish-brown, firm silty clay. The substratum is
cobblestone- and stone-size fragmental An lava. It is at
a depth of 16 to 24 inches. Oanapuka soils have a sur
face layer of very dark brown and very dark grayish-
brown very friable silt loam. The subsoil is very dark
grayish-brown, friable silt loam. The substratum is
cobblestone- and stone-size fragmental Aa lava. It is at
a depth of 40 to 60 inches or more.

This association is used for pasture and wildlife. Wild
life consists mainly of upland game birds.

Islands of Molokai and Lanai
Molokai, the fifth largest island in the State, is 38

miles long and 10 miles wide. The land area is 166,400
acres, or 260 square miles. Molokai is divided into three
main sections—West Molokai, East Molokai, and Central
Molokai, or the Hoolehua Plain.

West Molokai makes up about 30 percent of the total
area of the island. It rises to 1,380 feet above sea level.
About 8,000 acres is cultivated to pineapple, and the rest
is in pasture.

East Molokai makes up nearly half the total land area.
It is mostly mountainous and has many gulches and
canyons. The northern side is inaccessible. The highest
point on the island is 4,970 feet, at Ka.ma.kou.

Central Molokai is relatively level and makes up about
20 percent of the tobal area. About 15,000 acres is deep
stone-free soils, mostly in pineapple. The rest is stony
and eroded and is used for pasture.

Along the northern coast of Molokai is a sheer cliff
3,000 feet high. At its base is the Kalaupapa Peninsula,
which was formed from a volcanic eruption after the
main part of the island formed. Along the southern coast

is a narrow level strip that formed in marine and alluvial
sediments.

The only perennial streams that reach the. sea are on
East Molokai. Most are on the windward side. Nearly all
of the island is underlain by basal ground water. The
water is fresh below most of East Molokai but brackish
below West and Central Molokai. Fresh water is also
confined between lava dikes at high elevations on East
Molokai (13).

Kaunakakai, which is centrally located on the southern
coast, is the principal town. It has a shallow-water harbor.
There is an airport in Hoolehua.

Lanai, the sixth largest island in the State, is 18 miles
long and 13 miles wide. The land area is 90,000 acres, or
141 square miles. The island rises to 3,370 feet at the
Lanaihale summit. Southwest of the summit, at an eleva
tion of 1,000 to 2,000 feet, is the Central Plateau of
Lanai. On this plateau is the largest pineapple planta
tion in the world. Below the 1,200-foot elevation the soils
are eroded and stony. The north end of Lanai, at an ele
vation of 1,500 to 1,800 feet, consists of broad areas of
severely windblown soils. The north and east sides of
the island are dissected by many deep gulches and are
inaccessible in many places.
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Because Lanai is located on the leeward side of West
Maui, the. rainfall is low. As a result, the recharge of
ground water is slow. Norfolk Island pines are planted
along the ridges near Lanaihale to improve the water
shed. These trees collect fog drip, which supplements the
38 inches of annual rainfall. There are no perennial
streams on Lanai. Domestic water and irrigation water
are obtained from water confined between lava dikes
at high elevations.

Nearly the entire population lives in Lanai City, the
only town on the island. An airport is located nearby.
Kaumalapau Harbor, a shallow-water harbor, is on the
southwestern coast.

1. Jaucas-Mala-Pulehu association
Deep, nearly level and gently sloping, eaeessi’uely drained
and well-drained soils that have coarse-tentured to fine
tewtu-red underlying material, on alluvial fans and in
drainageways

This association occurs a.s a narrow band along the
coastal Plains on the islands of Molokai and Lanai. It
consists of soils that formed in alluvium and coral sand
and vary widely in texture and drainage. The soils are
on alluvial fans and in cirainageways. They are nearly
level and gently sloping. The association makes up about
5 percent of the islands.

The elevation ranges from sea level to 250 feet. The
annual rainfall is 10 to 40 inches. Most of the rain falls
between November and April; there is very little rain
during the summer. The mean annual soil temperature
is between 73° and 75° F. The natural vegetation is
kiawe, bristly foxtail, lantana, and bermudagrass.

Jaucas soils make up about 20 percent of the associa
tion, Mala soils 20 percent, and Pulehu soils 10 percent.
Kealia, Kawaihapa.i, and Lualualei soils and areas of
Stony alluvial land and Sandy alluvial land make up
the rest.

Jaucas soils are excessively drained, pale-brown sandy
soils that formed in coral sand. Mala and Pulehu soils
are well drained. Mala soils are stratified with dark
reddish-brown silty clay throughout the profile. Pulehu
soils are dark colored and have a stratified sand to silty
clay subsoil.

This association is used for alfalfa, pasture, truck
crops, orchards, and wildlife habitat. Alfalfa is grown
on the Mala soils. Truck crops and orchard crops are
grown on Mala and Pulehu soils. Water for irrigation
is obtained from wells 10 to 20 feet. deep. The water in
most places is brackish. For this reason, heavy applica
tions of irrigation water are needed to prevent accumu
lation of salt in the soil. Most of the forage from
buffelgrass and annual grasses is produced in winter and
spring. In summer the main source of feed is kiawe pods.
Deer, quail, pheasant, and dove are the principal kinds
of wildlife.

2. Molokai-Lahaina association

Deep, nearly level to moderately steep, well-drained soils
that have a moderately fine teoitured or fine tesitured
subsoil; on uplands

This association consists of well-drained, fine textured
and moderately fine textured soils on Central and West
Molokai (fig. 2) and on the Central Plateau of Lanai.

The soils occur as broad, nearly level areas and moder
ately steep slopes. They formed in material weathered
from basic igneous rocks. The association makes up about
25 percent of the two islands.

The elevation ranges from 100 to 1,300 feet on Molokai
and from 500 to 1,750 feet on Lanai. The annual rainfall
amounts to 15 to 40 inches. Most of it falls between
November and April; there is little rainfall in summer.
The mean annual soil temperature is between 69° and
73° F. The natural vegetation is kiawe, ilima, uhaloa,
and fingergrass.

Molokai soils make up about 35 percent of the associa
tion and Lahaina soils 15 percent. Hoolehua, llolomua,
TJwala, Waihuna, and Waikapu soils make up the rest.

Molokai soils have a surface layer and subsoil of dark
reddish-brown, -friable silty clay loam. The substratum
is soft weathered rock. Lahaina soils are similar to
Molokai soils, except that the texture is dominantly silty
clay.

rpllis association is used for pineapple, pasture, truck
crops, and wildlife habitat. Pineapple is the principal
crop. At the higher elevations irrigation is not needed
for pineapple; at the lower elevations it is needed during
the dry season. Many kinds of truck crops can be grown
on irrigated soils. Where irrigation water is not avail
able, areas that are too dry for pineapple are used for
pasture. Most of this association is subject to strong
winds, and windbreaks are necessary. Deer, pheasant,
quail, and francolin are the main kinds of wildlife.

3. Kahanui-Kalae-Kanepuu association
Deep, gently sloping to moderately steep, well-drained
soils that have a dominantly fine-tentured subsoil; on
uplands

This association consists of well-drained, fine textured
and moderately fine textured soils on uplands on the
islands of Molokai and Lanai. These soils are entJy
sloping to moderately steep. They developed in vocaiiic
ash and in material weathered from basic igneous rock.
The association makes up about 5 percent of the islands.

The elevation ranges from 500 to 3,750 feet. The
annual rainfall is 30 to 80 inches and is fairly well dis
tributed throughout the year. The mean annual soil
temperature is between 62° and 70° F. The natural vege
tation is guava, hilograss, Christmas berry, a.nd yellow
foxtail. At the higher elevations olua lelma sweet vernal,
and pukiawe are common.

Kahanui, Kalac, and Ka.nepuu soils each make up
about 15 percent of the association. Halawa, Alaeloa,
Naiwa, and Olelo soils and areas of Rough broken land
make up the rest.

Soils in this association have high bulk density in the
upper part of the profile because of the concentration of
heavy minerals, such as iron and titanium oxides. Kaha
nui soils have a surface layer of dark-brown gravelly
silty clay and a subsoil of dark yellowish-brown and
dark-brown silty clay and clay. An ironstone sheet over-
lies soft weathered rock at a depth of about 22 inches.
Kalae soils have a surface layer of dark reddish-brown
silty clay and a subsoil of dark reddish-brown to dark-
red silty clay to silt loam. Their substratum is soft
weathered rock. Kanepuu soils have a surface layer and
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suhsuil of dark I’Q(lCliSh—hrOWIt silty cltty their SLIl)stJ’a.—
turn IS Soft weathered rock.

This association is used for pasture, wihcthfe habitat,
woodland and dncapple, Pus{iires respond well to ferti
lizer and lime, Deer and t1ieasrnt are the principal kinds
of wildlife, Kahnnui and Kalac soils are used for wood
land Pine and cuvalvptiis are the coirmion timber species.
Kalac soils are also used For pineapple.

4. Very stony land-Rock land association

Gently siopin.g to vcy steep, rochy and stony land types;
on uplands and in iJc1ies and ‘valleys

This associatou consists of euntly sloping to very
steep stony and rocky land on uplands and m gulches
and valleys on the islands of Molokai ned Lanai. The
assoeiatiou makes up about 10 percent of the islands.

The elevation ranges from near sea level, to 3,000 feet,
The annual rainfall is dominantly 10 to 30 inches: most
of it falls between lovernbar awl April. The mean annual
soil temperature is between 70° and 75° F. The natural
vegetation is mainly kiawe, piligrass, Japanese tea, klu,
mdl Natal redtop.

Ver stony land, eroded, makes up about 35 percent
o F the association, Very stony land 25 percent, and. Rock
land 15 percent. Rock outcrop and Kalaupapa, Kapuhi
kani. and Pamoa soils make up the rest.

Very stony land, eroded, is 0 to 30 inches of dark
reddish-brown soil material that has mmmv stones and
boulders on the surface. Very stony land is made up of

many stones and boulders that overlie weathered rock.
Rock land is in steep gulches, and 60 to 91) percent of
its surface is covered with rock outcrops and scones.

This association is used. for Pasture and wildlife liab
itat, Forage from buffelgrass and piligrass is produced
mainly du’’ing the rainy season. it is dillicult to improve
pastures because of the stones and rock outcrops. Deer,
pheasant, quail, and francolin are the principal kiimcls of
wild.lif,

5. Rough broken land-Oh association
AS7taliow to deep, ‘very steep to precipitous soils in guklmes
and moderately deep to deep, gently sloping to steep,
well-drained soils that have a cdizsm-tant izred and
moderately jine tantmsred subsoil; on. nplsiinds

This association consists of well-drained, medium—
textured soils on the island of Molokai. It occurs on
uplands that are dissected by gulches. The soils are
gently sloping to very’ steep. Tliey:fom’med in volcanic
ash and in material weathered from basic igneous rock.
The assoeiatiol.I makes up about 5 percent of the islands.

The elevation ranges from near sea level to 3,500 feet.
The annual rainfall is 30 to 50 inches: most of it. falls
between ovember anti April. The mean annual soil
temperature is between 68° and 720 F. The natural
vegetation, is guava, Natal redtop, lantana, bermuda
grass, inolassesgrass, aalii, and pukiawe.

Rough broken land makes up 70 percent of the associ
ation, and Oh soils 30 percent.

Figure 2.—An area of tin, Molokal-Lahaina association on Central Molokai showing part of Molakai Irrigatioe Project. Pipeline is
buried at a depth f 6 feet, This association is used extensively for pineapple.
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Rough broken land is in gulches. It consists of soft
weathered rock covered in places with a thin layer of soil.
Oh soils are dark brown throughout the profile. The
surface. layer and the upper part o-f the subsoil are very
friable silt loam, and the lower part of the subsoil is
friable clay loam. Bedrock is at a depth of 2 to 4 feet.

This association is use.d mainly for pasture and wild
life habitat.. A small acreage is used for woodland. Deer,
pheasant, and francolin are the principal kinds of
wildlife.

6. Rough mountainous land-Amalu-Olokui
association

Shallow, very steep lands of mowntaius and gukhes and
deep to shallow, gently slopinq to hilly, poorly drained
soils over soft weathered rook; on uplands

This association consists of very steep gulches and
valleys and gently sloping to hilly, poorly drained upland
soils. It. occurs on the islands of Molokaj and Lanai. The
soils formed in material weathered from basic igneous
rock and are high in organic-matter content. This asso
ciation makes up about 20 percent of the islands.

The elevation ranges from near sea level to 5,000 feet.
The aiinual rainfall ranges from Th to more than 150
inches and is fairly well distributed throughout the year.
The mean annual soil temperature is between 58° and
680 F. The natural vegetation is of the rain forest type.
It consists of treefern, ohia lehua, false staghornfern,
lapalapa., and sedges.

Rough mountainous land makes up about 80 percent
of the association, and Amalu and Olokui soils 10 percent.
Tropaquods make up the rest.

Rough mountainous land is on the walls of valleys
and gulches. Slopes are steeper than 60 percent. The
soil material is shallow, and there are rock outcrops,
waterfalls, and occasional scars caused by soil slippage.
Amalu soils have 6 to 15 inches of peat and muck over
about 10 inches of dark-gray silty clay. An ironstone
sheet about an inch thick lies below the silty clay and
overlies soft weathered rock. Olokui soils are similar to
Arnalu soils but have 4 inches or less of peat and muck.

This association is used for watershed and wildlife
habitat. The potential for woodland is low because of the
very steep slopes and the lack of a timber species suited
to the shallow, poorly drained soils. The heavy rainfall
is an important factor in recharging the supply of ground
water. The kinds of wildlife on Lanai are deer and wild
goats, and on Molokai, deer, wild goats, and wild pigs.

Descriptions of the Soils
In this section the soil series and mapping units of the

five islands in this survey area are described. The
approximate acreage and proportionate extent of the
soils are given in table 1.

Three kinds of mapping units are described. A high-
and medium-intensity survey was made of all cultivated
areas: a low-intensity survey was made of all grazing
and forested lands; and a reconnaissance survey was
made of inaccessible areas. The composition of the low-
intensity mapping units is more variable than that of
the high- and medium-intensity units, but it has been

controlled well enough to allow interpretations for the
expected uses of the soils.

The series descriptions are in alphabetic order. Follow
ing each series description is a fairly detailed description
of one mapping unit of the series. This detailed descrip
tion is followed by brief descriptions of the rest of the
mapping units.

In the first mapping unit of each series is a short
narrative description of a profile representative of the
series. Following this is a much more detailed descrip
tion of the same profile, which can be used by scientists,
engineers, and others in making highly technical inter
pretations. Unless otherwise stated, the color names and
color symbols given are for moist soils.

Following the name of each mapping unit is a symbol
in parentheses. This symbol identifies t.he mapping unit
on the detailed soil map and indicates whether it is
within the high- and medium-intensity, low-intensity, or
reconnaissance survey. For a soil within the high- and
medium-intensity survey, the symbol consists of a combi
nation of capital and lower-case letters (AcE). It in
cludes a number if the soil is eroded (1-IfD2). For a. soil
within the low-intensity survey, the symbol consists of
capital letters (ALE). For a soil within the reconnais
sance survey, the symbol consists of a lower-case “r”
preceding the capital letters (rAAE).

Listed a.t the end of the description of each mapping
unit are the capability classification, sugarcane group,
pineapple group, pasture group, and woodland group in
which the soil has been placed.

Technical terms used for describing the soils are
defined in the Soil Survey Manual (16) and in the
Glossary. For more general information about the soils,
the reader can refer to the section “General Soil Map,”
in which the broad patterns of soils are described.

AIae Series
This series consists of excessively drained soils on allu

vial fans on the island of Maui. These soils developed irs
volcanic ash and recent alluvium derived from basic
igneous rock. They are nearly level to gently sloping.
Most areas have cobblestones on the surface. Elevations
range from 50 to 600 feet.. The annual rainfall amounts
to 12 to 20 inches. The mean annual soil temperature is
74° F. Alae soils are geographically associated with Ewe,
Pulehu, and Waiakoa soils.

These soils are used for sugarcans and pasture. Small
areas are used for truck crops. The natural vegetation
is feather fingergrass, kiawe, and uhaloa.

AIae cobbly sandy loam, 0 to 3 percent slopes (AcA).—
This soil occurs on smooth alluvial fans. Included in
mapping were small areas of Ewa and Pulehu soils.

In a representative profile, the surface layer, about
7 inches thick, is very dark grayish-brown, cobbly sandy
loam that has granular structure. The substratum, to a
depth of 48 inches or more, is very dark grayish-brown,
very dark gray, and grayish-brown sandy loam and
coarse and very coarse sand. The soil is neutral or mildly
alkaline in the surface layer and mildly to moderately
alkaline in the substratum.

Permeability is rapid. Runoff is slow, and the erosion
hazard is no more than slight. The available water capac



ISLANDS OF KAUAI, OAHIJ, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII

Acrc Percent Acres Percent

Alae sandy loam, 3 to 7 percent siopes..H
Ame cobbly sandy loam, 0 to 3 percent

slopes
Alae cobbly sandy loam, 3 to 7 percent

slopes
Alaeloa silty clay, 3 to 7 percent slopes
Alaeloasilty clay, 7to 15 percentslopcs I
Alaeloasilty-clay, 15 to 35 percent slopes 1, 532 0. 39
Ewa silty clayloam, 0 to 3 percent slopes
Ewa silty clay loam, 3 to 6percent slopes 984 . 25
Ems silty clay loam, 6 to 12 percent

slopes 699 . 18
Ewa cobbly silty clay loam, 0 to 3 per

cent slopes
Ewa cobbly silty clay loam, 3 to 7 per

cent slopes
Ewa silty clay loam, moderately shallow,

0 to 2percent slopes 2,575 .66
Ewa silty clay loam, moderately shallow,

2 to 6 percent slopes 262 .06

Ewa silty clay, 0 to 3 percent slopes
Ewasilty clay, 3 to 7 percent. slopes
Ewa cobbly silty clay, 3 t.o 7 percent

slopes
Ewa stony silty clay, 0 to 2 percent

slopes 344 08
Ewa stony silty clay, 2 to 6 pereet

slopes 265 I . 06
Ewa stony silty clay, 6 to 12 percent

slopes 1,359 .35
Fill land 1,458 0.41 1,546 .39
Haiku silty clay, 3 to 7 percent slopes
Haiku silty clay, 7 to 15 percent slopes
Haiku clay, 3 to 7 percent slopes
Haiku clay, 7 to 15 percentslopes
Haleiwa silty clay loam, 0 to 10 percent

slopes ..

Haleiwa very stony silty clay loam, 0 to
15 percent slopes

Haleiwa silty clay, 0 to 2 percent slopes 1, 902 . 49
Haleiwa silty clay, 2 to 6 percent slopes 474 . 12

Halii gravelly silty clay, 3 to 8 percent
slopes_ 2,213 . 62

Haul gravelly silty clay, 8 to 15 percent
slopes 1, 110 . 31

Ilalil gravelly silty clay, 15 to 25 per
cent slopes, eroded 639 . 18

Haul gravelly silty clay, 25 to 40 per
cent slopes, eroded 897 . 25 --

Haliiinailo silty clay loam, 3 to 7 percent
slopes

Haliimaile silty clay loam, 7 to 15 per
cent slopes

Haliimaile silty clay, 3 to 7 percent
slopes

Haliiznaile silty clay, 7 to 15 percent
slopes

1{aliimaile gravelly silty clay, 7 to 15
percent slopes, eroded

Hamakuapoko silty clay, 3 to 7 percent
slopes --

Hamakuapoko silty clay, 7 to 15 percent
slopes

Hamakuapoko silty clay, 7 to 15 percent
slopes, eroded

Hanalci silty clay loam, 0 to 2 percent
slopes 273 .07

Hanalei silty clay, 0 to 2 percent slopes.. 2, 752 . 77 2, 034 . 52

Hanalei silty clay, 2 to 6 percent slopes 1, 183 . 30
Hanalel stony silty clay, 2 to 6 percent

slopes 707 . 18
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TABLE 1.—Approximate acreage and proportionate extent of the soile

HIGn-INTssNSITY AND MEDIUM-INTENSITY SuRvEY

Soil Kauai Oahu Maui Moiokai Lanai

PercentAcres Percent Acres Percent Acres

972 0.20

783 . 16

290 . 06
555 . 11

1,290 . 27
994 . 21 836 0. 50

3,760 . SO

506 . 10

306 .06

07 -;

oa

.06

.05

.17
226 .04 ..

169 .25
.63

171

.10

351

.21

366
230

297

240
836

1,
2, 950

• 12

38

• 57

23

• 04

• 20

05

• 05

578

1, 782

2, 693

1, 309

218

968

244

264
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Soil Kauai Oahu Maui Molokai Lanai

Acre, Perccnt 4crcs Percent Acrer Percent Acrct Percent Acrr, PercentHanalei peaty silty cla.y loam, 0 to 2
percent slopes 300 0. 08

Hanalei silty clay, deep water table, 0
to 6 percent slopes 1,500 42

Hanamaulu silty clay, 3 to 8 percent
slopes 2,854 . 80

Hanamaulu silty clay, 8 to 15 percent
slopes 1, 077 .30

Hanamaulu silty clay, 15 to 25 percent
slopes 795 . 22

Hanamaulu silty clay, 25 to 40 percent
slopes 890 .25

Hanamaulu stony silty clay, 10 to 35
percent slopes 1,307 .36

Hanamaulu bouldery silty clay, 10 to
35 percent slopes 854 .24

Holomuasiltloam, Oto 3percentslopes 1,445 .86Holomuasiltloam,3 tolpercentslopes 2,425 1.45Holomua silt loam, 3 to 7 percent slopes,
severely eroded 1,424 . 85Holomuasiltloam, 7to 15 percent slopes 482 .28Holomua silt loam, 7 to 15 percent
slopes, severely eroded 943 . 56Honoluasiltyclay, 7to I5percentslopes 1,659

. 35Honolua silty clay, 15 to 25 percent
slopes 911 . 19Honouliuli clay, 0 to 2 percent slopes 3,278 . 84Honouliuli clay, 2 to 6 percent slopes 235 . 08

Hoolehua silty clay loam, 3 to 10 percent
slopes, severely eroded 1,700 1.02Hoolehua silty clay, Oto3 percent slopes 441 .26Hoolehuasilty clay-, 3 to 7 percentslopes 1,936 1. 16Hoolehua silty clay, 7 to 15 percent
slopes 3,687 2.21Hoolehua silty clay, 15 to 3.5 percent
slopes 600 .36lao silty clay, Oto 3 percent slopes 458 .09lao silty clay, 3 to 7 percent slopes 397 .08lao cobbly silty clay, 3 to 7 percent
slopes 612 . 13lao cobbly silty clay, 7 to 15 percent
slopes 330 . 07Ian clay, 3 to 7 percent slopes 1,210 .25lao clay, 7 to 15 percent slopes 341 . 07lolenu silty clay loam, 2 to 6 percent
slopes 972 . 27

Xoleau silty clay loam, 6 to 12 percent
slopes 1,334 - 37

Ioleau silty clay loam, 12 to 20 percent
slopes, eroded 1,008 . 28

loleau silty clay loam, 20 to 35 percent
slopes, eroded 979 .27

Jaucas sand, 0 to iS pcrce.it slop 4,795 1.24 2,923 62 1,073 . 64 781
. 86Jaucassand, saline, Otol2 perceitslopes 213 .05 737 .15Jaucas loamy fine sand, 0 t 8 pc-x

slopes 3,562 1. 00
Jaucas loamy fine sand, dark variant,

0 to 8 percent slopes 377 . 10
Kacna clay, 2 to 6 percent slopes 790 .20
Kaena clay, 6 to 12 percent slopes 326 . 08
Kaenastony clay, 2to 6percent slopes 308 . 07
Kaena stony clay, 6 to 12 percent slopes 251 . 08
Kaenastonyclay, l2to2Opercent slopes .561 . 14
Kaena very stony clay, 10 to 35 1rcent

slopes 1,923 . 49
lCaena clay, brown variant, 1 to 6 per

cent slopes 430 . 12 . . __. .Kaena clay, brown variant, 6 to 12 per
centslopes 376 . 10

Kahana silty clay, 3 to 7 percent slopes 734 . 15

SOiL SURVEY

TABLE 1.—Approximate acreage and proportionate extent of the soils—Continued
HIGH-INTENsITY AND MEDIuM-INTENsITY Suavxy—Continued
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Soil

ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII

TABLE 1 .—Approximate acreoge and proportionate extent of the .soils—OontAnued

HIGE-INTEN5ITY AND MEDIUM-INTENSITY SURVEY—Continued

Acre.,
Kahana silty clay, 7 to 15 percent slopes
Kahana silty clay, 15 to 25 percent slopes
Kalae silty clay, 2 to 7 percent slopes
Kalne silty clay, 7 to 15 percent slopes
Kalae silty clay, 5 to 15 percent slopes,

severely eroded
Kalae silty clay, 15 to 25 percent slopes,

severely eroded
Kalae silty clay, 25 to 40 percent slopes,

severely eroded
Kalapa silty clay, 8 to 20 percent slopes.. 230
Kalapa silty clay, 20 to 40 percent slopes 869
Kalapa silty clay, 40 to 70 percent

slopes 4,050
Kalihi clay 334
Kaloko clay loam 200
Kaloko clay 792
Kaloko clay, noncalearcous vatiant
Kaneohe silty clay, 3 to 8 percent slopes
Kaneohe silty clay, 8 to 15 percent

slopes
Kanepuu silty clay, 3 to 7 percent slopes_
Kanepuu silty clay, 3 to 7 percent slopes,

eroded
Kancpuu silty clay, 7 to 15 percent

slopes
Kauepuu silty clay, 7 to 15 percent

slopes, eroded
Kapaa silty clay, 3 to 8 percent slopes_ - 5, 663
Kapaa silty clay, 8 to 15 percent slopes_ 2, 308
Kapaa silty clay, 15 to 25 percent slopes__ 1, 314
Kapaa silty clay, 25 to 40 percent slopes.. 1, 307
Kawaihapai clay loam, 0 to 2 percent

slopes
Kawaihapai clay loam, 2 to 6 percent

slopes
Kawaihapal clay Loam, 6 to 15 percent

slopes
Kawaihapai stony clay loam, 0 to 2 per

cent slopes
Kawaihapai stony clay loam, 2 to 6 per

centslopos
Kawaihapai very stony clay loam, 0 to

15 percent slopec
Kawaihapai silty clay loam, 2 to 7 per

cent slopes
Keaau clay, 0 to 2 percent slopes
Keaau stony clay, 2 to 6 percent slopes
Keaau clay, saline, 0 to 2 percent slopes
Keahua silty clay loam, 3 to 7 percent

slopes
Keahua silty clay loam, 7 to 15 percent

slopes
Keahua cobbly silty clay loam, 3 to 7

percentslopes
Keahua cobbly silty clay loam, 7 to 15

percent slopes
Kcahua cobbly silty clay loam, 15 to 25

percentslopes
Keahua very stony silty clay loam, 7 to

25 percentslopes
Keahua silty clay, 7 to 15 percent slopes_ -

Keahua cobbly silty clay, 7 to 15 percent
slopes

Keahua stony silty clay, 7 to 15 percent
slopes

Kekaha silty clay, 0 to 2 percent slopes_ 1, 432
Kekaha silty clay, 2 to 6 percent slOpes.. - 251
Kekaha clay, 0 to 2 percent slopes 1, 361

• 06
• 24

1. 14
• 09
• 05
• 22

Kauai ‘ Oahu Maui Molokai I Lanai

Percent Percent AcreS Percent ..4cres Percent Acres Percent

1,562

0.33

390

.08

548

.32 766 .85

103

.06 407 . 45

670 . 40

100 .06 108 .12

173 .10

314 .08
363 .09
291 . 07

305 .07

987

1. 09

661 .73

263 .29

600 .66

1,443 .37 348 .20

1,183 .30

248 .06

365 .09

1,938 .50 316 .18

1, 195 . 30 226 . 14

317

. 19
828 . 21
248 .06
389 . 10

3,898 .83

1,866 .40

1,619 .34

2,115 .45

817 .17

1,097 .23
822 .17

678 .14

340

.07

1. 59
65
37
36

40
07
38
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TABLE l.—Approximate acreage and proportionate extent of the soils—Continued
HIGH-INTENSITY AND MEDTUM-INTENSITY Suavay—Continued

Acrcs Percent
Kemoo silty clay, 2 to 6 percent slopes
Xemoo silty clay, 6 to 12 percent slopes
Xemoo silty clay, 12 to 20 percent slopes
Kemoosilty clay, 2Oto 35 percentslopes____
Kemoo silty clay, 35 to 70 percent slopes
Koele silty clay loam, 3 to 7 percent

slopes
Koele silty clay loam, 7 to 15 percent

slopes
Koele silty clay loam, 15 to 25 percent

slopes
Roko silt loam, 2 toO pcrcentslopes
Koko silt loam, 6 to 12 percent slopes
Koko silt loam, 12 to 25 percent slopes
Kokokahi clay, 6 to 12 percent. slopes
Kolekole silty clay loam, 1 to 6 percent

slopes
Kolekole silty clay loam, $ to 12 percent

slopes
Kolekole silty clay loam, 12 to 25 percent

slopes
Koloa stony silty clay, 3 to 8 percent

slopes 1, 123 . 31
Koloa stony silty clay, S to 15 percent.

slopes 267 .07
Koloa stony silty clay, 15 to 25 percent

slopes 539 . 15
Kolokolo clay loam 619 . 17
Kula loam, 4 to 12 percent. slopes

—

Ruin loam, 12 to 20 percent slopes
Kula cobbly loam, 12 to 20 percent

slopes
Kula very rocky loam, 12 to 40 percent

slopes
Kunia silty clay, 0 to 3 percent slopes
Kunia silty clay, 3 to S percent slopes
Kunia silty clay, S to 15 percent slopes
Lahainasilty clay, 0 to 3 percent slopes
Lahainasilty clay, 3 to 7percentslopes

-

Lahaina silty clay, 3 to 7 percent slopes,
severelyeroded

Lahaina silty clay, 7 to 15 Iercent slopes
Lahaina silty clay, 7 to 15 percent slopes,

severely eroded
Lahaina silty clay, 15 to 25 percentslopes
Lahaina silty clay, 15 to 25 percent

slopes, severely eroded
Lahaina silty clay, 25 to 40 percent

slopes, severely eroded
Lawai silty clay, 0 to 8 percent slopes 781 . 22
Lawai silty clay, 8 to 15 percent. slopes 513 . 14
Lawai silty clay, 15 to 25 percent slopes - 345 . 09
Leilehuasilty clay, 2toO percentslopes
Leilehuasilty clay, 6to l2percentslopes
Lihue silty clay, 0 to 8 percent slopes___ 9, 521 2. 68
Lihue silty clay, 8 to 15 percent slopes__ 2, 658 . 74
Lihue silty clay, 15 to 25 percent slopes_ 1, 076 . 30
Lihue silty clay, 25 to 40 percent slopes,

eroded 1,024 . 28
Lihue gravelly silty clay, 0 to 8 percent

slopes 961 . 27
Lihue gravelly silty clay, 8 to 15 percent

slopes 315 . 08
Lolekaa silty clay, 3108 percent slopes
Lolekaa silty clay, 8 to 15 PercentslOpes
Lolekaasiltyclay, l5to 25percentslopes
Lolekaasiltyclay, 2510 4opercentslopes
Lolekaa silty clay, 40 to 70percentslopes_ .

Lualualei clay, 0 to 2 percent slopes 431 . 12
Lualualei clay, 2 to 6 percent slopes 579 . 16
Lualualei stony clay, 0 to 2 percent slopes

3, 848
2, 085

666
637

3, 852

65 1, 512 . 32 1, 619 . 97

Soil Kauai Oahu Maui Molokai Lanai

_4cres
229
361
956
938

3, 393

996
243
214
709

1, 231

794

1, 053

Frent
0. 05

09
• 24
• 24
• 87

• 25
• 06
• 05
• 18

• 31

20

27

• 99
• 53
• 17
• 16
• 90

408 .45

1, 091 1. 21

222 . 24

248 .05
2,876 .61

3,956 .84

1,770 37

560

.33 703 . 78
1, 373 . 29 2, 045 1. 22 1, 376 1. 52

490 .54
769 .55

614 .68

.24 376 .41

.27 79 .08

.16 45 .05

2,524

1,239 .32 904 .54

569

. 12

3, 687
1, 043

2, 569
923

1, 689
2, 636
3, 199
1, 766

805
964

• 95
26

• 66
23

• 43
68

• 82
• 45
• 20
• 24

408

452

278
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TABLE 1.—Approximate acreage and proportionate extent of the soils—Continued

Acres
Lualualei stony clay, 2 to 6 percent slopes
Mahana silt loam, 6 to 12 percent slopes__ 482
Mahana silt loam, 12 to 20 percent slopes_ 1, 557
Mahana silt loam, 12 to 20 percent elopes

severely croded_ 755
Mahana i1t loam, 20 to 35 percent slopes_ 1, 104
Mahana silt loam, 20 to 35 percent

slopes, aeverly eroded 1,864
Mahana silty clay loam, 6 to 12 percent

slopes, eroded
Mahana silty clay loam, 12 to 20 percent

slopes, eroded
Mahana silty clay loam, 20 to 35 percent

slopes, eroded
Makalapa clay, 2 to 6 percent slope&_
Makalapa clay, 6 to 12 percent slopes__
Makalapa clay, 12 to 20 percent slopes
Makapili silty clay, 0 to 8 percent slopes. 1, 401
Makapili silty clay, 8 to 15 percent slopes_ 295
Makapili silty clay, 15 to 25 percent

slopes 339
Makapili silty clay, 25 to 40 percent

slopes 342
Makawao silty clay, 3 to 7 percei,t slopes
Makawao silty clay, 7 to 15 percent

slopes
Makaweli silty clay loam, 0 to 6 aercent

slopes 3,435
Makaweli silty clay loam, 6 to 12 percent

slopes 3,367
Makaweli silty clay loam, 12 to 20

perceilt slopes 2, 004
Makaweli silty clay loam, 20 to 35

percentslopes, eroded 732
Makaweli stony silty clay loam, 0 to 6

percent slopes 1, 749
Makaweli stony silty clay loam, 6 to 12

percent slopes 956
Makawcli stony silty clay loam, 12 to 20

percent slopes 707
Makawcli stony silty clay loam, 20 to 35

percent slopes 491
Makiki clay loam, 0 to 2 percent slopcs_.. --

Makiki stony clay loam, 0 to 3 percent
slop

Mala silty clay, 0 to 3 percent slopes.__
MaIn silty clay, 3 to 7 percent slopes_
Mamala stony silty clay loam 0 to 12

percent slopes
Macann silty clay loam, 2 to 6 percent

slopes
Manana silty clay loam, 6 to 12 percent

slopes
Manana silty clay loam, 12 to 25 percent

slopes, eroded
Manana silty clay, 3 to S percent slopes -

Manana silty clay, S to 15 percent slopes
Manana silty clay, 15 to 25 percent

slopes
Manana silty clay, 12 to 253 percent

slopes, eroded
Manana silty clay, 25 to 40 percent

slopes
Mokuleia fine sandy loam 1, 639
Mokuleia loam
Mokuleia clay loam
Mokuleia clay loam, poorly drained

variant 1, 131
Mokuleia clay
Molokai silty clay loam, 0 to 3 pei’cent

slopes

HIGH-INTENSITY AND MEDIUM-INTENSITY SuRvEy—Continued

19

Soil Kauai Oahu Maui Molokai Lanai

Percent Acres Percent Acres Percc,, Acres Pe,-cent Acres Percent

1,413

0.36
• 13
.43

.21

.31

.52

690

.17 i_

883

.22

1,142

.29

1,992

.51

703

.18

243

.06
39

.08

.09

09

410

. 08

1,

488 . 31

.96

.94 -

.56
- -

.20

.49

.26

.19

• 13

875

. 22

537

. 13

1,872

1. 12 191 . 21

200

. 12 113 . 13

493 . 13 6,293 1. 63

802 .20

786 . 20

751 . 19
638 . 16

1,001 .25

229 .05

354 .09 -

694

. 17 -

.46

524

. 13

655

. 16

31

674

. 17

280 . 07 1, 652 35 1, 9553 1. 17 1, 652 1. 83
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TABLE 1.—Approximate acreage and proportionate extent of the soils—Continucd
HIGH-INTENSITY AND MEDIUM-INTENSITY SURVEY—Continued

Soil

Acr,S
Molokai silty clay loam, 3 to 7 percent

slopes
Molokai silty clay loam, 3 to 7 percent

slopes, severely eroded
Molokai silty clay loam, 7 to 15 percent

slopes
Molokai silty clay loam, 7 to 15 percent

slopcs, severely eroded -

Molokai silty clay loam, 15 to 25 percent
slopes

Molokai silty clay loam, shallow variant,
15 to 25 percent slopes, severely eroded

Nm silty clay loam, 6 to 12 percent
slopes

Niu silty clay loam, 12 to 20 percent
slopes

Niu silty clay loam, 6 to 20 percent
slopes, erodcd

Niu silty clay loam, 20 to 35 percent
slopes, eroded

Nohili clay
Nonopahu clay, 2 to 10 percent slopes - - -

Nonopahu stony clay, 2 to 12 percent
slopes

Oil loam, 12 to 20 percent slopes
Paaioa silty clay, 3 to 12 percent slopes.. - -

Paaloa clay, 2 to 12 percent slopes
Pala silty clay, 3 to 7 percent slopes
Paia silty clay, 7 to 15 percent slopes
Pain silty clay, 7 to 15 perceIt slopes,

eroded
Pakala clay loam, 0 to 2 percent slopes -

Pakala clay loam, 2 to 10 percent slopes_ -

Paumalu silty clay, 3 to 8 percent siopes
Paumalu silty clay, S to 15 percent. slopes_
Paumalu silty clay, 15 to 25 percent

slopec
Paumalu silty clay, 2.5 to 40 percent

slopes
Paumalu silty clay, 40 to 70 percent

slopes
Pauwela clay, 3 to 7 percent slopes
Pauwela clay, 7 to 15 percent slopes
Pauwela clay, 15 to 25 percent slopes
Pearl Harbor clay
Poha.kupu silty clay loam, 0 to 8 percent

slopes
Pohakupu silty clay loam, 8 to 15 per-

percent slopes
Pooku silty clay loam, 3 to 8 percent

slopes 775
Pooku silty clay loam, 8 to 25 percent

slopes 321
Pooku silty clay, 0 to 8 percent slope&.. 2, 058
Pooku silty clay, S to 15 percent slopes.... 1, 556
Pooku silty clay, 15 to 25 percent slopes_ 1, 053
Pooku silty clay, 25 to 40 percent slopes_ 2, 024
Puhi silty clay loam, 0 to 3 percent slopes.. j 442
Puhi silty clay loam, 3 to 8 percent slopes 7, 078
Puhi silty clay loam, S to 15 percent

slopes 2,095
Puhi silty clay loam, 15 to 25 percent

slopes 1,345
Puhi silty clay loam, 25 to 40 percent

slopes 1,801
Pulehu sandy loam, 2 to 6 percent slopes
Pulehu stony sandy loam, 0 to 7 percent

slopes
Pulehu silt loam, 0 to 3 percent slopes
Pulehu silt loam, 3 to 7 percent slopes

4.293 .92
1,148 .24

04

Kauai Oahu Maui Molokai Lanai

1,

1,

Percent Acre., Perccn Acres Perce,,t Acrcs Percesl Acre, Perccnt

3,715

0. 96 4,438 0. 95 6,939 4. 17 4,439 4.93

605

.36

1,

519 . 39 282 . 06 2, 925 1. 75 522 . 58

1,

865 1. 12 1,362 1.51

771

. 19

1,

055 . 63 372 . 41

800 .22

440 .40

234 .06

903 .25
150 .32
651 .18

247 .06
596 .16

2,625

.67

690

.17

214

937 .26 -

.06

347

.08

480

.12

637

.

546 .14

632

.16

782

. 16

I

3,285 . 70

1,673

. 35

1,952

. 50

487 .13 626 .16

238 .06

21

.09

.57

.43

.29

.57
12

1.99

.59

.37

53

94

.05 199 .22

91

.05 101 . 11
2, 329 .49

796 . 17 I



Pulehu cobbly silt loam, 0 to 3 percent
slopes

Pulehu cobbly silt loam, 3 to 7 percent
slopes

Pulehu clay loam, 0 to 3 percent slopes__
Pulehu cobbly clay loam, 0 to 3 percent

slopes
Pulehu cobbly clay loam, 3 to 7 percnet

slopes
Pulehu stony clay loam, 2 to 6 percent

slopes
Pulehu very stony clay loam, 0 to 12

percent slopes
Puu Opae silty clay loam, 8 to 15 percent

slopes
Puu Opae silty clay loam, 15 to 25 per

cent slopes
Puu Opae silty clay loam, 25 to 40 per

cent slopes
Uwala silty clay loam, 2 to 7 percent

slopes
Uwala silty clay loam, 7 to 15 percent

slopes
Uwala silty clay loam, 7 to 15 percent

slopes, severely eroded
Wahiawa silty clay, 0 to 3 percent slopes_
Wahiawa silty clay, 3 to 8 percent slopes
Wahiawa silty clay, 8 to 15 percent

slopes
Wahiawa silty clay, 15 to 25 percent

slopes, eroded
Wahikuli silty clay, 3 to 7 percent slopes
Wahikuli stony silty clay, 3 to 7 percent

slopes
Wahikuli stony silty clay, 7 to 15 percent.

slopes
Wthikuli very stony silty clay, 3 to 7

percent slop
Waiakoa silty clay loam, 3 to 7 percent

slopes
Waiakoa silty clay loam, 7 to 15 percent

slopes
Waiakoa cobbly silty clay loam, 3 to 7

percent slopes
Waiakoa very stony silty clay loam, 3 to

7 percent slopes
Waiakoa very stony silty clay loam, 7 to

15 percent slopes
Waiakoa extremely stony silty clay loam,

3 to 7 percent slopes
Waiakoa extremely stony silty clay loam,

7 to 15 percent slopes
Waialua silty clay, 0 to 3 percent slopes -

Wa.ialua silty clay, 3 to 8 percent slopea_
Waialua stony silty clay, 3 to 8 percent

slopes
Waialua stony silty clay, 12 to 30 percent

slopes
Waialua very stony silty clay, 12 to 20

percent slopes
Waialua clay, 2 to 6 percent slopes
Waihuna clay, 0 to 3 percent slopes
Waihuna clay, 3 to 7 percent slopes
Waihuna clay, 7 to 15 percent sIopes_.
Waihuna clay, 15 to 25 percent slopes._
Waihuna gravelly clay, 3 to 7 percent

slopes
Waikane silty clay, 3 to 8 percent slopes..
Waikane silty clay, 8 to 15 percent

slopes

177476177

ISLANDS OF KAUAI, OAIU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII

TABLE 1 .—ApproEimate acreage and proportionae ezten of the soils—Continued
HrnH-INTENSITY AND MEDIUM-INTENsITY SuRvEY—Continued

Soil Kauai Oahu Maui Molokai

21

Lanai

Percent

• 29

• 11

Percent

0. 17

• 15
• 41

• 24

Acres

816

735
1, 925

1, 144

966

.4cres

339

20

.23

Acres

847

1, 355

1, 447

Percent

23

38

40

Acres

1, 112

443

914

8, 981
10, 188

1, 740

241

2, 644
643

1, 040

238

268
512

602

247

Percent Acrcs Percent

.20 207 .23

1,632

1.81

1,

164 1.29

1,

173 1. 30

1,764

1.96
.10 1,206 1.34
.28 298 .33
.10 96 .10

228

.25

• 07

• 09

• 19

08

45

08

27

42

21

07

08

2. 32
2. 63

45

06

68
16

26

06

• 06
• 13

• 15

06

354

441

894

417

2, 103

373

1, 282

2, 003

990

344

375
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Alaeloa silty clay, 15 to 35 percent
slopes, severely eroded

Alaeloa silty clay, 40 to 70 percent
slopes

Alaeloa stony silty clay, 15 to 35 percent
slopes, severely eroded

Alaeloa stony silty clay, overwash, 13 to
35 percent slopes

Badland
Badland-Mahana complex
Beaches --

Blown-out land
Colluvial land -

Coral outcrop
Duneland
Fill land, mixed
Gulliedland
Halawa silty clay, 3 to 25 percent slopes
Halawa silty clay, 3 to 25 percent slopes,

severely eroded
Halawa silt loam, 20 to 35 percent slopes
Ilalawa silt loam, 3.5 to 70 percent slopes,

eroded
Hana very stony silty clay loam, 3 to 25

percent slopes
Hana extremely stony silty clay loam,

3 to 25 percent slopes
Hana silty clay loam, moderately deep

variant, 3 to 15 percent slopes

TABLE 1 .—Approximate acreage and proportionate extent of the soils—Continued
Hion-I NTENSITY AND MEDIUM-INTENSiTY—Continued

Soil Kauai Oahu Maui IViolokal Lanai

Acres Percent Acres Pcrcet Acres Pci-ce-nt Acres Percent Acres Percent
Waikane silty clay, 25 to 40 percent

slopes 3, 976 1. 02
Waikane silty clay, 40 to 70 percent

slopes 5, 743 1.48
Waikane silty clay, 40 to 70 percent

slopes, eroded 819 . 21
Waikane stony silty clay, 15 to 30 per-

cent slopes 310 .08
Waikapu silty clay loam, 0 to 3 percent

slopes 570 .34 574 . 63
Waikapu silty clay loam, 3 to 7 percent

slopes 1, 406 . 84
Waikapu silty clay loam, 3 to 7 percent

slopes, severely eroded 509 .30
Waikapu silty clay loam, 7 to 15 percent

slopes, severely eroded 1, 019 . 61 143 . 15
Waikomo stonysilty clay 1, 539 .43
Waikomo very rocky silty clay 1, 910 . 53
Waikorno extremely rocky silty clay___ 283 . 07
Wailuku silty clay, 3 to 7 percent slopes 514 . 11
Wailuku silty clay, 7 to 15 percent

slopes 1, 613 .34
Wailuku cobbly silty clay, 7 to in per

cent slopes 578 . 12
Wainee very stony silty clay, 3 to 7 per

cent slopes 388 .08
Wainee very stony silty clay, 7 to 15

percent slopes 936 . 20
Wainee extremely stony silty clay, 3 to 7

percent slopes 370 . 07
Wainee extremely stony silty clay, 7 to

15 percent slopes 1, 093 . 23
Waipahu silty clay, 0 to 2 percent slopes 1, 328 34
Waipahusilty clay, 2 to 6 percent slopee 345 .08
Waipahusilty clay, Oto 12 percent slopee 656 . 16

Total 129, 362 35. 97 162, 837 41. 51 105, 090 21. 50 48. 855 29. 15 28, 187 31. 18

Low-INTENsITy Sustvav

2,757

.71

1, 624 .45
5, 681 1. 60

741 - 20 1, 772 . 45 477

8,863

2.29
638 .17 1,168

9,713

2. 51

786429

. 11

654

. 16

7,4925721,360

10

25

16

1. 60

12

29

201

354

209

358

1, 399

2, 181
1, 383

553

• 12

.21

• 12

.21 68

2,732

- 84

1. 31
- 83

33

- 07
3. 03
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T.sDLE 1.—Approximate acreage ar4 proportionate extent of the soils—Continued

LOW-INTENSITY Suavay—Continued

Soil Kauai Oahu Manhi Molokai J.anai

Acres Percer5 Acre, Pcrceni Arm Percent icres Perrent Acre, Percent

Hana extremely stony silty clay loam,
moderately deep variant, 3 to 15 Per
cent slopes 520 0. 11

Heiemauo silty clay, 30 to 90 percent
.sl9P 27, 778 7.18

Hihln)arIn jlty clay loam, 40 to 70 per
Cent slopes 8,431 2.37

Huliia gravelly silty clay loam, 3 to 25
percent slopes 2,472 . 69

Hulna gravelly silty clay loam, 25 to 70
percents1opcs 2, S50 .80

In silt loam, 7 to 25 percent slopes 3,302 . 70

Jauea—)3lown-out land complex 1, 174 . 70

Kahanu, silty clay, 3 to 20 perccntslopes 351 . 19

Kahanui gravelly silty clay, 3 to 20
percent slopes 1,972 1. 18

Kailua iltv clay, 3 to 2.5 percent slopes 6,630 1.42

Ka.imu extremely stony peat, 7 to 25
percent slopes 1,990 . 42

Kaipoioi loam, 7 to 40 percent slopes 5,933 1.27

Kaipoioi very rocky loam, 7 to 40 per
ceiit.slopcs 4,522 .97

Kalapa ver rocky slltt’ clay, 40 to 70
percent slopes 1,851 .52

Kalaupapa very rocky silty cia loam, 3
to 25 percent slope 1,359 .81

Kamaole ver stony silt loam, 3 to 15
percent slopes 7,714 1.65

Kamaole extremely stony silt loam, 3 to
15 percent slopes 1, 018 . 21

Kaneohe silty clay loan,, 5 to 15 percent
5l0J)e5 348 .09

Kaneohe silty clay loam, 15 to 30 per
cent slopes 210 .05

Kaneolse silty cla’ loam, 30 1,0 65 Per
cent slopes 400 . 10

Kaneoho silty clay, 30 to 65 percent
slopes 401 . 10

Kapaasiltyclay, 4Oto l0Opercentslnpes 12, 119 3. 13

Kapuhikani extremely stony clay, 3 to 15
percent slopes 1,250 .75

Kaupo very stony silty clay loam, 3 to 25
percent slopes 1,914 .41

Kaupo extremely stony silty clay, 3 to 25 I
percent slopes 564 . 12 -.

Kealia silt loam 1,110 .23 1,430 .85

Keawakapu extremely stony silty clay
loam, 3 to 25 percent slopes 4,679 1. 00

Kekaha extremely stony silty clay loam,
0 to 35 percent slopes 1,102 .31

Kemoo-Badland complex 961 . 24

Koele-Badland complex 527 . 31 6,630 7.36

Koele rocky complex 1, 698 .36

Kokec silty clay loam, 0 to 35 percent
slopes 2,435 .68

Kokee silty clay loam, 35 to 70 percent
slopes 3,669 1.03

Kokokahi very stony clay, 0 to 35 per
centslopes 300 . 07

Kolokoloextremelystony clayloam 1,982 . 55 .

Koolnu silty clay, 0108 percent slnpes._[ 1,056 . 29
Koolau silty clay, 8 to 30 lereent slopes.. 652 . 18
Kunuweia very gravelly clay loam, 0 to

15 percentslopes 801 .22
Laumais. loam, 7 to 40 percent slopes 5,800 1.24

Laumaia loam, 40 to 70 percent slopes 720 .15 -

Lauinaia extremely stony loam, 7 to 40
percentslopes 4,496 . 96 -.

Lualualei extremely stony clay, 3 to 35
Iercent slopes 361 . 10 5,936 1.53

Mahana-Badland complex 2, 533 .65
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TABLE l.—--Approxirnczte acreage and proportionate cEtent of the soils—Continued
Low-INTENsITY Suavay—Continued

Kauai

Acres Percent _4crcs PercentMakaalae silty clay, 7 to 25 percent
slopes

Makaalae extremely stony silty clay, 7
to 25 percent slopes

Makaalae clay, 7 to 40 percent slopes
Makena loam, stony complex, 3 to 15

percent slopes
Malama extremely stony muck, 3 to 25

percent slopes
Marsh 652 iS 980 . 24
Naiwa silty clay loam, 3 to 20 percent

slopes
Naiwa silty clay loam, 7 to 15 percent

slopes, severely eroded
Niulii silty clay loam, 7 to 30 percent

slopes
Niulii silty clay loam, medium textured

variant, 7 to 30 percent slopes
Oanapuka very stonY silt loam, 7 to 25

percent slopes
Oanapuka extremely stony silt loam, 7 to

25 percent slopes
Olelo silty clay, 3 to 15 percent slopee
Oh silt loam, 3 to 10 percent slopes
Oh silt loam, 10 to 30 percent sLopes 1, 122 . 32
Oil silt loam, 30 to 70 percent slopes 3,037 86
Olinda loam, 4 to 12 percent slopes
Olinda loam, 12 to 20 percent slopes
Olinda loam, 20 to 40 percent slopen
Olokui silty clay loam, 3 to 30 percent

slopen
Opihikao extremely rocky muck, 3 to 25

percent slopes
Paaiki loam, 6 to 35 percent slopes 1, 828 51 ..

Paaiki loam, 35 to 70 percent slopes____ 733 .20
Pakala extremely stony sandy clay

loam, 0 to 12 percent slopes 914 25
Pamoa silty clay, 5 to 20 percent slopes 409 . 11
Pamoa silty clay, 5 to 20 percent slopes,

eroded
Pamoa stony silty clay, 5 to 20 percent

slopes, eroded
Pane silt loam, 7 to 25 percent slopes
Papaa clay, 6 to 20 percent slopes 259 06Papaa clay, 20 to 35 percent slopes 233 . 06Papaa clay, 35 to 70 percent slopes 631 16Paumalu-Badland complex... 5,340 1. 38Puuone sand, 7 to 30 percent slopes
Puu Pa very stony silt loam, 7 to 40 per

cent slopes
Tantalus silt loam, 15 to 40 percent

slopes 264 .06Tantalus silt loam, 40 to 70 percent
slopes 919 .23

Tantalus silty clay loam, 8 to 15 percent
slopes 576 . 14Tantalus silty clay loam, 15 to 40 percent
slopes 339 . 08Tropaquepts 488 . 12Ulupalakua silt loam, 7 to 25 percent
slopes

Urna loamy coarse sand, 15 to 40 per
cent slopes

Uma loamy coarse sand, 40 to 70 percent
slopes

Uma rocky loamy coarse sand, 7 to 25
percent slopes

Waiakoa extremely stony silty clay loam,
3 to 25 percent slopes, eroded

ioil Onhu Maui Molokai Lanai

Acres Percent

599 .30

925 .55

623 .37

288 .17

535 .32

1,449 .87

2, 554 1. 53
1,008 .60

841 .50

Acres Percent

52 .05

22 .02

.4cres

4, 374

2, 054
570

2, 962

2, 960

929

658

5, 720
2, 251

372

213
2, 816
1, 596

412

3, 246

4, 579

15, 282

180

1, 986

1, 724

2, 631

936

13, 424

Percent

0. 93

• 44
12

• 63

63

• 19

• 14

1. 22
• 48

07

04
60

• 34

08

69

98

3. 27

• 03

42

37

56

20

2. 88

774 .48 283 .31

1,054 .63 271 .30

1,087 . 65
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TABLE 1.—Approximate acreage and proportionate extent of tire soils—Continued.

Low-INTESSzTY SuRvsy—Continued
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Soil Kauni Ohau Maui Molokai Lanai

. Aaes Pcrcert Acres Perceni Acres Percent 4crc Percent Acres Percent

Waniwa extremely rocky clay. 30 to 80
percent slopes 8, 903 2. 50

Total 53, 535 14. 98 85, 592 22. 01 136, 340 29. 05 26, 087 15.58 10, 409 11. 33

RsccorsNaissaNcs Suevay

Alakaimuckypeat, Oto3Opcrcentslopes 6. 646 1.87 319 .08
Amalu peaty silty clay, 3 to 20 percent

slopes ii, 684 1. 21 1, 034 .62

Amalu-Olokui association, 3 to 20 per
cent slopes 1, 004 .60

Cinder land 579 . 14 9, 978 2. 14

Honomanu silty clay, 5 to 25 percent
slopes 1, 936 .41

Hononianu-Amalu association 10, 186 2. 18

Hydrandepte-Tropaquods association 41, 525 8. 91

Lava flows, Aa 9, 030 1.93

Riverwash 902 .25
Rock land 1, 382 .38 37, 537 9. 71 13, 762 2.95 5, 800 5.28 7, 007 7. 78

Rock outcrop 41, 786 11.77 7, 749 2. 00 16, 244 3.48 7, 241 4.35 5, 890 6. 54

Rough broken land 46, 368 13.06 14, 731 3.16 8, 964 5.38 1, 045 1. 16

Rough broken and stony land 3, 035 .65

Rough mountainous land 69, 502 19. 57 59, 790 15. 46 52, 122 ii. 18 32, 960 19. 80 2, 867 3. 18

Rubble land 923 . 26
Sandy alluvial land 475 .52

Stony alluvial land 4, 683 1. 00 811 . 48 216 . 24

Stony blown-outland 1, 415 1.57

Stony colluvial land I 753 .45

Stony land 6, 530 1. 68

Stony steep land 8, 064 2. 08

Tropaquode 4, 611 2.77

Tropohumults-Dystrandepts association 17, 463 4. 51

Very stony land 41, 574 8, 92 8, 921 5. 36 15, 180 16. 86

Verystony land, eroded 16, 228 9.75 17, 314 19.23

Waialeale mucky silty clay loam, 30 to
70 percent slopes 4, 581 1. 29

Total i2, 092 48.45 138, 031 35.66 224,490 48. 12 91, 327 34.84 51, 409 57.08

ity is about 1.2 niches per foot in the surface layer and
0.9 inch per foot in the substratum. In some places roots
penetrate to a depth of 4 feet or more.

Representative profile: Island of Maui, lat.. 200500e

N. and long. 156°25’53” W.
A11—0 to 2 inches, very dark brown (1OYR 2/2) cobbly

sandy loam, very dark grayish brown (1OYR 3/2)
when dry weak, fine, granular structure; soft, very
friable, uonsticky and nonpiastic; plentiful very fine
roots many fine pores; ninny ash particles, up to 2
millimeters in diameter, that do not break dowsi with
continued rubbing; neutral; clear, smooth boundary.
2 to 3 inches thick.

A12—2 to 7 inches, very dark grayish-brown (1OYR 3/2)
sandy loam, brown (1OYR 4/4) when dry; massive;
soft, very friable, nonsticky and nonpiastic; plentiful
fine roots; many fine and very fine pores; many ash
particles, up to 2 mIllimeters in diameter, that do
not break down with continued rubbing; a few thin
layers of yellowish-red (SYR 4/6), slightly decom
posed, volcanic cinders (0.15 to 1 millimeter) ; mildly
alkaline; clear, wavy boundary. 4 to 8 inches thick.

C1—7 to 14 inches, very dark grayish-brown (1OYR 3/2)
sandy loam, brown (1OYR 4/3) when dry; massive;
soft, very friable, nonsticky and nonpiastic; few very

fine roots; common very fine pores; many ash parti

cles, up to 2 millimeters in diameter, that do not

break down with continued rubbing; slight effer

vescence with hydrochloric acid; mildly alkaline;
abrupt, wavy boundary. 5 to 15 inches thick.

IIC2ca—14 to 29 inches, very dark gray (1OYR 3/1) coarse
and very coarse sand, gray (10TH 5/1) when dry;
single grain; loose; many ash particles up to 2 null-

meters in diameter; many pebble-size fragments of
basalt; violent effervescence with hydrochloric acid;
moderately alkaline; clear, wavy boundary. 10 to 18
inches thick.

hIIC3ca—29 to 55 inches, grayish-brown (1OYR 5/2) very

coarse sand, gray (1OYR 5/1) when dry; single
grain; loose; 40 to 50 percent gravel and cobble
stones; many volcanic ash particles up to 2 milli

meters in diameter; strong effervescence with
hydrochloric acid; moderately alkaline.

The content of cobblestones in the A horizon ranges from
5 to 40 percent. In places there are no cobblestones in this
horizon. The A horizon ranges from 1OYR to 7.SYR in hue,
from 2 to 3 in value when moist and from 3 to 5 when dry,
and from 1 to 3 in chroma when moist or dry. The 0 horizon
is stratified and has textures of sandy loam, coarse sand, and

very coarse sand. In some places a few hands of volcanic ash,

‘,4 to % inch thick, occur in the C horizon.
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This soil is used for sugarcane and pasture. (Capability
classification IVs if irrigated, VIs if nonirrigat.ed.; sugar-
cane group 1; pasture group 1)

Alae cobbly sandy loam, 3 to 7. percent slopes tAcB).—
On this soil, runoff is slow and the erosion hazard is
slight.

This soil is used for sugarcane and pasture. (Capability
classification IVs if irrigated, VIs if nonirrigated; sugar-
cane group 1; pasture group 1)

Alae sandy loam, 3 to 7 percent slopes (AaB).—This
soil is similar to Alae cobbly sandy loam, 0 to 3 percent
slopes, except that there are no cobblestones on the sur
face. Runoff is slow, and the erosion hazard is slight.
Included in mapping were small, nearly level areas. In
places there are few to many pebble-size rock fragments
in the surface layer.

Most of this soil is used for sugarcane and pasture. Asmall acreage is used for truck crops. (Capability classification IVs if irrigated, VIs if nonirrigated; sugarcane
group 1; pasture group 1)

Alaeloa Series
This series consists of well-drained soils on uplands onthe islands of Maui, Molokai, and Oahu. These soils

developed in material weathered from basic igneous rock.
They are gently sloping to very steep. Elevations rangefrom 100 to 1,500 feet. The annual rainfall amounts to35 to 60 inches, and it, is well distributed throughout theyear. The mean annual soil temperature is 72° F. Alaeloasoils are geographically associated with Kaneohe, Lolekaa,Papaa., Waikane, Honolua, and Kahana soils.

These soils are used for pineapple, pasture, wildlifehabitat, homesites, and water supply. Small a.creages areused for truck crops and orchards. The natural vegetationconsists of guava, Java plum, Christmas berry, Japanesetea., and bilograss.
Alaeloa silty clay, 15 to 35 percent slopes IAeE).—Thissoil occurs on smooth side slopes and toe slopes in theuplands. Included in mapping were small areas of dark-brown soils on uplands and wet soils in the drainage-ways. Also included were small, eroded areas and gentlysloping to moderately sloping areas.
In a representative profile the surface layer is darkreddish-brown silty clay about 10 inches thick. The subsoil, about 48 inches thick, is dark-red and red silty claythat has subangular blocky structure. The substratum is

soft, weathered basic igneous rock. The soil is medium
acid in the surface layer and strongly acid in the subsoil.

Permeability is moderately rapid. Runoff is medium,
and the erosion hazard is moderate. The available water
capacity is about 1.2 inches per foot in the surface layer
and 1.6 inches per foot in the subsoil. Roots penetrate to
a depth of 5 feet or more in places. Workability is
difficult because of the slope.

Representative profile: Island of Oahu, lat. 21°21’50”
N. and long. 15’T°44’2’T” W.

Ap—O to 10 inches, dark reddish-brown (5YR 3/3) silty clay,
reddish brown (5YR 4/3) when dry; strong, very
fine and fine, subangular blocky structure; hard, firm,
sticky and plastic; abundant fine and medium roots;
many very fine roots; many, very fine and fine, inter
stitial anti tubular pores; common wormholes and
worm casts; some dark-red material from B horizon

mixed by cultivation; slight effervescence with hydro
gen peroxide; medium acid; abrupt, wavy boundary.
9 to 10 inches thick.

B21t—10 to 18 inches. dark-red (2.5YR 3/6) silty clay, red
(2.i5YR 4/6) when dry; strong, very fine, subangular
blocky structure; hard, friable, sticky and plastic;
abundant fine roots; common. very fine and fine,
tubular pores; few, medium, tubular pores; few
wormholes and worm casts; thin, continuous clay
films on pods; strongly acid; clear, wavy boundary.
6 to 8 inches thick.

B22t—18 to 29 inches, dark-red (2.5YR 3/6) silty clay, red
(2.SYR 4/6) when dry; strong, very fine and medium,
subangular blocky structure: hard, friable, sticky
and plastic; abundant very fine roots; few, fine,
tubular pores; thin, continuous clay films on peds;
some films are dark red and some dark brown;
strongly acid; gradual, wavy boundary. 9 to 13 inches
thick.

B23t—29 to 48 inches, coarse pattern of red (1OR 5/6,
2.5YR 4/6 and 4/8) silty clay; red (1QR 4/0), dark
red (2.5YR 3/6), and dark reddish brown (2.5YR
3/4) when moist; strong, very flue and fine, sub-
angular blocky structure; hard, friable, sticky and
plastic; few fine roots; many, very fine, tubular
pores anti common, fine, tubular Pores; thick, con
tinuous, dark-red clay films in vertical cracks; coated
ped faces; some granular (sugarlike) material on
pods; few soft. rock fragments; strongly acid; clear,
wavy boundary. 18 to 26 inches thick.

B24t—48 to 58 inches, red (2.5YR 4/6) silty clay, red (2fiYR
5/6) wlian dry; strong, very fine and medium, sub-
angular blocky structure; hard, friable, sticky and
plastic; few fine roots; many, very fine and fine, tubu.
lar pores; thick, continuous clay films on peds; weak
slickensides; many black specks; many soft, highly
weathered rock fragments; strongly acid.

The A horizon ranges from 5YR to 2.5YR in line, and, when
moist, from 2 to 3 in value and chroma. The B horizon ranges
from 2.5YR to 1OR in hue. It ranges from 2 to 5 in value
when moist or dry and from 4 to 6 in chroma whon moist
and 6 to S when dry. The Bt horizon ranges from silty clay
to clay loam in texture. Slickensides and organic stains in
the Bt horizon range from few to many. In most places depth
to the soft, highly weathered parent rock ranges froui 3 feet
to more than 5 feet. In some places there are stones on the
surface or in the profile or areas of rock outcrop.

This soil is used for pineapple, pasture, truck crops,
orchards, wildlife habitat, and homesites. Small areas
are used for sugarcane. (Capability classification VIe,
nonirrigated; pineapple group 6; pasture group 6; wood
land group 5)

Alaeloa silty clay, 3 to 7 percent slopes (AeB).—Ou
this soil, runoff is slow and the erosion hazard is slight.
Workability is easy. Included in mapping were small,
nearly level areas.

This soil is used for pineapple. A small acreage is used
for pasture and homesites. (Capability classification lie,
irrigated or nonirrigated; pineapple group 5; pasture
group 6; woodland group 5)

Alaeloa silty clay, 7 to 15 percent slopes (AeC).—On
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate. Workability is slightly difficult.

This soil is used for pineapple. A small acreage is used
for pasture and homesites. (Capability classification ITIe,
irrigated or nonirrigated; pineapple group 6; pasture
group 6; woodland group 5)

Alaeloa silty clay, 40 to 70 percent slopes ALFJ.—In
areas of this soil, the most common slope range is 45 to
53 percent. Runoff is rapid to very rapid, and the erosion
hazard is severe. Included in mapping were small areas



on slopes of less than 35 percent, stony areas, and rock
outcrops.

This soil is used for pasture and wildlife habitat.
(Capability classification Vile, nonirrigated; pasture
group 6; woodland group 15)

Alaeloa silty clay, 15 to 35 percent slopes, severely
eroded (ALE3).—This soil has a profile like that of Alaeloa
silty clay, 15 to 35 percent siopes, except that much of
the surface layer and, in places, some of the subsoil has
been removed by erosion. Many small included areas have
been eroded to soft, highly weathered rock. Most areas
are nearly free of stones, but some small areas that are
eroded to weathered rock are very stony. Runoff is rapid,
and the erosion hazard is severe.

This soil is used for pasture and wildlife habitat.
(Capability classification Vile, nonirri gated; pasture
group 6; woodland group 5)

Alaeloa stony silty clay, 15 to 35 percent slopes,
severely eroded (AME3).—This soil has a profile like that
of Alaeloa silty clay, 15 to 35 percent slopes, except that
most of the surface layer and, in places, some of the
subsoil has been removed by erosion. Highly weathered
rock is exposed in many places. There are many stones
and some rock outcrop on the surface. In a few places
there are boulders as much as 4 feet in diameter. Runoff
is rapid, and the erosion hazard is severe.

This soil is used for pasture and wildlife habitat.
(Capability classification Vile, nonirrigated; pasture
group 6; woodland group 5)

Alaeloa stony silty clay, overwash, 15 to 35 percent
slopes (ANE).—This soil has a profile like that of Alaclos
silty clay, 15 to 35 percent slopes, except that it has an
overburden of dark-brown stony silty clay, 1 foot to
4 feet thick. Stones and gravel occur throughout the pro
file. The soil is on toe slopes and in depressions where
fine-textured alluvium has accumulated. The erosion
hazard is severe, and gullies are common. About 10 per
cent of this soil is nonstony.

This soil is used for pasture and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture
group 6; woodland group 5)

Alakai Series
This series consists of very poorly drained soils on

uplands on the islands of Kauni and Oahu. These soils
formed by the deposition and decomposition of organic
matter over basalt, under wet conditions. They are level
to moderately steep. Elevations range from 3,000 to 5,000
feet. The annual rainfall amounts to 100 to 450 inches.
There is cloud and fog corer almost daily. The mean
annual soil temperature is 56° F. Alakai soils are geo
graphically associated with Waialeale soils.

These soils are not cultivated, because they are always
wet. They are used for water supply and wildlife habitat.
The natural vegetation consists of ohia lehua, Hawaiian
lobelia, mokihana, puakeawe, treefern, and other rain-
forest vegetation.

Alakai mucky peat, 0 to 30 percent slopes [rAAE).—
This soil occurs on mountaintops and high ridges. In
cluded in mapping were small areas of hypnum moss
peat. In these. areas the water table is at or near the
surface, and the vegetation consists of mosses, scrub ohia,
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and puakeawe. Also included was a small area of Alakai
soil mapped at an elevation below 2,000 feet.

In a representative profile the surface layer is very
dusky red mucky peat about 8 inches thick. Below this
is dark reddish-brown, reddish-black, and very dusky
red muck about 24 inches thick. The texture of the sub
stratum is clay. Some layers are gray, and some are
greenish gray.

Permeability is slow below the muck. Runoff is slow,
and the erosion hazard is slight. Reaction is extremely
acid.

Representative profile: Island of Kauai, lat. 22°09’25”
N. and long. 159°35’48” W.

The depth to clay ranges from 18 to 36 inches. In places the
clay rests on an ironstone sheet ‘/ inch to 4 inches thick.
The organic layers range from 1OR to 5YR in hue. The values
are 2 to 3 when moist and 2 when dry. The clay layers are
brown, gray, and greenish gray. They range from 5 to 7 in
value and from 0 to 1 in chroma when moist or dry.

This soil is used for water supply and wildlife habitat.
(Capability classification VIIw, nonirrigated; woodland
group 16)

Amalu Series
This series consists of poorly drained soils on dissected

uplands on the islands of Maui and Molokai. These soils
developed in organic material and material weathered
from basic igneous rock. They are gently sloping to mod
erately steep. Elevations range from 2,000 to 5,500 feet.
The annual rainfall amounts to ‘15 to 400 inches. Fog and
cloud cover are present most days throughout the year.
The mean annual soil temperature is 58° F. Amalu soils
are geographically associated with Honomanu, Kahanui,
and Qlokui soils.

ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII

1—0 to 8 inches, very dusky red (1OR 2/2) mucky peat,
reddish black (1OR 2/1) when dry; massive; ex
tremely hard, friable, smeary and nonsticky and
nonpiastic; abundant roots; extremely acid; clear,
smooth boundary. 7 to 12 inches thick.

2—S to 14 inches, reddish-black (lOB 2/1) muck, reddish
black (1OR 2/1) when dry; massive; extremely hard,
firm, smeary and slightly sticky and slightly plastic;
abundant roots; extremely acid; clear, smooth bound
ary. 5 to 9 inches thick.

3—14 to 22 inches, dark reddish-brown (2.51R 2/4) muck,
readish black (lOB 2/1) when dry; massive; ex
tremely hard, friable, smeary and slightly sticky and
slightly plastic; abundant roots; extremely acid;
clear, smooth boundary. 6 to 10 inches thick.

4—22 to 32 inches, very dusky red (2.5YR 2/2) muck, black
(N 2/0) when dry; massive; extremely hard, friable,
smeary and slightly sticky and slightly plastic;
abundant roots; extremely acid; abrupt, smooth
boundary. 6 to 10 inches thick.

IIC1—32 to S inches, gray (N 6/0 and 5Y 5/1), brown
(7.5YR 5/4), and reddish-yellow (L5YR 6/S) clay;
rubbed (mixed) color is grayish brown (2..5Y 5/2),
gray (2.5Y 6/1) when dry; massive; very hard,
firm, very sticky and very plastic; few very fine and
micro roots; common micro pores; this layer is
capped by 1 to 2 indies of gravelly clay; extremely
acid; clear, smooth boundary. 4 to 8 inches thick.

1102—35 to 51 inches, gray (N 6/0) and grayish-brown (2.51
5/2) clay, gray (N 6/0 and 5Y 6/1) and light gray
(5Y 7/1) when dry; massive; very hard, firm, very
sticky and very plastic; few very fine roots; common
micro pores; some irregularly shaped pebbles, ‘/.
inch to 2 inches across; extremely acid.
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These soils are used for water supply and wildlife
habitat. The natural vegetation consists of clubmoss,
lapalapa, ohelo, chin, sedges, false staghorn fern, and
treefern.

Amalu peaty silty clay, 3 to 20 percent slopes
(rAMD).—This soil is on high ridges and mountaintops. In
cluded in mapping were small areas of Honomanu anti
Olokui soils and of steep gulches.

In a representative profile an organic layer of black
peat, about 8 inches thick, overlies a layer of gray mas
sive clay about 8 inches thick. The substratum is soft,
weathered basic igneous rock capped by a horizontal
ironstone sheet 1/ to 1 inch thick. The soil is extremely
acid above the ironstone layer.

Permeability is restricted by the ironstone sheet, which
is impermeable except for cracks. Runoff is very slow,
and the erosion hazard is no more than slight. Roots
penetrate to a depth of 8 to 15 inches in places.

Representative, profile: Island of Maui, 1st. 20°4-8’46”
N. and long. 156°13’44” W.

The depth to the ironstone sheet ranges from 8 to 15 inches
below the base of the 01 horizon. The A2g horizon ranges
from 1OYR to SY in hue, from 2 to 5 in value, and from 1 to
2 in chroma. In places a black mucky layer, 1 to 2 inches
thick, occurs between the A2g and B2irm horizons.

This soil is used for water supply and wildlife habitat.
(Capability classification VIIw, nonirrigated; woodland
group 16)

Amalu-Olokui association, 3 to 20 percent slopes
(rAOD) .—This association consists of Amalu party silty
clay, 3 to 20 percent slopes, and Olokui silty clay loam,
3 to 30 percent slopes. It is on intermediate uplands in
the eastern part of the island of Molokai. Amalu soils
make up about 60 percent of the association, and Olokui
soils about 40 percent. Amalu soils occupy the depres
sions and the wetter sites. Included in mapping were
small areas of Kahanui soils and many small, very steep
gulches.

This association is used for water supply and wildlife
habitat. (Amalu part is in capability classification VIIw,
nonirrigated; woodland group 16. Olokui part is in
capability classification VilIw, nonirrigated; woodland
group 16)

Badland
Badland consists of steep or very steep, nearly barren

land, ordinarily not stony. The soil-forming material is
generally soft or hard saprolite. The annual rainfall
amounts to 22 to 60 inches. Elevations range from nearly
sea level to about 3,000 feet. This land type is mapped
on the island of Kauai and, in additton, as part of soil
complexes on Lanai, Molokai, and Oahu.

Badland (BIj.—This land type occurs on the island of
Kauai. It is steep t.o very steep and nearly barren. Runoff
is very rapid, and geological erosion is active. Included
in mapping were areas of Kalapa, Lihue, and Makaweli
soils.

This land type is used for water supply and wildlife
habitat. Ironwood trees have been planted in small areas.
(Capability classification VIlle, nonirrigated)

Badland-Mahana complex (8M.—This complex occurs
on the western side of the island of Kauni. Badland
makes up about 60 percent of the acreage; Mahana silt
loam, 20 to 35 percent slopes, makes up about 40 percent.
Elevations range from 1,500 to 3,000 feet. The annual
rainfall amounts to 30 to 45 inches. Slopes are steep to
very steep.

Most of the Badland part of this complex is barren,
but some areas have been planted to ironwood, silk-oak,
and eucalyptus. The Mahana part is used for pasture and
woodland. (Badland part is in capability classification
Ville, nonirrigated. Mahana part is in capability classifi
cation VIe, nonirrigated; pasture group 6; woodland
group 5)

Beaches
Beaches (BS) occur as sandy, gravelly, or cobbly areas on

all the islands in the survey area. They are washed and
rewashed by ocean waves. TIie beaches consist mainly
of light-colored sands derived from coral and seashells.
A few of the beaches, however, are dark colored because
their sands are from basalt and andesite.

Beaches have no value for farming. Where accessible
and free of cobblestones and stones, they are highly suit
able for recreational uses and resort development. (Capa
bility classification Viliw, nonirrigated)

Blown-out Land
Blown-out land (8W) occurs mainly on the windswept

northern plateau of the island of Lanai. The slope ranges
from 0 to 15 percent, but included in mapping were areas
adjacent to gulches and hummocks, where the slope is as
much as 40 percent. Elevations range from 1,500 to 1,700
feet. The annual rainfall amounts to 15 to 25 inches.
Strong trade winds are common. Most areas are barren
and are eroded to the compact subsoil or to soft,
weathered rock. The subsoil material is similar to that
of Kancpuu and Lahaina soils. As much as 10 percent
of the area has hummocks or small dunes that are partly
stabilized by dailisgrass, molassesgrass, bermuda.grass,
and ilirna. Runoff is rapid, and the erosion hazard is
severe.

The main management requirement on this land type
is the provision of vegetative cover to check further loss
of soil material. Test plantings of pineapple have mdi-

01—8 inches to 0, black (SYR 2/1) peat; massive; soft: fl03
sticky and nonpiastic; abundant medium and coarse
roots; extremely acid; abrupt, wavy boundary. 5 to
15 inches thick.

A2g—0 to 8 inches, gray (1OYR 5/1) clay; massive; firm,
sticky, plastic and weakly smeary: abundant roots;
many, fine and medium, tubular pores; common dark-
gray (bYE 4/I) organic stains; extremely acid;
abrupt, smooth boundary. 4 to 15 inches thick.

B2irm—8 to 8 inches, dark reddish-brown (SYR 2/2) hori
zontal, laminar ironstone sheet that has a surface
that appears to be troweled; thin coating of
yellowish-red (5YR 4/6) soft material on upper sur
face. 4 to 1 inch thick.

C—84 to 00 inches ±, very dark gray (1OYR 3/1) saprolite
that has light-gray (bYE 7/1) and yellowish-red
(5YR 5/6) colors in and adjacent to cracks; breaks
down to smeary silt loam; saprolite has some orig
inal rock structure; soft plinthite in cracks or coat
ings around rock cores; few, bard, discontinuous
ironstone sheets, up to 1 inch thick, oriented hori
zontally and vertically. Many feet thick.
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cated that Blown-out land is very deficient in zinc, as
well as in major nutrient elements. (Capability classifica
tion Vile, nonirrigated)

Cinder Land
Cinder land (rCI) consists of areas of bedded magmatic

ejecta associated with cinder cones. It is a mixture of
cinders, pumice, and ash. These materials are black, red,
yellow, brown, or variegated in color. They have jagged
edges and a glassy appearance and show little or no
evidence of soil development.

Cinder land occurs on the islands of Maui and Oahu.
On Maui, it is mainly at elevations between 8,000 and
10,000 feet, in the Haleakala National Park. On Oahu,
it is mainly at elevations between 200 and 2,000 feet,
near Motmt Tantalus. The annual rainfall amounts to
20 to 30 inches on Maui and 60 to 100 inches on Oahu.

Although Cinder land commonly supports some vege
tation, it ha.s no value for grazing, because of its loose
nature and poor trafficability. It is used for wildlife
habitat and recreational areas. (Capability classification
‘STills, nonirrigated)

Colluvial Land
Colluvial land (CO) consists of steep and very steep talus

slopes in windward valleys on the island of Molokai. It
occurs in isolated valleys that are accessible only by long
mountain trails or by boat during the summer months.
It is characterized by a mixture of soil material, gravel,
stones, and boulders moved by gravity and water. The
soil material is very dark brown silty clay loam and
silty clay. The slope generally ranges from 25 to 60 per
cent, but it is more gentle along valley bottoms. There
are many intermittent streams throughout this area.
Elevations range from sea level to 1,000 feet. The annual
rainfall amounts to 70 to 100 inches.

This land type is used for watershed and for wildlife
habitat. The vegetation consists of dense stands of guava,
kukui, ginger, honohono, hilograss, and associated plants.
(Capability classification Vile, nonirrigated; woodland
group 15)

Coral Outcrop
Coral outcrop (CR) consists of coral or cemented oaicare

ous sand on the island of Oahu. The coral reefs formed
in shallow ocean water during the time the ocean stand
was at a higher level. Small areas of coral outcrop are
exposed on the ocean shore, on the coastal plains, and
at the foot of the uplands. Elevations range from sea
level to approximately 100 feet. The annual rainfall
amounts to 18 to 40 inches. Coral outcrop is geographi
cally associated with Jaucas, Keaau, and Mokuleia soils.

Coral outcrop makes up about 80 to 90 percent of the
acreage. The remaining 10 to 20 percent consists of a
thin layer of friable, red soil material in cracks, crevices,
and depressions within the coral outcrop. This soil mate
rial is similar to that of the Mamala series.

This land type is used for military installations, quar
ries, and urban development. Vegetation is sparse. It con
sists of kiawe, koa haole, and fingergrass. (Capability
classification VIIIs, nonirrigated)

Dune Land
Dune land (DL) consists of hills and ridges of sand-size

particles drifted and piled by wind. The hills and ridgei
are actively shifting or are so recently fixed or stabilized
that no soil horizons have developed. The sand is dom
inantly from coral and seashells. This miscellaneous land
type occurs in coastal areas on the islands of Maui and
Kauai. Elevations range from nearly sea level to 150
feet. The annual rainfall amounts to 15 to 90 inches.

This land type is used for wildlife habitat and recre
ational areas and as a source of liming material. Vegeta
tion is sparse, but ironwood trees, koa haole, tropical
almond, kiawa, and mixed grasses have gained a foothold
in places. (Capability classification VIHe, nonirrigated)

Ewa Series
This series consists of well-drained soils in basins and

on alluvial fans on the islands of Maui and Oahu. These
soils developed in alluvium derived from basic igneous
rock. They are nearly level to moderately sloping. Eleva
tions range from near sea level to 150 feet. The annual
rainfall amounts to 10 to 30 inches. Most of it occurs
between November and April. The mean annual soil
temperature is 73° F. Ewa soils are geographically asso
ciat.ed with Honouliuli, Mamala, Molokai, Pulehu, and
Waiakoa soils.

These soils are used for sugarcane, truck crops, and
pasture. The natural vegetation consists of finge.rgrass,
kiawe, koa haole, klu, and uhaloa.

Ewa silty clay loam, 3 to 6 percent slopes (EoB).—This
soil occurs on alluvial fans and terraces. Included in map
ping were small areas of Honouliuli and Mamala soils.
Also included were small areas of soils that have a silt
loam surface layer and subsoil.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 18 inches thick. The
subsoil, about 42 inches thick, is dark reddish-brown and
dark-red silty clay loam that has subangular blocky struc
ture. The substratum is coral limestone, sand, or gravelly
alluvium. The soil is neutral in the surface layer and
subsoil.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.3 inches per foot in the surface layer and 1.4
inches per foot in the subsoil. This soil is more than 60
inches deep. In places roots penetrate to a depth of 5
feet or more.

Representative profile: Island of Oahu, lat. 21°22’20”
N. and long. 158°03’33” W.

Apl—O to 13 inches, dark reddish-brown (5YR 2/3) silty clay
loam, dark reddish brown (5YR 3/3) when dry;
cloddy, breaking to weak, fine, and very fine, granu
lar structure; hard, friable, sticky and. plastic;
abundant fine and very fine roots; many, fine and
very fine, interstitial pores; common wormholes and
worm casts; many, very fine, black eoncretions that
effervesce strongly with hydrogen peroxide; neutral;
clear, wavy boundary. 11 to 13 inches thick.

Ap2—13 to 18 inches, dark reddish-brown (2,5YR 3/3) silty
clay loam, dark reddish brown (2.5YR 3/4) when
dry; weak, fine and very fine, granular structure;
hard, friable, sticky and plastic; abundant fine and
very fine roots; common, very fine, tubular and inter
stitial pores; many, very fine, black concretions that



30 SOIL SURVEY

effervesce strongly with hydrogen peroxide; clear,
wavy boundary. 3 to 6 inches thick.

B21—l8 to 45 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, clark red (2.5YR 3/6) when dry; weak,
fine and very fine, subaugular blocky structure; hard,
friable, sticky and plastic; plentiful very fine and
fine roots; many, fine and very fine, tubular pores;
common, medium, tubular pores, and few, coarse,
tubular pores; weak, patchy pressure cutans on ped
faces; few reddish-yellow and yellow sand grains;
common, very fine, black concretions that effervesce
strongly with hydrogen peroxide; neutral; diffuse,
wavy boundary. 25 to 28 inches thick.

B22—45 to 60 inches. dark-red (2.5YR 2/5) silty clay loam,
dark red (2.5YR 3/6) when dry; moderate, medium
and flue. subangular blocky structure; hard, friable,
slightly sticky and plastic; plentiful fine and very
fine roots; many, fine and very fine, tubular pores
and few, medium, tubular pores; many, thin, patchy
coatings that are nearly continuous with depth;
many sand grains; many. very fine, black concretions
that effervesce strongly with hydrogen peroxide;
neutral.

The depth to coral limestone or gravelly alluvium ranges
from 50 to more than 60 inches. In some areas cobblestones
and stones occur on the surface and in the surface layer.
The A and B horizons range from 5YR to 2.5111 in hue and,
when moist, froni 2 to 3 in value and from 3 to 5 in chrorna.
The texture of the A horizon is silty clay loam or silty clay.
Time structure in the B horizon ranges from weak to moderate.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification he, if irrigated, P/c if
nonirrigated; sugarcane group 1; pineapple group 2;
pasture group 2)

Ewa silty clay loam, 0 to 3 percent slopes (EaA).—On
this soil, runoff is very slow and the erosion hazard is
n more than slight. In a few places small, gently sloping
areas were included in mapping.

This soil is used for sugarcane and homesites. (Capa
bility classification I if irrigated, IVe if nonirrigated;
sugarcane group 1; pineapple group 1; pasture group 2)

Ewa silty clay loam, 6 to 12 percent slopes (EoC).—On
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate. Included in mapping were a few
small areas that are strongly sloping.

This soil is used for sugarcane and pasture. (Capabil
ity classification Tile if irrigated, IVe if nonirrigated;
sugarcane group 1; pineapple group 3; pasture group 2)

Ewa silty clay loam, moderately shallow, 0 to 2 per
cent slopes (EmA).—This soil has a profile like that of
Ewa silty clay loam, 3 to 6 percent slopes, except that
the depth to coral limestone is 20 to 50 inches. Runoff is
very slow, and the erosion hazard is no more than slight.
Included in mapping were a few small areas less than
20 inches deep.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification us if irrigated, P/s if
nomrrigated; sugarcane group 1; pineapple group 1;
pasture group 2)

Ewa silty clay loam, moderately shallow, 2 to 6 per
cent slopes (EmB).—This soil has a profile like that of
Ewa silty clay loam, 3 to 6 percent slopes, except that
the depth to coral limestone is 20 to 50 inches. Included
in mapping were small areas less than 20 inches deep.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification lie if irrigated, P/s if
nonirrigated; sugarcane group 1; pineapple group 2;
pasture group 2)

Ewa cobbly silty clay loam, 0 to 3 percent slopes
(EcA).—This soil has a profile like that of Ewa silty clay
loam, 3 to 6 percent slopes, except that it is cobbly on
the surface. Runoff is very slow, and the erosion hazard
is no more than slight.

Most of this soil is used for sugarcane. A small acreage
is used for pasture. (Capability classification us if irri
gated, IVs if nonirrigated; sugarcane group 1; pasture
group 2)

Ewa cobbly silty clay loam, 3 to 7 percent slopes
(EcS).—This soil has a profile like that of Ewa silty clay
loam, 3 t.o 6 percent slopes, except that it is cobbly on the
surface. Included in mapping were a few small, stony
areas.

Most of this soil is used for sugarcane. A small acreage
is used for pasture. (Capability classification TIe if irri
gated, IVs if nonirrigated; sugarcane group 1; pasture
group 2)

E.wa silty clay, 0 to 3 percent slopes (E5A).—This soil
has a profile like that of Ewa silty clay loam, 3 to 6
percent slopes, except for the texture of the surface layer.
Runoff is very slow, and the erosion hazard is no more
than slight.

This soil is used for sugarcane. (Capability classifi
cation I if irrigated, IVc if nonirrigated; sugarcane
group 1; pineapple group 1; pasture group 2)

Ewa silty clay, 3 to 7 percent slopes EsB).—This soil
has a profile like that of Ewa silty clay loam, 3 to 6
percent slopes, except for tile texture of the surface
layer.

Most of this soil is used for sugarcane. A small acreage
is used for pasture. (Capability classification lie if irri
gated, IVc if nonirrigated; sugareane group 1; pineapple
group 2; pasture group 2)

Ewa cobbly silty clay, 3 to 7 percent slopes (EIB).—
This soil has a profile like that of Ewa silty clay loam, 3 to 6
percent slopes, except for the texture of the surface
layer. Cobblestones in the surface layer interfere with
tillage but do not make intertilled crops impracticable.

This soil is used for sugarcane. (Capability classifi
cation TIe if irrigated, P/s if nonirrigateci; sugarcane
group 1; pineapple group 2; pasture group 2)

Ewa stony silty clay, 0 to 2 percent slopes (EwA).—
This soil has a profile like that of Ewa silty clay loam,
3 to 6 percent slopes, except for the texture of the sur
face layer. Surface stones interfere with tilage but do
not make intertilled crops impracticable. Runoff is very
slow, and the erosion hazard is no more than slight.
Included in mapping were a few small areas where the
texture of the surface layer is silty clay loam.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification hIs if irrigated, P/s if
nonirrigated; sugarcana group 1; pasture group 2)

Ewa stony silty clay, 2 to 6 percent slopes (EwB).—
This soil has a profile like that of Ewa silty clay loam,
3 to 6 percent slopes, except for the texture of the sur
face layer. Stones in the surface layer interfere with
tillage, but not enough to make intertilled crops imprac
ticable. Included in mapping were a few small, nonstony
areas where the texture of the surface layer is silty clay
loam.

This soil is used for sugarcane and pasture. (Capabil
ity classification lie if irrigated, IVs if nonirrigated;
sugarcane group 1; pasture group 2)
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Ewa stony silty clay, 6 to 12 percent slopes (EwC)—
This soil has a profile like that of Ewa silty clay learn,
3 to 6 percent slopes, except for tiic texture of the surface
layer S rface stones interfere with tWa.ge but do not
make intertilled crops impracticable. Runoff is slow to
medium, and the erosion hazard is slight to moderate
Included in mapping were small, gently sloping areas.

This soil is used for pasture. (Capability classifi
cation Ille if irrigated, IVe if nonirrigated; sagareane
group 1; pasture group 2)

Fill Land
This land type consists of areas filled with material

from dredging, excavation from adjacent uplands, gar
bage, and bagasse and slurry from sugar mills. The areas
are on the islands of lcauai, Maui, and Oahu.

Fill land (Fd).—This land type consists mostly of areas
filled with bagasse and slurry from sugar mills. A few
areas are filled with material from dredging and from
soil excavations. Generally, these materials are dumped
end spread over marshes, low-lying areas along the
coastal fiats, coral sand, coral limestone, or areas shallow
to bedrock.

This land type is used mostly for the production of
sugarcane. (Not in a capal)ilitv classification)

Fill land, mixed (FL).—This land type occurs mostly
near Pearl Harbor and i.n Honolulu, adjacent to the
ocean. it consists of areas filled with material dredged
from the ocean or hauled from nearby areas, garbage,
and general material from other sources. Included in
mapping were a few areas that have been excavated.

This land type is used for urban development includ
ing airports, housing areas, and industrial facilities. (Not
in a capability classification)

Gullied Land
Gullied. land (Gil occurs on, the island of MoIc.ka.i. It is

so cut by recent gullies that it is nonarabie and the soil
profile has been largely destroyed. Erosion is very active,
and the soil is bare in many places. ICiawe, ilium, uhalea,
and piligrass provide some protection. Elevations range
from nearly sea level to 1,200 feet. The annual rainfall
amounts to 20 to 2(5 inches. This land type is geograph
ically associated with Pamon, Waika.pu, Hoolehua, and
WTailuuia soils.

Gullied land occurs in the heads of drainageways and
on alluvial terraces along the streams. Near the upper
margins of the drainageways, almost vertical-sided gullies
have cut back into the undisturbed soil areas., leaving
remnants of deep soil between gullies. Farther down tIre
slopes, these little spurs are also eroded to varying
degrees; at still lower elevations, stones and bedrock are
left in the gullies. Slopes on these gulches range from
25 to 70 percent. Where this land type occurs on alluvial
terraces, as in the Mahnrun area of Molokai (fig. 3),
there are small tillable areas between gullies. The slope
is 3 to lii percent, and some stones are scattered on
the surface. The areas are small and unimportant for
cultivation.

This laml type is used for pastui. (Cipability classifi
cation VIle, nonirrigated)

Haiku Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently to
moderately sloping. Elevations range from nec ny sea
level to 1,200 feet. The annual rainfall amounts to 50

Figare 3.—Gullied laud on afluvial terraees, This laud type is in the Mahana area on the Island of Molokal.
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to 80 inches. The mean annual soil temperature is 700 F.
Haiku soils are geographically associated with Makawao,
Pain, and Pauwela soils.

These soils are used for pineapple, pasture, and home-
sites. The natural vegetation consists of californiagrass,
guava, hilograss, lantana, and ricegrass.

Haiku clay, 7 to 15 percent slopes (HbC).—This soil
occurs on uplands. Included in mapping were small areas
of Paia and Pauwela soils. Also included were small
eroded spots anti small areas where the slope is as much
as 25 percent.

In a representative profile the surface layer is dark-
brown clay about 14 inches thick. The subsoil, about 31
incites thick, is yellowish-red, dark reddish-brown, and
dark-red clay or silty clay that has subangular and
angular blocky structure. The substratum is soft, weath
ered, basic igneous rock. The soil is very strongly acid
in the surface layer and extremely acid and very strongly
acid in the subsoil and substratum.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.4 inches per foot
in the surface layer and 1.3 inches per foot in the subsoil.
In places roots penetrate to a depth of 3 feet or more.

Representative profile: Island of Maui, lat. 20°54’04”
N. and long. 156°17’36” W.

Apl—O to 7 inches, dark-brown (7.SYR 4/4) clay, light brown
(7.5YR 6/4) when dry; strong, fine and very fine,
angular blocky structure and strong, medium and
fine, granular; slightly hard, firm, sticky and plastic;
abundant fine roots; many fine and few coarse pores;
many very fine glistening specks; common sand-size
aggregates that are resistant to crushing; common
worm casts; high hulk density; very strongly acid;
gradual, wavy boundary. 6 to 9 inches thick.

Ap2—7 to 14 inches, dark-brown (7.5YR 4/4) clay, light
brown (7.SYR 6/4) when dry; strong, fine and very
fine, angular blocky structure and strong, medium
and fine, granular; slightly hard, firm, sticky and
plastic; plentiful roots; common fine and medium
pores; many very fine glistening specks; common
sand-size aggregates that are resistant to crushing;
more firm in place than the Api horizon; common
worm casts; high bulk density; thin, massive layer
near contact of Ap2 and B21t horizons; very strongly
acid; abrupt, wavy boundary. 6 to 10 inches thick.

B21t—14 to 22 inches, yellowish-red (5YR 4/6) clay, yellow
ish red (5YR 4/8) when dry; weak and moderate,
fine and very fine, angular blocky structure; soft,
friable, sticky and plastic; few roots; many fine and
medium pores; thin, patchy clay films on peds; few
sand-size aggregates that are resistant to crushing;
extremely acid; gradual, wavy boundary. 5 to 9
inches thick.

B22t—22 to 31 inches, dark reddish-brown (2.5YR 3/4) clay,
dark reddish brown (2.5YR 3/4) when dry; moder
ate, fine and very fine, angular blocky structure;
slightly hard, friable, sticky and plastic; few fine
roots; many fine pores; thin, patchy clay films on
peds; common sand-size aggregates that are resistant
to crushing; few pebble-size nodules; very strongly
acid; gradual, wavy boundary. 8 to 10 inches thick.

B23t—31 to 39 inches, dark-red (2.5YR 3/6), moist and dry,
clay; moderate and strong, medium and fine, angular
and subangular blocky structure; slightly hard, firm,
sticky and plastic; few fine roots; many fine and
medium pores; thin, patchy clay films on peds; many
pebble-size gibbsite nodules; very strongly acid;
gradual, wavy boundary. 7 to 11 inches thick.

B3—39 to 45 inches, dark-red (2.5YR 3/6) and reddish-brown
(5YR 4/4) silty clay, reddish brown (5YR 4/4) when

dry; weak, medium and fine, subangular and angular
blocky structure; hard, friable, slightly sticky and
slightly plastic; few fine roots; many fine pores;
thin, patchy clay films on peds; 60 to 80 percent of
horizon is very dark brown (1OYR 2/2), highly
weathered, basic igneous rock that can be easily cut
with a knife; very strongly acid; gradual, wavy
boundary. 4 to 12 inches thick.

C—45 to 66 inches, very dark brown (1OYR 2/2) and dark
brown (1OYR 3/3) highly weathered basalt with
dark-red, continuous, thick coatings that look like
oxide coatings on rock surfaces; very little soil ma
terial in the rock voids; very strongly acid.

The solum is more than 40 inches thick. The A horizon
ranges from SYR to 7.5YR in hue and, in value, from 3 to 4
when moist and from 3 to 6 when dry. It ranges from 3 to 4
in chroma when moist and from 4 to 6 when dry. The texture
of the A horizon is silty clay or clay. The B horizon ranges
from 5YR to 2.SYR in hue and from 3 to 4 in value when
moist or dry. It ranges from 3 to 6 in chroma when moist
and from 3 to 8 when dry.

This soil is used for pineapple, pasture, and hornesites.
(Capability classification Ille, irrigated or nonirrigated;
pineapple group 6; pasture group 8; woodland group 7)

Haiku clay, 3 to 7 percent slopes (HbB).—On this soil,
runoff is slow and the erosion hazard is slight. Included
in mapping were small, nearly level areas.

This soil is used for pineapple, pasture, and hornesites.
(Capability classification lie, irrigated or nonirrigated;
pineapple group 5; pasture group 8; woodland group 7)

Haiku silty clay, 3 to 7 percent slopes (Hc,B).—This soil
has a profile like that of Haiku clay, 7 to 15 percent
slopes, except for the texture of the surface layer. Runoff
is slow, and the erosion hazard is slight. Included in map
ping were small, nearly level areas.

This soil is used for pineapple and homesites. (Capa
bility classification lie, irrigated or nonirrigated; pine
apple group 5; pasture group 8; woodland group 7)

Haiku silty clay, 7 to 15 percent slopes (HaC).—This
soil has a profile like that of Haiku clay, 7 to 15 percent
slopes, except for the texture of the surface layer.

This soil is used for pineapple. (Capability classifica
tion Ille, irrigated or nonirrigated; pineapple group 6;
pasture group 8; -woodland group 7)

Halawa Series
This series consists of well-drained soils on uplands

on the islands of Maui, Molokai, and Oahu. These soils
developed in volcanic ash and in material weathered from
basic igneous rock. They are gently sloping to very steep.
Elevations range from 500 to 2,000 feet. The annual rain
fall amounts to 30 to 60 inches. The mean annual soil
temperature is 69° F. Halawa soils are geographically
associated with Honolua and Olelo soils.

These soils are used almost entirely for pasture. Small
areas are used for pineapple and woodland. The natural
vegetation consists of g-uava, hilograss, kikuyugrass, yel
low foxtail, lantana, and brackenferri.

Halawa silty clay, 3 to 25 percent slopes (HID).—This
soil occurs as narrow tracts bounded by gulches. Included
in mapping was a tract, about 160 acres in size, of dark-
brown soil that is slightly acid throughout the profile.
The included area is near Cape Halawa, Molokai, where
the rainfall amounts to 25 to 35 inches annually and the
elevation is less than 500 feet.
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In a representative profile the surface layer is dark
reddish-brown silty clay about 11 inches thick. The upper
part of the subsoil is reddish-brown silt loam about 6
inches thick. The lower part is dark reddish-brown silty
clay, about 28 inches thick, that has subangular blocky
structure. The underlying material is silty clay loam over
soft, weathered rock. The soil is strongly acid in the
surface layer and very strongly acid in the subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.2 inches per foot
in the surface layer and 1.6 inches per foot in the subsoil.
Roots penetrate to a depth of 5 feet or more. Tillage is
somewhat difficult because of the slope.

Representative profile: Island of Molokai, lat. 21°7’4”
N. and long. 156045!47/ W.

Ap—0 to 11 inches, dark reddish-brown (5YR 3/2) silty clay,
clark brown (7.5YR 4/2) when dry; strong, very fine
and fine, subangular blocky structure; very hard,
firm. sticky and plastic; many roots; common, very
fine, tubular pores; few wormholes; many glistening
specks; high bulk density; strongly acid; abrupt,
smooth boundary. 9 to 12 inches thick.

B21—11 to 16 inches, reddish-brown (5YR 4/4) heavy silt
loam, dark brown (7.5YR 4/4) when dry; weak,
medium and fine, subangular blocky structure; hard,
friable, sticky and plastic; many roots; many very
fine and fine tubular pores; bulk density is signifi
cantly lower than that of Ap horizon; very strongly
acid; abrupt, smooth boundary. 4 to 6 inches thick.

HB22—16 to 26 inches, dark reddish-brown (SYR 3/4), moist
and dry, silty clay; moderate, fine and very fine, sub-
angular blocky structure; very hard, firm, sticky and
plastic; many roots; many very fine pores; few
pockets of friable silty clay loam; very strongly add;
clear, wavy boundary. 9 to 15 inches thick.

IIB23t—26 to 4-4 inches, dark reddish-brown (2.5YR 3/4
moist, 5 YR 3/3 dry) silty clay; strong, medium, sub-
angular blocky structure breaking to strong, fine and
very fine, subangular blocky; very hard, firm sticky
and plastic; many roots; many very fine pores; thin,
nearly continuous clay films on ped surfaces; many
gritty lumps; very strongly acid; clear, wavy bound
ary. 11 to 18 inches thick.

IIC1—44 to 58 inches, dark reddish-brown (5YR 3/4) silty
clay loam, mottled with red (2.5YR 4/6), strong
brown (7.5YR 4/6), and black (1OYR, 2/1) ; massive;
hard, firm, sticky and plastic; few roots; many
pores; very strongly acid. 12 to 16 inches thick.

1102—58 inches, very porous saprolite.

The solum ranges from 33 inches to more than 51 inches in
thickness. In the A horizon the concentration of heavy miner
als is variable. In some areas the bulk density of the A
horizon is high, but in others it is negligible. The A horizon
ranges from 5YR to 7.5YR in hue, and, when moist, from
2 to 3 in value and chroma. The B horizon ranges from 5YR
to 2.SYR in hue. It ranges from 2 to 4 in value and from 3 to
6 in chroma when moist.

This soil is used mainly for pasture. A small acreage
is wooded. (Capability classification lYe, irrigated or
nonirrigated; pasture group 6; woodland group 5)

Halawa silty clay, 3 to 25 percent slopes, severely
eroded (H]D3).—This soil occurs near Kalae, Molokai. Its
profile is like that of Halawa silty clay, 3 to 25 percent
slopes, except that most of the surface layer and part
of the subsoil have been removed by erosion. In many
places cultivation has brought weathered rock fragments
to the surface Runoff is medium, and the erosion hazard
is moderate to severe.

This soil is used mainly for pasture. Nearly all the
acreage was once used for pineapple, but the crop was
poorly suited. Only a few small areas are now used for
pineapple. (Capability classification VIe, irrigated or
nonirrigated; pasture group 6; woodland group 5)

Halawa silt loam, 20 to 35 percent slopes IHJE).—This
soil occurs on side slopes of the Waianae Range, between
Waialua and Kolekole Pass. It has a profile like that of
Halawa silty clay, 3 to 25 percent slopes, except for the
texture of the surface layer. Runoff is medium to rapid,
and the erosion hazard is moderate to severe. Tillage is
difficult because of the slope.

Included in mapping were small areas that have been
eroded down to the bedrock. In places there are remnants
of a nearly massive subsoil. Also included, at the higher
elevations, were very steep to precipitous areas of Rock
land and Stony land.

This soil is used for pasture. Pineapple was formerly
grown but was poorly suited. (Capability classification
VIe, nonirrigated; pasture group 6; woodland group 5)

Halawa silt loam, 35 to 70 percent slopes, eroded
HJF2).—This soil has a profile ]ike that of Halawa silty

clay, 3 to 25 percent slopes, except that most of the sur
face layer and part of the subsoil have been removed by
erosion. Runoff is rapid, and the erosion hazard is severe.
Included in mapping were a few stony areas.

This soil is used for pasture. Cultivation is imprac
tical, because the soil is too steep. (Capability classifi
cation Vile, nonirrigated; pasture group 6; woodland
group 15)

Haleiwa Series
This series consists of well-drained soils on fans and

in drainageways along the coastal plains. These soils are
on the islands of Oahu and Molokai. They developed in
alluvium derived from basic igneous material. They are
nearly level to strongly sloping. Elevations range from
sea level to 250 feet. The annual rainfall amounts to 30 to
60 inches, most of which occurs between November and
April. The mean annual soil temperature is 73° F. Hale
iwa soils are geographically associated with Waialua and
Kawaihapai soils on Oahu and Kalaupapa soils on
Molokai.

These soils are used for sugarcane, truck crops, and
pasture. The natural vegetation consists of koa haole,
lantana, guava, Christmas berry, bermudagrass, and
flngergrass.

Haleiwa silty clay, 0 to 2 percent slopes (HeA).—This
soil occurs as large areas on alluvial fans or as long,
narrow areas in drainageways. Included in mapping
were small areas of poorly drained clayey soils in depres
sions, as well as small areas of moderately well drained
olayey soils.

In a representative proffle the surface layer is dark-
brown silty clay about 17 inches thick. The subsoil and
substratum, to• a depth of more than 5 feet, are dark-
brown and dark yellowish-brown silty clay that has sub-
angular blocky structure. The soil is neutral to slightly
acid.

Permeability is moderate. Runoff is very slow, and the
erosion hazard is no more •than slight. The available
water capacity is about 1.9 -inches per foot. In places
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roots penetrate to a depth of 5 feet or more. The soil is
subject to occasional nondamaging overflow in some
places.

Representative profile: Island of Oahu, 1st. 21°34’18”
N. and long. 158°03’33” W.

Api—C to 9 inches, dark-brown (10YR 3/3) silty clay, very
dark grayish brown (1OYR 3/2) when iñoist; mod
erate, fine and medium, granular structure; hard,
firm, sticky and plastic; abundant fine, medium, and
coarse roots; many, very fine and fine, interstitial
pores: moderate effervescence with hydrogen perox
ide; slightly acid; gradual, smooth boundary. 4 to 9
inches thick.

Ap2—9 to 17 inches, dark-brown (1OYR 3/3) silty clay, very
dark grayish brown (1OYR 3/2) when moist; mod
erate, fine, subangular blocky structure; hard, firm,
sticky and plastic; abundant very fine and fine, and
few coarse roots; common, fine, tubular pores and
few, medium, tubular pores; slight effervescence with
hydrogen peroxide; slightly acid; clear, wavy bound
ary. 6 to 9 inches thick.

B2—17 to 26 inches, dark-brown (1OYR 3/3), moist and dry,
silty clay; weak, fine, subangular blocky structure;
hard, firm, sticky arid plastic; abundant very fine
and fine roots; common, fine, tubular pores and Tew,
medium, tubular pores; patchy, red material that
looks like clay films in pores and on some peds;
slight effervescence with hydrogen peroxide; neutral;
clear, wavy boundary. S to 10 inches thick.

C1—26 to 36 inches, dark-brown (1OYR 3/3), moist and dry,
silty clay; weak, fine, subangular blocky structure;
hard, firm, sticky and plastic; plentiful very fine and
fine roots; many, very fine, tubular pores; couimon,
medium, tubular pores; few, coarse, tubular pores;
moderate effervescence with hydrogen peroxide; neu
tral; clear, smooth boundary. S to 12 inches thick.

02—36 to 48 inches, dark yellowish-brown (1OYR 3/4) silty
clay, dark brown (1OYR 3/3) when moist; weak,
fine, subangular blocky structure; slightly hard, fri
able, slightly sticky and slightly plastic; few very
fine and medium roots; many, very fine, tubular
pores; common, fine, tubular pores; few, medium,
tubular pores; slight effervescence on soil mass with
hydrogen peroxide; neutral; clear, wavy boundary.
10 to 12 inches thick.

03—48 to 65 inches, dark yellowish-brown (1OYR 3/4) silty
clay, dark brown (1OYR 3/3) when moist; weak,
fine, subangular blocky structure; slightly bard, fri
able, slightly sticky and slightly plastic; few very
fine roots; many, very fine, tubular pores and few
tubular pores; slight effervescence with hydrogen
peroxide on stains within pores.

In places the A horizon is silty clay loam or very stony silty
clay loam. The solum ranges from 1OYR to 7.5YR in hue. A
few rounded pebbles occur throughout the profile. In places
stones or stratified sand and gravel occur at a depth below
40 inches.

This soil is used for sugarcane, pasture, and truck
crops. (Capability classification lie if irrigated, Ilic if
nonirrigated; sugarcane group 1; pasture group 3; wood
land group 1)

Haleiwa silty clay, 2 to 6 percent slopes (HeB).—On
this soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, pineapple, and truck
crops. (Capability classification He if irrigated. Ilic if
nonirrigated; sugarcane group 1; pasture group 3; wood
land group 1)

Haleiwa silty clay loam, 0 to 10 percent slopes (HcB).—
This soil occurs on the Kalaupapa peninsula on Molokai.
It has a profile like that of ilaleiwa silty clay, 0 to 2
percent slopes, except for the texture of the surface layer
and the slope. Runoff is slow to medium, and the erosion

hazard is slight. In most places the slope is 3 to 10 per
cent. In most areas there are a few scattered stones in
the surface layer.

This soil is used for pasture. (Capability classification
Tile, irrigated or nonirrigated; sugarcane group 1; pas
ture group 3; woodland group 1)

Haleiwa very stony silty clay loam, 0 to 15 percent
slopes (HdC).—This soil occurs on the Kalaupapa penin
sula on Molokai. Runoff is slow to medium, and the
erosion hazard is slight to moderate. There are many
stones ott the surfac.e and in the profile. The stones make
cultivation difficult.

This soil is used for pasture. (Capability classification
VIs, irrigated or nonirrigated; pasture group 3; wood
land group 1)

Haul Series
This series consists of well drained and moderately

well drained soils on uplands on the island of Kauai.
These soils developed in material weathered from basic
igneous rock, probably mixed with volcanic ash and
ejecta. They are gently sloping to steep. Elevations range
from 300 to 1,000 feet. The annual rainfall amounts to
100 to 200 inches. The mean annual soil temperature is
71° F. Halii soils are geographically associated with
Kapaa and Koolau soils.

These soils are used for water supply, wildlife habitat,
sugarcane, and pasture. The natural vegetation consists
of melastoma, rhodomyrtus, guava, ricegrass, and associ
ated shrubs and grasses.

Halii gravelly silty clay, 3 to 8 percent slopes (HfB).—
This soil occurs on ridgetops and side slopes on uplands.

In a representative profile the surface layer is very
dark grayish-brown gravelly silty clay about 6 inches
thick. The upper part of the subsoil is dark reddish-
brown and strong-brown silty clay and clay loam that
has subangular blocky structure. Red bands up to 2 inches
thick are common. The lower part of the subsoil consists
of bands of red clay loam that continue to a depth of
more than 60 inches. The substratum is soft, weathered
rock. The soil is very strongly acid in the surface layer
and very strongly acid to extremely acid in the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places roots penetrate to
a depth of 5 feet or more.

Representative proffle: Island of Iuai, lat. 22°00’32.3”
N. and long. 159°25’54.3” W.

A11—0 to 3 inches, very dark grayish-brown (1OYR 3/2)
gravelly silty clay, very dark brown (1OYR 2/2)
when dry; moderate, fine and very fine, subangular
blocky structure; very hard, friable, slightly sticky
and slightly plastic; abundant roots; the pebbles and
sand grains are of the kind usually called ironstone;
soil aggregates tend to harden irreversibly; very
strongly acid; clear, smooth boundary. 2 to 5 inches
thick.

A12—3 to 6 inches, very dark grayish-brown (1OYR 3/2) iron
stone gravel and very coarse sand that contains a
little clay; single grain; loose; abundant roots; very
strongly acid; abrupt, smooth boundary. 2 to 8 inches
thick.

B21—6 to 15 inches, strong-brown (7.5YR 4/5) heavy silty
clay loam, reddish brown (5YR 4/4) when dry; mod
erate, medium, subangular blocky structure; soft,
friable, sticky and plastic; plentiful roots; common
very fine pores; contains numerous hard and soft
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pebbles and sand ranging from 1 millimeter to sev
eral centimeters in diameter; pads have nearly con
tinuous coatings that look like clay films; extremely
acid; abrupt, wavy boundary. S to 12 inches thick.

B22—15 to 18 inc-hes, dark reddish-brown (5YR 3/3) siLty
clay, reddish brown (5YR 4/4) and dark reddish
brown (SYR 3/3) when dry; moderate, medium and
fine, subangular blocky structure; slightly hard, fri
able, sticky and plastic; few roots; common fine and
very fine pores; 10 to 15 percent weathered rock
fragments that are cemented and cannot be broken
in the hand; numerous patchy coatings that look like
clay films, nearly continuous in places; extremely
acid; abrupt, wavy boundary. 3 to S inches thick.

B23—1S to 24 inches, dark reddish-brown (5YR 3/2) clay
loam; common, fine distinct mottles of strong brown
(7.SYR 5/6), dark brown (i.SYR 4/4) when dry;
weak, coarse anti medium, subangular blocky struc
ture; slightly hard, friable, sticky and plastic; very
few very fine roots; commea patchy coatings that
look like clay films on all ped surfaces and in pores;
very strongly acid; abrupt, wavy boundary. 0 to 10
inches thick.

B24—24 to 31 inches, bands of red (2.5YR 4/6) clay loam,
reddish brown (SYR 4/3) and clark brown (7.SYR
3/2 and 7.5YR 3/4) when dry; common, fine, distinct
mottles of strong brown (LSYR 5/6) ; weak, coarse,
subangular blocky structure; slightly hard, friable,
sticky and plastic; very few very fine roots; common
very fine, fine, and medium pores; common, thin,
patc-hy coatings that look like clay films on all ped
surfaces very strongly acid; abrupt, wavy boundary.
4 to 10 inches thick.

B25—31 to 60 inches. three red layers with interlayered dark-
brown horizons of material like that of the B24
horizon; very few very fine roots; common very fine,
fine, and medium pores; few to common patchy coat
ings that look like clay films; very strongly acid.
20 to 30 inches thick.

The A horizon ranges from gravelly silty clay loam to grav
elly silty clay it, texture, it ranges from 7.SYR to 2.SY in hue.
The B horizon ranges from 2.5YR to 7.5YR in hue, from 3 to
5 in value, and from 2 to 6 in chroma.

This soil is used for sugarcane, wildlife habitat, and
water supply. (Capability classification IVa, nonirri
gated; sugarcane group 2; pineapple group 7; pasture
group 10; woodland group 9)

Halii gravelly silty clay, 8 to 15 percent slopes (Hid.—
On this soil, runoff is slow and the erosion hazard is slight
to moderate.

This soil is used for sugarcane. wildlife habitat, and
water supply. (Capability classification IVe, nonirri
gated; sugarcane group 2; pineapple group 8; pasture
group 10; woodland group 9)

Halii gravelly silty clay, 15 to 25 percent slopes,
eroded (HID2).—This soil is similar to Maui gravelly silty
clay, 3 to 8 percent. slopes, except that most of the surface
layer has been removed by erosion. Runoff is medium,
and the erosion hazard is moderate.

This soil is used for water supply, wildlife habitat,
pasture, and sugarcane. (Capability classification IVe,
nonirrigated; sugarcane group 2; pasture group 10;
woodland group 9)

Halii gravelly silty clay, 25 to 40 percent slopes,
eroded (HIE2).—The surface layer and tite upper part of
the subsoil have been removed by erosion. Runoff is
rapid, and the erosion hazard is severe. Included in map
ping were small areas where the slope is less than 25
percent or more than 40 percent.

This soil is used for water supply and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture

group 10; woodland group 9)

1{aliimaile Series
This series consists of well-drained soils on uplands on

tile island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently to

strongly sloping. Elevations range from 500 to 2,000 feat.
The annual rainfall amounts to 30 to 50 inches. ‘flie mean
annual soil temperature is 71° F. Ilaliimaile soils are
geographically associated with Harnakuapoko, Keahu a,
Pain, and Pane soils.

These soils ai’e used for sugarcane. pineapple, pasture,
and hornesites. The natural vegetation consists of guava.,
indigo. koa haola, lantana, Natal redt.op, and yellow
foxtail.

Haliimaile silty clay, 3 to 7 percent slopes (HhB).—
This soil is on smooth uplands. Included in mapping

were small areas of Keahua and Pain soils.
In a representative profile the surface layer is dark

reddish—brown silty clay about 15 inches thick. The sub-
soil, to a depth of mole than 60 inches, is dark reddish-
brown silty clay and very dark gravish-brOwll clay. It
has subangular blocky and angular blocky structure.. The
substratum is solt, weathered basic igneous rock. The
soil is strongly acid in the surface layer and strongly
acid to medium acid in the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.6 inches per foot in the surface layer and
about 1.2 inches per foot in the subsoil. In places roots
penetrate to a depth of 5 feet or more.

Representative profile: Island of Maui, mt.. 20°51’OS”
N. and long. 156°21’24” W.

Ap—0 to 15 inches, dark reddish-brown (5YR 3/3 moist,
SYR 3/4 dry) silty clay; moderate, fine and very
fine, granular structure; hard, friable, sticky and
plastic; abundant roots; many fine pores; common,
small, black concretions; few weathered rock frag
ments; strong effervescence with hydrogen peroxide;
strongly acid; clear, smooth boundary. 12 to 18 inches
thick.

B21—15 to 27 inches, dark reddish-brown (5YR 3/3 moist,
5YR 3/4 dry) silty clay; moderate, medium and fine,
subaugular blocky structure; hard, friable, sticky
and plastic; few roots; many fine and very flue pores;
patchy pressure cutans; common, small, black con
cretions; strong effervescence with hydrogen perox
ide; strongly acid; clear, wavy boundary. 12 to 18
inches thick.

B22,—27 to 41 inches, dark reddish-brown (SYR 3/3 moist,
5YR 3/4 dry) silty clay; moderate, medium and fine,
subangular blocky structure; bard, friable, sticky
and plastic; few roots; many fine and very fine
pores; patchy pressure cutans; few very fine rock
fragments; common, small, black concretions; strong
effervescence with hydrogen peroxide; strongly acid;
abrupt, wavy boundary. 12 to 16 inches thick.

11B3—41 to 65 inches, very dark grayish-brown (1OYR 3/2)
clay, dark gray (1OYR 4/1) when dry; strong, fine
and very fine, angular blocky structure; hard, firm,
very sticky and very plastic; few roots; many fine
and very fine pores; patchy pressure cutans; many
highly weathered rock fragments; slight effervescence
with hydrogen peroxide; medium acid.

The thickness of the solum is more than 60 inches, A little
gravel and a few cobblestones occur in some places. The A
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horizon ranges from 5YR to 7.5YR in hue, from. 2 to 3 in
value when moist or dry, and from 2 to 3 in chroma when
moist and 2 to 4 when dry. The texture of the A horizon is
generally silty clay, but in places it is silty clay loam or
gravelly silty clay. The B2 horizon ranges from SYR to
7.5YR in hue, from 3 to 4 in value when dry, and from 2 to
3 in chroma when moist and 2 to 4 when dry. The texture
of the B2 horizon is silty clay or clay.

This soil is used for sugarcane, pineapple, and home.
sites. (Capability classification He, irrigated or nonirri
gated; sugarcane group 1; pineapple group 5; pasture
group 3; woodland group 1)

Halilmaile silty clay, 7 to 15 percent slopes HhC).—
On this soil, runoff is medim-n and the erosion hazard is
moderate. Included in mapping were small, cobbly areas
and small, moderately steep areas.

This soil is used for sugarcane, pineapple, and home-
sites. (Capability classification Ille, irrigated or nonirrl
gated; sugarcane group 1; pineapple group 6; pasture
group 3; woodland group 1)

Haliimaile gravelly silty clay, 7 to 15 percent slopes,
eroded (HkC2).—This soil has a profile like that of
Haliimaile silty clay, 3 to 7 percent slopes, except that
in most places about 50 percent of the original surface
layer has been lost through erosion. In a few places all
the surface layer and part of the subsoil have been
removed. Runoff is medium to rapid, and the erosion
hazard is severe.

This soil is used for pineapple and pasture. (Capability
classification IVe, irrigated or nonirrigated; sugareane
group 1; pineapple group 6; pasture group 3; woodland
group 1)

Haliimaile silty clay loam, 3 to 7 percent slopes
Hg8).—This soil has a. profile like that, of Haliimaile silty
clay, 3 to 7 percent slopes, except for the texture of the
surface layer. Included iii mapping were small eroded
areas on knolls. The surface layer of the included areas
contains few to many pebble-size rock fragments.

This soil is used for pineapple, pasture, and homesites.
(Capability classification lie, irrigated or nonirrigated;
sugarcane group 1; pineapple group 5; pasture group 3;
woodland group 1)

Haliimaile silty clay loam, 7 to 15 percent slopes
(H9C).—This soil has a proffle like that of Haliimaile silty
clay, 3 to 7 percent slopes, except for the texture of the
surface layer. Runoff is medium, and the erosion hazard
is moderate. Included in mapping were. small eroded
areas on Imolls. The surface layer of the included areas
contains few to many pebble-size rock fragments.

This soil is used for pineapple, pasture, and hornesites.
(Capability classification Ille, irrigated or nonirrigated;
sugarcane group 1; pineapple group 6; pasture group 3;
woodland group 1)

ilamakuapoko Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently to
strongly sloping. Elevations range from 500 to 1,200 feet.
The tuinual rainfall amounts to 40 to 60 inches. The
mean annual soil temperature is 71° F. Hamakuapoko
soils are geographically associated with Haiku, Halii
maile, and Paia soils.

These soils are used for pineapple, pasture, and home-
sites. The natural vegetation consists of Christmas berry,
guava, hilograss, and yellow foxtail.

Hamakuapoko silty clay, 3 to 7 percent slopes (HIS).—
This soil is on smooth slopes in the uplands. Included
in mapping were small areas of Haiku and Haliimaile
soils. Also included were small, moderately steep areas.

In a representative profile the surface layer is dark-
brown silty clay about 16 inches thick. The subsoil, about
35 inches thick, is dark-brown and very dark grayish-
brown silty clay that has subangular blocky structure.
The substratum is soft, weathered basic igneous rock.
The soil is extremely acid in the surface layer and
strongly acid or very strongly acid in the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.2 inches per foot in the surface layer and 1.5
inches per foot in the subsoil. In places roots penetrate
to a depth of 4 feet or more.

Representative profile: Island of Maui, lat. 20°52’52”
N. and long. 156°14’52” W.

Apl—0 to 10 inches, dark-brown (1OYR 3/3) silty clay, dark
grayish brown (1OYR 4/2) when dry; moderate,
medium and fine, subangular blocky structure; hard,
firm, very sticky and very plastic; plentiful roots;
many fine pores; common sand-size aggregates that
are resistant to crushing; high bulk density; ex
tremely acid; gradual, wavy boundar.v. S to 12 inches
thick,

Ap2—10 to 16 inches, dark-brown (1OYR 3/3) silty clay,
brown (1OYR 4/3) when dry; moderate, fine and
very fine, subangular blocky structure; hard, firm,
very sticky and very plastic; plentiful roots; common
fine and medium pores; common sand-size aggregates
that are resistant to crushing; high bulk density;
very strongly acid; clear, wavy boundary. 4 to 8
inches thick.

B21—16 to 21 inches, dark-brown (7.5YR 3/2) silty clay,
brown (7.5YR 4/2) when dry; moderate, fine and
very fine, subangular blocky structure; hard, friable,
sticky and plastic; few roots; many fine and very
fine pores; strongly acid; clear, wavy boundary. 3 to
7 inches thick.

B22t—21 to 38 inches, dark-brown (7.5YR 3/2) silty clay,
brown (7.5YR 4/2) when dry; strong, fine and very
fine, subangular blocky structure; hard, firm, very
sticky and plastic; few roots; many fine and very
fine pores; nearly continuous, moderately thick clay
films; common sand-size aggregates that are resistant
to crushing; very strongly acid; gradual, wavy
boundary. 16 to 20 inches thick.

B3—38 to 51 inches, ‘ery dark grayish-brown (1OYR 3/2)
silty clay, brown (1OYR 4/3) when dry; moderate,
fine and very fine, subangular blocky structure; hard,
friable, sticky and plastic; few roots; common fine
and very fine pores: thin, patchy clay films; 15 to 20
percent highly weathered gravel and cobblestones;
very strongly acid.

The solum is more than 40 inches thick. The A horizon
ranges from 2 to 3 in value when moist, and from 2 to 3 in
chroma when moist or dry. The Bt horizon ranges from 2 to 3
in value when moist and from 2 to 3 in chroma when moist
or dry. The texture of the Bt horizon ranges from silty clay
to clay.

Most of this soil is used for pineapple. A small acreage
is used, for pasture. (Capability classification lie, irri
gated or nonirrigated; pineapple group 5; pasture group
6; woodland group 5)
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Haniakuapoko silty clay, 7 to 15 percent slopes
(HICL—On this soil, runoff is medimn and the erosion
hazard is moderate.

Most of this soil is used for pineapple. A small acreage
is used for pasture and homesites. (Capability classifica
tIon lila, irrigated or nonirrigated; pineapple group 6;
pasture group 6; woodland group 5)

Hamakuapoko silty clay, 7 to 15 percent slopes,
eroded (HIC2).—This soil has a profile like that of Hama
kuapoko silty clay, 3 to 7 percent slopes, except that it is
eroded. In most places about 50 percent of the original
surface layer has been removed by erosion. In a few
places all of the surface layer and part of the subsoil
have been lost. Runoff is medium to rapid, and the ero
sion hazard is severe.

This soil is used for pineapple. (Capability classifica
tion lYe, irrigated or nonirrigated; pineapple group 6;
pasture group 6; woodland group 5)

Hana Series

This series consists of well-drained soils on uplands on
the island of Maui. These soils developed in volcanic ash.
They are gently sloping to moderately steep. Elevations
range from nearly sea level to 1,200 feet. The annual
rainfall amounts to 80 to 150 inches. It is well distributed
throughout the year. The mean annual soil temperature
is 73° F. Hana soils are geographically associated with
Honomanu and Malama soils.

In this survey area moderately deep variants of the
Hana series were mapped. These soils, Hana silty clay
loam, moderately deep variant, 3 to 15 percent slopes,
and Hana extremely stony silty clay loam, moderately
deep variant, 3 to 15 percent slopes, are described in
alphabetical order, along with other units of this series.

These soils are used for pasture and homesites. The
natural vegetation consists of californiagrass, guava,
kaimiclover, koa, and sedges.

Hana very stony silty clay loam, 3 to 25 percent
slopes (HKLD).—This soil is on smooth, low mountain
slopes. Included in mapping were small areas of Hono
manu soils. Also included were small, steep areas near
cinder cones.

In a representative proffle the surface layer is very
dark brown and very dark grayish-brown silty clay loam
about 12 inches thick. The subsoil, about 22 inches thick,
is dark-brown silty clay loam that has subangular blocky
structure. The substratum is moderately weathered,
pebble-size cinders overlying Aa lava. The soil is strongly
acid to medium acid in the surface layer and slightly
acid in the subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate. In
places roots penetrate to a depth of 3 to 4 feet. The
available water capacity is about 1.2 inches per foot in
the surface layer and 1.4 inches per foot in the subsoil.

Representative profile: Island of Maui, lat. 20°47’14”
N. and long. 156°02’04” W.

Ap—O to 7 inches, very dark brown (1OYR 2/2, moist) very
stony silty elay loam; strong, very fine and, fine, sub-
angular blocky structure; very hard, friable, slightly
sticky and slightly plastic, and moderately sme.ary;
abundant very fine and fine roots; many fine pores;
common worm casts; stones cover 1 to 3 percent of

the surface; strongly acid; gradual, smooth bound
ary. 6 to 9 inches thick.

A1—7 to 12 inches, very dark grayish-brown (1OYR 3/2,
moist) silty clay loam; strong, very fine and fine,
subangular blocky structure; very hard, friable,
slightly sticky and slightly plastic, and moderately
smeary; abundant very fine and fine roots; many
fine pores; few worm casts; common, moderately
weathered, fine cinders; medium acid; clear, wavy
boundary. 4 to 6 inches thick.

B21—12 to 20 inches, dark-brown (7.5YR 3/2, moist) silty
clay loam; moderate, medium and fine, subangular
blocky structure; very hard, friable, sticky and plas
tic, and moderately smeary; abundant very fine and
fine roots; many fine pores; common, fine, red,
weathered cinders; slightly acid; gradual, wavy
boundary. 7 to 12 inches thick.

B22—20 to 34 inches, dark-brown (7.5YR 3/2, moist) silty
clay loam; moderate, fine and medium, subangular
blocky structure; hard, very friable, slightly sticky
and slightly plastic. and moderately smeary; abun.
dant very fine and fine roots; many fine and medium
pores; 5 percent hard rock fragments; slightly acid;
abrupt, wavy boundary. 10 to 20 inches thick.

IIC—34 inches, red and grayish-brown moderately weathered,
pebble-size cinders over Aa lava.

The depth to cinders and Aa lava ranges from 34 to 48
inches. In places stones cover as much as 3 percent of the
surface. The A horizon ranges from 7.5YR to 1OYR in hue
and from 2 to 3 in value and chrome. ‘The D horizon ranges
from 5YR to 1OYR in hue and from 2 to 4 in value and
chroma. The B horizon hardens irreversibly into black and
brown, sharp, angular, very hard, fine, pebble-size aggregates.

This soil is used for pasture. (Capability classification
Yls, nonirrigated; pasture group 11; woodland group 8)

Hana extremely stony silty clay loam, 3 to 25 percent
slopes (HKMD).—This soil has a profile like that of Hana
very stony silty clay loam, 3 to 25 percent slopes, except
that stones cover 3 to 15 percent of tile surface. Work
ability is very difficult. Included in mapping were small,
steep, areas near cinder cones.

This soil is used for pasture. (Capability classification
VIs, nonirrigated; pasture group 11; woodland group 8)

Hana silty clay loam, moderately deep variant, 3 to
15 percent slopes (HKNC).—This soil is nonstony and
moderately deep. Its surface layer is clark-brown silty
clay loam that c.ontains 10 to 15 percent g-ravel and cob
blestones, The subsoil, 6 to 14 inches thick, is reddish-
brown, very friable silty clay loam that has weak,
subangular blocky structure. It contains 20 to 30 percent
gravel and cobblestones. The substratum is fragmental Aa
lava at a depth of 20 to 30 inches.

Runoff is slow to medium, and the erosion hazard is
slight to moderate. In places roots penetrate to a depth
of 2 to 3 feet. Included in mapping were small, mod
erately steep and steep areas near cinder cones. Also
included were a few rock outcrops.

This soil is used for pasture and homesites. (Capability
classification ITIe, nonirrigated; pasture group 11; wood
land group 8)

Hana extremely stony silty clay loam, moderately
deep variant, 3 to 15 percent slopes (HKOC).—This soil
has a profile like that of Hana silty clay loam, mod
erately deep variant, 3 to 15 percent slopes, except that
stones cover 3 to 15 percent of the surface. ‘Workability
is veiy difficult. Included in mapping were small, mod
erately steep and steep areas near cinder cones.

This soil is used for pasture. (Capability classification
VIs, nonirrigated; pasture group 9; woodland group 8)
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Hanalei Series

This series consists of somewhat poorly drained to
poorly drained soils on bottom lands on the islands of
Kauai and Oahu. These soils developed in alluvium
derived from basic igneous rock. They are level to gently
sloping. Elevations range from nearly sea level to 300
feet. The annual rainfall amounts to 20 to 120 inches.
The mean annual soil temperature is 74° F. Hanalei soils
are geographically associated with Haleiwa, Hihirnanu,
Mokuleia, and Pearl Harbor soils.

These soils are used for taro, pasture, sugarcane, and
vegetables. The natural vegetation consists of paragrass,
sensitiveplant, honohono, Java plum, and guava.

Hanalei silty clay, 0 to 2 percent slopes (HnA).—This
soil is on stream bottoms and flood plains. Included in
the areas mapped on Kauai along the Wairnea River
and in Waipaoil Valley are small areas where the sur
face layer is 8 to 10 inches of reddish-brown silty clay.
Included in the areas mapped on Oahu were small areas
of very deep, well-drained alluvial soils and small areas
of very poorly drained to poorly drained clay soils that
are strongly mottled and are underlain by peat, muck, or
massive marine clay.

In a representative profile the surface layer, about 10
inches thick, is dark-gray and very dark gray silty clay
that has dark-brown and reddish mottles. The subsurface
layer is very dark gray and dark-gray silty clay about
3 inches thick. The subaDil, about 13 inches thick, is
mottled, dark-gray and dark grayish-brown silty clay
loam that has angular blocky structure. The substratum
is stratified alluvium. The soil is strongly acid to very
strongly acid in the surface layer and neutral in the
subsoil.

Permeability is moderate. Runoff is very slow, and
the erosion hazard is no more than slight. The available
moisture capacity is about 2.1 inches per foot. of soil.
Roots penetrate to the water table. Flooding is a hazard.

Representative profile: Island of Kaiaai, tat. 22° 12’37.8”
N. and long. ti9°28’47” W.

Ap—0 to 6 inches, dark-gray (1OYR 4/1) silty clay; common
distinct mottles of dark brown (7.5YR 4/4), red
(2.SYR 5/6). and dark reddish brown (5YR 3/4)
weak, coarse and medium, granular structure; very
hard, friable, sticky and plastic; abundant fine and
rnediuni roots; many fine and medium pores; very
strongly acid; abrupt, wavy boundary. 4 to 6 inches
thick,

Alg—6 to 10 inches, very dark gray (1OYR 3/I) silty clay;
many distinct mottles of dark reddish brown (5YR
3/4), yellowish red (SYR 4/6), dark brown (7.5YR
4/41, and dark grayish brown (1OYR 4/2) ; weak,
coarse, prismatic structure; very hard, firm, sticky
and plastic; abundant fine and medium roots; com
mon fine and medium pores; strongly acid; gradual,
smooth boundary. 3 to 5 inches thick.

A3g—10 to 13 inches, mixed, very dark gray (1OYR 3/1) and
dark gray (1OYR 4/1) silty clay; many distinct
mottles of yellowish red (5YR 4/6) and dark reddish
brown (2.5YR 8/4) ; weak, coarse, prismatic struc
ture; very hard, firm, sticky and plastic; common
medium and fine roots; many fine and medium pores;
slightly acid; gradual, smooth boundary. 2 to 4 inches
thick.

B21g—13 to 18 inches, mixed, dark-gray (1OYR 4/1) and
dark grayish-brown (1OYR 4/2) silty clay loam;
many distinct mottles of strong brown and dark red
(2.SYR 3/6) ; massive, but a few pockets have weak,
medium, angular blocky structure; hard, firm, sticky

and plastic; few medium and fine roots; many fine
and medium pores; neutral; gradual, smooth bound
ary. 4 to 7 inches thick.

B22g—18 to 26 inches, dark grayish-brown (1OYR 4/2) silty
clay loam; many distinct mottles of dark red (2.5YR
3/6) and strong brown (7.5YR 5/6) ; weak, coarse,
prismatic structure breaking to weak, fine and medi
um, angular blocky; slightly hard, firm, sticky and
plastic; few medium and fine roots; many fine and
medium pores; neutral; gradual, smooth boundary.
7 to 9 inches thick.

O—26 to 36 inches, dark grayish-brown (1OYR 4/2) silty clay
loam; common distinct mottles of strong brown
(7.51R 5/6), dark red (2.SYR 3/6), and red (2.5YR
4/6) ; massive; slightly hard, friable, sticky and
plastic; few medium roots; many, fine and medium,
tubular pores; slightly acid; water stands above this
layer.

The A horizon ranges from 1OYR to 2.SY in hue, from 3 to
4 in value, and from 1 to 2 in chroma. Mottles range from a
few faint ones to many distinct ones. The B horizon ranges
from IOYR to 2.SY in hue, from 2 to 4 in value, and from
1 to 2 in chroma. Mottles in the B and C horizons range from
few to many. The depth to the seasonal high water table
ranges from 2 to 5 feet. The C horizon is stratified. It ranges
from silty clay to sand in texture.

This soil is used for taro, pasture., aiid sugarcane.
(Capability classification 11w, irrigated or nonirrigated;
sugarcane group 3; pasture group 7; woodland group 4)

Hanalei silty clay, 2 to 6 percent slopes (HnB).—On
this soil, runoff is slow and the erosion hazard is slight.

Tins soil is used for sugarcane, taro, and pasture.
(Capability classification 11w, irrioated or nonirrigated;
sugarcane group 3; pasture group ; woodland group 4)

Hanalel stony silty clay, 2 to 6 percent slopes (HoB).—
This soil has a profile like that of Hanalei silty clay,
0 to 2 percent slopes, except that it is stony. Runoff isslow, and the erosion hazard is slight. Stones hinder
machine cultivation.

This soil is used for sugarcane and pasture. (Capabil
ity classification 11w, irrigated or nonirrigated; sugar-
cane group 3; pasture group 7; woodland group 4)

Hanalei silty clay, deep water table, 0 to 6 percent
slopes (HrB).—This soil has a profile like that of Hanalei
silty clay, 0 to 2 percent slopes, except that it has fewer
mottles and the water table is at a depth of more than
3 feet. Included in mapping were small areas of stony
soils.

This soil is used for sugarcane, taro, pasture, and
vegetables. (Capability classification 11w, irrigated or
nonirrigated; sugarcane group 3; pasture group 7; wood
land group 4)

Hanalei silty clay loam, 0 to 2 percent slopes (HniA).—
This soil has a profile like that of Hanalsi silty clay,
0 to 2 percent slopes, except for the texture of the surface
layer. Also, this soil is underlain by sand at a depth of
30 t.o 50 inches. Included in mapping was an area on the
Hanalei River bottom that is less than 30 inches deep
over sand.

This soil is used for taro, pasture, and sugarcane.
(Capability classification 11w, irrigated or nonirrigated;
siigarcane group 3; pasture group 7; woodland group 4)

Hanalei peaty silty clay loam, 0 to 2 percent slopes
(HpA).—This soil has a profile like that of Hanalei silty
clay, 0 to 2 percent slopes, except for the texture of the sur
face layer. Also, the water table is at the surface,
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This soil is used for pasture. (Capability classification
IVw, irrigated or nonirrigated; sugarcane group 3; pas
ture group 7; woodland group 4)

Hanamaulu Series
This series consists of well-drained soils on stream ter

races and steep terrace breaks on the island of Kauai.
These soils developed in alluvium washed from upland
soils. They are nearly level to strongly sloping. Eleva
tions range from 200 to 700 feet. The annual rainfall
amounts to GO to 100 inches. The mean annual soil tem
perature is 73° F. Hanamaulu soils are geographically
associated with Kapaa and Hihimanu soils.

These soils are used for sugarcane, pasture, wildlife
habitat, and water supply. The natural vegetation con
sists of guava, pandanus, glenwoodgrass, ricegrass, has,
and mango.

Hanansaulu silty clay, 3 to 8 percent slopes (HsB).—
This soil is on terraces. Included in mapping were two
areas of stony soil adjacent to streams.

In a representative profile the surface layer is brown
and very dark grayish-brown silty clay about 11 inches
thick. The subsoil, about 60 inches thick, is dark-brown
and dark reddish-brown subaigular blocky silty clay
over silty clay loam. The substratum consists of slightly
to strongly weathered pebbles, stones, and boulders. The
soil is extremely acid in the surface layer and very
strongly acid in the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is no more than slight. The available
moisture capacity is about 1.4 inches per foot of soil. In
places root.s penetrate to a depth of 5 feet or more.

Representative profile: Island of Kauai, lat.. 22°02’26.5”
N. and long. 159°23’59.3” W.

Apl—O to 5 inches, very dark grayish-brown (1OYR 3/2)
silty clay, very dark grayish brown (2.5Y 3/2) when
dry: moderate, medium and fine. granular structure;
hard, firm, sticky and plastic; many roots; slight
effervescence with hydrogen peroxide; some material
from Ap2 horizon mixed by plowing; extremely acid;
abrupt, smooth boundary. 5 to 7 inches thick.

Ap2—5 to 11 inches, dark-brown (7.5YR 3/4) silty clay,
brown (7.5YR 4/3) when dry; weak, fine and very
fine, subangular blocky structure; hard, firm, sticky
and plastic; plentiful line and very fine roots; many
fine and very fine pores; slight effervescence with
hydrogen peroxide; some material from B21 horizon
mixed by plowing; very strongly acid; clear, smooth
boundary. 6 to 7 inches thick,

B21—11 to 20 inches, dark reddish-brown (SYR 3/3) silty
clay, dark reddish brown (SYR 3/4) when dry;
strong, very fine, subangular blocky structure; hard,
firm, sticky and plastic; plentiful fine and very fine
roots; common fine and many very fine pores; many
moderately thick coatings on pod faces and in pores;
coatings look like clay films; strongly acid; gradual,
smooth boundary. 7 to 10 inches thick.

B22—20 to 36 inches, dark reddish-brown (5YR 3/4), moist
and dry, silty clay; strong, very fine. subangular
blocky structure; very hard, firm, sticky and plastic;
plentiful fine and few very fine roots; few fine and
many very fine pores; continuous, moderately thick
coatings on ped faces and in pores; coatings look
like clay films; very strongly acid; gradual, smooth
boundary. 12 to 21 inches thick.

B23—36 to 54 inches, dark-brown (7.5YR 3/4), moist and dry,
silty clay loam; strong, very fine, subangulnr blocky
structure; very hard, firm, slightly sticky and slightly
plastic; few fine and very fine roots; few fine and

414—129----72—-----4

many very fine pores; continuous, moderately thick
coatings on ped faces and in pores; coatings look
like clay films; pore coatings are strong brown
(7.5YR 4/6) ; very strongly acid; gradual, smooth
boundary. 12 to 22 inches thick.

B24,—54 to 61 inches, dark-brown (7.5YR 3/4), moist and dry,
silty clay loam; moderate, very line, subangular
blocky structure; very hard, firm, slightly sticky and
slightly plastic; few fine and very fine roots; few
fine and many very fine pores; continuous, mc>der
ately thick coatings on pod faces and in pores; coat
ings look like clay films; some pores coated with
strong brown (7.SYR 4/0) ; very strongly acid; grad
ual, smooth boundary. 12 to 21 inches thick.

B3—61 to 72 inches, dark-brown (7.5YR 3/4) clay loam; o
inch bands and pockets of yellowish red (SYR 3/0)
and coatings and segregations of strong brown
(7.SYR. 5/6) ; weak, fine. subangular blocky struc
ture; slightly bard, friable, slightly sticky and
slightly plastic; few fine and very fine roots; few
fine and very fine pores; few thin coatings that look
like clay films; under a 10-power hand lens, the soil
material has a sugary appearance; strongly acid.

The A horizon ranges from 7.SYR to 2.5Y in hue, and the
B horizon from SYR to 7.5YR. The depth to the underlying
pebbles, stones, and boulders ranges from 3 feet to more than
6 feet.

This soil is used for sugarcane, pasture, water supply,
and wildlife habitat. (Capability classification ITo, irri
gated or nonirrigated; sugarcane group 2; pasture group
8; woodland group ‘7)

Hanamaulu silty clay, 8 to 15 percent slopes (HsC).—
On this soil, runoff is slow to medium and the erosion
hazard is slight. Included in mapping were some areas
that have a dark reddish-brown surface layer.

This soil is used for sugarcane, pasture, water supply,
and wildlife habitat. (Capability classification Ille, irri
gated or nonirrigated; sugarcane group 2; pasture group
8; woodland group 7)

Hanamaulu silty clay, 15 to 25 percent slopes (HiD).—
On this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were some areas that
have a dark reddish-brown surface layer.

This soil is used for sugarcane, pasture, water supply,
and wildlife habitat. (Capability classification lYe,
irrigated or nonirrigated; sugarcane group 2; pasture
group 8; woodland group 7)

Hanamaulu silty clay, 25 to 40 percent slopes (HsE).—
On this soil, runoff is rapid and the erosion hazard is
moderate to severe. Included in mapping were some
areas that have a dark reddish-brown surface layer.

rf.his soil is used for pasture, woodland, water supply,
and wildlife habitat. (Capability classification VIe, non-
irrigated; pasture group 8; woodland group 7)

Hanamaulu stony silty clay, 10 to 35 percent slopes
(HtE).—This soil has a profile like that of Hanamaulu silty
clay, 3 to 8 percent slopes, except that it is stony and
the slope is as much as 35 percent. The stones interfere
with the operation of farm machinery. Runoff is medium
to rapid, and the erosion hazard is moderate to severe.
Included in mapping were some areas that have a dark
reddish-brown surface layer.

This soil is used for pasture, woodland, wildlife habi
tat, and water supply. (Capability classification VIe,
nonirrigated; pasture group 8; woodland group 7)

Hanamaulu bouldery silty clay, 10 to 35 percent
slopes (HuE).—This soil has a profile like that of Hana
maulu silty clay, 3 to 8 percent slopes, except for the
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boulders, which make the use of farm machinery for
land preparation and planting impractical. Runoff is
medium to rapid, and the erosion hazard is moderate to
severe. included in mapping were some areas that have
a dark reddish-brown surface layer.

This soil is used for pasture, woodland, wildlife habi
tat, and water supply. (Capability classification VIe,
nonirrigated; pasture group 8; woodland group 7)

Helemano Series
This series consists of well-drained soils on alluvial

fans and colluvial slopes on the sides of gulches. These
soils are on the island of Oahu. They developed in allu
vium and colluviurn derived from basic igneous rock.
They are steep to extremely steep. Elevations range from
500 to 1,200 feet. The annual rainfall dominantly amounts
to 30 to 60 inches but ranges to 75 inches at the highest
elevations. The mean annual soil temperature is 72° F.
Helemano soils are geographically associated with Laha
ma, Leilehua, Manana, Molokai, and Wahiawa soils.

These soils are used for pasture, woodland, and wild
life habitat. The natural vegetation consists of bermuda-
grass, Christmas berry, eucalyptus, Formosa koa, guava,
Japanese tea, Java plum, and koa haole.

Helemano silty clay, 30 to 90 percent slopes (HLMG).—
This soil is on the sides of V-shaped gulches. Included
in mapping were small areas of Lahaina and Molokai
soils. Also included were small areas of rock outcrop,
steep stony land, and eroded spots.

In a representative profile the surface layer is dark
reddish-brown silty ciay about 10 inches thick. The sub
soil, about 50 inches thick, is dark reddish-brown and
dark-red silty clay that has subangular blocky struc
ture. The substratum is soft, highly weathered basic
igneous rock. The soil is neutral in the surface layer and
neutral to slightly acid in the subsoil.

Permeability is moderately rapid. Runoff is medium
to very rapid, and the erosion hazard is severe to very
severe.

Representative profile: Island of Oahu, lat. 21°27’47”
N. and long. 157°59’59” W.

Ap—O to 10 inches, dark reddish-brown (2.5YR 3/4), moist
and dry, silty clay; moderate, very fine and fine,
granular structure; hard, firm, sticky and plastic;
abundant roots; many, very fine, interstitial pores;
neutral in reaction; abrupt, smooth boundary. 6 to 10
inches thick.

B21—10 to 30 inches, dark reddish-brown (25YR 3/4) silty
clay, dark red (2.5YR 3/6) when dry; moderate, fine,
subangular blocky structure; hard, friable, sticky
and plastic; plentiful roots; common, fine, tubular
pores; S to 10 percent gravel and stones; neutral;
clear, smooth boundary. 12 to 20 inches thick.

B22—30 to 41 inches, dark reddish-brown (2.5YR 3/4), moist
and dry, silty clay; moderate, fine and medium, sub-
angular blocky structure; hard, friable, sticky and
plastic; few fine roots; common, fine, tubular pores;
15 to 25 percent soft, strongly weathered gravel and
stones; neutral; gradual, smooth boundary. S to 12
inches thick.

B3—41 to 60 inches, dark-rod (1OYR 3/6) silty clay, red
(1OYR 4/6) when dry; moderate, fine and very fine,
subangular blocky structure; hard, friable, sticky
and plastic; few very fine roots; common, fine and
medium, tubular pores; 25 to 50 percent soft, strongly
weathered gravel and stones; slightly acid. 10 to 20
inches thick.

The depth to highly weathered rock is variable but ranges
from 25 to more than 60 inches. Near the toe of slopes, the
soil is commonly more than 60 inches thick and commonly
stony throughout. The A horizon ranges from 2.5YR to 5YR
in hue. The B horizon ranges from 2.5YR to 10R in hue; from
2 to 4 in value; and, when moist, from 2 to 6 in chroma.

This soil is used for pasture, woodland, and wildlife
habitat. (Capability classification Vile, nonirrigated;
pasture group 3; woodland group 16)

ilihimanu Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
weathered from basic igneous rock and colluvium at the
base of slopes. They are very steep. Elevations range
from 100 to 2,000 feet. The annual rainfall amounts to
70 to 120 inches. The mean annual soil temperature is
69° F. Hihimanu soils are geographically associated with
Hanalei and Hanamaulu soils.

These soils are used for water supply, pasture, wildlife
habitat, and woodland. The natural vegetation consists
of koa, melastoma, yellow foxtail, lantana, false stag
hornfern, paspalum, hala, guava, ohia, and associated
shrubs and grasses.

Hihinianu silty clay loam, 40 to 70 percent slopes
(HMMF).—This soil is very steep and occupies uplands. In
cluded in mapping were small areas that are less steep
and small areas of stony soils.

In a representative profile the surface layer is dark-
brown silty clay loam and silty clay about 15 inches
thick. The subsoil, 24 to more than 57 inches thick, is
brown, dark-brown, and reddish-brown silty clay and
clay that has subangular blocky structure. The substra
tum is soft, weathered rock. The soil is very strongly
acid in the surface layer and subsoil.

Permeability is moderately rapid. Runoff is medium,
and the erosion hazard is moderate. In places roots pene
trate to a depth of 5 feet or more.

Representative profile: Island of Kauai, lat. 2l°56’55.4”
N. and long. 159°27’28.4” W.

A1—0 to 7 inches, dark-brown (7.5YR 3/3) Silty clay loam,
dark brown (7,5YR 3/2) when dry; strong, fine and
very fine, subangular blocky structure; very hard,
firm, sticky and plastic; abundant, coarse, medium
and fine roots; a few weathered pebbles; slight
effervescence with hydrogen peroxide; very strongly
acid; clear, smooth boundary. 7 to 10 inches thick.

A3—7 to 15 inches, dark-brown (75YR 3/4), moist and dry,
silty clay; weak, fine and very fine, subangular
blocky structure; very hard, friable, sticky and plas
tic; abundant medium, fine, and very fine roots; few
coarse roots; many fine pores; few weathered peb
bles; upper part mixed with Al material by worm
activity; very strongly acid; gradual, smooth bound
ary. 6 to 10 inches thick.

321—15 to 27 inches, reddish-brown (5YR 4/4) silty clay,
brown (7.5YR 4/3) wben dry; moderate, fine and
very fine, subangular blocky structure; very hard,
firm, very sticky and plastic; abundant very fine and
fine roots, common medium roots, and few large
roots; many fine pores; few weathered pebbles; very
strongly acid; gradual, smooth boundary. 9 to 15
inches thick.

322—27 to 43 inches, reddish-brown (3YR 4/4 moist, 5YR
4/3 dry) clay; moderate, fine and very fine, sub-
angular blocky structure; very bard, firm, very sticky
and plastic; common very fine and fine roots and
few medium roots; many fine pores; few weathered
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pebbles; very strongly acid; gradual, smooth bound
ary. 14 to 20 inches thick.

B25—45 to 72 inches, brown (7.5YR 4/4 moist, 7.5YR 4/3
dry) silty clay; moderate, fine and very fine, sub-
angular blocky structure; very hard, firm, sticky and
plastic; few very fine and fine roots; many fine
pores; many weathered pebbles; intermittent thin
bands of dark brown (7.5YR 3/3) and pockets of
reddish brown (5Th 4/4) ; very strongly acid.

The A horizon ranges from 7.5YR to 1OYR in hue, and the
B horizon from SYR to 7.SYR. The depth to soft, weathered
rock ranges from 24 to more than 60 inches.

This soil is used for water supply, pasture, wildlife
habitat, and woodland. (Capability classification Vile,
nonirrigated; pasture group 8; woodland group 14)

Holomua Series
This series consists of well-drained soils on uplands

on the island of Molokai. These soils developed in vol
canic ash and material weathered from andesite rock.
They are nearly level to strongly sloping. The elevation
ranges from 100 to 1,000 feet, but in most places it is
less than 500 feet. The annual rainfall amounts to 15 to
20 inches. Most of the rain conies in the form of storms,
from November to April. The summers are hot and dry,
and there is little or no rain. The mean annual soil
temperature is 74° F. Holomua soils are geographically
associated with Molokai soils, generally downalope from
those soils.

These soils are used for pineapple, pasture, truck crops,
and wildlife habitat. The natural vegetation consists of
kiawe, ulialoa, ilima, piligrass, and feather fingergrass.

Holomua silt loam, 0 to 3 percent slopes (HvA).—This
soil occurs as large, smooth areas. Included in mapping
were a few small, slightly eroded and stony areas.

In a representative profile the surface layer is dark
reddish-brown silt loam about 9 inches thick. The upper
part of the subsoil is dark reddish-brown silt loam, and
the lower part is dark reddish-brown and dark-brown
silty clay loam that has prismatic structure. The subsoil
is 40 to more than 60 inches thick. The substratum is soft.,
weathered rock. Reaction in the surface layer is neutral
in uncultivated areas and very strongly acid in areas
used for pineapple. The subsoil is neutral.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.7 inches per foot of soil. In places roots penetrate
to a depth of 5 feet or more.

Representative profile: Island of Molokai, mt. 21°08’03”
N. and long. 157°03’Ol” W.

Apl—O to 2 inches, dark reddish-brown (25YR 3/4), moist
and dry, silt loam; weak, very fine, granular struc
ture; soft, very friable, slightly sticky and slightly
plastic; many roots; violent effervescence with
hydrogen peroxide; medium acid; gradual, smooth
boundary. 2 to 3 inches thick.

Ap2—2 to 9 inches, dark reddish-brown (2.5YR 3/4) silt
loam, dark red (2.5YR 3/6) when dry; weak, medi
um and coarse, subangular blocky structure breaking
to weak, very fine, granular; slightly hard, very fri
able, slightly sticky and slightly plastic; common
roots; many interstitial pores; common, black stains;
violent effervescence with hydrogen peroxide; medi
um acid; clear, wavy boundary. 5 to 8 inches thick.

B21—9 to 20 inches, dark reddish-brown (2.SYR 3/4) silt
loam, dark red (2iIYR 3/6) when dry; weak, coarse,
prismatic structure breaking to weak, medium and

coarse, subangular blocky; slightly hard, very friable,
slightly sticky and slightly plastic; common roots;
many, very fine, tubular pores and few, fine, tubular
pores; violent effervescence with hydrogen peroxide;
neutral; gradual, wavy boundary. 6 to 14 inches
thick.

B22—20 to 2.6 inches, dark reddish-brown (2.SYR 3/4), moist
and dry, silty clay loam; weak, coarse, prismatic
structure breaking to moderate, fine and medium, sub-
angular blocky; hard, friable, sticky and plastic;
common roots; many, very fine and fine, tubular
pores; violent effervescence with hydrogen peroxide;
neutral; clear, smooth boundary. 5 to 6 inches thick.

B23—26 to 38 inches, dark reddish-brown (2.SYR 3/4), moist
and dry, silty clay loam; moderate, very fine, sub-
angular blocky structure; hard, friable, sticky and
plastic; few roots, most of which are along vertical
cleavage planes; many very fine pores; many, very
fine, black coneretions, initially gritty when rubbed;
firm in place; slight effervescence with hydrogen
peroxide; few, thin, glazed patches; neutral; gradual,
wavy boundary. 11 to 15 inches thick.

IIB24b—38 to 44 inches, dark reddish-brown (SYR 3/4) silty
clay loam, yellowish red (SYR 4/6) when dry;
strong, very fine, subangular blocky structure; hard,
friable, sticky and plastic; few roots; many, very
fine, tubular pores; few glazed patches; gritty feeling
because of the many hard earthy lumps that break
down on rubbing; firm in place; slight effervescence
with hydrogen peroxide; neutral; gradual, wavy
boundary. 5 to 7 inches thick.

IIB25b—44 to 54 inches, dark-brown (1OYR 3/3 and 7.5YR
3/2) silty clay loam, dark brown (7.5YR 4/4) when
dry; strong, very fine, subangular blocky structure;
hard, friable, sticky and plastic; few roots; many,
very fine, tubular pores; few glazed patches; compact
in place; initially gritty when rubbed; no efferves
cence with hydrogen peroxide; neutral; gradual,
wavy boundary. 5 to 10 inches thick.

ItB2Gb—54 to 66 inches, very dark brown (1OYR 2/2) silty
clay loam, dark grayish brown (1OYR 4/2> when
dry; moderate and strong, fine and medium, sub-
angular blocky structure; hard, friable, sticky and
plastic; few roots, most of which are along cleavage
planes: many, very fine and fine, tubular pores;
common patchy glaze; firm in place; initially gritty
when rubbed; neutral.

The depth to bedrock ranges from 4 to more than 7 feet.
In most years the soil is dry in some horizons for more than
90 cumulative days. The A horizon ranges from 2.5YR to 5YR
in hue; from 3 to 4 in value when moist; and, in ehroma,
from 3 to 4 when moist and 4 to 0 when dry. The B horizon
ranges from 2.5YR to SYR in hue, but the buried horizons
range from 5YR to 1OYR. It ranges from 3 to 4 in value when
dry and from 2 to 6 in chroma when moist or dry. The struc
ture ranges from weak to strong in this horizon.

This soil is used for pineapple and truck crops where
irrigation water is available and for pasture and wildlife
habitat where water is not available. Insufficient water
is the principal limiting factor. If irrigated, this soil can
be used for a wide variety of climatically suited crops.
Wind erosion is a maj or problem in this area, and ade
quate windbreaks are needed for crops susceptible to wind
damage. (Capability classification I if irrigated, VIe if
nonirrigated; pineapple group 1; pasture group 1)

Holomna silt loam, 3 to 7 percent slopes HvB).—On
this soil, runoff is slow and the erosion hazard is slight
to moderate.

This soil is used for pineapple, pasture, truck crops,
and wildlife habitat. (Capability classification lie if irri
gated, VIc if nonirrigated; pineapple group 2; pasture
group 1)
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Holomua silt loam, 3 to 7 percent slopes, severely
eroded (HvB3).—On this soil, runoff is slow to medium and
the erosion hazard is moderate. Most of the surface layer
and, in places, part of the subsoil have been removed
by wind and water erosion. Vegetation is sparse, espe
cially in summer.

This soil is used for pineapple, pasture, and wildlife
habitat. (Capability classification Ille if irrigated, VIe
if nonirrigated; pineapple group 2; pasture group 1)

Holomua silt loam, 7 to 15 percent slopes (HvC).—On
this soil, runoff is slow to medium and the erosion hazard
is moderate. Slight erosion has occurred in many places.
The depth to soft, weathered rock ranges from 2 to 4
feet.

This soil is used for pasture, pineapple, and wildlife
habitat. (Capability classification Ille if irrigated, VIe
if nonirrigated; pineapple group 3; pasture group 1)

Holomua silt loam, 7 to 15 percent slopes, severely
eroded (HvC3).—This soil occurs along gulches and on
slope breaks. It has a profile like that of Holoinun silt
loam, 0 to 3 percent slopes, except that wind and water
erosion have removed most of the surface layer and, in
places, part of the subsoil. Runoff is medium, and the
erosion hazard is severe. Weathered rock fragments are
on the surface in many places. There are a few shallow
gullies arid many erosion scars. Included in mapping
were small, stony areas.

This soil is used for pasture. Vegetation is sparse in
most places. (Capability classification IVe if irrigated,
VIe if nonirrigated; pineapple group 3; pasture group 1)

Honohia Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in material
weathered from basic igneous rock. They are moderately
sloping to moderately steep. Elevations range from 500
to 1500 feet. The annual rainfali amounts to 50 to SO
inches. The mean annual soil temperature is 69° F.
Honolua soils are geographically associated with Olelo
soils.

These soils are used for pineapple, pasture, woodland,
wildlife habitat, and water supply. The natural vegeta
tion consists of guava, hilograss, lantana, and ohm.

Honolua silty clay, 7 to 15 percent slopes (HwC).—This
soil is on smooth interfiuves on uplands. Included in map
ping were small areas of Alaeloa and Olelo soils. Also
included were small, gently sloping areas and small,
eroded spots.

In a representative profile the surface layer is dark-
brown silty clay about 12 inches thick. The subsoil, about
58 inches thick, is dark reddish-brown and reddish-brown
silty clay that has subangular blocky structure. The sub
stratum is soft, weathered basic igneous rock. The soil is
strongly acid in the surface layer and subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate..
The available water capacity is about 1.2 inches per foot
in the surface layer and about 1.4 inches per foot in the
subsoil. In places roots penetrate to a depth of 5 feet or
more.

Representative profile.: Island of Maui, lat. 20°58’58”
N. and long. 156°37’16” W.

Ap—0 to 12 inches, dark-brown (75YR 3/2) silty clay, brown
(7.5YR 4/4) when dry; strong, very fine, suhangular
blocky structure; hard, friable, sticky and plastic;
abundaat roots; many fine pores; strongly acid;
abrupt, wavy boundary. P to 14 inches thick.

B21t—12 to 18 inches, dark reddish-brown (5Th 3/4) silty
clay, brown (7.5YR 4/4) when dry; strong, very fine,
subangular blocky structure; slightly hard, friable,
sticky and plastic, and weakly smeary; abundant
roots; many fine and medium pores; thick, patchy
clay films on pods; many sand-size aggregates that
are resistant to crushing; very strongly acid; clear
wavy boundary. 4 to 2 inches thick.

B22t—18 to 36 inches, reddish-brown (5YR 4/3) Silty clay,
reddish brown (5YR 4/4) when dry; strong, very
fine, subangular blocky structure; slightly hard, fri
able, sticky and plastic; plentiful roots; many fine
and medium pores; thick, patchy clay films on pods;
many sand-size aggregates that are resistant to
crushing; few grayish, highly weathered, pebble-size
rock fragments; strongly acid; gradual, wavy bound
ary. 15 to 20 inches thick.

331—36 to 58 inches, dark reddish-brown (5YR 3/4) silty
clay, brown (7.5YR 5/4) when dry; moderate, very
fine and fine, subangular blocky structure; slightly
hard, friable, sticky and plastic; few roots; many
fine pores; thin, patchy clay films on peds; many
sand-size aggregates that are resistant to crushing;
20 to 30 percent highly weathered pebble-size rock
fragments; strongly acid; clear, wavy boundary. 20
to 26 inches thick.

B32—5S to 70 inches, dark reddish-brown (5YR 3/4) silty
clay, brown (7.5YR 5/4) when dry; moderate, very
fine and fine, suhangular blocky structure; slightly
hard, friable, sticky and I1ast.ic; fw roots; many
fine pores; thin, patchy clay films on peds; many
sand-size aggregates that are resistant to crushing;
50 to 70 percent highly weathered basic igneous rock;
strongly acid.

The solum is more than 40 inches thick. The A horizon
ranges from 5YR to 7.5YR in hue, from 3 to 4 in value when
dry, and from 2 to 3 in chroma when moist. The structure is
moderate to strong. The lit horizon ranges from 5Th to
7.5Th in hue, from 3 to 4 in value and chroma when moist,
and from S to S in value and from 4 to 8 in cbroma when dry.
The upper part of the lit horizon is weakly to moderately
smeary.

This soil is used for pineapple, pasture, and woodland.
(Capability classification Ille, nonirrigated; pineapple
group 3; pasture group 8; woodland group 7)

Honolua silty clay, 15 to 25 percent slopes HwD).—On
this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were eroded areas on
knolls. In these areas, common pebble-size rock fragments
are in the surface layer and subsoil.

This soil is used for pineapple, pasture, and water
supply. (Capability classification Pie, nonirrigated; pine
apple group 3; pasture group 8; woodland group 7)

Honomanu Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic
ash. They are gently sloping to moderately steep. Eleva
tions range from 1,000 to 4,500 feet. The annual rainfall
amounts to 100 to 250 inches. It is well distributed
throughout the year. The mean annual soil temperature
is 62° F. Honomanu soils are geographically associated
with Amalu, Hann, and Kailua soils.

These soils are used for water supply and wildlife
habitat. The natural vegetation consists of koa, kukui.
ohia, ricegrass, sedge, and treefern.



ISLANDS OF KAIJAJ, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 43

Honomanu silty clay, to 25 percent slopes (rHOD).—
This soil is on the wettest parts of the northeastern slopes
of Haleakala. Included in mapping were small areas of
Amalu and Kallua soils and rock outcrops.

In a representative profile the surface layer is very
dark brown silt loam and dark yellowish-brown silty clay
about 11 inches thick, capped with an organic layer about
3 inches thick. The subsoil, about 26 inches thick, is dark
yellowish-brown and brown silty clay that has subangular
blocky structure. The substratum is dark yellowish-brown
loam and fragmental basic igneous rock. The soil is
extremely acid in the surface layer and subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places roots penetrate to
a depth of 4 feet or more.

Representative profile: Island of Maui, lat. 20048F50
N. and long. 156°15’14” W.

01—3 incItes to 0, very dark grayish-brown (1dYR 3/2) de
caying vegetable matter and some soil material. The
soil material is very dark grayish-brown (1OYR 3/2)
loam; massive; loose, slightly sticky and nonpiastic;
abundant roots; very porous; extremely acid; clear,
wavy boundary. 2 to 5 inches thick.

All—fl to 3 inches, very dark brown (1OYR 2/2) silt loam;
massive; very friable, slightly sticky, nonplastie, and
strongly snxeary; abundant roots; many fine and very
fine pores; extremely acid; clear, wavy boundary.
2 to 5 inches thick.

A12—3 to 11 inches, dark yellowish-brown (IOYR 3/4) silty
clay; moderate, medium, subangular blocky struc
ture; friable, sticky, plastic, and strongly smeary;
abundant fine roots; many fine and very fine pores;
many dark-brown and black organic stains on ped
surfaces; few weathered pebbles; extremely ac:id;
gradual, wavy boundary. 8 to 13 inches thick.

B21—11 to 25 inches, dark yellowish-brown (1OYR 4/4) silty
clay; moderate, medium, subangular blocky struc
ture; firm, sticky, plastic, and strongly smeary;
plentiful fine roots; many fine and medium pores;
few black stains on ped surfaces; few weathered
pebbles; extremely acid; gradual, smooth boundary.
11 to 10 inches thick.

B22—25 to 31 inches, brown (1OYR 4/3) silty clay; moderate,
medium, subangular blocky structure; friable, sticky,
plastic, and strongly smeary; plentiful fine roots;
many fine and medium pores coated with yellowish
material that looks like gibhsite; 10 percent weath
ered cobblestones that have hard cores; extremely
acid; clear, smooth boundary. 10 to 13 inches thick.

0—37 to 60 inches, dark yellowish-brown (1OYR 3/4) loam;
massive; very friable, slightly sticky, nonplastic, and
strongly smeary; few fine roots; many fine and medi
mu pores; many fine and very fine (less than 2
millimeters) particles that feel like sand; common
small, hard, white fragments that look like gibbsite;
60 to 70 percent slightly weathered rock; extremely
acid.

The solum ranges from 31 to 47 inches in thickness. In
places a few pebbles, cobblestones, and stones occur on the
surface. The organic horizon is lacking hi some areas where
the vegetation has been removed. The A horizon ranges from
7.5YR to 1OYR in hue and from 2 to 3 in value. The B horizon
ranges from 5YR to 1OYR in hue and from 3 to 4 in value
and chroma. The A and B horizons dehydrate irreversibly
into black, sharp, angular, very hard, fine, pebble-size
aggregates.

This soil is used for water supply and wildlife habitat.
(Capability classification IVe, nonirrigated; pasture
group 11; woodland group 8)

Honomanu-Amalu association (rHR).—The soils in this
association have the profiles described as typical of their

respective series. The areas are almost inaccessible by
vehicle or on foot. They are on gently sloping to mod
erately steep, intermediate uplands on East Maui. The
Honomanu soils occupy the more sloping, better drained
side slopes. The Amalu soils occur on the less sloping
tops of ridges and interfiuves. The Honomanu soils are
well drained; the Amalu soils are poorly drained. Runoff
is slow to very slow, and the erosion hazard is slight.

Honomanu soils make up about 00 percent of the asso
ciation, and Amalu soils about 40 percent. Included in
mapping were small areas of Kailua soils and many small,
very steep gulches.

This association is used for water supply and wildlife
habitat. It is covered with dense rain forest vegetation.
(Honomanu part is in capability classification IVe, non-

irrigated; woodland group 8. Amalu part. is in capability
classification VIIw, nonirrigated)

Ho nouliuli Series
This series consists of well-drained soils on coastal

plains on the island of Oahu in the Ewa area. These
soils developed in alluvium derive.d from basic igneous
material. They are nearly level and gently sloping.
Elevations range from 15 to 125 feet. Tile annual rain
fall amounts to 18 to 30 inches and occurs mainly between
November and April. The mean annual soil temperature
is 74° F. Honouliuli soils are geographically associated
with Ewa, Lualualci, Mamala, and Waia.lua soils.

These soils are used for sugarcane, truck crops,
orchards, and pasture. The natural vegetation con
sists of kiawe, koa haole, fingergrass, bristly foxtail,
and bermudagrass.

Honouliuli clay, 0 to 2 percent slopes (HxA).—This soil
occurs in the lowlands along the coastal plains. Included
in mapping were small areas of fine-textured alluvial
soils that have a stony subsoil. Also included were small
areas of shallow, red, friable soils that are underlain by
reef limestone..

In a representative profile the soil is dark reddish-
brown, very sticky and very plastic clay throughout. The
surface layer is about 15 inches thick. The subsoil and
substratum have subangular blocky structure, and they
have common to many slickensides. The soil is neutral
to mildly alkaline.

Permeability is moderately slow. Runoff is slow, and
the erosion hazard is no more than slight. The available
water capacity is about 1.8 inches per foot of soil. In
places roots penetrate to a depth of 5 feet or more.

Workability is slightly difficult because of the very sticky
and very plastic clay. The shrink-swell potential is high.

Representative profile: Island of Oahu, lat. 21°20’56”
N. and long. 158°12’23” W.

Ap—O to 15 inches, dark reddish-brown (5YR 3/2), moist and
dry, olay; moderate, medium and fine, granular struc
ture; hard, firm, very sticky and very plastic; plenti
ful fine roots; common, fine, interstitial pores; few
black specks and few shiny specks; few light-colored
sand grains; few black concretions that exhibit mod
erate effervescence with hydrogen peroxide; neutral;
clear, smooth boundary. 6 to 16 inches thick.

B2—15 to 26 inches, dark reddish-brown (5YR 3/2) clay,
dark reddish brown (5YR 3/3) when dry; moderate,
coarse. suba.ngular blocky structure; hard, friable,
very sticky and very plastic; plentiful fine roots;



44 SOIL SURVEY

many, fine and medium, tubular pores; common
sliekensides; few light-colored sand grains; few
shiny specks; common black concretions and few
black stains that exhibit moderate effervescence with
hydrogen peroxide in pores and between pods; neu
tral; clear, smooth boundary.

01—26 to 36 inches, dark reddish-brown (5YR 3/2) clay,
dark reddish brown (5Th 3/3) when dry; weak,
medium and coarse, subangular blocky structure:
hard, friable, very sticky and very plastic; plentiful
roots; common, fine and medium, tubular pores; few
light-colored sand grains; few shiny specks; common
black coneretions and few black stains in pores and
between pods that effervesce with hydrogen peroxide;
many moderate slickensides; strong effervescence
with hydrogen peroxide; neutral; abrupt, smooth
boundary. 8 to 12 inches thick.

C2—36 to 48 inches. dark reddish-brown (SYR 3/2) clay,
dark reddish brown (5YR 3/3) when dry; moderate,
fine and medium, subangular blocky structure; hard,
friable, very sticky and very plastic; abundant fine
roots: common, fine and medium, tubular pores;
many strong sliekensides; few light-colored sand
grains; few shiny specks; common black concretions
that effervesce with hydrogen peroxide; neutral;
gradual, smooth boundary. 10 to 14 inches thick.

C&—48 to 68 inches, dark reddish-brown (5YR 3/2) clay,
dark reddish brown (5YR 3/3) when dry; moderate,
medium and fine, subangular blocky structure; hard,
friable, very sticky and very plastic; few fine roots
matted betwesu peds; few, fine, tubular pores; many,
strong, deeply grooved slickensides; few light-colored
sand grains; few shiny specks; common black concre
tions that exhibit strong effervescence with hydrogen
peroxide; mildly alkaline.

The A horizon ranges from 3 to 4 in value and, in ehroma,
from 1 to 3 when dry and 2 to 4 when moist. The B horizon
ranges from 2 to 3 in chroma when moist. In places gravel
occurs in the solum at depths below 3 feet In some places
where these soils adjoin the shallow Itlamala soils, coral frag
ments are mixed in the upper part of the soium by cultivation.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification I if irrigated, IVc if non—
irrigated; sugarcane group 4; pasture group 2)

Honouliuli clay, 2 to 6 percent slopes (HxB).—On this
soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, truck crops, and pas
ture.. (Capability classification lie if irrigated, IVc if
nonirrigated; sugarcana group 4; pasture group 2)

lloolehua Series
This series consists of well-drained soils in depressions

and in drainageways on the 1sland of Molokai. These
soils developed in old alluvium. The slope is generally
15 percent or lass; locally, however, the slope may be as
much as 35 percent. Elevations range from 400 to 1,300
feet.. The annual rainfall amounts to 20 to 35 inches.
Most of the rainfall occurs from November to April;
the summers are hot and dry. The mean annual soil
temperature is 72° F. Hoolehua soils are geographically
associated with Molokai and Lahaina soils.

These soils are used for pineapple, pasture, and wild
life habitat. The natural vegetation consists of lantana,
guineagrass, iima, kiawe, and feather fingergrass.

Hoolehua silty clay, 0 to 3 percent slopes (HzAJ.—This
soil occurs in depressions.

In a representative profile the surface layer is dark
reddish-brown silty clay about 15 inches thick. The sub
soil is dark reddisli-btown. silty clay and silty clay loam

tha.t has subangular blocky structure. The subsoil is 45
to more than 57 inches thick. The substratum is old allu
vium. The reaction ranges from medium acid in areas
used for pasture to extremely acid in areas used for
pineapple. The subsoil is medium acid to neutral.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.8 inches per foot of soil. In places roots pene
trate to a depth of 5 feet or more.

Representative profile Island of Molokai, lat. 21°09’34”
N. and long. 157°03’08” W.

Api—P to 9 inches, dark reddish-brown (5YR 3/3) silty clay,
dark reddish gray (5YR 4/2) when dry; cloddy,
because of tillage; compacted by farm machinery;
hard, fIrm, sticky and plastic; common roots; few,
medium and coarse, tubular pores; violent efferves
cence with hydrogen peroxide; extremely acid; clear,
smooth boundary. 8 to 9 inches thick.

Ap2—.9 to 15 inches, dark reddish-brown (5YR 3/3), moist
and dry, silty clay; cloddy; hard, friable, sticky and
plastic; few roots; few, very fine, tubular pores;
violent effervescence with hydrogen peroxide; cx-
tremely acid; clear, wavy boundary. 4 to 7 inches
thick.

B11—15 to 21 inches, dark reddish-brown (SYR 3/3), moist
and dry, silty clay loam; weak, fine and medium,
subangular blocky structure; slightly hard, very fri
able, sticky and plastic; few roots; many, very fine
and fine. tubular pores and common, medium, tubular
pores; many, very fine, black coneretions; violent
effervescence with hydrogen peroxide; medium acid;
clear, wavy boundary. 5 to 9 inches thick.

B12—21 to 27 inches, dark reddish-brown (SYR 3/3). moist
and dry, silty clay; weak, fine and medium, sub-
angular blocky structure (slightly stronger than in
the Bli horizon) ; hard, friable, sticky and plastic;
no roots; many, very fine and fine, tubular pores and
common, medium, tubular pores; many, very fine,
black concretions; common black stains in pores;
violent effervescence with hydrogen peroxide; slightly
acid; clear, wavy boundary. 6 to 7 inches thick.

321—27 to 49 inches, dark reddish-brown (5Th 3/3 and 5Th
3/4), moist and dry, silty clay; strong, very fine, sub-
angular blocky structure and a few pockets of weak
and medium, very fine, subangular blocky structure;
very hard, firm, sticky and plastic; no roots; com
mon, very fine, tubular pores; many, very fine, black
concretions; common black stains on ped faces;
almost continuous coatings on peds; compact in
place; common hard earthy lumps, because of aggre—
gate stability, that break down after prolonged rub
bing; strong effervescence with hydrogen peroxide;
slightly acid; gradual, wavy boundary. 19 to 26
inches thick.

B22—49 to 64 inches, dark reddish-brown (5YR 3/4), moist
and dry, silty clay; moderate and strong, fine, sub-
angular blocky structure; very hard, firm, sticky and
plastic; no roots; common, very fine, tubular pores;
common, very fine, black coneretious; few black
stains on ped faces; common thin illuviation cutaus
on pod faces; slightly firm in place; many hard
earthy lumps, because of aggregate stability, that
break down after prolonged rubbing; moderate
effervescence with hydrogen peroxide; slightly acid.

Stratification of the profile ranges from moderate to none.
In places there are a few weathered pebbles throughout.
There is a significant amount of mica throughout. The A and
B borizns range from 5YR to 7.5YR in hue and from 2 to 4
in chroma.

This soil is used principally for pineapple. Small areas
are used for truck crops and pasture. (Capability classi
fication I if irrigated, Ilic if nonirrigated; pineapple
group 1; pasture group 3).
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Hoolehua silty clay, 3 to 7 percent slopes (HzB).—This
soil occurs as large areas on uplands. Runoff is slow, and
the erosion hazard is slight to moderate.

Included in mapping, along the northern coast of the
Hoolehua plains, were about 100 acres of dark-brown
windblown material overlying Hoolehua and Lahaina
soils. The windblown material is derived from weathered
andesite particles that were blown inland from the edge
of tile northern cliffs. The water intake rate on this
included soil is relatively slow and contributes to rapid
runoff and a moderate to severe erosion hazard.

This soil is used principally for pineapple: small areas
are used for truck crops and pasture. (Capability classi
fication lie if irrigated, lila if nonirrigated; pineapple
group 2; pasture group 3)

Hoolehua silty clay, 7 to 15 percent slopes (HzC).—This
soil occurs mainly on ‘West Molokai. Runoff is slow to
medium, and the erosion hazard is moderate.

This soil is used for pineapple and pasture. (Capabil
ity classification Tile, irrigated or nonirrigated; pine
apple group 3; pasture group 3)

Hoolehua silty clay, 15 to 35 percent slopes (HzE).—
This soil occurs near Ualapue, Molokai. It is similar to
Hoolehua silty clay, 0 to 3 percent slopes, except that the
slopes are steep, dominantly 25 to 35 percent. The soil
is very sticky and very plastic. Soft, weathered rock
occurs at a depth of about 36 inches. The depth to bed
rock is 5 feet or more. Runoff is rapid, and the erosion
hazard is severe. ‘Workability is difficult. There are few
to common stones and boulders.

Included in mapping at the lower elevations were small
areas of stony and severely eroded soils. There are a few
gullies in these areas.

This soil is used for pasture. (Capability classification
VIe, irrigated or nonirrigated; pasture group 3)

Hoolehua silty clay loam, 3 to 10 percent slopes,
severely eroded (HyB3).—This soil occurs in the dry, wind
swept northwestern part of Molokni. The annual rainfall
amounts to about 20 inches. Wind has caused much of
the erosion, as evidenced by blown-out areas and areas
of deposition. Most of the topsoil and, in places, part of
the subsoil have been removed; some lag gravel and
stones remain on the surface. There are small dunes or
hummocks in the most severely eroded areas. Runoff is
rapid, and the erosion hazard is severe. Many of the
blown-out areas are barren, but other areas are protected
by uhaloa, ilima, and fingergrass. Revegetation of bare
areas is difficult because of the drying winds and low
rainfall. Included in mapping were small areas of
severely eroded Molokai soils.

This soil is used for pasture. (Capability classification
VIe, irrigated or nonirrigated; pasture group 3)

Hulna Sies
This series consists of poorly drained soils on uplands

on the island of Kauai. These soils have a layer of indu
rated ironstone at depths of 10 to 20 inches. They devel
oped in material weathered from basic igneous rock.
They are gently sloping to very steep. Elevations range
from 400 to 2,400 feet. The annual rainfall amounts to
100 to 200 inches. The mean annual soil temperature is
O F. Hulua soils are geographically associated with
Koolau and Halii soils.

These soils are used for water supply and wildlife
habitat. The natural vegetation consists of false stag
hornfern (ululie), scrub ohia, clubmoss, uki uki, hilograss,
and associated plants.

Hulua gravel]y silty clay loam, 25 to 70 percent slopes
(H N UF) .—This soil is on uplands.

In a representative profile the upper part of the sur
face layer is black gravelly silty clay loam about 10
inches thick. The subsurface layer, about 6 inches thick,
is mottled, dark grayish-brown, massive silty clay. This
horizon overlies indurated ironstone, I inch to 3 inches
thick. The ironstone sheet caps yellowish-red and very
dusky red clay loam and soft, weathered rock that extends
to a depth of more than 70 inches.

Permeability is moderately rapid, except in the iron
stone layer, which is nearly impermeable. Runoff is very
rapid, and the erosion hazard is severe to very severe.
Roots penetrate to the ironstone,

Representative profile: Island of Kauai, lat. 21°58’lG.G”
N. and long. 159°30’21.3” W.

01—1 inch to 0, nluhe litter. Undecomposed layer of stems
and leaves of uluhe.

Alg—0 to 10 inches, black (51 2/1) gravelly silty clay loam,

dark gray (2.51 4/1) when dry; massive; very hard,

firm, slightly sticky and plastic, and weakly smeary;

abundant roots; irregularly shaped ironstone pebbles

0.3 to 0.5 inch across; many, small, glistening parti

cles; strongly acid; clear, wavy boundary. 7 to 12

inches thick.
A2—10 to 16 inches, dark grayish-brown (2.51 4/2) silty clay,

reddish yellow (7.5YR 6/6) with coatings of brown
(1OYR 4/3) and mottles of white (1OYR 8/2) and
strong brown (7.5YR 5/8) when dry; massive; hard,
firm, sticky and plastic, and weakly smeary; plentiful

roots; few very fine pores; strongly acid; abrupt,
smooth boundary. 3 to 8 inches thick.

B2ir—16 to 18 inches, very dark brown (7.5R 2/2 and 2/4)
and brown (7.5YR 4/4) indurated ironstone sheet;
some fine pores contain a whitish, soft material;
ironstone sheet is laminated and has a troweled
upper surface; clear, wavy boundary. ½ inch to 3
inches thick.

01—18 to 30 inches, yellowish-red (5111 5/6) clay loam,
reddish yellow (7.5111 6/6) when dry; has appear
ance of original rock structure but has pores coated
with material of strong brown (7.51R 5/6), red
(2.5111 4/8), and yellowish red (SIR 5/8) ; fracture

faces have coatings of reddish black (1OR 2/1),
dark red (1OR 3/6), and black (N 2/0) when moist;
hard, firm, sticky and plastic, and smeary; no roots;
many line pores; this layer consists of hard and soft
material; bard material can be broken down with
difficulty when moist; very strongly acid; gradual,
smooth boundary. 11 to 14 inches thick.

02—30 to 60 inches, very dusky red (2.SYR 2/2) clay loam;
many fine mottles of reddish yellow (7,5111 7/6),
dark red (2.5YR 3/6), and yellowish red (5111 5/6)
weak red (2.SYR 4/2) with mottles of red (2.5111
5/6) and reddish yellow (7.5111 7/0) when dry;
hard, firm, sticky and plastic; no roots; common
medium and fine pores; has appearance of the orig
inal rock structure, but pores are filled with illuvial
material; very strongly acid.

The Mg horizon ranges from 2.51 to 51 in hue and from
2 to 3 in value. The ironstone sheet ranges from ½ inch to
3 inches in thickness. The C horizon ianges from 1011 to
7.5111 in hue, from 2 to 5 in value, and from 2 to S in chroma.
The depth to ironstone ranges from 10 to 20 inches,

This soil is used for water supply and wildlife habitat.
(Capability classification Vile, nonirrigated; woodland
group 16)
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Hulua gravelly silty clay loani, 3 to 25 percent slopes
{HNLD).—This soil is similar to Hulua gravelly silty clay
loam, 25 to 70 percent slopes, except that it is gently slop
ing to moderately steep. Runoff is rapid, and the erosion
hazard is severe.

This soil is used for water supply and wildlife habitat.
(Capability classification VIe, nonirrigated; woodland
group 16)

Hydrandepts-Tropaquods Association
Areas mapped as Hydrandept.s-Tropaquods association

(rHT) consist of well-drained to poorly drained soils on
uplands. These soils are on the northern slopes of West
Maui and the northern and eastern slopes of East Maui.
They developed in volcanic ash and in material weath
ered from cinders and basic igneous rock. They are mod
erately sloping to steep. Elevations range from 1,000 to
6,000 feet. The annual rainfall amounts to 100 to 350
inches. The mean annual soil temperature is 60° F. This
association is geographically associated with soils of the
Arnalu, 1-lonomanu, and Olelo series.

Hydrandepts make p about 60 percent of the associ
ation, and Tropaquods 40 percent. Included in mapping
were small areas of Rough mountainous land. Also
included were small peat bogs.

Hydrandepts are the steeper areas of the association.
These are well drained to moderately well drained soils
that are similar to those of the Honomanu series. The
surface layer is high in organic-matter content. The sub
soil is dark-brown or dark yellowish-brown, smeary
silty clay loam or silty clay. The substratum consists of
volcanic ash and cinders or weathered basic igneous
rock. These soils dehydrate irreversibly into fine pebble-
size aggregates.

Tropaquods are poorly drained soils that are similar
to those of the Amalu and Olokui series. They have a
pasty or mucky surface layer that overlies a dark gray
to very dark gray, mottled layer. The mottled layer rests
on an ironstone sheet I/ to 1 inch thick. The ironstone is
at a depth of 10 to 20 inches. It normally caps highly
weathered basic igneous rock.

The soils in this association have low bearing capacity
and low shear strength. They are slippery and difficult
to traverse. Because of their ability to absorb water and
to transmit it rapidly, these soils are important for main
tenance of ground water for domestic use and irrigation.

This association is used for water supply and wildlife.
habitat. The natural vegetation consists of ohia, puake
awe, sedges, false btaghornfern, treefern, and other rain
forest vegetation. (Hydrandcpts soils are in capability
classification Vile, nonirrigated. Tropaquods soils are in
capability classification VIIw, nonirrigated)

lao Series
This series consists of well-drained soils on valley fill

and alluvial fans. These soils developed in alluvium
derived from basic igneous rock. They are nearly level
to moderately sloping. Elevations range from 100 to 500
feet. The annual rainfall amounts to 25 to 40 inches. The
mean annual soil temperature is 74° F. Tao soils are
geographically associated with Paia, Pulehu, and Wai
luku soils.

These soils are used for sugarcane. Small acreages
are used for pasture and homesites. The natural vegeta
tion consists of bermudagrass, feather fingergrass, koa
haole, lantana, and Natal redtop.

lao clay, 3 to 7 percent slopes (IcB).—This soil is on
smooth alluvial fans and valley fill. Included in mapping
were small areas of Paia. and Wailuku soils. Also in
cluded were small, nearly level areas.

In a representative profile the surface layer is dark-
brown clay about 15 inches thick. The subsoil, about 45
inches thick, is very dark brown, dark-brown, and very
dark grayish-brown clay and silty clay. The substratum
is clayey alluvium. The soil is neutral in the surface
layer and subsoil.

Permeability is moderately slow. Runoff is medium, and
the erosion hazard is slight to moderate. The available
water capacity is about 1.7 inches per foot in the surface
layer and subsoil. In places roots penetrate to a depth of
5 feet or more.

Representative profile: Island of Maui, lat. 20°54’14”
N. and long. 156°30’22” W.

Ap—O to 15 inches, dark-brown (1OYR 3/3) clay, dark gray
(1OYR 4/1) when dry; massive; very hard, firm,
very sticky and very plastic; abundant roots; many
fine pores; few cracks up to 1/4 inch wide; many
weathered basalt sand grains; strong effervescence
with hydrogen peroxide; neutral; gradual, smooth
bonndary. 12 to 18 inches thick.

B21—15 to 25 inches, very dark brown (1OYR 2/2) clay, very
dark grayish brown (1OYR 3/2) when rubbed, dark
brown (1OYR 3/3) when dry; weak, medium and
coarse, subangular blocky structure; very hard, firm,
very Sticky and very plastic; abundant roots; many
very fine pores; firm in place; many weathered
basalt sand grains; few basalt pebbles; strong effer
vescence with hydrogen peroxide; neutral; gradual,
smooth boundary. 8 to 14 inches thicla

B22—25 to 48 inches, dark-brown (1OYR 3/3), moist and dry,
clay; moderate, medium and coarse, subangular
blocky structure; very hard, firm, very sticky and
very plastic; few fine roots; many fine pores; con
tinuous pressure cutans on peds; compact in place;
many weathered basalt sand grains and pebbles;
strong effervescence with hydrogen peroxide; neu
tral; gradual, smooth boundary. 20 to 27 inches thick.

B3—48 to 60 inches, very dark grayish-brown (bYE 3/2)
silty clay, dark brown (1OYR 3/3) when dry; inns
sive; hard, firm, sticky and plastic; few roots; many
fine and medium pores; many weathered basalt sand
grains and pebbles; strong effervescence with hydro
gen peroxide; neutral.

The solum is more than 40 inches thick. A few cobblestones
occur on the surface in some places. The A horizon ranges
from 2 to 3 in value when moist and 3 to 4 when dry, and,
in chroma, from 1 to 3 when moist and 1 to 2 when dry. The
B horizon ranges from 3 to 4 in value when dry, and, in
chroma, from 2 to 3 when moist or dry. The texture rangesfrom silty clay to clay.

This soil is used for sugarcane and homesites. (Capa
bility classification lIe if irrigated, Ilic if nonirrigated;
sugarcane group 1; pasture group 3)

lao clay, 7 to 15 percent slopes (lcC).—On this soil,
runoff is medium and the erosion hazard is moderate.

This soil is used for sugarcane and homesites. (Capa
bility classification Tile, irrigated or nonirrigated; sugar-
cane group 1; pasture group 8)

Tao silty clay, 0 to 3 percent slopes (IoA).—On this soil,
runoff is slow and the erosion hazard is no more than
slight.
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This soil is used, for sugarcane. (Capability classifica
tion I if irrigated, Tile if nonirrigated; sugacane group
1; pasture group 3)

Tao silty clay, 3 to 7 percent slopes f]aB).—This soil
has a profile like that of lao clay, 3 to 7 percent slopes,
except for the texture of the surface layer.

This soil is used for sugarca.ne. (Capability classifi
cation lie if irrigated, Ilic if nonirrigated; sugarcane
group 1; pasture group 3)

lao cobbly silty clay, 3 to 7 percent slopes (IbB).—This
soil has a profile like that of Tao clay, 3 to 7 percent
slopes, except for the texture of the surface layer and
the content of cobblestones.

This soil is used for sugarcane and hornesites. (Capa
bility classification TIe if irrigated, Ills if nonirrigated;
sugarcane group 1; pasture group 3)

lao cobbly silty clay, 7 to 15 percent slopes (lbC).—On
this soil, runoff is medium and the erosion hazard is
moderate.

This soil is used for sugarcane and pasture. (Capabil
ity classification Tile, irrigated or nonirrigated; sugar-
cane group 1; pasture group 3)

Jo Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic ash
and material weathered from cinders. They are moder
ately sloping to moderately steep. Elevations range from
1,000 to 2,500 feet. The annual rainfall amounts to 25 to
35 inches. The mean annual soil temperature is 690 F.
To soils are geographically associated with Kula, Oana
puka, and Ulupalakua soils.

These soils are used for pasture and wildlife habitat.
Small areas are used for truck crops. The natural vege
tation consists of bermudagrass, buffelgrass, burciover,
guineagrass, lantana, and Natal redtop.

lo silt loam, 7 to 25 percent slopes [ISD).—This soil is
on smooth, low mountain slopes. Included in mapping
were small areas of Kula and Oanapuka soils. Also in
cluded were small, cobbly areas and small, steep areas
near cinder cones.

In a representative profile the surface layer is very
dark brown silt loam about 10 inches thick. The subsur
face layer is dark-brown silty clay loam about 7 inches
thick. The subsoil, 10 to 30 inches thick, is dark-brown
and dark reddish-brown clay loam that has subangular
blocky structure. The substratum is black, unweatherod,
fine cinders and dark reddish-brown loam. The soil is
neutral in the surface layer and mildly alkaline in the
subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight, to moderate.
The available water capacity is about 1.8 inches per
foot in the surface layer and subsoil. In places roots
penetrate to a depth of more than 25 inches.

Representative profile: Island of Maui, lat. 20°39’20”
N. and long. 156°24’40” W.

Ap—O to 10 inches, very dark brown (1OYR 2/2) silt loam,
dark grayish brown (l0’ER 4/2) when dry; weak and
moderate, fine and very fine, granular structure;
slightly hard, very friable, slightly sticky and slightly
plastic; abundant fine roots; many fine and very fine

pores; slight effervescence with hydrogen peroxide;
neutral; clear, wavy boundary. 9 to 12 inches thick.

Al—b to 17 inches, dark-brown (7.5YR 3/2) silty clay loam,
brown (7.5YR 4/2) when dry; weak and moderate,
fine, subangula.r blocky structure; hard, friable,
sticky and plastic; abundant fine roots; many fine
and very fine pores; mildly alkaline; gradual, wavy
boundary. 4 to 9 inches thick.

B21—17 to 25 inches, dark-brown (lOVE 3/3) clay loam,
brown (lOVE 4/3) when dry; weak, fine and medi
um, subangular blocky structure; hard, friable, sticky
and plastic; abundant fine roots; many fine pores;
thin, dark coatings that look like organic stains on
pecls; compact in place; mildly alkaline; clear,
smooth boundary. 7 to 11 inches thick.

B22—25 to 30 inches, dark reddish-brown (SYR 3/3) and
yellowish-red (5YR 4/6) clay loam, reddish brown
(5YR 4/4) and yellowish reel (SYR 5/6) when dry;
weak and moderate, fine, subangular blocky struc
ture; hard, frinbie, sticky and plastic; abundant fine
roots; many medium and fine pores; 20 percent fine
cinders; mildly alkaline; abrupt, smooth boundary.
4 to 6 inches thick.

IIC1—30 to 39 inches, black cinders 1 to 10 millimeters in
size; single grain; extremely hard and loose; few
fine roots; moderately alkaline; abrupt, smooth
boundary. 8 to 10 inches thick.

IIlC2—39 to 45 inches, dark reddish-brown (SYR 3/4) loam,
reddish yellow (7.5VR 6/6) when dry; massive;
slightly hard, friable, slightly sticky and slightly
plastic, and weakly neary; few fine roots; many
fine pores; moderately alkaline.

The depth to black, unweathered cinders ranges from 24 to
38 inches. A few cobblestones and stones occur on the surface
in some areas. The A horizon ranges from 7.51R to lOVE in
hue and, in value, from 2 to 3 when moist and 3 to 4 when
dry. The texture is silt loam and silty clay loam. The B hori
zon ranges from SYR to lOVE in hue. It ranges in value from
2 to 3 when moist and 3 to 4 when dry and, in cliroma, from
2 to 3 when moist and 3 to 6 when dry. The texture is clay
loam or silty clay loam.

This soil is used for pasture, truck crops, and wildlife
habitat. (Capability classification IVe, nonirrigated; pas
ture group 4; woodland group 2)

Ioleau Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
weathered from basic igneous rock, probably mixed with
volcanic ash. They are gently sloping to steep. Elevations
range from 100 to 750 feet. The annual rainfall amounts
to 40 to 70 inches. The mean annual soil temperature is
72° F. Ioleau soils are geographically associated with
Lihue and Puhi soils.

These soils are used for irrigated sugarcane, pasture,
pineapple, irrigated orchards, irrigated truck crops, wild
life habitat, and woodland. The natural vegetation con
sists of lantana, koa haole, guava, and associated shrubs
and grasses.

Ioleau silty clay loam, 6 to 12 percent slopes (bC).—
This soil is on ridgetops in the uplands.

In a representative profile the surface layer is dark-
brown and yellowish-red silty clay loam 15 inches thick.
The subsoil, 40 to 60 inches thick, is dark-brown and
dark reddish-brown silty clay that has subangular blocky
structure and is very compact in place. The substratum
is soft, weathered rock. The soil is very strongly acid to
extremely acid throughout.
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Permeability is slow to moderately slow. Runoff is
medium, arid the erosion hazard is moderate. The avail
able water capacity is about 1.4 inches per foot of soil.
Roots penetrate to a depth of 15 to 25 inches or to the
plow depth.

Representative profile: Island of Kauai, lat. 22°07’32.9”
N. and long. 157°13’03” W.

Api—C to 6 inches, dark-brown (7.5YR 3/4) silty clay loam,
brown (7.5YR 4/4) when dry; clodcly, breaking to
moderate, fine and very fine, subangular blocky struc
ture: hard, firm, sticky and plastic; abundant medi
urn and fine roots and plentiful very fine roots; very
strongly acid; abrupt, wavy boundary. 6 to 8 inches
thick.

Ap2—6 to 15 inches, mixture of yellowish-red (5YR 4/6)
silty clay loam, strong brown (7.5YR 5/6) when dry;
massive; slightly hard, friable, sticky and plastic;
and yellowish-red (SYR 4/6) silty clay, reddish
brown (5YR 4/4) when dry; strong, very fine, sub-
angular blocky structure; hard, firm, sticky and plas
tic; few medium roots and plentiful fine and very
fine roots; common fine pores; very strongly acid;
abrupt, wavy boundary. 7 to 10 inches thick.

B21t—15 to 27 inches, dark reddish-brown (SYR 3/4) silty
clay, reddish brown (SYR 4/4) when dry; strong,
fine and very fine, subangular blocky structure; very
hard, firm, sticky and plastic; very few fine and very
fine roots; common very fine pores; very compact in
place; many moderately thick clay films on ped
faces; very strongly acid; clear, wavy boundary.
5 to 12 inches thick.

B22t—27 to 38 inches, dark-brown (7.5YR 3/2) silty clay,
yellowish red (SYR 3/6) in pores, dark brown
(7.5YR 4/4) when dry; strong, fine and. very fine,
subangular blocky structure; very hard, firm, sticky
and plastic; very few fine and very fine roots; few
medium pores and many very fine pores; compact in
place; many moderately thick clay films on ped faces
and in pores; few pebbles; very strongly acid; clear,
wavy boundary. 9 to 11 inches thick.

B23t—-38 to 57 inches, dark-brown (7.SYR 3/3) light silty
clay, dark brown (7.5YR 4/4) in pores, dark brown
(7.5YR 4/4) when dry; strong, fine and very fine,
subangular blocky structure; slightly hard, firm,
slightly sticky and slightly plastic; few medium, fine,
and very fine roots; many very fine pores; patchy,
moderately thick clay films on ped faces; Continuous
in pores; few pebbles; extremely acid; clear, wavy
boundary. 15 to 22 inches thick.

B24t—57 to 61 inches, dark reddish-brown (5YR 3/4) silty
clay loam, reddish brown (SYR 4/4) when dry;
moderate, fine and very fine, subangular blocky struc
ture; slightly bard, friable, slightly sticky and
slightly plastic; no roots; many very fine pores;
patchy, moderately thick clay films on ped faces;
continuous in pores; extremely acid.

The A horizon ranges from SYR to 1OYR in hue, in places
the texture of the. A horizon is clay loam. The B horizon
ranges from 2.5YR to 7.5YR in hue, from 3 to 4 in value,
and from 2 to 0 in chrorna. The depth to the very compact
B21t ranges from 15 to 25 inches.

This soil is used for sugarcane, pasture, pineapple, or

chards, and truck crops. (Capability classification Tile,
irrigated or nonirrigated; sugarcane group 1; pineapple
group 6; pasture group 6; woodland group 6)

Ioleau silty clay loam, 2 to 6 percent slopes (loB).—
This soil has a profile like that of Ioleau silty clay loam,
6 to 12 percent slopes, except that it is 10 to 20 inches
deeper to the compact layer. Runoff is. slow, and the ero
sion hazard is slight. Roots penetrate to a depth of 25 to
40 inches.

This soil is used for sugarcane, pasture, pineapple,
orchards, and truck crops. (Capability classification He,
irrigated or nonirrigated; sugarcane group 1; pineapple
group 5; pasture group 6; woodland group 6)

Ioleau silty clay loam, 12 to 20 percent slopes, eroded
(loD2).—This soil is similar to Ioleau silty clay loam, 6 to
12 percent slopes, except that it is moderately steep and
part of the surface layer has been. removed by erosion.
Runoff is rapid, and the erosion hazard is moderate to
severe.

This soil is used for sugarcane, pineapple, and pas
ture. (Capability classification lYe, irrigated or non
in-igated; sugarcane group 1; pineapple group 6; pasture
group 6; woodland group 6)

Ioleau silty clay loam, 20 to 35 percent slopes, eroded
()oE2).—This soil is similar to Ioleau silty clay loam, 6 to
12 percent slopes, except that it is steep and most of the
surface layer has been removed by erosion. Runoff is
rapid, and the erosion hazard is severe.

This soil is used for pasture, woodland, sugarcane,
pineapple, and water supply. (Capability classification
VIe, nonirrigated; pasture group 6; woodland group 6)

Jaucas Series
This series consists of excessively drained, calcareous

soils that occur as narrow strips on coastal plains, adja
cent to the ocean. These soils occur on all the islands of
this survey area. They developed in wind- arid water-
deposited sand from coral and seashells. They are nearly
level to strongly sloping. Elevations range from sea
level to 100 feet; but locally on West Molokai, the eleva
tion is as high as 650 feet. The annual rainfall amounts
to 10 to 40 inches. The mean annual soil temperature is
75° F. Jaucas soils are geographically associated with
Pulehu, Mokuleia, Kaloko, and Lualualei soils.

In this survey area a dark variant of the Jaucas series
was mapped. This soil, Jaucas loamy fine sand, dark
variant, 0 to 8 percent slopes, is described in alphabetical
order, along with other mapping units of this series.

These soils are used for pasture, sugarcane, truck crops,
a.lfalfa, recreational areas, wildlife habitat, and urban
development. Tile natural vegetation consists of kiawe,
koa haole, bristly foxtail, bermudagrass, fingergTass, and
Australian saltbush.

Jaucas sand, 0 to 15 percent slopes (JcC).—The slope
range of this soil is 0 to 15 percent, but in most places
tile slope does not exceed 7 percent. Included in mapping
were narrow strips of Beaches and areas of Pulehu,
Mokuleia, and Keaau soils.

In a representative profile the soil is single grain, pale
brown to very pale brown, sandy, and more than 60
inches deep. In many places the surface layer is dark
brown as a result of accumulation of organic matter and
alluvium. The soil is neutral to moderately alkaline
throughout the profile.

Permeability is rapid, and runoff is very slow to slow.
The hazard of water erosion is slight, but wind erosion
is a severe hazard where vegetation has been removed.
The available water capacity is 0.5 to 1.0 inch per foot
of soil. In places roots penetrate to a depth of 5 feet or
more. Workability is slightly difficult because the soil
is loose and lacks stability for use of equipment.
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Representative profile: Island of Molokai, 1st. 21°05’38”
N. and long. 157°13’03” W.

C1—0 to 13 inches, pale-brown (1OYR 6/3) sand, light yellow
ish brown (1OYR 6/4) when dry; single grain; loose,
nonsticky and nonpiastic; plentiful roots; violent
effervescence with dilute hydrochloric acid; neutral;
gradual, wavy boundary. 3 to 15 inches thick.

C2—13 to 2 inches, light yellowish-brown (1OYR. 6/4) sand,
very pale brown (1OYR 7/4) when dry; single grain;
loose, nonsticky and nonplastic; few roots; violent
effervescence with dilute hydrochloric acid; mildly
alkaline; gradual, wavy boundary. 6 to 30 inches
thick.

C3—22 to 60 inches, very pale brown (1OYR 7/4) sand; single
grain; loose. nonstieky and nonpiastic; violent effer
vescence with dilute hydrochloric acid; neutral.

The texture of the surface layer is dominantly sand, but in
a few places it is fine sand or loamy sand. In some places
there is an A horizon, a few inches thick, that is darkened
by organic matter and alluvium. The profile is 1OYR in hue.
It ranges from 6 to 7 in value, and, in chroma, from 2 to 4
when moist. Pebble-size fragments of coral and seashell are
common in the profile.

This soil is used for pasture, sugarcane, truck crops,
and urban development. (Capability classification IVs if
irrigated, VIe if nonirrigated; sugarcane group 1; pas
ture. group 1)

Jaucas sand, saline, 0 to 12 percent slopes tJcC).—This
soil occurs near the ocean in areas where the water table
is near the surface and salts have accumulated. It is
somewhat poorly drained in depressions but excessively
drained on knolls. In the depressions there is normally
a layer of silty alluvial material flocculated by the high
concentration of soluble salts. The water table is normally
within a depth of 30 inches.

This soil is used for pasture, wildllife habitat, and urban
development. Vegetation on the salty soil in the depres
sions consists of salt-tolerant plants. Kiawe grows pro
fusely on the better drained soils on knolls. (Capability
classification Vhs, nonirrigatecl; pasture group 1)

Jaucas loamy fine sand, 0 to 8 percent slopes (1(3).—
This soil occurs on old beaches and on windblown sand
deposits in the western and southern parts of Kauai. It
has a profile like that, of Jaucas sand, 0 to 15 percent
slopes, except for the texture of the surface layer.

This soil is used for pasture, recreational areas, wild
life habitat, sugarcane, and alfalfa. (Capability classifi
cation IVs if irrigated, VIe if nonirrigated; sugarcane
group 1; pasture group 1)

Jaucas loamy fine sand, dark variant, 0 to 8 percent
slopes (JkB).—This soil occurs on Kauai near the town of
Waimea. Unlike other soils of the Jaucas series, sand
and coral sand are mixed throughout the profile. The
basaltic sand gives this soil a dark-brown to black color.

This soil is used for sugarcane, pasture, and homesites.
(Capability classification IVs if irrigated, VIe if non-
irrigated; sugarcane group 1; pasture group 1)

Jaucas-Blown-ont land complex (JL).—This complex
occurs as a long, nearly level to moderately sloping strip
in the northwestern part of the island of Molokai. It is
inland where strong prevailing winds have lifted and
carried coral sand from sea level to elevations of about
650 feet. The Jaucas soil, which makes up 25 to 70 per
cent of the acreage, occurs as small dunes. In many places
it is mixed with fine material from Blown-out land, and
the texture is loamy sand. Blown-out land consists of

an exposed compact subsoil and substratum similar to
those of Molokal soils. Included in mapping were a few
limestone outcrops.

This complex is used for pasture. Kiawe trees are
scrubby and scattered because they cannot obtam lnOlS

ture from the water table. Most of the forage consists
of grasses that grow mainly during the rainy season.
Much of the area is barren. Strong winds are prevalent,
and wind and water erosion is active. (Capability classi
fication VIa, nonirrigateci; pasture group 1)

Kaena Series
This series consists of very deep, poorly drained soils

on alluvial fans and talus slopes on the islands of Oahu
and Kauai. These soils developed in alluvium and col
luvium from basic igneous material. They are gently
sloping to steep and are commonly stony. Elevations
range from 50 to 150 feet. The annual rainfall amounts
to 30 to 45 inches, most of which occurs between Novem
bar and April. The mean annual soil temperature is
74° F. Kaena soils are geographically associated with
Honouliuli, Lualualei, and Waialua soils.

In this survey area brown variants of the Kaena series
were mapped. These soils, Kaena clay, brown variant,
1 to 6 percent slopes, and Kaena clay, brown variant, 6
to 12 percent slopes, are described in alphabetical order,
along with other mapping units of the series.

These soils are used for sugarcane, truck crops, pas
ture, and hornesites. The natural vegetation consists of
kiawa, kin, lanta.na, koa haole, and flngergrass.

Kaena stony clay, 6 to 12 percent slopes (KcieCL—This
soil occurs on alluvial fans. Included in mapping ware
small areas of clayey, dark reddish-brown soils that are
moderately well drained to well drained.

In a representative profile the surface layer is very
dark gray clay about 10 inches thick. The next layer, 36
to more than 48 inches thick, is dark-gray and dark
grayish-brown clay that has prismatic structure. It is
underlain by highly weathered gravel. The soil is vary
sticky and very plastic, and it is mottled. It is slightly
acid to neutral.

Permeability is slow. Runoff is slow to medium, and
the erosion hazard is slight to moderate. The available
water capacity is about 1.4 inches per foot in the surface
layer and about 1.7 inches per foot in the subsoil. Work
ability is difficult because of the narrow range of moisture
content within which the soils can be cultivated. There
are sufficient stones to hinder, but not prevent, cultiva
tion. The shrink-swell potential is very high. In places
the soil is affected by seepage.

Representative profile: Island of Oahu, lat. 21°4l’SO”
N. and long. 157°59’OS” W.

Ap—O to 10 inches, very dark gray (lOYR 3/1). moist and
dry, stony clay; strong, fine and medium, subangular
blocky structure; extremely hard, very firm. very
sticky and very plastic; abundant fine and medium
roots; common, very fine, tubular and interstitial
pores; few coral fragments; angular stones; few
highly weathered pebble-size basalt fragments; com
mon, black, organic stains; common, fine, distinct,
dark yellowish-brown mottles; slight effervescence
with hydi-ogen peroxide; slight effervescence with
hydrochloric acid; neutral; abrupt, smooth boundary.
8 to 12 inches thick.
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The amount of stones in the profile ranges from less than
10 percent in the upper part to about 40 percent in the lower
part. The number increases with depth. The A horizon ranges
from lOYR to 7.5YR in hue and from 2 to S in value when
moist and 3 to 4 when dry. The 0 horizon ranges from 1OYR
to 7.5YR in hue, from 3 to 4 in value, and from 1 to 2 in
claroma when moist or dry. Mottles in the C horizon range
from distinct to prominent.

This soil is used for sugarcane and pasture. (Capability
classification 111w if irrigated, IVw if nonirrigated;
sugarcane group 4; pasture group 7; woodland group 4)

Kaena stony clay, 2 to 6 percent slopes IKaeB.—On
this soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugaroane, pasture, and homesites.
(Capability classification 111w if irrigated, IVw if non-
irrigated; sugarcane group 4; pasture group 7; woodland
group 4)

Kaena stony clay, 12 to 20 percent slopes (KaeD).—On
this soil, runoff is medium and the erosion hazard IS
moderate.

This soil is used for sugarcane, pasture, and hornesites.
(Capability classification IVw if irrigated, VIw if non-
irrigated; sugaroane group 4; pasture group 7; woodland
group 4)

Kaena very stony clay, 10 to 35 percent slopes (KanE].—
This soil occurs on talus slopes and alluvial fans. It has
a profile like that of Kaena stony clay, 6 to 12 percent
slopes, except that there are many stones on the surface
and in the profile. Runoff is medium to rapid, and the
erosion hazard is moderate to severe. Workability is
difficult because the soil is stony, steep, and very sticky
and very plastic. Included in mapping were small areas
of Rock outcrop, Stony steep land, and small areas
where the slope is less than 10 percent.

This soil is used for pasture and urban development.
(Capability classification VIs, nonirrigated; pasture
group 7; woodland group 4)

Kaena clay, 2 to 6 percent slopes (KaB).—This soil has
a profile like that of Kaena stony clay, 6 to 12 percent
slopes, except that there are few or no stones in the sur
face layer. Runoff is slow, and the erosion hazard is
slight.

This soil is used for sugarcane, truck crops, pasture,
and urban development. (Capability classification 111w
if irrigated, IVw if nonirrigated; sligarcane group 4;
pasture group 7; woodland group 4)

Kaena clay, 6 to 12 percent slopes (KeG) .—This soil has
a profile like that of Kaena stony clay, 6 to 12 percent
slopes, except that there are few or no stones in the
surface layer. Included in mapping were small stony
areas at the higher elevations.

This soil is used for sugarcane and pasture.. (Capability
classification 111w if irrigated, lYw if nonirrigated;
sugarcane group 4; pasture group 7; woodland group 4)

Kaena clay, brown variant, 1 to 6 percent slopes
(KcivB).—This soil occurs on alluvial fans on Kauai. It is
geographically associated with Kalapa soils.

This variant is somewhat poorly drained, and the sur
face layer is browner than is typical of the Kaena series.
Also, it occurs at elevations up to 500 feet, and the rain
fall amounts to 50 to 75 inches per year.

Permeability is slow to moderately slow. Runoff is
slow, and the erosion hazard is slight. The available
water capacity is about 1.5 inches per foot of soil. In
places roots penetrate to a depth of 5 feet or more.
Workability is difficult.

This soil is used for sugarcane and pasture. (Capability
classification 111w if irrigated, IVw if nonirrigated;
sugarcane group 3; pasture group 7; woodland group 4)

Kaena clay, brown variant, 6 to 1 percent slopes
(KavC).—This soil occurs on Kauai. It is geographically
associated with Kalapa soils. It is similar to Kaena clay,
brown variant, 1 to 6 percent slopes, except for the slope.
Runoff is medium, and the erosion hazard is slight to
moderate.

This soil is used for sugarcane and pasture. (Capability
classification 111w if irrigated, IVw if nonirrigated;
sugarcane group 3; pasture group 7; woodland group 4)

Kahana Series

This series consists of well-drained soils on uplands on
the island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently slop
ing to moderately steep. Elevations range from 100 to
1,200 feet. The annual rainfall amounts to 30 to 45 inches.
The mean annual soil temperature is ‘TO° F. Kahana soils
are geographically associated with Alaeloa, Honolua., and
Lahaina soils.

These soils are used for sugarcane, pineapple, and
homesites. The natural vegetation consists of guava, klu,
koa haole, lantana, Natal redtop, and yellow foxtail.

Kahana silty clay, 7 to 15 percent slopes (KbC).—This
soil is on smooth uplands. Included in mapping were
small areas of Aiae.loa and Lahaina soils.

In a representative profile the surface layer is dark
reddish-brown silty clay about 14 inches thick. The subsoil
is dark reddish-brown silty clay, about 50 inches thick,
that has subangular blocky structure. The substratum
is soft, weathered, basic igneous rook. These soils are
strongly acid and very strongly acid in the surface layer,
strongly acid in the upper part of the subsoil, and
neutral in the lower part.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.3 inches per foot

ACg’—lO to 37 inches, dark-gray (1OYR 4/1), moist and dry,
stony clay; weak, coarse, prismatic structure; ex
tremely hard, very firm, very sticky and very plastic;
plentiful very fine and fine and few medium roots;
many, very fine, tubular pores; many prominent
slickensides; many, fine, distinct, dark reddish-brown
mottles; few highly weathered, pebble-size rock frag
ments; few black stains; slight effervescence with
hydrogen peroxide; neutral; gradual, wavy boundary.
20 to 30 inches thick.

Clg—37 to 45 inches, dark grayish-brown (1OYR 4/2), moist
and dry, stony clay; weak, coarse, prismatic struc
ture; extremely hard, very firm, very sticky and very
plastic; few very fine roots; common, very fine, tubu
lar pores; many distinct slickensides; common, fine,
distinct, strong-brown mottles; few highly weathered,
pebble-size rock fragments; few black stains; com
mon, strong-brown, very fine specks; few fine and
medium gypsum crystals; slight effervescence with
hydrogen peroxide; neutral; clear, smooth boundary.
7 to 9 inches thick.

C2—45 to 54 inches, dark grayish-brown (1OYR 4/2), moist
and dry, stony clay; common, fine, distinct, strong-
brown mottles; massive; extremely bard; very fine
roots; common, very fine, tubular pores; common
moderately strong slickensicles; many highly weath
ered pebbles and basaltic stones; neutral.
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in the surface layer and 1.4 inches per foot in the subsoil.
In places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Maui, lat. 20057/44PF
N. and long. 156°39’OO” W.

Apl—0 to 7 inches, dark reddish-brown (2.5YR 2/4) sIlty
clay, dark reddish brown (2.5YR 3/4) when dry;
moderate, fine and very fine, subangular blocky struc
ture; hard, friable, very sticky and very plastic;
abundant fine roots; many fine and very fine pores;
many, very fine, black concretions; violent efferves
cence with hydrogen peroxide; strongly acid; clear,
wavy boundary. 6 to 9 inches thick.

Ap2—7 to 14 inches, dark redthsh-brown (2SYR 2/4) silty
clay, dark reddish brown (2.SYR 3/4) when dry;
moderate, mediuni and fine. subangular blocky struc
ture; hard, firm, very sticky and i-cry plastic; abun
dant fine roots; many fine and very fine pores; many,
fine and very fine, black concretic>ns; violent effer
vescence with hydrogen peroxide; very strongly acid;
abrupt, wavy boundary. 6 to 9 inches thick.

B1—14 to 22 inches, dark reddish-brown (2.SYR 3/4) silty
clay, dark red (2.5YR 3/fl) when dry; strong, fine
and very fine, subangular blocky structure; hard,
firm, sticky and very plastic; plentiful fine roots;
many, fine and very fine, tubular pores; many, fine
anti very fine, black concretions; few black coatings
on ped surfaces; violent effervescence with hydrogen
peroxide; strongly acid; clear, wavy boundary. 6 to
10 inches thick.

1321—22 to 34 inches, dark reddish-brown (2SYR 3/4) silty
clay, dark red (2.SYR 3/6) when dry; strong, fine
and very fine, subangular blocky structure; hard,
firm, sticky and very plastic; few fine roots; many,
fine and very fine, tubular pores; many sand-size
aggregates that are resistant to crushing; continuous
pressure cutans; common fine and very fine, black
concretions; strong effervescence with hydrogen
peroxide; neutral; clear, wavy boundary. 8 to 15
inches thick.

B22—34 to 47 inches, dark reddish-brown (2.5YR 3/4) silty
clay, dark red (2.SYR 3/6) when dry; strong, fine
and very fine, sabangular blocky structure; hard,
firm, sticky and very plastic; few fine roots; many,
fine and very fine, tubular pores; continuous pressure
cutans that look like slickensides; common sand-size
aggregates that are resistant to crushing; many, fine
and very fine, black concretions; common black coat
ings on ped surfaces; slight effervescence with hydro
gen peroxide in matrix and violent effervescence on
black coatings; neutral; clear, wavy boundary. 10 to
18 inches thick.

B3—47 to 61 inches, dark reddish-brown (2.SYR 3/4) silty
clay, dark red (2SYR 3/6) when dry; strong, very
fine, subangular blocky structure; slightly bard, fri
able, sticky and very plastic; many coarse, medium,
and fine tubular pores; continuous pressure cutans;
common highly weathered pebbles that can be broken
w’ith the fingers; neutral.

The solum is more than 40 inches thick. The A horizon
ranges from 2 to 3 in value when moist and, in chrome, from
2 to 4 when moist and 3 to 4 when dry. The B horizon ranges
from 2.51R to 1OR iii hue and from 3 to 4 in chroma when
moist. The texture ranges from silty clay to clay.

This soil is used for sugarcane, pineaple, and home-
sites. (Capability classification Ille, irrigated or non-

irrigated; pineapple group 6; pasture group 3; woodland
group 1)

Kahana silty clay, 3 to 7 percent slopes (KbB).—Qn this
soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, pineapple, and home-
sites. (Capability classification He, irrigated or ilonirri
gated; pineapple group 5; pasture group 3; woodland
group 1)

Kahana silty clay, 15 to 25 percent slopes (KbD).—On
this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were small areas of
eroded soils where weathered rock fragments commonly
occur in the surface layer.

This soil is used fd’r sugarcane. Small acreages are
used for pineapple. (Capability classification IVe, irri
gat.ed or nonirrigated; pineapple group 6; pasture group
3; woodland group 1)

Kahanui Series
This series consists of well drained and moderately

well drained soils on uplands on the islands of Molokai
and Lanai. These soils developed in material weathered
from basic igneous rock. They are gently sloping to
moderately steep. Elevations range from 1,250 to 3,750
feet. The annua.l rainfall amounts to 60 to 80 inches,
except on Lanai. Although actual precipitation amounts
to only 35 inches on Lanai, effective rainfall amounts to
60 to 80 inches because fog and cloud cover are common.
The rainfall is distributed fairly well throughout the
year. The mean annual soil temperature is 62° F. Kahanui
soils are geographically associated with Olelo and Olokui
soils.

These soils are used for woodland, pasture, wildlife
habitat, and water supply. The natural vegetation con
sists of hilograss, sweet vernaigrass, Boston fern, ohia,
false staghornfern, and amaumau fern.

Kahanui gravelly silty clay, 3 to 20 percent slopes
(KATD).—This soil occurs on ridgetops on the upper slopes
of East Molokai. The surface layer is gravelly because
of ironstone fragments.

In a representative profile the surface layer, about 15
inches thick, is dark-brown silty clay that has granular
and subangular blocky structure. It has many ironstone
concretions and fragments. The subsoil, 9 to 13 inches
thick, is dark yellowish-brown and dark-brown silty clay
and clay that has subangular blocky structure. The sub
stratum is soft, weathered rock. A discontinuous iron
stone sheet is at a depth of 12 to 24 inches. The soil is
very strongly acid throughout the profile.

Permeability is moderately rapid above the ironstone
sheet. Except for cracks, the ironstone sheet is imperme
able. Runoff is slow to medium, and the erosion hazard
is slight. At a depth of 12 to 24 inches, roots grow
horizontally over the ironstone sheet. Trees growing on
this soil tend to form a flat rooting system (fig. 4).

Representative profile: Island of Mo:lokai, lat. 21°08’40”
N. and long. l56°57’21” W.

A1—0 to 3 inches, dark-brown (1OYR 3/3) gravelly silty clay,

gray (1OYR 5/1) when dry; strong, very fine to

coarse, granular structure; hard, firm, sticky and

plastic; many roots; many interstitial pores; many

ironstone concretions as much as % inch long; many

glistening specks; common worm casts; slight effer

vescence with hydrogen peroxide after a delay; mod
erately high bulk density; very strongly acid; abrupt,

smooth boundary. 3 to 5 inches thick.
A3—3 to 15 inches, dark-brown (7.5YR 3/2) gravelly silty

clay, grayish brown (1OYR 5/2) when dry; dense
slaglike layer breaking to weak, fine anti medium,
subangular blocky structure; hard, firm, very sticky
anti very plastic; few roots; many, very fine, tubular
pores; many ironstone concretions as much as 3
inch long; very high bulk density; slight efferves
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soil under large trees is poorly drained. Gibbsite nodules
are exposed in cuts and eroded areas.

This soil is used for water supply and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture
group 8; woodland group 12)

J{ailua Series

This series consists of well-drained soils on uplands
on the island of Maui. These soils developed in volcanic
ash. They are gently sloping to moderately steep. Eleva
tions range from 200 to 2,000 feet. The annual rainfall
amounts to 90 to 160 inches. It is well distributed through
out the year. The mean annual soil temperature is 70° F.
Kailua soils are geographically associated with Pauwela
soils.

These soils are used for pasture, woodland, and wild
life habitat. The natural vegetation consists of guava,
hulograss, kaimiclover, kukui, and rattailgrass.

Xailna silty clay, 3 to 25 percent slopes KBID).—This
soil is on low uplands. Included in mapping were areas
of Honomanu and Makawao soils. Also included were
small, steep areas near cinder cones.

In a representative profile the surface layer is dark-
brown silty clay about 9 inches thick. The upper part
of the subsoil, about 18 inches thick, is dark-brown and
dark reddish-brown silty clay that has subangular blocky
structure. The lower part of the subsoil is very dark
gray silty clay loam. The substratum is soft, weathered
basic igneous rock. The soil is very strongly acid in the
surface layer and strongly acid or medium acid in the
subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places roots penetrate
to a depth of 4 feet or more.

Representative profile: Island of Maui, lat. 20°53’42”
N. and long. 156°14’58” W.

Apl—O to 5 inches, dark-brown (1OYR 3/3) silty clay, brown
(1OYR 4/3) when dry; strong, very fine and fine,
subangular blocky structure; hard, friable, sticky
and plastic, and weakly smeary; abundant fine and
medium roots; many medium pores; few, fine, glis
tening specks; very strongly acid; clear, smooth
boundary. 3 to 6 inches thick.

Ap2—5 to 9 inches, dark-brown (1OYR 3/3) silty clay, brown
(1OYR 4/3) when dry; strong, fine and medium,
subangular blocky structure; hard, friable, sticky
and plastic, and weakly suaeary; plentiful fine roots;
many medium pores; few, fine, pale-yellow, pebble-
size fragments; few glistening specks; few, fine,
highly weathered, red rock fragments; very strongly
acid; clear, smooth boundary. 4 to 6 inches thick.

B21—9 to 14 inches, dark-brown (7.SYR 3/2) silty clay,
brown (7.5YR 4/3) when dry; moderate, fine and
medium, subangular blocky structure; hard, friable,
sticky and plastic, and weakly smeary; few fine
roots; many medium and coarse pores; continuous,
gelatinlike coatings on ped faces; few glistening
specks; few, fine, hard, pale-yellow, pebble-size frag.
inents; common hard rock fragments (1 millimeter
to 3 millimeters) ; strongly acid; clear, wavy bound
ary. 4 to 8 inches thick.

B22—14 to 27 inches, dark reddish-brown (SIR 3/4) silty
clay, reddish brown (51R 4/4) when dry; moderate,
fine and medium, subangular blocky structure; hard,
friable, sticky and plastic, and moderately smeary;
few fine roots; common medium pores; continuous,
thick, gelatinlike coatings on ped faces; few, pale-

yellow, pebble-size fragments; medium acid; clear,
wavy boundary. 8 to 16 inches thick.

flB23—27 to 40 inches, very dark gray (1OYR 3/1) silty clay
loam, dark gray (1OYR 4/1) when dry; moderate,
medium, subangular blocky structure; slightly hard,
friable, slightly sticky and slightly plastic, and
weakly smeary; few fine roots; common, hard, pale-
yellow, pebble-size fragments; many dark-brown and
reddish-brown highly weathered basalt fragments;
medium acid.

The depth to weathered rock is more than 40 inches. In
places a few stones occur on the surface. The A horizon
ranges from 5YR to 1OYR in hue, from 3 to 4 in value when
dry, and from 2 to 3 in chroma when moist and 3 to 4 when
dry. The B horizon ranges from SIR to 1OYR in hue, from
3 to 4 in value, and from 1 to 4 in chronia when moist. The
B horizon dehydrates irreversibly into black and brown,
sharp, angular, very hard, and fine, pebble-size aggregates.

This soil is used for pasture, woodland, and wildlife
habitat. (Capability classification We, nonirrigated; pas
ture group 11; woodland group 8)

Kaimu Series

This series consists of well-drained, very shallow soils
on uplands on the island of Maui. These soils developed
in organic material. They are moderately sloping to
moderately steep. Elevations range from 1,000 to 3,500
feet. The annual rainfall amounts to 30 to 50 inches. There
is some afternoon cloud cover most of the year. The mean
annual soil temperature is 68° F. Kaimu soils are geo
graphically associated with To and Kula soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of black wattle, ilima,
kikuyugrass, lantaiia, and molassesgrass.

Kaimu extremely stony peat, 7 to 25 percent slopes
(KCXD).—This soil is on rough, undulating, relatively young
Aa lava flows. Included in rnappmg were small areas of
lo and Kula soils. Outcrops of Aa lava are common.

In a representative proffle the surface layer is ex
tremely stony black peat about 8 inches thick. The sub
stratum is fragmental Aa lava that has a little soil
material in voids and cracks. The soil is neutral in
reaction.

Permeability is very rapid. Runoff is very slow, and
the erosion hazard is no more than slight. In places roots
penetrate to a depth of 2 feet.

Representative profile: Island of Maui, lat. 20°41’SG”
N. and long. 156°22’37” W.

1—0 to 8 inches, black (5YR 2/1) extremely stony peat, dark
reddish brown (SIR 3/2) when dry; weak, very fine,
granular structure; soft, very friable, nonsticky and
nonplastic; abundant roots; porous; high in organic-
matter content; low bulk density; 50 to 70 percent
gravel, cobblestones, and stone-size fragments of Aa
lava; neutral; clear, irregular boundary. 2 to S
inches thick.

ItO—S to 20 inches, fragmental Aa lava that contains a little
soil material from the overlying horizon in cracks;
abundant roots in cracks; organic matter and soil
material decrease with depth.

The layer of peat ranges from 2 to 8 inches in thickness.
It ranges from SIR to 1OYR. in hue and from 1 to 2 in
chroina when moist.

This soil is used for pasture and wildlife habitat. (Ca
pability classification VIs, nonirrigated; pasture group 5;
woodland group 3)
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Kaipoioi Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in volcanic
ash and in material -weathered from cinders. They are
moderately sloping to steep. Elevations range from 3,500
to 6,000 feet.. The annual rainfall amounts to 30 to 45
inches. Afternoon cloud cover is common most of the
year. The mean annual soil temperature is 50° F. Kai
poioi soils are geographically associated with Laumaia,
Olinda, Pane, and Kula soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of kikuyugrass, rattail
grass, sweet- vernalgrass, white clover, and Yorkshire
foggrass.

Kaipoioi loam, 7 to 40 percent slopes {KDIE).—This soil
is on smooth to rolling high mountain slopes. Included in
mapping were small areas of Laumaia and Olinda soils
and a few scattered rock outcrops.

In a representative profile the surface layer is black
loam about ±0 inches thick. The subsoil, about 51 inches
thick, is black and very dark brown silt loam or silty
clay loam tha.t has subangular blocky structure. The sub—
stratum is ash and cinders. The soil is neutral in the
surface layer and mildly alkaline to neutral in the subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 2.6 inches per foot
in. the surface layer and about 1.6 inches per foot in the
subsoil. In places roots penetrate to a depth of 60 inches
or more.

Representative profile: Island of Maui, lat. 20°4604”
N. and long. 156°17’34” W.

Ap—0 to 5 inches, black (1OYR 2/1) loam, very dark brown
(1OYR 2/2) when dry; strong, fine and very fine,
granular structure; soft, very friable, aonsticky and
nonplastic; abundant fine and very fine roots; many,
very fine, interstitial pores; many sand-size aggre
gates that are more resistant than the matrix; neu
tral; clear, wavy boundary. 4 to 6 inches thick.

Al—S to 10 inches, black (1OYR 2/1) loam, very dark brown
(1OYR 2/2) when dry; strong, fine and very fine,
granular structure; slightly hard, very friable, non-
sticky and nonplastic; abundant fine and very fine
roots; many very fine pores; many, hard, sand-size
aggregates that are resistant to crushing; neutral;
clear, wavy boundary. 4 to 7 inches thick.

B21—10 to 17 inches, black (1OYR 2/1) silt loam, very dark
grayish brown (1OYR 3/2) when dry; weak, fine,
subangu-lar blocky structure; hard, very friable,
slightly sticky and slightly plastic; abundant fine
roots; many fine and very fine pores; thin, patchy,
gelatinlike coatings on peds; mildly alkaline; grad
ual, wavy boundary. 6 to 8 inches thick.

B22—17 to 30 inches, very dark brown (1O1’E 2/2) silty clay
loam, dark brown (1OYR 3/3) when dry; weak, me
diurn and fine, subangular blocky structure; hard,
very friable, slightly sticky and plastic: plentiful
fine roots; many fine pores; thin, patchy, gelatinlike
coatings on peds; neutral; gradual, wavy boundary.
10 to 13 inches thick.

B23—30 to 45 inches, very dark brown (1OYR 2/2) silty clay
loam, dark brown (1OYR 3/3) when dry; weak, me
dium a-nd fine, sabangular blocky structure; slightly
hard, very friable, slightly sticky and plastic; few
fine and very fine roots; many fine and very fine
pores; thin, patchy, gelatinlike coatings on peds;
neutral; gradual, wavy boundary. 13 to 17 inches
thick.

B24—45 to 61 inches, very dark brown (1OYR 2/2) silty clay
loam, dark brown (1OYB 3/3) when dry; moderate,
fine and very line, subangular blocky structure; hard,
friable, slightly sticky and plastic; few fine roots;
many fine and very fine pores; thin, nearly continu
ous, gelatinlike coatings on peds; gritty feel that
disappears when rubbed; neutraL

The depth to bedrock is more than 60 inches. The A horizon
ranges from SYR to 1OYR in hue. In places dusky-red ash
and cinder layers, 2 to 4 inches thick, occur in the A horizon.
The B horizon ranges from 5YR to 1OYR in hue; from 2 to 3
in value when moist; and, in chroma, from 1 to 2 when moist
and 2 to 4 when dry. The B horizon ranges from silt loam to
silty clay loam in texture.

This soil is used for pasture and wildlife habitat. (Ca
pability classification VIe, nonirrigated; pasture group
13; woodland group 11)

Kaipoioi very rocky loam, 7 to 40 percent slopes
(KDVE).—This soil is similar to Kaipoioi loam, 7 to 40 per
cent slopes, except that rock outcrops cover 10 to 25
percent of the surface. Workability is very difficult.
Included in mapping were small, very steep areas and
small, eroded spots.

This soil is used for pasture and wildlife habitat. (Ca
pability classification VIs, nonirrigated; pasture group
13; woodland group 11)

Kalae Series
This series consists of well-drained soils on uplands Ofl

the islands of Molokai and Lanai. These soils developed
in material weathered from basic igneous rock. They are
gently sloping to steep. Elevations range from 750 to
2,200 feet. The annual rainfall amounts to 30 to 50
inches; most of it occurs from November to April. The
mean annual soil temperature is 70° F. Kalae soils are
generally upslope from Lahaina soils.

These soils are used for pineapple and pasture. The
natural vegetation consists of guava, lantana, hilograss,
yellow foxtail, Natal redtop, and kikuyugrass.

Kalae silty clay, 2 to 7 percent slopes (KcB).—This soil
is gently sloping and occupies smooth uplands. On Lanai,
small areas were included where the slope is as much as 10
percent.

In a representative profile the surface layer is dark
reddish-brown silty clay about 15 inches thick. The up
per part of the subsoil, about 26 inches thick, is dark-
red silty clay that has subangular blocky structure. It
is compact in place. The lower part, about 21 inches
thick, is dark-red and reddish-brown silt loam. The sub
stratum is dark-brown silt loam and soft, weathered
rock. The soil is strongly acid throughout the profile.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.4 inches per foot in the surface layer and
about 1.6 inches per foot in the subsoil. In places roots
penetrate to a- depth of 5 feet or more.

Representative profile: Island of Molokai, let. 21°10’28”
N. end long. 157°02’37” W.

Apl—O to 9 inches, dark reddish-brown (2.5YR 3/4) silty
clay, weak red (2.5YR 4/2) when dry; cloddy, break
ing to moderate, very fine to medium, granular struc
ture; bard, friable, sticky and plastic; few roots;
moderately high bulk density; c’ommon, hard, earthy
lumps that break down when rubbed; slight eer
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vescence with hydrogen peroxide; strongly acid;
abrupt, smooth boundary. 7 to 9 inches thick.

Ap2—9 to 15 inches, dark reddish-brown (2.SYR 3/4) silty
clay, weak red (2.5YR 4/2) when dry; cloddy, break
ing to weak, fine to coarse, subangular blocky str-Llc
ture; hard, friable, sticky and plastic; few roots;
many, very fine and fine, tubular pores and few, me
dium, tubular pores; firm in place; moderately high
bulk density; slight effervescence with hydrogen
peroxide; strongly acid; clear, wavy boundary. 4 to 8
inches thick.

B21t—15 to 26 inches, dark-red (2.5YR 3/6) silty clay, red
(2.5YR 4/6) when dry; strong, very fine and fine,
subangulai- blocky structure; very hard, firm, sticky
and plastic; few roots; few, very fine, tubular pores;
thin, continuous clay films; many, hard, earthy
lumps that break down after prolonged rubbing;
compact in place; upper part of this horizon has
pockets that are slightly smeary and very friable
and are dark reddish brown (2SYR 3/4) when
moist; slight effervescence with hydrogen peroxide;
strongly acid; gradual, wavy boundary. 7 to 15 inches
thick.

B22t—26 to 41 inches, dark-red (2.5YR 4/6), moist and dry,
silty clay; strong, very fine and fine, subangular
blocky structure; very hard, firm, sticky and plastic;
few roots; few, very fine, tubular pores; thin, con
tinuous clay films on peds; many, hard, earthy lumps
that break clown after prolonged rubbing; compact
in place; slight effervescence with hydrogen perox
ide; strongly acid; clear, wavy boundary. 13 to 16
inches thick.

B31—41 to 53 inches, dark-red (2.5YR 3/6) silt loam; yel
lowish red (5YR 4/6, dry) when crushed; moderate,
due and very fine, subangular blocky structure; hard,
friable, slightly sticky and slightly plastic; few roots;
common, very fine, tubular pores and few, fine, tubu
lar pores; few, patchy clay films; strongly acid; grad
ual, wavy boundary. 5 to 12 inches thick.

B32—53 to 62 inches, reddish-brown (5YR 4/4, moist) silt
loam; moderate, fine and medium, subangular blocky
structure; hard, friable, slightly sticky and slightly
plastic; no roots; common, very fine and fine, tubu
lar pores; dark illuviation cutans on pel faces;
strongly acid; gradual, irregular boundary. 1 to 12
inches thick.

0—62 to 67 inches, dark-brown (1OYR 8/3 and 7.SYR 3/4,
moist) silt loam; weak, fine and very fine, subangu
lar blocky structure; slightly hard, friable, slightly
sticky and slightly plastic; many, very fine, tubular
pores; about 30 percent of this horizon is made up of

soft, weathered rock; strongly acid.

The depth to bedrock is more than 5 feet. The upper part
of the B horizon is mixed with the A horizon in most culti

vated areas. The A horizon ranges from 2.5YR to 5YR in hue
and, in chroma, from 4 to 5 when moist and 2 to 4 when dry.
The B2t horizon ranges from 2,5YR to 1OR in hue, from 3 to
4 in value when moist or dry, and from 3 to 6 in chroma
when moist or dry.

This soil is used mainly for pasture and pineapple.
(Capability classification lie if irrigated, Ilic if non-
irrigated; pineapple group 5; pasture group 6; wood
land group 5)

Kalae silty clay, 7 to 15 percent slopes (KcC).—On this
soil, runoff is slow to medium and the erosion hazard is
slight to moderate.

This soil is used for pasture and pineapple. (Capability
classification HIe, irrigated or nonirrigated; pineapple
group 6; pasture group 6; woodland group 5)

Kalae silty clay, 5 to 15 percent slopes, severely
eroded (KcC3).—This soil occurs on Molokai. It has a
profile like that of Kalae silty clay, 2 to 7 percent slopes,
except that most of the surface layer and in places part

of the subsoil have been removed by erosion. In many
places gravelly, relatively soft rock fragments have been
brought into tile surface layer through cultivation and
erosion. Runoff is medium, and the erosion hazard is mod
erate to severe. Included in mapping were small areas
where the slope is less than 5 percent.

This soil is used mostly for pasture; small area.s are
used for pineapple. (Capability classification lYe, irri
gated or nonirrigated; pineapple group 6; pasture group
6; woodland group 5)

Kalae silty clay, 15 to 25 percent slopes, severely
eroded (KcD3).—This soil occurs as narrow areas on sharp
slope breaks. It has a profile like that of Kalae silty clay,
2 to 7 percent slopes, except that most of the surface
layer and, in places, part of the subsoil have been removed
by erosion. In cultivated fields the plow layer consists
of a mixture of soil material and gravelly, relatively soft
rock fragments. Runoff is rapid, and the erosion hazard
is severe. Workability is difficult because of moderately
steep slopes.

Although suitability is marginal, this soil is used for
pineapple where it occurs in association with lass sloping
Kalae and Lahaina soils. It is also used for pasture.
(Capability classification VIe, irrigated or nonirrigated;
pasture group 6; woodland group 5)

Kalae silty clay, 25 to 40 percent slopes, severely
eroded {KcE3).—Nearly all of this soil occurs near the golf
course on West Molokai. It is on steep ridges and sides
of the gulches. It has a profile like that of Kalae silty
clay, 2 to 7 percent slopes, except that the surface layer
and part of the subsoil have been removed by erosion.
Runoff is rapid to very rapid, and the erosion hazard
is very severe. There are bare spots that are difficult to
vegetate because of strong winds and low fertility. There
are a few gullies.

This soil is used for pasture and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture
group 6; woodland group v)

Kalapa Series
This series consists of well-drained soils at the base

of slopes on the island of Kauai. These soils developed
in material weathered from basic igneous rock and in
colluviurn. They are moderately sloping to very steep.
Elevations range from 200 to 1,200 feet. The annual rain
fall amounts to 60 to 100 inches. The mean annual soil
temperature ranges from 69° to 74° F. Kalapa soils are
geographically associated with Hihinianu and Hanamaulu
soils.

These soils are used mainly for water supply, wood
land, wildlife habitat, and pasture. A small acreage is
used for irrigated sugarcane. The natural vegetation con
sists of guava, lantana, joee, sensitiveplant, pilipiliula,
ohia, Japanese tea, and ferns.

Kalapa silty clay, 40 to 70 percent slopes (KdF).—This
soil is on uplands.

In a representative profile the surface layer is dark
reddish-brown silty clay about 10 inches thick. The sub
soil, about 40 inches thick, ranges from dark-red to dark
reddish-brown silty clay and clay that has subangular
blocky structure. The substratum is dark-brown, dusky-
red, and dark-red silty clay and soft, highly weathered
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rook. The soil is very strongly acid throughout the
profile.

Permeability is moderately rapid. Runoff is very rapid,
and the erosion hazard is severe to very severe. In places
roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Kauai, mt. 21°55’14”
N. and long. 159°26’O0.3” W.

A1—O to 10 inches, dark reddish-brown (5YR 3/3), moist
and dry, silty clay; moderate, fine, subangular blocky
structure; very hard, firm, sticky and plastic; plenti
ful fine and very fine roots; slight effervescence with
hydrogen peroxide; very strongly acid; abrupt, wavy
boundary. 8 to 12 inches thick.

fl21t—10 to 20 inches, dark-red (2.5YR 3/6) silty clay,
reddish brown (2.5YR 4/4) when dry; weak, fine
and very line, subangular blocky structure; very
hard, firm, sticky and plastic; few medium, and
plentiful fine and very fine roots; many fine and very
fine pores; nearly continuous, thin clay films; upper
4 to 5 inches mixed with material from the A
horizon by earthworms; very strongly acid; clear,
wavy boundary. S to 11 inches thick.

B22t—20 to 37 inches. dark-red (2.5YR 3/6) clay that exhib
its hands of weak red (25YR 4/2), reddish brown
(2.5YR 4/4) when dry; moderate, very fine, sub-
angular blocky structure; very hard, firm, very
sticky and plastic; few medium, fine, and very fine
roots; many fine and very fine pores; continuous,
thin clay films; very strongly acid; clear, smooth
boundary. 15 to 19 inches thick.

B23t—37 to 44 inches, dark-red (2.SYR 3/6) clay, red (2.5YR
4/6) when dry; red, white, and yellow sand-size par
ticles; moderate, fine and very fine, subangular
blocky structure; very hard, firm, very sticky and
plastic; few fine and very fine roots; many fine and
very fine pores; continuous, moderately thick clay
films; very strongly acid; clear, smooth boundary.
6 to 8 inches thick.

B24t—44 to 50 inches, dark reddish-brown (5YR 3/4) gravelly
clay, dark reddish brown (2.5YR 3/4) when dry;
moderate, fine and very fine, subangular blocky struc
ture; very hard, firm, very sticky and plastic; few
fine roots; common fine and very fine pores; nearly
continuous, moderately thick clay films; gravel is
highly weathered; very strongly acid; clear, smooth
boundary. 4 to 7 inches thick.

C—SO to 60 inches, dark-brown (T.5YR 3/2), dusky-red (1OR
3/2), and dark-red (1OR 3/6) silty clay; weak red
(1OR 4/2) when dry; many, fine, red and white,
sand-size particles; weak, fine and very fine, subangu
lar blocky structure; very hard, lie-rn, very sticky and
very plastic; no roots; few fine and very fine pores;
patchy, moderately thick clay films; very strongly
acid.

The A horizon ranges from 5YR to 7.SYR in hue and from
2 to 4 in chroma. The B horizon ranges from 2.5YR to 5YR in
hue, from S to 4 in value, and from 3 to 6 in chroma. The
depth to soft, highly weathered rock ranges from 40 inches tomore than 60 inches. In places a few stones and boulders
occur throughout the solum.

This soil is used for water supply, pasture, and wood
land. (Capability classification Vile, nonirrigated; pas
ture group 8; woodland group 14)

Kalapa silty clay, 20 to 40 percent slopes (KdE).—On
this soil, runoff is rapid and the erosion hazard is severe.

This soil is used for pasture, water supply, wildlife
habitat, and woodland. A small acreage is used for
sugarcane. (Capability classification VIe, nonirrigated;
pasture group 8; woodland group 7)

Kalapa silty clay, 8 to 20 percent slopes (KdD).—Qn
this soil, runoff is medium and the erosion hazard is
moderate.

This soil is used for sugarcane, pasture, wildlife
habitat, and woodland. (Capability classification IVe,
irrigated or nonirrigated; sugarcane group 2; pasture
group 8; woodland group 7)

Kalapa very rocky silty clay, 40 to 70 percent slopes
(KEHF).—This soil is similar to Kalapa silty clay, 40 to 70
percent slopes, except that 10 to 40 percent of the acre
age is covered by rock outcrop. Runoff is vary rapid, and
the erosion hazard is severe to very severe.

This soil is used for water supply, pasture, and wood
land. (Capability classification Vhs, nonirrigated; pas
ture group 8; woodland group 14)

Kalaupapa Series
This series consists of well-drained upland soils under

lain by pahoehoe bedrock at a depth of about 14 inches.
These soils occur on the Kalaupapa peninsula on the
island of Molokai (fig. 5). They developed in relatively
recent volcanic ash. They are gently sloping to moderately
steep. Elevations range from nearly sea level to 400 feet.
The annual rainfall amounts to 35 to 50 inches. The
mean annual soil temperature is 740 F. Kalaupapa soils
are geographically associated with Haleiwa and Jaucas
soils.

These soils are used for pasture. The natural vegeta
tion consists of lantana, guava, bernaudagrass, kukaipuaa,
joee, and Java plum.

Kalaupapa very rocky silty clay loam, 3 to 25 percent
slopes (KFID).—This soil occurs as one large area. It is
shallow, and there are many stones and cobblestones on
the surface and few to many in the profile. Rock out
crops cover about 15 percent of the surface.

In a representative profile the surface layer is dark-
brown silty clay loam about 6 inches thick. The sub
soil, about 8 inches thick, is dark yellowish-brown, nearly
massive silt loam. Hard pahoehoe bedrock occurs at. a
depth of about 14 inches. The soil is neutral throughout
the proffle.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
Roots penetrate to the bedrock. Cultivation is impractical
because of shallowness, the many stones, and the rook
outcrops.

Representative profile: Island of Molokai, lat. 21°11’28”
N. and long. 156°57’42” W.

A1—0 to 6 inches, dark-brown (1OYR 3/3 moist, 4/3 dry) silty
clay loam; strong, fine and medium, granular struc
ture; hard, firm, sticky and plastic; many roots;
many interstitial pores; few to common pebbles and
stones; moderate effervescence with hydrogen perox
ide; neutral; clear, smooth boundary. 4 to 6 inches
thick.

B2—6 to 14 inches, dark yellowish-brown (1OYR 3/4 moist,
4/4 dry) silt loam; weak, fine, subangular blocky
structure to massive; soft, very friable, slightly
sticky and slightly plastic; common roots; many,
very fine, tubular pores and common, fine, tubular
pores; common pebbles; loose in place; slight effer
vescence with hydrogen peroxide; neutral; abrupt,
wavy boundary. 3 to 12 inches thick.

IIR—14 inches, bard pahoehoe bedrock.

The depth to. pahoehoe bedrock is typically about 14 inches,
but it ranges from 7 to 18 inches. The A and B hori
zons range from 7.5YR to 1OYR in hue. The texture of
the A horizon is typically silty clay loam, but in a few areas
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strong brown, reddish brown, and yellowish red;
massive; extremely hard, firm, very sticky and very
plastic; plentiful roots; common very fine pores;
strongly ac4d; gradual, smooth boundary. 17 to 21
inches thick.

Cig—46 to 60 inches, grayish-brown (2.51 5/2) and dark-gray
(flY 4/1) clay, gray (flY 5/1) when dry; massive;
extremely hard, firm, very sticky and very plastic;
few roots; few fine pores; neutral; gradual, smooth
boundary. 12 to 15 inches thick.

G2g—fi0 to 70 inches, dark-gray (51 4/1), olive-gray (51
5/2), and yellowish-brown (1OYR 5/6) clay; olive
(51 5/3) with mottles of brownish yellow (1OYR
6/6) when dry; massive; extremely hard, firm, very
sticky and very plastic; few roots; few very fine
pores; slight effervescence with hydrogen peroxide;
neutral.

The A horizon rangcs from 2 to 3 in value and from 1 to
3 in cbroma, Mottles range from none to few. The B horizon
ranges from neutral to 2.51 and 51 in hue, from 4 to 5 in
value, and from 0 to 1 in chroma. Mottles range from com
mon to many.

This soil is used for irrigated sugarcane. (Capability
classification 111w if irrigated, P7w if nonirrigated;
sugarcane group 3; pasture group 7; woodland group 4)

Kaloko Series
This series consists of poorly drained soils on coastal

Plains on the islands of Kauai and Qahu. These soils
developed in alluvium derived from basic igneous rock;
the alluvium has been deposited over nlarly lagoon
deposits. The soils are nearly level. Elevations range
from sea level to 20 feet. The annual rainfall amounts
to 20 to 25 inches. The mean annual soil temperature is
73° F. Kaloko soils are geographically associated with
Nohili soils on Kauai and with Keaau, Pearl Harbor,
and Waialua soils on Oahu.

In this survey area a noncalcareous variant of the
Kaloko series was mapped. This soil, Kaloko clay, non
calcareous variant, is described in alphabetical order,
along with other mapping units of this series.

These soils are used for irrigated sugarcane and pas
ture. The natural vegetation consists of kiawe, klu,
bermudagrass, and annuals.

Kaloko clay (Kfa).—This soil is nearly level and occurs
on coastal plains. Included in the areas mapped on Oahu
were small areas that consist mainly of coral fragments
or lnarly material; areas of ela.yey, very poorly drained
soils that are underlain by peat or muck; and small
areas of dark reddish-brown, very deep, moderately well
drained alluvial soils.

In a representative profile the surface layer is dark-
brown clay about 12 inches thick. The subsoil, about
8 inches thick, is dark reddish-brown and weak-red clay.
Below this is mottled, white to light-gray, platy silty
clay about 13 inches thick. This is underlain by dark
greenish-gray and dark-gray massive silty clay. The soil
is mildly alkaline to neutral throughout the profile.

Permeability is moderately slow to slow. Runoff is
slow to very slow, and the erosion hazard is no more
than slight. The available water capacity is about 1.6
inches per foot of soil. Roots penetrate to a depth of
about 40 inches or to the water table in undrained areas.
Workability is somewhat difficult.

Represenbative profile: Island of Kauai, lat. 22•°01’6.5”
N. and long. 19°46’10.1” W.

Ap—0 to 12 inches, dark-brown (7.5YR 3/2) clay; common,
fine, distinct, red mottles and yellowish-white specks;
weak, fine, subangnlar blocky structure; very hard,
firm, very sticky and very plastic; abundant roots;
moderate reaction with hydrogen peroxide; violent
reaction with hydrochloric acid ; mildly alkaline;
clear, smooth boundary. 8 to 15 inches thick.

B2—12 to 20 inches, clark reddish-brown (SIR 3/3) and
weak-red (2.SYR 5/2) clay; many. fine, distinct
mottles of brownish yellow (1OYR 6/6), white (2.51
8/2), and reddish yellow (SIR 6/6) ; moderate, fine,
angular and subangular blocky structure; very hard,
firm, very sticky and very plastic; plentiful roots;
many fine pores; thin, patchy coatings that look like
illuviation cutans; slight reaction to hydrogen per
oxide; violent reaction to hydrochloric acid: mildly
alkaline; abrupt, smooth boundary. 7 to 11 inches
thick.

IIClg—20 to 29 inches, mottled white (2.51 8/1), reddish-
brown (5YR 5/4, strong-brown (7.5YR 5/8), dark-
brown (7.5YR 3/2), and gray 5Y 6/1) silty clay;
rubbed color is light yellowish brown (2.51 6/3)
weak, medium and thick plates; salt crystals between
some plates; hard, firm, sticky and plastic; few
roots; few fine and medium pores; violent reaction
to hydrochloric acid; mildly alkaline; abrupt, smooth
boundary. S to 11 inches thick.

IIC2sag—29 to 33 inches, layers of light-gray (N 0/0), gray
(N 5/0), dark-gray (flY 4/1), pink (7.51R 8/4),
grayish-brown (2.51 5/2), and reddish-brown (5YR
4/4) silty clay; rubbed color is olive gray (51 .5/2)
moderate, medium and thick plates; bard, friable,
sticky and plastic; few roots; few fine pores; salt
crystals make up about 50 percent of volume; neu
tral; abrupt, smooth boundary. 12 to 15 inches thick.

IIIC3g—33 to 43 inches, thickest plates are dark greenish-
gray (530 4/1) silty clay; other plates are dark-
gray (N 4/0), gray (51 5/1), and light-gray (flY
6/1) Silty clay; rubbed color is dark greenish gray
(5BG 4/1) ; moderate, thin and thick plates; hard,
friable, sticky and plastic; few roots; common fine
and medium pores; moderate effervescence with hy
drochloric acid; neutral; abrupt, smooth boundary.
O to 11 inches thick.

IHCdsag—43 to 60 inches, dark greenish-gray (530 4/1),
light greenish-gray (.5GY 7/1), greenish-gray (501
6/1), and dark greenish-gray (SOY 4/1) silty clay;
rubbed color is greenish gray (530- 5/1) ; massive;
friable, sticky; common salt crystals; moderate
effervescence with hydrochloric acid; mildly alkaline.

The A horizon ranges from 5YR to 7.SYR in hue and from
I to 2 in chron,a. Mottles in the A horizon range from few to
common. The B horizon ranges from 2.5YR to 1OYR in hue
and from 2 to 4 in chroma, The depth to the light-colored
calcareous C horizon ranges from 12 to 20 inch. The depthto the water table varies, because all the soils are artificially
drained. Unless the Soils ure drained, the water table gener
ally is at a depth of 12 to 20 inches.

This soil is used for irrigated sugarcane and pasture.
(Capability classification 111w if irrigated, Vw if non-
irrigated; sugarcane group 3; pasture group 7)

Kaloko clay loam lKf).—This soil is on the Mana plain
on the island of Kauai. This soil has a profile like that
of Kaloko clay, except for the texture of the surface
layer and horizontal lenses of sand in the underlying
material. It is easier to work than that soil. Runoff is
very slow, and there is no hazard of erosion.

This soil is used for sugarcane. (Capability classifi
cation 111w if irrigated, Vw if nonirrigated; sugarcane
group 3; pasture group 7)

Kaloko clay, noncalcareous variant {Kfb).—This soil
occurs in slight depressions on the coastal plains on the
island of Oahu. It is more acid and grayer than is typical
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of the Kaloko series. It is underlain by noncalcareous
material. The annual rainfall amounts to 40 to 60 inches.

The surface layer is very dark gray clay. The subsoil
is gray or grayish-brown prismatic clay. The substratum
is massive clay and silty clay. This soil is slightly acid to
neutral throughout.

Included in mapping were small areas of very deep,
well-drained alluvial soils in drainageways.

Permeability is slow. Runoff is ponded to very slow,
and the erosion hazard is none to slight. The available
water capacity is 1.6 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more.

This soil is used for pasture and sugarcane. (Capabil
ity classification 111w if irrigated, Vw if nonirrigated;
sugarcane group 3 pasture group 7)

Kamaole Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic ash.
They are gently to moderately sloping. Elevations range
from 1,500 to 2,300 feet. The annual rainfall amounts to
15 to 25 inches; most of it occurs in winter. The mean
annual soil temperature is 090 F. Kamaole soils are geo
graphically associated with Kaimu, Keawakapu, Kul a,
and Waiakoa soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of bermudagrass, castor-
bean, false mallow, feather fingergrass, and kiawe.

Kamaole very stony silt loam, 3 to 15 percent slopes
(KGKC).—This soil is on uplands. Included in mapping
were small areas of Keawakapu and Kula soils. Also
included were small areas where slopes have been re
moved. Outcrops of An lava are common.

In a representative profile the surface layer is dark-
brown and dark reddish-brown silt loam and silty clay
loam about 8 inches thick. The subsoil, about 12 inches
thick, is dark reddish-brown silty clay that has subangu
Jar blocky structure. The substratum is fragmental Aa
lava that lies very little soil material in voids. The soil
is medium acid and slightly a.cid in the surface layer and
mildly alkaline in the subsoil.

Permeability is moderate. Runoff is slow to medium,
and the erosion hazard is slight to moderate. The avail
able water capacity is about 1.2 inches per foot in the
surface layer and subsoil. In places roots penetrate to
a depth of 2 feet.

Representative profile: Island of Maui, lat. 20°45’OO”
N. and long. 156°21’44” W.

A11—O to 2 inches, dark-brown (1OYR 3/3) very stony silt
loam, brown (1OYR 4/3) when dry; moderate, thin
and very thin, platy structure; soft, friable, slightly
sticky and slightly plastic; abundant fine roots that
have a tendency to mat on plate faces; common fine
pores; few, fine, black concretions; 10 to 15 percent
stones; slight effervescence with hydrogen peroxide;
medium acid; abrupt, smooth boundary. 1 to 3 inches
thick.

A12—2 to 8 inches, dark reddish-brown (5YR 3/2) silty clay
loam, dark reddish gray (SYR 4/2) when dry;
moderate, fine and very fine, subanguiar blocky struc
ture; slightly hard, friable, sticky and plastic; plenti
ful fine roots; many fine and very fine pores; few,
fine, black concretions; few moderately weathered
pebbles; slight effervescence with hydrogen perox

ide; slightly acid; gradual, wavy boundary. 4 to 7
inches thick.

B2—S to 20 inches, dark reddish-brown (5YR 3/2) cobbly
silty clay, dark reddish brown (SYR 3/3) when
dry moderate, very fine and fine, subangular blocky
structure; hard, firm, very sticky and very plastic;
few roots; many fine pores; few, fine, black concre
tions; thin, patchy clay flims on peds; few sand-size
aggregates that are more resistant than the matrix;
10 to 20 percent weathered gravel and cobblestones;
strong effervescence with hydrogen peroxide; mildly
alkaline; clear, wavy boundary. 10 to 14 inches thick.

110—20 inches, fragmental An lava that contains a little
soil material in voids.

The depth to fragmental Aa lava ranges from 16 to 24
inches. The A horizon ranges from 5YR to 1OYR in hue, from
2 to 3 in value when moist and 3 to 4 when dry, and from
2 to 3 lu chrome, when moist and 2 to 4 when dry. The tex
ture is silt loam or silty clay loam. The B horizon ranges from
5YR to 7.SYR in hue and from 2 to 3 in value when moist.
The texture is silty clay loam or silty clay.

This soil is used for pasture and wildlife habi
tat. (Capability classification VIs, nonirrigated; pas
ture group 3)

Kamaole extremely stony silt loam, 3 to 15 percent
slopes (KGLC).-—This soil is similar to Kamaole very stony
silt loam, 3 to 15 percent slopes, except that stones cover
3 to 15 percent of the surface. Included in mapping were
small areas of rock outcrop.

This soil is used for pasture and wildlife habi
tat. (Capability classification VIs, nonirrigated; pas
ture group 3)

Kaneohe Series
This series consists of well-drained soils on terraces

and alluvial fans on the windward side of Oahu. These
soils developed in alluvium and colluvium derived from
basic igneous rock. In a few places they developed in vol
canic ash and in material weathered from cinders. The
soils are gently sloping to very steep. Elevations range
from 100 to 1,000 feet. The annual rainfall, which is fairly
well distributed throughout the year, amounts to 70 to 90
inches. The mean annual soil temperature is 71° F.
Kaneohe soils are geographically associated with Alaeloa,
Lolekaa, and Waikane soils.

These soils are used for pasture, homesites, and urban
development. The natural vegetation consists of guava,
Boston fern, sensitive plant, glenwoodgrass, and hilograss.

Kaneohe silty clay, 3 to 8 percent slopes (KgB] .—This
soil occupies uniform slopes. Included in mapping were
small areas of reddish-colored soils and areas of dark-
brown soils that formed in gravelly alluvium.

In. a representative profile the surface layer is dark
reddish-brown silty clay about 14 inches thick. The sub
soil, 40 to more than 50 inches thick, is dusky-red and
(lark-red silty clay that has subangular blocky structure.
The substratum is soft, weathered gravel. The soil is
slightly acid in the surface layer and strongly acid in
the subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight. The available
water capacity is 1.2 inches per foot in the surface layer
and 1.4 inches per foot in the subsoil. [n places roots
penetrate to a depth of 5 feet or more.

Representative profile: Island of Oahu, lat. 21°22’44”
N. and long. 157°47’36” W.
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Weathered gravel makes up 5 to 25 percent of the soil mass
and increases in size, amount, and hardness with depth. The
A horizon ranges from 5YR to 1OR in hue, from 2 to 4 in
chroma, and, in value, from 3 to 6 when dry. The B
horizon ranges from 3 to 4 in value when moist or dry,
and from 4 to 6 in chroma when moist or dry. The B hori
zon ranges from slightly plastic to plastic in consistence.
This soil tends to dehydrate irreversibly upon drying, par
ticularly in the E horizon. The B23t ranges from silty clay
to silty clay loam in texture.

This soil is used for pasture and golf courses. (Capa
bility classification lie, nonirrigateci; pasture group S;
woodland group 7)

Kaneohe silty clay, 8 to 15 percent slopes (KgC).—On
this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were small eroded spots
and gravelly areas.

This soil is used for pasture. (Capability classification
Ilie, nonirrigated; pasture group 8; woodland group 7)

Kaneohe silty clay, 30 to 65 percent slopes (KHOF).—
This soil occurs on terrace faces and along drainageways.
Runoff is medium to rapid, and the erosion hazard is
moderate to severe. ‘Workability is difficult because of
the slope. Included in mapping were small eroded spots
and gravelly areas. Also included were small areas where
the slope is less than 30 percent.

This soil is used for pasture. (Capability classifica
tion Vile, nonirrigated; pasture group 8; woodland
group 14)

Kaneohe silty clay loam, 5 to 15 percent slopes
(KHMC).—This soil has a. profile like that of Kaneobe silty
clay, 3 to 8 perceilt slopes, except that the texture
throughout the profile is silty clay loam. There are large
amounts of volcanic ash and cinders in the subsoil. Vol
canic ash and cinders generally occur below a depth of

20 inches. The soil is extremely acid to very strongly
acid. Included in mapping were small eroded spots,
gravelly areas, and steep slopes.

This soil is used for pasture and homesites. (Capabil
ity classification lila, nonirrigated; pasture group 8;
woodland group 7)

Kaneohe silty clay loam, 15 to 30 percent slopes
(KHME).—This soil has a profile like that of Kaneohe silty
clay, 3 to 8 percent slopes, except t hat the texture
throughout the profile is silty clay loam. There are con
siderable amounts of volcanic ash and cinders in the sub
soil. Volcanic ash and cinders generally occur below a
depth of 20 inches. Runoff is medium to rapid, and the
erosion hazard is moderate to severe. Workability is diffi
cult because of the slope. The soil is extremely acid to
very strongly acid.

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 8; woodland group 7)

Kaneohe silty clay loam, 30 to 65 percent slopes
(KHMF).—This soil has a profile like that of Kaneohe silty
clay, 3 to 8 percent slopes, except that the texture
throughout the profile is silty clay loam. Large amounts
of volcanic ash and cinders occur at a depth below 20
inches. Runoff is medium to rapid, and the erosion haz
arci is moderate to severe. Included in mapping were
small eroded spots, gravelly areas, and small stony areas
where the slope is up to 70 percent.

This soil is used for pasture. (Capability classifica

tion Vile, nonirrigated; pasture group 8; woodland
group 14)

ICanepuu Series
This series consists of well-drained soils on uplands

on the island of Lanai. These soils formed in material
derived from basic igneous rock. They are gently sloping
and moderately sloping. Elevations range from 1,500 to
2,000 feet. The annual rainfall amounts to 20 to 25
inches, most of which occurs from November to April.
In most places these soils are exposed to strong trade
winds. The mean annual soil temperature is 700 F.
Kanepuu soils are upsiope from Lahaina soils.

These soils are used for wildlife habitat and pastur.
The natural vegetation consists of dallisgrass, uhaloa,
lantana, and molassesgrass.

Kanepuu silty clay, 3 to 7 percent slopes (KhB).—This
soil occurs on the northern plateau of Lanai. The slopes
are smooth. Included in mapping were a few small areas
of Blown-out land.

In a representative profile the surface layer is dark
reddish-brown silty clay about 11 inches thick. The sub
soil, 40 to more than 50 inches thick, is silty clay that
has subangular blocky structure. It is dark reddish brown
in the upper part and dark brown in the lower part. The
substratum is soft, weathered rock. The soil is slightly
acid to neutral throughout the profile.

Permeability is moderate, and runoff is slow. The
hazard of water erosion is slight, but the hazard of wind
erosion is severe in areas exposed to trade winds. The
available water capacity is a.bout 1.4 inches per foot of
soil. In places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Lanai, lat. 20°51’54”
N. and long. 156°54’54” W.

Ap—0 to 14 inches, dark reddish-brown (2.5YR 3/4) silty
clay, reddish brown (2.SYR 4/4) when dry; strong,
very fine, subangular blocky structure; very hard,
firm, sticky and plastic; abundant very fine and fine,
and few medium roots; many, very fine and fine, tu
bular and interstitial pores; common worroholes and
worm casts; few, soft, highly weathered pebbles;
slightly acid; clear, wavy boundary. S to 14 inches
thick.

B21—14 to 22 inches, dusky-red (1OR 3/4) silty clay, dark
red (10R 3/6) when dry; weak, very fine and fine,
subangular blocky structure; hard, friable, sticky
and plastic; abundant very fine and fine, and few
medium roots; many, very fine and fine, tubular
pores and few, medium, tubular pores; common, soft,
strong-brown, yellow, and gray, highly weathered
pebbles; thin, patchy clay films on pecl faces; strong
ly acid; gradual, smooth boundary. 7 to 12 inches
thick.

B22—22 to 34 inches, dark-red (2.5YR 3/4) silty clay, red
(2.SYR 4/6) when dry; weak, very fine and fine,
subangular blocky structure; hard, friable, slightly
sticky and slightly plastic, and smeary; plentiful fine
roots; many, very fine and fine, tubular pores; com
mon highly weathered rock fragments; thin, patchy
clay films on pods and in pores; strongly acid; grad
ual, wavy boundary. 10 to 14 inches thick.

D23t—34 to 60 inches, dusky-red (1OR 3/4) silty clay, dark
red (2.5YR 3/6) when moist; strong, fine, blocky and
subangular blocky structure; hard, friable, sticky
and slightly plastic, and smeary; few fine roots;
many, very fine and fine, tubular pores; thin, patchy
clay films on peds; common highly weathered rock
fragments and a few hard boulder cores; strongly
acid.



This soil is used for pasture and wildlife habitat. (Ca
pability classification lie if irrigated, lila if nonirri
gated; pasture group 3)

Kanepuu silty clay, 3 to 7 percent slopes, eroded
{KhB2).—This soil has a proffle like that of Kanepuu silty
clay, 3 to 7 percent slopes, except that it consists essen
tially of subsoil; the surface layer has been removed by
wind erosion. Much of the area is relatively smooth and
is barren. Some areas have a. hummocky topography
caused by blowouts and deposition of windblown mate
rial. Runoff is medium. The hazard of water erosion is
moderate, and the hazard of wind erosion is severe. In
cluded in mapping were small areas that are not eroded
or are only slightly eroded.
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This soil is used for wildlife habitat and pasture.
(Capability classification lie if irrigated, lila if non-
irrigated; pasture group 3)

Kanepuu silty clay, 7 to 15 percent slopes (KhC).—On
this soil, runoff is slow to medium. The hazard of water
erosion is slight to moderate, but the hazard of wind
erosion is severe in areas exposed to the trade winds.
Workability is slightly difilcult because of the slope.

This soil is used for pasture and wildlife habitat.
(Capability classification 11Th, irrigated or nonirrigated;
pasture group 3)

Kanepuu silty clay, 7 to 15 percent slopes, eroded
(KhC2).—This soil has a profile like that of Kanepuu silty
clay, 3 to 7 percent slopes, except that the surface layer
has been removed by wind erosion. Runoff is rapid, and
the hazard of wind and water erosion is severe. Most of
the area has a relatively smooth surface, but some areas
have a hummocky topography caused by blowouts and
deposition of windblown material. Much of the area is
barren. Included in mapping were severely eroded areas
where small gullies are common.

This soil is used for wildlife habitat and pasture. Vege
tation is difficult to establish, because of drying winds
and low rainfall. Capability classification Ille if irri
gated, IVe if nonirrigated; pasture group 3)

Kapaa Series
This series consists of well-drained soils on uplands

on the islands of Kauai and Oahu. These soils developed
in material weathered from basic igneous rock. They are
gently sloping to extremely steep. Elevations range from
200 to 800 feet. The annual rainfall amounts to 80 to 120
inches. The mean annual soil temperature is 71° F.
Kapaa soils arc geographically associated with Halii and
Puhi soils on Kauai and with Paaloa soils on Oahu.

These soils are used for sugarcane, pasture, pineapple,
orchard and truck cropk, woodland, wildlife habitat, and
water supply. The natural vegetation consists of rice
grass, hilograss, yellow foxtail, christmas berry, false
staghornfern, guava, rhodomyrtus, melastoma, and associ
ated plants.

Kapaa silty clay, 3 to 8 percent slopes (KkB).—This soil
is on broad ridges in the uplands. Included in mapping
were about 300 acres on Kauai, south of Pun Kolo peak
and southwest of Knudsen gap. This soil formed in vol
canic ejecta. The surface layer and the upper part of
the subsoil contain less gibbsite than is typical.

In a representative profile the surface layer is dark
yellowish-brown silty clay about 14 inches thick. The
subsoil, about 4G inches thick, is yellowish-red and
reddish-brown silty clay that has subangular blocky
structure. The substratum is soft, weathered rock. The
surface layer is strongly acid. The subsoil is medium acid
to very strongly acid.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places roots penetrate to
a depth of 5 feet or more.

Representative proffle: Island of Kanal, lat. 22°2’42”
N. and long. 159°23’31” W.

Ap—O to 14 inches, dark yellowish-brown (1OYR 4/4) silty
clay, dark yellowish brown (1OYR 4/4) when dry;
weak, fine, granular structure; slightly hard, friable,
sticky and plastic; abundant roots; matted at bottom
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A11—O to 3 inches, dark reddish-brown (5YR 3/3) silty clay,
reddish brown (5YR 4/3) when dry; strong, very
fine to medium, granular structure; hard, firm, sticky
and plastic; many interstitial pores; many roots;
violent effervescence with hydrogen peroxide; slightly
acid; clear, smooth boundary. 3 to 4 inches thick.

A12—3 to 11 inches, dark reddish-brown (5YB 3/3), moist
and dry, silty clay; weak, fine and medium, subangu
las blocky structure; hard, friable, sticky and plas
tic; many roots; common, very fine, tubular pores;
moderately high bulk density; violent effervescence
with hydrogen peroxide; slightly acid; clear, smooth
boundary. 0 to 8 inches thick.

Bi—il to 15 inches, dark reddish-brown (SYR 3/2) silty
clay, reddish brown (5YR 4/3) when dry; moderate,
very fine and fine, subangular blocky structure; hard,
friable, sticky and plastic; few roots; many, very fine,
tubular pores; moderately high bulk density; slight
effervescence with hydrogen peroxide; neutral; clear,
smooth boundary. 3 to 4 inches thick.

B21—15 to 21 inches, dark reddish-brown (5YR 3/3) silty
clay, reddish brown (5YR 4/3) when dry; strong,
very fine and fine, subangular blocky structure; hard,
friable, very sticky and very plastic; few roots;
many, very fine and fine, tubular pores; ped surfaces
have a metallic sheen; compact in place; no effer
vescence with hydrogen peroxide; neutral; gradual,
wavy boundary. 5 to 6 inches thick.

B22t—21 to 30 inches, dark reddish-brown (5YR 3/3), moist
and dry, silty clay; strong, very fine and fine, angu
lar and subaagular blocky structure; very hard. firm,
sticky and very plastic; few roots; many, very fine,
tubular pores; ped surfaces have almost continuous
red clay films; ped surfaces have metallic sheen;
many, hard, earthy lumps that persist when rubbed;
compact in place; slightly acid; gradual, wavy bound
ary. 15 to 19 inches thick.

B28t—36 to 53 inches, dark-brown (T.5YR 3/4), moist and
dry, silty clay; strong, coarse, subangular blocky
structure breaking to strong, very fine and fine, angu
lar blocky and subangular blocky; hard, firm, sticky
and plastic; few roots; many, very fine, tubular
pores; almost continuous red clay films on pad sur
faces; many, bard, earthy lumps that persist when
rubbed; compact in place but less so than the B22t
horizon; slightly acid; gradual, wavy boundary. 15
to 20 inches thick.

B24t—53 to 61 inches, clark-brown (7.5YR 3/2), moist and
dry, silty clay; moderate, very fine and fine, subangu
lar blocky structure; hard, firm, Sticky and plastic;
few roots; many, very fine, tubular pores; common
red clay films on ped surfaces; firm in place; few
strongly weathered rock fragments; slightly acid.

The depth to bedrock is more than 5 feet. In most years the
soil is dry in some places to a depth of 10 to 40 inches for
more than 90 cumulative days. The A horizon is 2 to 3 in
chroma when moist. The A and Bi horizons have a moderate
concentration of heavy minerals. The B horizon ranges from
5YR to 7.5YR in hue, from 3 to 4 in value when moist, and
from 2 to 4 in chroma when moist and 3 to 4 when dry.
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of horizon; many pores; about 10 percent of volume
made up of yellowish-red (5YR 4/6) material turned
up by plowing; sand-size soil aggregates, resistant
to crushing, that break clown with prolonged rubbing;
slight reaction to hydrogen peroxide; a few angular
gibbsite aggregates, up to 1 inch across, on surface
and mixed in soil ; strongly acid abrupt, smooth
boundary. 12 to 14 inches thick.

B21—14 to 22 inches, yellowish-red (SYR 4/6) silty clay,
reddish brown (SiR 4/4) when dry; weak, medium,
subangular blocky structure; hard, friable, sticky
and plastic; very few roots; many fine and medium
pores; thin coatings in pores, patchy coatings on ped
faces; coatings look like clay films; about 5 percent
weathered pebbles impregnated with gibbsite; medi
um acid; clear, smooth boundary. 4 to 8 inches
thick.

B22—22 to 31 inches, yellowish-red (5YR 4/0) light clay
loam, strong brown (7.5YR 4/6) when dry; weak,
medium and fine, subaogular blocky structure; hard,
friable, sticky and plastic, and weakly smeary; very
few roots; many, medium, fine and very fine pores;
gelatinlike coatings in pores, patchy on ped faces;
about 25 percent soft, weathered pebbles impregnated
with gibbsite; medium acid; clear, smooth boundary.
8 to 10 inches thick,

328—Si to 38 inches, reddish-brown (5YR 4/4) silty clay,
strong brown (7.5YR 5/6) when dry; weak, medium
and fine, subangular blocky structure; slightly hard,
friable, sticky and plastic; very few roots; many,
medium, fine and very fine pores; gelatinlike coat
ings in pores, patchy on ped faces; about 10 percent
soft, weathered pebbles impregnated with gibbsite;
discontinuous bands and lenses of yellowish mate
rial that is presumed to be gibbsite; medium acid;
clear, smooth boundary. 6 to 12 inches thick.

B24—88 to 45 inches, yellowish-red (SiR 4/6) silty clay,
yellowish red (SiR 5/6) when dry; weak, medium
and fine, subangular blocky structure; hard, friable,
slightly sticky and plastic; very few roots; many,
medium, fine and very fine pores; about 30 percent
soft, weathered pebbles impregnated with gibbsite,
also impregnated with lesser amounts of other whit
ish material that looks like halloysite; some soft and
hard, reddish-yellow (7.5YR 6/8) material; medium
acid; clear, wavy boundary. C to 15 inches thick.

B25—45 to 60 inches, yellowish-red (SiR 4/8) light clay loam,
strong brown (7.5YR 5/6) when dry; massive; hard,
friable, sticky and plastic, and weakly smeary; no
roots; many, medium, fine and very fine pores; 25
to 40 percent soft, weathered pebbles impregnated
with gibbsite and lesser amounts of whitish material
that looks like halloysite; vertical bands of red
(2.5YR 4/0) that has i45-inch edge of dark reddish
brown (2.5YR 8/4) ; very strongly acid.

The A horizon ranges from 7.5YR to 2.5Y in hue, from 2
to 4 in chroma, arid from 2 to 4 in value. The B horizon
ranges from SiR to 7.5YR in hue, from 3 to 8 in chroma,
and from 3 to 4 in value. In places the B horizon is light clay
loam and silty clay loam. In some places hard, angular,
weathered rock fragments and concretions occur in any hori
zon and range from few to many.

This soil is used for sugarcane, pasture, pineapple,
orchards, truck crops, wildlife habitat, and woodland.
(Capability classification .Ifls, nonirrigate.d; sugarcane
group 2; pineapple group 7; pasture group 10; wood

land group 9)
Kapaa silty clay, 8 to 15 percent slopes (KkC).—On this

soil, runoff is slow to medium and the erosion hazard is
slight to moderate. Included in mapping were 202 acres
on Kauai, south of Puu Kolo peak and southwest of
Knudsen gap. This soil formed in volcanic ejecta. The
surface layer and the tipper part of the subsoil contain
less gibbsite than is typical.

This soil is used for sugarcane, pasture, pineapple,
orchards, wildlife habitat, and woodland. (Capability
classification Ille, nonirrigated; sugarcane group 2;
pineapple group 8; pasture group 10; woodland group 9)

Kapaa silty clay, 15 to 25 percent slopes (KkD).—On
this soil, runoff is medium anti the erosion hazard is
moderate.

Included in mappino was a small are-a on Kauai, south
of Puu Kolo peak anc southwest of Knudsen gap. This
soil formed in volcanic ejects.. The surface layer and the
upper part of tile subsoil contain less gibbsite than is
typical.

This soil is used for sugarcane, pieapple, pasture,
orchards, wildlife habitat, and woodland. (Capability
classification lYe, nonirrigated; sugarcane group 2;
pineapple gi-oup 8; pasture group 10; woodland group 9)

Kapaa silty clay, 25 to 40 percent slopes (KkE).—On
this soil, runoff is rapid and tile erosion hazard is mod
erate to severe. Part of the surface layer has been
removed by erosion.

This soil is used for pasture, wildlife habitat, and
woodland. (Capability classification VIe, nonirrigated;
pasture group 10; woodland group 9)

Kapaa silty clay, 40 to 100 percent slopes (KIG).—On
this soil, runoff is very rapid and the erosion hazard is
very severe. Most of the surface layer has been removed
by erosion.

Included in mapping were small, narrow areas on
ridgetops that have an ironstone sheet, 1/8 to ½ inch
thick, about 10 to 18 inches below the surface. These soils
are mottled and in many places have a thin gray layer,
1 inch to 3 inches thick, below the surface layer. Rock
outcrop, Stony steep land, Rough broken land, eroded
spots, and Rough mountainous land make up about 25
percent of the acreage.

This soil is used for water supply, wildlife habitat, and
woodland. (Capability classification Vile, nonirrigated;
pastua-e group 10; woodland group 14)

Kapuhikani Series

This series consists of well-drained, extremely stony
soils on uplands on the leeward slopes of West Molokai.
These soils are imderlain by bedrock at a depth of about
24 inches. They developed in. material derived from
olivine basalt. They are gently sloping and moderately
sloping. Elevations range from nearly sea level to 500
feet. The annual rainfall amounts to 10 to 15 inches.
Most of the rain occurs during storms from November to
April. The mean annual soil temperature is 75° F.
Kapuhikani soils are geographically associated with
Holornua and Molokai soils.

These soils are used for wildlife habitat and pasture.
The natural vegetation consists of kiawe, zinnia, ilima,
and uhaloa.

Kapuhikarii extremely stony clay, 3 to 15 percent
slopes (KKTC).—This soil contains many stones on the
surface and throughout the profile. Included in mapping
were areas of Very stony land and Very stony land,
eroded. Each of these included land types makes up
about 10 percent of the acreage.

In a representative profile the surface and subsurface.
layers are dark-brown, very sticky and very plastic clay



about 20 inches thick. The clay shrinks and cracks widely
when dry and swells when wet. The substratum consists
of about 7 inches of yellowish-brown and pale-brown,
highly weathered rock that has an accumulation of cal
cium carbonate. Bedrock occurs at a depth of about
27 inches.

Permeability is slow. Runoff is slow to medium, and
the erosion hazard is slight to moderate. Roots are
affected by the bedrock. Tilage for pasture or other
uses is impractical because of the abundant stones and
shallowness. The shrink-swell potential is very high.

Representative profile: Island of Molokai,lat. 21°06’18”
N. and long. 157°18’34” W.

A1—O to 4 inches, dark-brown (1OYR 3/3), moist or dry,
extremely stony clay; strong, very fine and fine, gran
ular structure; hard, firm, very sticky and very plas
tic; few roots; many interstitial pores; violent effer
vescence with hydrogen peroxide; slight effervescence
with hydrochloric acid, confined mainly to few
calcium carbonate fragments less than 1 millimeter
in diameter; mildly alkaline; gradual, smooth bound
ary. 2 to 4 inches thick.

AC—4 to 20 inches, dark-brown (1OYR 3/3), moist or
dry, clay; weak, coarse, prismatic structure breaking
to weak, coarse, subangular and angular blocky; very
hard, very firm, very sticky and very plastic; few
roots; many, fine, tubular pores; many olivine crys
tals less than 1 millimeter in diameter; common
pressure cutans and slickensides; common calcium
carbonate fragments up to 1 inch long; very firm in
place; violent effervescence with hydrogen peroxide;
moderate effervescence with hydrochloric acid, con
fined mainly to calcium carbonate fragments; mildly
all’aline; gradual, smooth boundary. 12 to 18 inches
thick.

Cca—20 to 27 inches, variegated yellowish-brown (1OYR 5/6)
and very pale brown (10 YR 8/3), highly weathered
olivine basalt that has calcium carbonate accumula
tion; violent effervescence with hydrochloric acid;
moderately alkaline. 3 to 9 inches thick.

R—27 inches, hard olivine basalt.

This soil is 20 to 31 inches deep over hard olivine basalt.
Stoniness ranges from very Stony to extremely stony. In
many places the stones cover most of the surface layer. The
content of olivine crystals ranges from few to many through
out the profile. In most years the soil is dry more than 6
months. The A horizon is typically 1OYR in hue, but in places
the hue is 7.SYR. This horizon ranges from 2 to 3 in value
and chroma. Slickensides in the AC horizon range from com
mon to many and are weakly to strongly grooved.

This soil is used for wildlife habitat and pasture.
(Capability classification Vhs, nonirrigated; pasture
group 1)

Kaupo Series
This series consists of well-drained soils on alluvial

fans on the island of Maui. These soils developed in a
mixture of volcanic ash and alluvirnn derived from basic
igneous rock. They are gently sloping to moderately
steep. Elevations range from nearly sea level to 1,000
feet. The annual rainfall amounts to 40 to 60 inches. The
mean annual soil temperature is 75° F. Kaupo soils are
geographically associated with Makaalae and Waiakoa
soils.

These soils are used for pasture and wildlife habitat.
‘The natural vegetation consists of apple-of-Sodom, ber
mudagrass, castorbean, guineagrass, kikuyugrass, koa
haole, lantana, and 01.
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Kaupo very stony silty clay loam, 3 to 25 percent
slopes (KLUD).—Tliis soil is on alluvial fans. Included in
mapping were small areas of very stony silty clay. Also
included were small areas from which stones have been
removed.

In a representative profile the surface layer is very
dark brown silty clay loam about 6 inches thick. The
subsoil, about 13 inches thick, is very dark grayish-brown
silty clay loam that has subangular blocky structure. The
substratum is very dark grayish-brown very cobbly clay
loam and fragmental An lava that contains very little
soil material in voids. The soil is slightly acid in the
surface layer and neutral in the subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is 1.4 inches per foot in the
surface layer and subsoil. In places roots penetrate to
a depth of 40 inches.

Representative profile: Island of Molokai, lat. 21°06’lS”
N. a.iid long. 157°18’34” W.

Ap—0 to 6 inches, very dark brown (1OYR 2/2) very stony
silty clay loam, dark grayish brown (1OYR 4/2) when
dry; strong, very fine and fine, subangular blocky
structure; hard, friable, slightly sticky and slightly
plastic; abundant fine and very fine roots; many fine
pores; common, very fine, earthy lumps; 30 to 40
percent gravel, cobblestones, and stones; weak effer
vescence with hydrogen peroxide; slightly acid; clear,
wavy boundary. 4 to 8 inches thick.

B2—6 to 19 inches, very dark grayish-brown (1OYR 3/2)
cobbly silty clay loam, grayish brown (1OYR 5/2)
when dry; weak, medium, subangular blocky struc
ture; slightly hard, friable, slightly sticky and slight
ly plastic; abundant fine and very fine roots;
common fine pores; 40 to 50 percent gravel and
cobblestones; aeutral; clear, wavy boundary. 10 to
15 inches thick.

C1—19 to 27 inches, very dark grayish-brown (1OYR 3/2) very
cobbly clay loam, dark grayish brown (1OYR 4/2)
when dry; massive; soft, very friable, slightly sticky
and slightly plastic; abundant fine and very fine
roots; many fine pores; 60 to 70 percent gravel and
cobblestones; neutral; clear, irregular boundary. 6 to
10 inches thick.

11C2—27 inches, fragmental Aa lava that contains a little
soil material in cracks.

The depth to fragmental An lava ranges from 20 to 40
inches. The A horizon has a texture of silt loam or silty clay
loam. The B horizon is cobbly clay loam or cobbiy silty clay
loam.

This soil is used for pasture land and wildlife habitat.
(Capability classification VIs, nonirrigated; pasture

group 3; woodland group 1)
Kaupo extremely stony silty clay, 3 to 25 percent

slopes (KLVD).—This soil has a profile like that of Kaupo
very stony silty clay loam, 3 to 25 percent slopes, xeept
that the surface layer is silty clay and the soil is ex
tremely stony.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigateci; pasture
group 3; woodland group 1)

Kawaihapai Series
This series consists of well-drained soils in drainage-

ways and on alluvial fans on the coastal plains on the
islands of Oahu and Molokai. These soils formed in allu
vium derived from basic igneous rock in humid uplands,
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They are nearly level to moderately sloping. Elevations
range from nearly sea level to 300 feet. The annual ram-
fall amounts to 30 to 50 inches. The mean annual soil
temperature is 73° F. Kawaihapal soils are geograph
ically associated with Haleiwa, Waialua, and Jaucas soils.

These soils are used for sugarcane, truck crops, and
pasture. The natural vegetation consists of kiawe, koa
haole, lantana, and bermudagrass.

Kawaihapai clay loam, 0 to 2 percent slopes (KIA).—
This soil occupies smooth slopes. Included in mapping
were small areas where the slope is 3 to 7 percent and
the texture is silty clay. Also included were small areas
of poorly drained soils and small areas of Jaucas soils.
At the mouth of the Pelekunu and Wailau Valleys on
Molokai, this soil receives more rainfall than is typical
of the series. The natural vegetation consists of guava,
honohono, kukui, and hala.

In a representative profile the surface layer is dark-
brown clay loam about. 22 inches thick. The next layer
is dark-brown stratified sandy loam 32 inches thick. The
substratum is stony and gravelly. The soil is neutral in
reaction throughout the profile.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is no more than slight. The available water
capacity is about 1.8 inches per foot in the surface layer
and about 1.6 inches per foot in the subsoil. In places
roots penetrate to a depth of 5 feet or more. In some
places this soil is subject to flooding.

Representative profile: Island of Oahu, lat. 21°24’26”
N. and long. 157°59’08” W.

Apl—O to 12 inches, dark-brown (7.5YR 4/2) clay loam, very
dark brown (7.SYR 2/2) when moist; weak, medium
and. coarse, granular structure; hard, firm, sticky
and plastic; abundant fine and very fine roots; coin
men, fine, tubular and interstitial pores; 5 percent
rounded basaltic gravel; moderate effervescence with
hydrogen peroxide; neutral; gradual, smooth bound
ary. 0 to 12 inches thick.

Ap2—12 to 22 inches, dark-brown (75YR 4/4) clay loam,
dark brown (T.5YR 3/2) when moist; weak, medium
and coarse, subangular blocky structure; hard, firm,
sticky and plastic; abundant roots; common, fine
and very fine, tubular pores; 5 percent rounded
basaltic gravel; moderate effervescence with hydro
gen peroxide; neutral; clear, smooth boundary. 6 to
10 inches thick.

IIC1—22 to 32 inches, dark-brown (7.5YR 4/4) sandy
loam; massive; slightly hard, very friable, slightly
sticky and slightly plastic; abundant fine and very
fine roots; common, fine, tubular pores; 5 percent
rounded basaltic gravel; moderate effervescence with
hydrogen peroxide; neutral; gradual, smooth bound
ary. 8 to 10 inches thick.

111C2—32 to 54 inches, dark-brown (7.5YR 4/4) sandy loam;
massive; slightly bard, very friable, slightly Sticky
and slightly plastic; plentiful very fine and fine
roots; common, fine, tubular pores; stratified bands
of sand, silt, and gravel; moderate effervescence with
hydrogen peroxide; neutral.

The A horizon ranges from 5YR to 1OYR in hue, from 2 to
8 in value when moist, and from 2 to 3 in chroma. It ranges
from clay loam to silty clay loam In texture and in places is
gravelly or stony. The C horizon is variable within short
distances and is strongly stratified. It ranges from sandy
loam to silty clay loam In texture.

This soil is used for sugarcane, truck crops, pasture,
and orchards. (Capability classification I if irrigated,
lic if nonirrigated; sugarcane group 1; pasture group 3;
woodland group 1)

Kawaihapai clay loam, 2 to 6 percent slopes [K!8).—On
this soil, runoff is slow and the erosion hazard is slight.
This soil is used for sugarcane, truck crops, and pasture.
(Capability classification lie, irrigated or nomrrigated;
sugarcane group 1; pasture group 3; woodland group 1)

Kawaihapai clay loam, 6 to 15 percent slopes (K)C).—
On this soil, runoff is slow to madnun and the erosion
hazard is slight to moderate. Workability is slightly
difficult because of the slope. Included in mapping were
small, very stony areas in drainageways.

This soil is used for sugarcane and pasture. (Capabil
ity classification Tile, irrigated or nonirrigated; sugar-
cane group 1; pasture group 3; woodland group 1)

Kawaihapai stony clay loam, 0 to 2 percent slopes
(KhA).—This soil is similar to Kawaihapai clay loam, 0 to
2 percent slopes, except that there arc enough stones to
hinder, but not prevent, cultivation. Workability is
slightly difficult because of stoniness.

This soil is used for suga.rcane, truck crops, and pas
ture. (Capability classification Us, irrigated or nonirri
gated; sugarcane group 1; pasture group 3; woodland
group 1)

Kawaihapai stony clay loam, 2 to 6 percent slopes
(KIaB).—This soil is similar to Kawaihapai clay loam, 0 to
2 percent slopes, except that there are enough stones to
hinder, but not prevent, cultivation. Runoff is slow, and
the eroson hazard is slight.

Included in mapping were small areas of silty clay
and small areas where the slope is 6 to 15 percent.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification TIe, irrigated or nonirri
gated; sugarcane group 1; pasture group 3; woodland
group 1)

Kawaihapai very stony clay loam, 0 to 15 percent
slopes (KIbC).—This soil is similar to Kawaihapai clay
loam, 0 to 2 percent slopes, except that it has enough
stones to prevent cultivation. Runoff is medium, and the
erosion hazard is moderate. Workability is impractical
unless the stones are removed.

This soil is used for pasture. (Capability classification
VIs, nonirrigated; pasture group 3; woodland group 1)

Kawaihapai silty clay loam, 2 to 7 percent slopes
(KFcB).—This soil occurs in narrow drainageways near
Kalac, Molokai. In places t.he slope is as much as 12
percent near the walls of gulches.

This soil differs from the typical Kawaihapai soil in
the following respects: It occurs at higher elevations
(750 to 1,750 feet); the annual rainfall amounts to 40 to
55 inches; and the soil is strongly acid in the surface
layer and medium acid in the subsoil.

This soil is used for pasture. Nearly all areas are in
kikuyurass and kaimiclover. The soil receives runoff
from higher areas; and, consequently, lack of moisture
is less limiting than on the surrounding soils. (Capabil
ity classification lie, irrigated or nonirrigated; sugar-
cane group 1; pasture group 3; woodland group 1)

Keaau Series
This series consists of poorly drained soils on coastal

plains on the island of Oahu. These soils developed iii
alluvium deposited over reef limestone or consolidated
coral sand. They are nearly level and gently sloping.
Elevations range from 5 to 40 feet. The annual rainfall
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amounts to 20 to 35 inches. Most of the rainfall occurs
between November and April. The mean annual soil
temperature is 73° F. Keaau soils are geographically
associated with Kaloko, Mokuleia, and Pearl Harbor
soils.

These soils are used for sugarcane and pasture. The
natural vegetation consists of kiawe, bermudagrass,
bristly foxtail, and fingergrass.

Keaau clay, 0 to 2 percent slopes [KmA).—This soil
occurs on lowlands on the coastal plains. Included in
mapping were small areas of coral sand and dark-
colored, sticky and plastic clay on fans above the Keaau
soils.

In a representative profile the surface layer is very
dark grayish-brown clay about 15 inches thick. The sub
soil, about 19 inches thick, is very dark grayish-brown
and dark-brown, mottled clay that has subangular and
angular blocky structure. The substratum is white to
very pale brown reef limestone or consolidated coral
sand. The soil is mildly alkaline in the surface layer and
subsoil and moderately alkaline in the substratum. The
water table is at a depth of 1i to 3 feet.

Permeability is slow. Runoff is slow, and the erosion
hazard is no more than slight. The available water capac
ity is about 1.5 inches per root of soil. Roots are restricted
by the consolidated coral sand, reef limestone, and water
table.. Workability is difficult because the soil is very
sticky and very plastic. The shrink-swell potential is
high.

Representative profile: Island of Oahu, lat. 21°34’44”
N. and long. 158°09’13”

Ap—4 to 1° inches, very dark grayish-brown (1OYR 3/2) clay,
very dark grayish brown (1OYR 4/2) when dry;
moderate, fine and very fine, granular structure; hard,
firm, very sticky and very plastic; abundant very fine
and fine roots; common medium, fine, and very fine
interstitial pores; common wormholes arid worm
casts; many coral sand grains; few fine fragments of
weathered basalt; few, fine, faint, brown mottles;
slight effervescence with hydrogen peroxide; slight
effervescence with hydrochloric acid; mildly alka
line; clear, wavy boundary. 10 to 15 inches thick.

B21—15 to 26 inches. very dark grayish-brown (1OYR 3/2)
silty clay; moderate, fine and medium, subangular
and angular blocky structure; hard, firm, Sticky and
plastic; plentiful fine and very fine roots; many, very
fine, tubular pores; few coral sand grains; few highly
weathered basalt fragments; continuous pressure
eutans; few. fine, faint, brown mottles; slight effer
vescence with hydrogen peroxide; slight effervescence
with hydrochloric acid on sand grains but none on
soil mass; mildly alkaline; clear, wavy boundary. 8
to 12 inches thick.

B22—26 to 34 inches, dark-brown (75YR 3/2 moist, 7.5YR
4/2 dry) clay; strong, very fine and fine, subangular
and angular blocky structure; extremely hard, firm,
very sticky and very plastic; plentiful fine and very
fine roots; common, very fine and fine, tubular pores;
many, fine, distinct, yellowish-red (SYR 4/6 dry))
mottles in pores and on ped faces; continuous pres
sure cutans; few, fine, highly weathered basalt frag
meats; strong effervescence with hydrogen peroxide;
mildly alkaline; abrupt, smooth boundary. (S to 8
inches thick.

IIOlm—34 to 39 inches, variegated pattern of white to light
brownish-gray (1OYR 8/2 to 1OYR 6/2) fine shell
fragments and coral sand; very hard and consoli
dated; no roots; few fine pores; slight effervescence
with hydrogen peroxide; violent effervescence with
hydrochloric acid; moderately alkaline; abrupt, wavy
boundary. 3 to 10 inches thick.

111C2—39 to 57 inches, very pale brown (1OYR 7/3), moist
and dry, coral sand; single grain: water table in
this layer; moderately alkaline.

The depth to consolidated coral sand or reef limestone
ranges from 24 to 35 inches. The A horizon ranges from 1 to
2 in chrbma. The 8 horizon ranges from silty clay to clay
in texture and from 1OYR to 7.SYR in hue. The degree of
mottling is variable and ranges from faint to distinet through
out the B horizon.

This soil is used for suarcane and pasture. (Capabil
ity classification 111w if irrigated, Vw if nonirrigated;
sugarcane group 3; pasture group 7; woodland group 4)

Keaau stony clay, 2 to 6 percent slopes (KmaB).—This
soil has a profile like that of Keaau clay, 0 to 2 percent
slopes, except that there are sufficient stones to hinder
machine cultivation. Runoff is slow, and the erosion
hazard is slight.

This soil is used for sugarcane and pasture. (Capabil
ity classification 111w if irrigated, Vw if nonirrigated;
sugarcane group 3; pasture group 7; woodland group 4)

Keaau clay, saline, 0 to 2 percent slopes lKmbA).—This
soil has a profile like that of Keaan clay, 0 to 2 percent
slopes, except that. it is strongly affected by salts. It
occurs in depressions adjacent to the ocean or in
pockets within the limestone areas where seepage water
evaporates. The surface structure is .platy or vesicular.
The dominant, vegetation is picklerweed; some areas are
barren.

Under natural conditions, this soil is either idle or is
used for pusture. Many areas, however, are being drained
and filled for use for sugareane, industrial sites, home
Sltes, and parks. New sugarcane areas are made by
dramnn and filling with waste from sugarcane mills.
(Capability classification VIw, nonirrigated; pasture
group 7; woodland group 4)

Keahua Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently
sloping to moderately steep. Elevations range from 600
to 1,500 feet. The annual rainfall amounts to 15 to 25
inches. The mean annual soil temperature is ‘73° F.
Keahua soils are geographically associated with Hali
imaile. Molokai, Paia, and Waiakoa soils.

These soils are used for sugarca.ne, pasture, and wild
life habitat. Small acreages are used for pineapple, truck
crops, and homesites. The natural vegetation consists of
buffelgrass. feather flngergrass, ilima, kiawe. lantana,
pitted beardgrass, and uhwloa.

Keahua silty clay loam, 3 to 7 percent slopes fKnB).—
This soil is on uplands. Included in mapping were small
areas of 1-Ia.liima.ile and Molokai soils, and smak areas
that are 20 to 40 inches deep over soft, weathered basic
igneous rock. Also included weru small areas of silty
clay and some areas that are nearly level.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 10 inches thick. The
subsoil, about 50 inches thick, is dark reddish-brown
silty clay loam and very dark gray clay loam that has
subangular blocky structure. The substratum is domi
nantly soft, weathered basic igneous rock. The soil is
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slightly acid in the surface layer and slightly acid to
neutral in the subsoil.

Permeability is moderate. Runoff is slow, and the ero
sian hazard is slight. The available water capacity is
about 1.3 inches per foot of soil. In places roots pene
trate to a depth of 4 feet or more.

Representative profile: Island of Maui, lat. 20°49’56”
N. arid long. 156°23’08” W.

Apl—0 to 5 inches, dark reddish-brown (5YR 3/2) silty
clay loam, dark reddish brown (5YR 3/3) when dry;
weak, very fine, granular structure and weak, very
fine and fine, subangular blocky; common clods up to
2 inches in diameter; soft friable, slightly sticky
and. plastic; plentiful roots; many very fine pores;
common saud-size aggregates that are resistant to
crushing; common, fine, black concretions; violent
effervescence with hydrogen peroxide; slightly acid;
gradual, wavy boundary. 3 to 6 inches thick.

Ap2—5 to 10 inches, dark reddish-brown (5YR 3/3) silty
clay loam, dark reddish brown (5YR 3/4) when dry;
weak, coarse and medium, subangular blocky struc
ture; common clods up to 2 inches in diameter; soft,
friable, slightly sticky and plastic; abundant roots;
zany very fine pores; common sand-size aggregates
that are resistant to crushing; common, fine, black
coacretions; violent effervescence with hydrogen
peroxide; slightly acid; clear, wavy boundary. 4 to 6
inches thick.

B1—10 to 15 inches, dark reddish-brown (5YR 3/3) silty
clay loam, dark reddish brown (5YR 3/4) when dry;
weak, coarse and medium, subangular blocky struc
ture; soft, very friable, slightly sticky and plastic;
plentiful roots; many fine pores; few sand-size
aggregates that are resistant to crushing; few, fine,
black concretions; strong effervescence with hydro
gen peroxide; slightly acid; gradual, wavy boundary.
4 to 7 inches thick.

B21—15 to 24 inches, dark reddish-brown (5YR 3/3) silty
clay loam, dark reddish brown (5YR 3/4) when dry;
moderate, medium and fine, subangular blocky struc
ture; sllghtly hard, friable, slightly sticky and plas
tic; few roots; many fine and medium pores; firm in
place; few sand-size aggregates that are resistant to
crushing; few, fine, black concretions; strong effer
vescence with hydrogen peroxide; slightly acid; clear,
wavy boundary. S to 11 inches thick.

B22—24 to 33 inches, dark reddish-brown (5R 3/3) silty
clay loam, dark reddish brown (5YR 3/4) when dry;
moderate, fine and very fine, subangular blocky
structure; slightly hard, firm, slightly sticky and
plastic; few roots; common fine and medium pores;
nearly continuous pressure cutans; firm in place;
few, fine, black concretions; slight effervescence with
hydrogen peroxide; slightly acid; clear, wavy bound
ary. S to 11 inches thick.

11B3—33 to 62 inches, very dark gray (1OYR 3/1) clay loam,
dark gray (1OYR 4/1) when dry; moderate, fine
and very fine, subangular blocky structure; hard,
firm, slightly sticky and plastic; few fine roots; com
mon fine pores; nearly continuous pressure cutans;
firm in place; many sand-size aggregates that are
resistant to crushing; neutral; gradual, wavy bound
ary. 27 to 32 inches thick.

II—62 to 70 inches, very dark gray (1OYR 3/1) clay loam,
dark gray (1OYR 4/1) when dry; moderate, fine and
very fine. subangulnr blocky structure; hard, firm,
slightly sticky and plastic; few fine roots; common
fine pores; nearly continuous pressure cutans; firm
in place; many sand-size aggregates that are resist
ant to crushing; contains 60 to 70 percent highly
weathered rock fragments.

The solum is more than 60 inches thick. The A horizon
ranges from 5YR to 7.5YR in hue; from 2 to 3 in value when
moist or dry; and from 2 to 3 in ebroma when moist and
2 to 4 when dry. The B horizon ranges from 2 to 3 in value

when moist and 3 to 4 when dry, and from 1 to 4 in chroma
when moist or dry.

This soil is used for sugarcane. Small areas are used
for pineapple, pasture, and truck crops. (Capability
classification He if irrigated, lYe if nonirrigated; sugar-
cane group 1; pineapple group 2; pasture group 2)

Keahua silty clay loam, 7 to 15 percent slopes (KnC).—
On this soil, rtmoff is slow to medium and the erosion
hazard is slight to moderate.

This soil is used for sugarcane and pasture. Small
acreages are used for pineapple and truck crops. (Capa
bility classification Ille if irrigated, lYe if nonirrigated;
sugarcane group 1; pineapple group 3; pasture group 2)

Keahua cobbly silty clay loam, 3 to 7 percent slopes
(KnaB).—This soil has a profile like that of Keahua silty
clay loam, 3 to 7 percent slopes, except that it is cohbly
on the surface. Included in mapping were small areas
that are 20 to 40 inches deep over soft, weathered basic
igneous rock. Also included were small areas of silty clay.

This soil is used for sugarcane. A few acres are used
for truck crops. (Capability classification TIe if irrigated,
IVs if nonirrigated; sugarcane group 1; pasture group 2)

Keahua cobbly silty clay loam, 7 to 15 percent slopes
(KnaC).—On this soil, runoff is slow to medium and the
erosion hazard is slight to moderate. Included in mapping
were small areas that are 20 to 40 inches deep over soft,
weathered basic igneous rock.

This soil is used for sugarcane and pasture. A few
acres are used for truck crops. (Capability classification
TIle if irrigated, lYe if nonirrigated; sugarcane group
1; pasture group 2)

Keahua cobbly silty clay loam, 15 to 25 percent slopes
(KnaD).—On this soil, runoff is medium and the erosion
hazard is moderate. Included in mapping were small
areas that are not cobbly. Also included were a few steep
areas.

This soil is used for sugarcane and pasture. (Capabil
ity classification IVe, irrigated or nonirrigated; sugar-
cane group 1; pasture group 2)

Keahua very stony silty clay loam, 7 to 25 percent
slopes tKnbD).—This soil has a profile like that of Keahua
silty clay loam, 3 to 7 percent slopes, except that stones
cover as much, as 3 percent of the surface. Runoff is slow
to medium, and the erosion hazard is slight to moderate.

Included in mapping were small areas that are 20 to
40 inches deep over soft, weathered basic igneous rock.
In a few places stones cover 3 to 15 percent of the surface.

This soil is used for pasture and wildlife habitat.
(Capability classification VIs, nonirrigated; pasture
group 2)

Keahua silty clay, 7 to 15 percent slopes (KncC).—Qn
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate. Included in mapping were small
areas that are 20 to 40 inches deep over soft, weathered
basic igneous i-ock.

This soil is used for pineapple, pasture, and homesites.
(Capability classification IIIe if irrigated, Die if non-
irrigated; sugarcane group 1; pineapple group 3; pas
ture group 2)

Keahua cobbly silty clay, 7 to 15 percent slopes
(KnhC).—Ofl this soil, runoff is slow to mediiun and the
erosion hazard is slight to moderate. Included in mapping
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were small eras that itre 2.0 to lO Inches drap over soft,
weathered basic igneous york.

‘rhis soil is used for arc, Smail aercagus nr used
for irurk epa. (Gapabiitv c sit etion l.lI if irri
gated, Ire if nonirrigated; sugarcane groap J ; piatura
group 2)

Keahun stony silty clay, 7 to 15 percent slopes
(nsCJ.—Qn this soil runoff is slow to ndium and the.
erosion hazard is slight to moderate. lnIudrd in mapping
were sinai], moderately steep areas.

This soil is used for pasture end wildlife ]mbi at
(;apbility cia iileatkm II.le if irriga(cd IVe i non
irrigated; a garcanti roup 1; pasture group 2)

Kealia Sries
This series naisla of sonewhat poorly dusined oar)

poorly drained oil on coastal flats (fig. 6) on the ha
md if Molkai and MauL Thsa soils are nearly let ci.

Elevations range from sea level to JO feeL The annual
rainfall amounts to 10 to 2fi inc.hes The mean annual 5oiI
temperature is 75 F, lCealiw soils are geograp]i ically
ussoerntrd with Jauras, Mala, and Pnkhn soils.

These soils are used for wildlife habitut pasture, and
urban development. The natural vegetation consists of
salt4olerant plants, such as pickiewrd, Australian salt—
bush, and kiewe. 1iawo is generally stunted and grows
in the better dvii teed areas. Large areas are barrett

Kealla silt loam )KMWL—Tl’is soil is poorly drained
and has a high content, of salt. Poiid.m oceurs itt low
areas after a Iuaivv rain. When the. soi.l dries, salt crystals
accumulate on Pm surface. The soil has a brackish water
I able that llucititnles wIth the idea [lie water tisbie is
ttrsuer the surface along the shoreline than in nulfud
areas. The slope ranges froni 0 lu I percimt

In a representaLve profile the surfare layer is dark
uedd2sh—browi 5ili, loam about i inches thick. Ilelow this
arc stratified lovers of silt loom, haim, and fine simdv
Jaunt. A braddaha water table occurs as a depth of 12 to 4t)

inches. The suhsm’fac layers are dark rcddih brown to
clark reddish gray in the upper part and dark grayish
brm n to black near the zone of tlr water table, The soil
has a. high concentration of salts nd is moderately
alkaline.

l’ermeahiiitv is moderately rapid. Runoff is slow to
very show. The banird of waler eroSiOft is ito more tletn
slight, bitt [lie hazard of wind eroahirm is severe when this
soil is dry mmd the sarfoec layer brme ioosc end fluffy.

Representative, profile Island of 1[olokn.i,IaL 21OC[l3O’
N. and long. 157005P01?l W.

i I a 0 Jr rclre, rtark ilshrrovn G’Y It 3/Et
oral Ory. alit latna ; moderate, medium and tutu, ptaty
strurturC; tard, trhriIe siigbtly SLleky and non

tow roots; amur vory dna, tine, intO nsecUum
prea; b,nnding of dnrkbrown 3/21 materIal
tiart has ahailar textOfe and St irtaro moderately
atinnittle; clear, vncy boundary. C to 4 hiebes thicic.

Fi0ur -TypicaI ‘view of Kealla Ht loam. Poor drtdnnne rind saline cmnditions restrict vegetation to salt-tolerant plants, such as
pickieweeti, Many areas are barremt
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Clsa—3 to 8 inches, dark reddish-brown (5YR 3/3) silt loam,
reddish brown (5YR 4/3) when dry; weak, medium
and thin, platy- structure breaking to weak, medium
and fine, subangular blocky; soft, friable, slightly
sticky and nonpiastic; few roots; few pores; slight
effervescence with hydrogen peroxide; slight effer
vescence with hydrochloric acid; moderately alka
line; clear, -wavy boundary. 4 to 6 inches thick.

C2sa—S to 19 inches, dark reddish-brown (5YR 3/3) loam,
reddish brown (5YR 4/3) when dry; massive; soft,
very friable, nonsticky and nonpiastic: common roots;
many interstitial pores; the lower 4 inches has weak,
thin, piety structure and contains some black sand
between the plates; has a pseudosand appearance
under hand lens few black concretions less than 1
millimeter in size; slight effervescence with hydrogen
peroxide; slight effervescence with hydrochloric acid;
moderately alkaline; clear, wavy boundary. 10 to
12 inches thick.

CSsa—19 to 27 inches, dark reddish-brown (5YR 3/3) fine
sandy loam, reddish brown (5YR 4/3) when dry;
weak, fine, subangular blocky structure; slightly
hard, friable, slightly sticky and nonpiastic; many
roots; many fine pores; few black concretions less
than 1 millimeter in size; slight effervescence with
hydrogen peroxide or hydrochloric acid; moderately
alkaline; abrupt, wavy boundary. 4 to 9 inches thick.

C4sa—27 to 34 inches, black (10YB 2/1) fine sandy loam,
dark gray (IOYR 4/1) when dry; single grain;
loose, nonbicky and nonplastie; few roots; common
pieces of weathered coral up to 2 inches in diameter;
slight effervescence with hydrochloric acid; mildly
alkaline; clear, wavy boundary. 3 to S inches thick.

C5sa—34 to 63 inches, black (1OYR 2/1) silt loam, dark
gray (1OYR 4/1) when dry; massive; bard, very
friable, slightly sticky and slightly plastic; common
pieces of weathered coral up to 2 inches in diameter;
water table begins at a depth of 35 inches; slight
effervescence with hydrochloric acid; mildly alkaline.

The A horizon has ilaty structure in places or it is loose
and fluffy. It ranges from silt loam to silty clay loam in
texture. The depth to the water table ranges from 12 to 40
Inches.

This soil is used for wildlife habitat and pasture, but
it has low grazing value. It is not used for crops, because
of poor drainage and high salt content. Small areas are
used for urban development. (Capability classification
VHw, nonirrigated; pasture group 1)

Keawakapu Series
This series consists of well-drained, extremely stony

soils on uplands on the island of Maui. These soils devel
oped in volcanic ash. They are gently sloping to moder
ately steep. Elevations range from 100 to 800 feet. The
annual rainfall amounts to 10 to 20 inches. Most of the
rainfall occurs in fall and winter. The mean annual soil
temperature is 76° F. Keawakapu soils are geographically
associated with Kamaole, Makena, and Oana.puka soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of feather fingergrass,
iliina, kia.we, uhaloa, and zinnia.

Keawakapu extremely stony silty clay loam, 3 to 25
percent slopes (KNXD).—This soil is on low uplands. In
cluded in mapping were small areas of Kamaole and
Oanapuka soils.

In a representative proffle the surface layer, about 2
inches thick, is dark reddish-brown extremely stony silt
loam that has platy structure. The subsoil, about 16
inches thick, is dark reddish-brown silty clay loam and
silty clay that has prismatic and subangular blocky struc

ture. The substratum is fragmental Aa lava that has a
little soil material in the voids. The soil is neutral in the
surface layer and subsoil.

Permeability is moderate. Runoff is slow to medium,
and the erosion hazard is slight to moderate. The avail
able water capacity is about 1.5 inches per foot of soil. In
places roots penetrate to a depth of 30 inches.

Representative proffle: Island of Maui, lat. 20°48’12”
N. and long. 156°25’58” W.

A1—0 to 2 inches, dark reddish-brown (5YR 3/3) extremely
stony silt loam, reddish brown (5YR 4/4) when dry;
moder-ate, medium and thick, platy structure; soft,
very friable, slightly sticky and slightly plastic;
plentiful fine roots; common fine and very fine
pores; has gritty feel; few, fine, black coucretions;
15 to 30 percent stones; delayed strong effervescence
with hydrogen peroxide; neutral; clear, wavy
boundary. 1 to 4 inches thick.

B21—2 to 9 inches, dark reddish-brown (5YR 3/3) very stony
silty clay loam, dark reddish brown (5YR 3/4) when
dry; weak, coarse, prismatic structure; soft, friable,
sticky and plastic; plentiful fine roots; common ne
pores; few, hard, sand-size aggregates that are resist
ant to crushing; few, fine, black coneretions; 15 to 30
percent stones; strong effervescence with hydrogen
peroxide; neutral; gradual, wavy boundary. S to 10
inches thick.

B22—9 to 18 inches. dark reddish-brown (SYB. 3/3) silty
clay, dark reddish brown (5YR 3/4) when dry;
moderate, fine and very fine, subangular blocky
structure; slightly hard, friable, sticky and plastic;
few fine roots; many fine and medium pores; nearly
continuous, thin coatings on peds; common, hard,
sand-size aggregates that are resistant to crushing;
about 5 percent cobblestones and stones; few, fine,
black concretions; strong effervescence with hydro
gen peroxide; neutral; clear, wavy boundary. 7 to 10
inches thick.

IIC—18 inches, fragmental Aa lava that contains a little soil
material in the voids.

The depth of the soil over fragmental Aa lava ranges from
12 to 30 inches. Stones cover 3 to 15 percent of the surface.
The A horizon ranges from 5YR to 7.5YR in. hue, from 3 to 4
in value when moist, and from 2 to 3 iii chroma when moist
and 3 to 4 when dry. The B horizon ranges from 3 to 4 in
value when dry and from 3 to 4 in chroma when moist. The
texture is silty clay loam or silty clay. In a few places the
lower part of the B horizon and the 110 horizon effervesce
with hydrochloric acid.

This soil is used for pasture and wildlife habi
t.at. (Capability classification VIs, nonirrigated; pas
ture group 1)

Kekaha Series
This series consists of well-drained soils on alluvial

fans and flood plains on the island of Kauai. These soils
developed in alluvium washed from upland soils. They
are nearly level to steep. Elevations range from nearly
sea level to 150 feet. The annual rainfall amo’ants to 20
‘uo 25 inches. The mean annual soil temperature is 74° F.
Kekaha soils are geographically associated, with Lualua
lei and Nohili soils.

These soils are used for irrigated sugarcane, pasture,
and wildlife habitat. The natural vegetation consists of
koa haole, kiawe, klu, and flngergrass.

Kekaha silty clay, 0 to 2 percent slopes (KoA).—This
soil is on flood plains and alluvial fans. Included in map
ping were small areas of stony soils.



In a representative profile the surface layer is dark
redthsh—brown silty clay about 21 inches thick. The sub
soil is dark reddish-brown silty clay and clay more than
49 inches thick. The substratum is claycy alluvium. The
soil is mildly alkaline to neutral throughout the profile.

Permeability is moderate. Runoff is slow, and there is
no erosion hazard. The available moisture capacity is
about 1.8 inches per foot of soil. In places roots penetrate
to a depth of 5 feet or more.

Representative profile: Island of Kauai, lat. 21°59’O”
N. and long. 159°43’19” W.

In places the A horizon is extremely stony or is elay. The B

horizon ranges from 2.SYR to 5YR in hue.

This soil is used for irrigated sugarcane and pasture.
(Capability classification I if irrigated, IVc if nonirri
gated; sugarcane group 1; pasture group 2; woodland
group 4)

Kekaha silty clay, 2 to 6 percent slopes (KoB).—On this
soil, runoff is medium and the erosion hazard is slight to
moderate. Included in mapping were a few small areas of
stony soils and small areas where the slope is more than
6 percent.

This soil is used for irrigated sugarcane and pasture.
(Capability classification lie if irrigated, IVc if nonir
rigated; sugarcane group 1; pasture group 2; woodland
group 4)

Kekaha clay, 0 to 2 percent slopes (KobA).—This soil
is underlain by marine clay and has mottles in the sub-
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soil. Workability is difficult. Runoff is slow, and there is
no erosion hazard.

This soil is used for irrigated sugarcane and pasture.
(Capability classification I if irrigated, P/c if nonirn
gated; sugarcane group 1; pasture group 2; woodland
group 4)

Kekaha extremely stony silty clay loam, 0 to 35 per
cent slopes (KOYEI.—On this soil, runoff is slow to medium
and the erosion hazard is no more than moderate.

This soil is used for pasture and wildlife habitat.
(Capability classification VIs, nonirrigated; pasture
group 2; woodland group 4)

Kemoo Series
This series consists of well-drained soils on uplands on

the island of Oahu. These soils developed in material
weathered from basic igneous rock. They are gently slop
ing to very steep. Elevations range from 300 to 1,200 feet.
The annual rainfall amounts to 35 to 60 inches, most of
which occurs between November and April. The mean an
nual soil temperature is ‘il° F. Kemoo soils occur mainly
on the windward slopes of the Waianae Range and from
Waimea Bay to Kahuku on the Koolau Range. They are
geographically associated with Halawa Mahana, and
Paumalu soils.

These soils are used mainly for pasture. Small areas
are used for sugarcane. The natural vegetation consists
of guava, koa haole, Christmas berry, lantana, and
bermudagrass.

Kemoo silty clay, 12 to 20 percent slopes (KpD).—This
soil occurs on uplands. Included in mapping were small
areas of silty clay loam or silt loam. These areas are at
the higher elevations, The soils in these included areas
have a concentration of heavy minerals in the surface
layer. Also included were small, eroded spots and stony
areas.

In a representative profile the surface layer is very
dusky red to dark reddish-brown, subangular blocky silty
clay about 12 inches thick. The subsoil, about 55 inches
thick, is dark reddish-brown to dusky-red silty clay that
has subangular blocky structure. The substratum is soft,
weathered rock. The soil is slightly acid in the surface
layer and slightly acid to neutral in the subsoil.

Permeability is moderate to moderately rapid. Runoff
is medium, and the erosion hazard is moderate. The
available water capacity is 1.4 inches per foot of soil.
Workability is slightly difficult because of the slope. In
places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Oahu, lat. 21°33’OO”
N. and long. 15S007/23 W.
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Apl—O to 7 inches, dark reddish-brown (SYR 3/2) silty clay,
dark reddish brown (SYR 3/3) when dry; moderate,
fine and very fine, granular structure; very hard,
friable, sticky and plastic; plentiful roots; strong
effervescence with hydrogen peroxide; mildly alka
line; clear, smooth boundary. 6 to 8 inches thick.

Ap2—7 to 14 inches, dark reddish-brown (5YR 3/3), moist
and dry, silty clay; weak and moderate, fine and
very fine, subangu]ar blocky structure; very hard,
friable, sticky and plastic; plentiful roots; moderate
effervescence with hydrogen peroxide; mildly alka
line; clear, smooth boundary. 6 to 8 inches thick.

Alb—14 to 21 inches, dark reddish-brown (SYR 3/3) silty
clay; bands of dark reddish brown (5YR 2/2), red
dish brown (SYR 4/4) when dry; weak, fine, sub-
angular blocky structure; hard, friable, sticky and
plastic; plentiful roots; many fine and medium pores;
thin, patchy clay coatings in pores and on peds;
moderate effervescence with hydrogen peroxide;
mildly alkaline; abrupt, smooth boundary. 6 to 9
inches thick.

B21—21 to 28 inches. dark reddish-brown (5YR 3/3) silty
clay, dark reddish brown (5YR 3/4) when dry;
massive; medium, subangular blocky structure in
places; very hard, firm, sticky and plastic; fw roots;
many fine and medium pores; moderate effervescence
with hydrogen peroxide; mildly alkaline; gradual,
wavy boundary. 5 to 9 inches thick.

B22—28 to 44 inches, dark reddish-brown (2.5YR 3/4) clay,
reddish brown (2.5YR 4/3) when dry; weak, medium
and coarse, prismatic structure; very hard, firm,
stielcy and plastic: few roots; many fine and medium
pores; moderate effervescence with hydrogen perox
ide; mildly alkaline; gradual, wavy boundary. 12 to
20 inches thick.

B23—44 to 70 inches, dark reddish-brown (2.SYR 3/4) clay,
weak red (25Y1t 4/2) when dry; weak, medium,
subangular blocky structure; bard, firm, sticky and
plastic; few roots; many fine pores; common patchy
pressure cutans; vertical channels that exhibit coat
ings that look like clay films; moderate effervescence
with hydrogen peroxide; neutral.

Apl—0 to 4 inches, very dusky red (2.5YR 2/2) silty clay,
dusky red (2.5YR 3/2) when dry; moderate, very
fine, granular and subangular blocky structure; very
hard, firm, sticky and plastic; abundant fine, medi
um, and coarse roots; common, very fine and fine,
interstitial and tubular pores; strong effervescence
with hydrogen peroxide; slightly acid; clear, smooth
boundary. 3 to 5 inches thick.

Ap2—4 to 12 inches, dark reddish-brown (2.5YR 3/4), moist
and dry, silty clay; strong, very fine and fine, sub-
angular blocky structure; hard, firm, sticky and
plastic; abundant fine, medium, and coarse roots;
many, very fine, tubular pores; strong effervescence
with hydrogen peroxide; slightly acid; gradual,
smooth boundary. 6 to 9 inches thick.
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B1—12 to 20 inches, dark reddish-brown (2.5YR 3/4) silty
clay, dark red (2.5YR 3/6) when dry; moderate,
medium, subangular blocky structure breaking to
strong, fine and very fine, subangular blocky; hard,
firm, sticky and plastic; abundant floe, medium, and
coarse roots; many, very fine, tubular pores; thin,
patchy clay films on pod faces; slight effervescence
with hydrogen peroxide; slightly acid; abrupt,
smooth boundary. 6 to 8 inches thick.

B21t—20 to 34 inches, dark reddish-brown (2.5YR 3/4) silty
clay, dark red (2.5YR 3/6) when dry; moderate,
medium, subangular blocky structure breaking to
strong, very fine, subangular and angular blocky;
slightly hard, friable, sticky and very plastic; com
mon medium and fine roots; many, very fine and fine,
tubular pores; thin, continuous clay films on ped
faces and a few lined pores; slight effervescence with
hydrogen peroxide; neutral; clear, wavy boundary.
12 to 14 inches thick.

B22t—34 to 58 inches, dusky-red (1OYR 3/4) silty clay, dark
red (1011 3/4) when dry; moderate, medium and
coarse, subaugular blocky structure breaking to
strong, fine and very fine, angular and subangular
blocky; hard but brittle, friable, sticky and very
plastic; many medium, few fine and coarse roots;
common, very fine and fine, tubular pores; moderately
thick, continuous clay films on ped faces and in pores;
few slickensides: slight effervescence with hydrogen
peroxide; neutral; gradual, smooth boundary. 20 to26 inches thick.

B23t—58 to 66 inches, dusky-red (1OR 3/4) Silty clay, dark
red (lOB 3/4) when dry; moderate, medium and
coarse, subangular blocky structure breaking to
strong, fine and very fine, angular and subangular
blocky; hard but brittle, friable, sticky and very
plastic; few coarse roots; many, very fine, ftbular
pores; moderately thick, continuous clay films on ped
faces and in pores; common slickensides; slight
effervescence with hydrogen peroxide; neutral.

In most places there are no manganese concretions withinthe solum. In places there are a few stones or boulder cores.The A horizon ranges from 5YR to 25YR in hue, from 2 to
3 in value when moist or dry, and from 2 to 4 in chroina
when moist or dry. The B horizon ranges from 2.SYR to lOBin hue and from 4 to 6 in chroma when dry.

This soil is used mainly for pasture. Small areas at
lower elevations are used for sugarcane. (Capability
classification IVe, nonirrigated; suga.rcane group 1; pine
apple group 6; pasture group 5; woodland group 5)

Kemoo silty clay, 2 to 6 percent slopes (KpB).—On this
soil, runoff is slow to medium and the erosion hazard is
slight. Workability is easy.

This soil is used for sugarcaiie and pasture. (Capability classification lie, nonirrigated; sugarcane group 1;pineapple group 5; pasture group 5; woodland group 5)
Kemoo silty clay, 6 to 12 percent slopes (KpC).—On this

soil, runoff is medium and the erosion hazard is slight to
moderate. Workability is slightly difficult because of the
slope. Included in mapping were smafl, eroded areas.

This soil is used for sugarcane and pasture. (Capabilityclassification Ille, nonirrigated; sugarcane group 1;pineapple group 6; pasture group 5; woodland group 5)
Kenioo silty clay, 20 to 35 percent slopes (KpE).—On

this soil, runoff is medium to rapid and the erosion haz
ard is moderate to severe. Workability is difficult because
of the slope. Included in mapping were small, eroded
spots and areas of Stony land and of Rock outcrop.

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 5; woodland group 5)

Kemoo silty clay, 35 to 70 percent slopes (KpF).—This
soil occurs on side slopes along drainageways. Runoff is

rapid, and the erosion hazard is severe. Included in map
ping were small, eroded spots, stony areas, and outcrops.

This soil is used for pasture. (Capability classifica
tion Vile, nonirrigated; pasture group 5; woodland
group 15)

Kemoo-Badland complex (KPZ).—Kernoo silty clay
makes up 40 to 80 percent of this complex. The slope
ranges from 10 to 70 percent. Rnuioff is medium to rapid,
and the erosion hazard is moderate to severe. Badland
consists of nearly barren areas that have remained after
removal of the Kemoo soil by erosion. On this soil, runoff
is rapid and the erosion hazard is very severe. About 80
percent of Badland is oriented in the direction of the
trade winds.

Included in mapping were small areas of Rock outcrop,
Stony land, Stony steep land, and Rock land.

This complex is used for pasture. (Kemoo part is in
capability classification Vile, nonirrigated; pasture
group 5; woodland group 5. Badland part is in capability
classification Ville)

Koele Series
This series consists of well-drained soils on fans and

in drainageways on the islands of Lanai, Maui, and Mob
kai. These soils formed in alluvium derived from basic
igneous material. They are gently sloping to steep. Ele
vations are mainly between 1,000 and 2,000 feet, but
some areas are near sea level. The annual rainfall
amounts to 15 to 35 inches, except that on Maui it
amounts to 35 to 50 inches. Most of the rainfall occurs
from November to April. The mean annual soil temper
ature is about 68G F. Koele soils are geographically asso
ciated with Alaeloa, Kanepuu, and Lahaina soils.

These soils are used for pineapple, pasture, and wild
life habitat. The natural vegetation consists of lantana,
Natal redtop, dallisgrass, molassesgrass, and pilipil iula.

Koele silty clay loam, 3 to 7 percent slopes (KrB) .—This
soil occurs on. fans and in drainageways.

In a representative proffle the surface layer is dark-
brown silty clay loam about 18 inches thick. The next
layer, 30 to more than 40 inches thick, consists of strati
fied, dark-brown alluvium that ranges from silty clay
loam to coarse sandy loam in texture. The soil is slightly
acid to medium acid, except that the surface layer is gen
erally very strongly acid in areas used for pineapple.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.6 inches per foot
of soil. In places roots penetrate to a depth of 5 feet or
more.

Representative profile: Island of Lanai, lat. 20°51’54”
N. and long. 156°57’07” W.

Ap—O to 18 inches, dark-brown (7.5Y11 3/2) silty clay loam,
brown (7.5YR 4/2) when dry; strong, fine, subangu
mr blocky structure breaking to strong, fine, graa.
ular; hard, friable, slightly sticky and slightly
plastic; many fine and medium roots; many, fine
and medium, interstitial pores; 15 percent pebblesize rock fragments; moderate effervescence with
hydrogen peroxide; very strongly acid; abrupt,
smooth boundary. 17 to 19 inches thick.

AC—iS to 33 inches, dark-brown (7.SYR 3/2) silty clay loam,
brown (7.5YR 4/2) when dry; weak, fine, subangular
blocky structure; hard, friable, slightly sticky and
slightly plastic; very few roots in upper part; corn-
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mon interstitial pores; 20 percent pebble-size rock
fragments; moderate effervescence with hydrogen
peroxide; medium acid; abrupt, wavy boundary. 13
to 17 inches thick.

01—33 to 36 inches, dark-brown (7.5YR 3/2) sandy clay
loam, dark reddish gray (5YR 4/2) when dry;
massive; hard, friable, slightly sticky and slightly
plastic; 80 percent coarse sand and fine gravel; no
effervescence with hydrogen peroxide; medium acid;
abrupt, wavy boundary. 2 to 5 inches thick.

1102—36 to 43 inches, dark-brown (7.5YR 3/2) silt loam,
brown (7.5YR 4/2) when dry; weak, very fine, sub-
angular blocky structure; hard, friable, slightly
sticky and slightly plastic; common, fine, interstitial
pores; 20 percent fine sand and fine gravel in pock
ets; slightly acid; clear, wavy boundary. 5 to 9
inches thick.

11103—43 to 55 inches, dark-brown (7.SYR 3/2), stratified
fine sand and coarse sandy loam, brown (7.5YR 4/2)
when dry; single grain, but some parts are massive;
soft, friable, slightly sticky and slightly plastic; com
mon, fine, weathered rock particles that break down
to clay loam after prolonged rubbing; slightly acid.

The depth to bedrock is more than 5 feeL In some places a
few stones and coarse gravel occur on the surface and
throughout the profile. The thickness, texture, and contistence
of the layers in the C horizon vary considerably within a
short distance. The texture of the layers is fine sand, coarse
sandy loam, coarse sandy clay loam, silt loam, or silty clay
loam. The thickness of the contrasting textural layers ranges
from i/, inch to more than 12 inches.

Nearly all of this soil is used for pineapple. (Capabil
ity classification lie if irrigated, TIIc if nonirrigated;
pineapple group 2; pasture group 3)

Koele silty clay loam, 7 to 15 percent slopes (KrCJ.—On
this soil, runoff is medium and the erosion hazard is mod
erate. Workability is slightly difficult because of the
slope.

This soil is used for pineapple and wildlife habitat.
(Capability classification Tile, irrigated or nonirrigated;
pineapple group 3; pasture group 3)

Koele silty clay loam, 15 to 25 percent slopes (KrD ).—
This soil occurs on foot slopes adjacent to very steep
mountamsides. Runoff is medium, and. the erosion hazard
is moderate to severe. Workability is difficult because of
the slope. There are a few gullies.

This soil is used for pasture and wildlife habitat.
(Capability classification lYe, irrigated or nonirrigated;
pineapple group 3; pasture group 3)

Koele-Badland complex (KRL).—This complex occurs
mainly in large gulches. It consists of Koele soils at the
bottoms of gulches and l3adland on the sides of gulches.
The Koele soils are similar to Koele silty clay loam, 3 to
7 percent slopes, except that the slope is mainly 7 to 20
percent. These soils make up 60 to 80 percent of the acre
age. Badland consists of highly weathered rock, mainly
along the sides of gulches. It makes up 20 to 40 percent
of the acreage. Tile slope is 40 to 70 percent. There are a
few rock outcrops and scattered stones and boulders. In
most places there are many deep, vertical gullies on the
Koele soils where the slope is more than 10 percent. The
Koala soils are easily eroded if they are bare of vegeta
tion. Vegetation on these soils consists of inolassesgrass,
dallisgrass, pilipiiula, lantana, and Natal redtop. The
Badland part of this complex has little vegetation, and
many of the areas are bare.

A small area of this complex occurs near Cape Halawa,
Molokai. It is at elevations ranging from nearly sea level
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to 500 feet. Another area occurs in Lanai at elevations of
more than 1,000 feet.

This complex is used for pasture and wildlife habi
tat. (Koele part is in capability classification VIe, non-
irrigated; pasture group 3. Badland part is in capability
classification Yule)

Koele rocky complex (KRX).—This complex occurs near
Nakalele Point on West Maui. The topography is hilly.
The slope is mainly 20 to 35 percent but ranges from 15
to 60 percent. The Koele soils have a profile like that of
Koele silty clay loam, 3 to 7 percent slopes, except that
the texture throughout the profile is mainly clay loam.
These soils make up 30 to 50 percent of the complex. The
remaining area consists of rocky gulches and knolls.
Stony areas are common, especially on knolls. Most areas
are covered with brushy vegetation, such as lantana,
guava, and Christmas berry. Grasses are common among
the brush. A few areas are bare, and wind and water ero
sion are active.

This complex is used for pasture. (Capability classifi
cation VIs, nomrrigated; pasture group 3)

Kokee Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
weathered from basic igneous rock, probably mixed with
volcanic ash. They are gently sloping to very steep. Ele
vations range from 3,400 to 1,200 feet. The annual rain
fall amounts to 60 to 70 inches. The mean annual soil
temperature is 59° F. Kokee soils are geographically
associated with Paa.iki and Kunuweia soils.

These soils are used for water supply, wildlife habitat,
and woodland. The natural vegetation consists of ohia
lehua, puakeawe, blackberry, yellow foxtail, koa, plan
tain, uki uki, redwood, and associated plants.

Kokee silty clay loam, 0 to 35 percent slopes (KSKE).—
This soil is undulating to steep nnd occurs on uplands. In
cluded in mapping were some small, narrow areas of al
luvial soils.

In a representative profile the surface layer, about 8
inches thick, is dark-brown silty clay loam and silt loam
that has subangular blocky structure. The subsoil, about
34 inches thick, is strong-brown and dark-brown silty
clay loam and silty clay that has subangular blocky struc
ture. The substratum is soft, weathered rock. The soil is
very strongly acid throughout the profile.

Permeability is moderately rapid. Runoff is medium,
and tile erosion hazard is slight to moderate. Roots pene
trate to a depth of 20 inches or more, depending on the
depth to weathered rock.

Representative profile: Island of Kauiu, let. 22°07’59.6”
N. and long. 159°39’22.8” 1T

A11—0 to 4 inches, dark-brown (7.5YR 3/2) silty clay loam,
brown (7.5YR 4/2) when dry; moderate, fine and
very fine, subangulnr blocky structure; hard, friable,
sticky and plastic; abundant roots; moderate, cle
layed effervescence with hydrogen peroxide; very
strongly acid; clear, smooth boundary. 4 to S inches
thick.

A12—4 to 8 inches, dark-brown (L5YR 3/3) silt loam, brown
(7.SYR 4/3) when dry; weak, fine, subangular blocky
structure; slightly bard, very friable, slightly sticky
and slightly plastic; abundant roots; many fine
pores; slight, delayed effervescence with hydrogen
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peroxide; very strongly acid; clear, smooth bound
ary. 0 to 5 inches thick.

Bl—S to 14 inches, dark-brown (7.5YR 4/4) silty clay loam,
strong brown (7.5YR 5/6) when dry; weak, fine,
subangular blocky structure; slightly hard, friable,
stick-y and plastic, and weakly smeary; abundant
roots; many fine and very fine pores; slight, delayed
effervescence with hydrogen peroxide; very strongly
acid; clear, smooth boundary. 0 to 6 inches thick.

B21t—14 to 23 inches, strong-brown (7.5YR 5/6) heavy silty
clay loam, dark brown (75YR 4/4) when dry; mod
erate, fine and very fine, subangutar blocky structure;
slightly hard, friable, sticky and plastic, and weakly
smeary; plentiful roots; many fine pores; thin, nearly
continuous clay films on peds and in pores; conspicu
ous, yellowish, “sugary” coatings; weak pressure
cutans; very strongly acid; gradual, smooth bound
ary. S to 12 inches thick.

B22t—23 to 32 inches, dark-brown (7.5VR 5/4) heavy silty
clay loam, strong brown (7.5YR 4/6) when dry;
strong, very fine, subangular and angular blocky
structure; slightly hard, friable, sticky and plastic;
plentiful roots many fine pores; thin, patchy clay
films; conspicuous, yellow, “sugary” coatings; weak
pressure cutans; very strongly acid; clear, wavy
boundary. S ‘to 13 inches thick.

B23t—32 to 42 inches, dark-brown (1OYR 4/3) silty clay,
brown (7.5YR 4/4) when dry; strong, fine and very
fine, angular and subangular blocky structure; bard,
firm, very sticky and very plastic; few roots; many
fine pores: thin, patchy clay films; conspicuous, yel
low, “sugary” coatings; very strongly acid; clear,
wavy boundary. 8 to 1.2 inches thick.

c—42 inches, hard and soft, weathered rock. The hard mate
rial is gray (SYR 5/1), light gray (N 7/0) when
dry. It has many black coatings in pores, as well as
some red, orange, and light-yellow coatings. The soft
material is dark-brown (7.5YR 4/2) silty clay; firm,
sticky and plastic; few roots; many fine pores; very
strongly acid.

The A horizon ranges from 7.SYR to lOYR in hue, from
2 to S in chroma, and from 2 to S in value. The A12
and Bi horizons are lacking in some profiles. The P2 hori
zon ranges from 7.5YR to 1OYR in hue, from 3 to 6 in chroma,
and from 3 to 4 in value. The depth to weathered rock ranges
from 28 to more than 56 inches.

This soil is used for water supply, wildlife habitat, and
woodland. (Capability classification VIe, nonirrsgated;
pasture group 12; woodland group 10)

Kokee silty clay loam, 35 to 70 percent slopes (KSKF).—
On this soil, runoff is rapid and the erosion hazard is
severe.

This soil is used for water supply, wildlife habitat, and
woodland. (Capability classification VITa, nonirrigated;
pasture group 12; woodland group 10)

Koko Series
This series consists of well-drained soils on fans and

volcanic spurs on the island of Oahu. These soils devel
oped in alluvium washed from deposits of volcanic ash,
cinders, and tuff. They are gently sloping to moderately
steep. Elevations range from nearly sea level to 200 feet.
The annual rainfall amounts to 15 t.o 25 inches. most of
which occurs between November and April. The mean
annual soil temperature is 740 F. Koko soils occur near
Koko Head, Koko Crater, and Diamond Head. They are
geographically associated with Lualualei soils.

These soils are used for homesites, pasture, and truck
crops. The natural vegetation consists of kiawe, klu, koa
haole, fingergrass, and bristly foxtail.

Koko silt loam, 2 to 6 percent slopes (KsS).—This soil
occupies smooth slopes. Included in mapping were small
eroded spots, small nearly level areas, and small areas
that have a buried profile. Gravelly soils are on foot
slopes and along drainageways.

In a representative proffle the surface layer is dark
reddish-brown silt loam about 16 inches thick. The sub
soil, about 32 inches thick, is dark reddish-brown or dark
brown silt loam, loam, or clay loam that has subangular
blocky structure. The substratun consists of cinders and
tuff. The soil is neutral in reaction throughout the profile..

Permeability is moderate. Runoff is siow, and the ero
sion hazard is slight. The available water capacity is 2.1
inches per foot. of soil. In places roots penetrate to a
depth of 5 feet. or more.

Representative profile: Island of Oahu, lat. 21°16’48”
N. and long. 157°42’12” W.

Ap—O to 8 inches, dark reddish-brown (SYR 3/3) silt loam,
reddish brown (SYR 4/4) when dry; weak, very fine
and fine, granular structure; slightly hard, very fri
able, nonsticky and slightly plastic; plentiful very
fine, and few medium roots; common, very fine, inter
stitial pores; neutral; gradual, smooth boundary.
5 to 9 inches thick.

A1—8 to 16 inches, dark reddish-brown (5YR 3/3) silt loam,
reddish brown (5YR 4/4) when dry; weak, flee and
medium, subangular blocky structure breaking to
weak, fine, granular; slightly hard, very friable,
slightly sticky and slightly plastic; plentiful very fine
and medium roots; common, very fine and medium,
tubular pores; neutral; clear, smooth boundary. 8 to
10 inches thick.

P21—16 to 25 inches, dark reddish-brown (SYR 3/4) silt
loam, reddish brown (5YR 4/4) when dry; weak,
fine and medium, subangular blocky structure; slight
ly hard, very friable, sticky and plastic; plentiful
very fine and medium roots; common, very fine and
medium, tubular pores; neutral; gradual, smooth
boundary. 8 to 11 inches thick.

P22—25 to 33 inches, dark reddish-brown (5YR 3/4) clay
loam, reddish brown (5YR 4/4) when (try; moder
ate, fine to coarse. suhangular blocky structure;
slightly hard, friable, sticky and plastic; plentiful
fine, and few medium and coarse roots; common,
fine, tubular pores and few, medium and coarse,
tubular pores; neutral; gradual, smooth boundary.
6 to 10 inches thick.

l323—33 to 41 inches, dark reddisli-browm (r3YR 3/4) clay
loam, yellowish red (5YR 4/6) when dry; moderate,
fine and medium, subangular blocky structure; hard,
firm, sticky and plastic; plentiful very fine and fine,
common fine, and few coarse roots; common, fine
and medium, tubular pores and few, coarse, tubular
pores; neutral; clear, wavy boundary. 6 to 8 inches
thick.

P3—41 to 48 inches, dark-brown (7.5YR 4/4) loam, strong
brown (7.SYR 5/6) when dry; weak, fine and medium,
subangular blocky structure; slightly bard, friable,
sticky and plastic; few fine roots; few, fine and me
dium, tubular pores; common fine cinder fragments;
neutral. 4 to 8 Inches thick.

IIC—48 inches, cinders and tuff.

The depth to tuff and cinders ranges from 37 to 56 inches.
Fragments of tuff are common in the profile on the windward
side of craters. The texture of the solum Is silt loam, loam,
clay loam, or silty clay loam. The B horizon ranges from
5YR to 7.5YR in hue, from 3 to 4 in value when moist and
from 4 to 5 when dry. It ranges from 4 to 5 in chroma
when moist and from 4 to 8 when dry.

This soil is usoci for homesites, truck crops, and pasture.
(Capability classification lie if irrigated, VIe, if nonir
rigated; pasture group 2)
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Koko silt loam, 6 to 12 percent slopes IKsC).—On this
soil, runoff is medium and the erosion hazard is moderate.
Workabilit.y is slightly difficult because of the slope.

This soil is used for homesites and pasture. (Capability
classification lila if irrigated, VIe if nonirrigated; pas
ture group 2)

Koko silt loam, 12 to 25 percent slopes [KsD).—This
soil is similar to Koko silt loam, 2 to 6 percent slopes, ex
cept that it is on fans on foot slopes of valcanic craters.
Runoff is medium to rapid. and the erosion hazard s
moderate to severe. Workability is difficult because of the
slope.

This soil is used for hornesit.es and pasture. (Capabil
ity classification IVe if irrigated, VIe if nonirrigated;
pasture group 2)

Kokokahi Series
This series consists of moderately wall drained soils on

talus slopes and alluvial fans on the island of Oahu.
These soils developed in colluviurn and alluvium derived
from basic igneous rock. They are moderately sloping to
steep. Elevations range from nearly sea level to 125 feet.
The annual rainfall amounts to 20 to 35 inches. The mean
annual soil temperature is 74° F. Kokokahi soils occur
in the vicinity of Kaneohe and Pearl Harbor and are geo
graphically associated with Alaeloa and Jaucas soils.

These soils arc used for pasture and homesites. The
natural vegetation consists of kiawe, koa haole, klu,
bristly foxtail, piligrass, and bermudagrass.

I{okokahi clay, 6 to 12 percent slopes [KiC).—This soil
is on talus slopes and alluvial fans. Included in mappin
were small areas where the slope is 2 to 6 percent an
small areas along drainageways where the slope is 20 to
35 percent. Also included were wet soils within
drainageways.

In a representative profile the surface la.ye.r is very
dark gray and dark gray clay about 14 inches thick. The
next layer, about 12 inches thick, is dark grayish-brown
clay that has subangular blocky structure. The substra
tum is grayish-brown and light brownish-gray clay 14
to more than 20 inches thick. These soils are very sticky
and very plastic, and they crack widely upon drying.
They are slightly acid to neutral in the surface layer and
slightly acid to mildly alkaline below.

Permeability is slow to moderately slow. Runoff is me
dium, and the erosion hazard is slight to moderate. The
available water capacity is about 1.6 inches per foot of
soil. In places roots penetrate to a depth of 5 feet or more.
Workability is difficult because of the sticky, plastic na
ture of the clay and the narrow range of moisture content
within which the soil can be cultivated. The shrink-swell
potential is high.

Representative profile: Island of Oahu, mt. 21°25’48”
N. and long. 157°45’52” W.

A11—O to 2 inches, very dark gray (1OYR 3/1), moist and
dry, clay; strong, fine, granular structure; extremely
hard, very firm, very sticky and very plastic; abun
dant fine and very fine roots; common, very line,
tubular and interstitial pores; common, fine, black
concretions; few, fine, angular fragments of basalt;
moderate effervescence with hydrogen peroxide;
slightly acid; clear, smcoth boundary. 1 to 3 inches
thick.

A12—2 to 1 inches, dark-gray (IOYR 4/1), moist and dry,
clay; strong, fine, subangular blocky structure; very
hard, very firm, very sticky and very plastic; plenti
ful very fine roots and few medium roots; common,
very fine and fine, tubular pores; few, fine, black
concretions; few, fine, angular fragments of basalt;
moderate effervescence with hydrogen peroxide neu
tral; gradual, smooth boundary. 8 to 12 inches thick.

AC—14 to 26 inches, dark grayish-brown (2.5Y 4/2),
moist and dry, clay; irregularly shaped large blocks
that break to moderate, flue, subangular blocky struc
tare; extremely hnrd, very firm, very sticky and very
plastic; common very fine roots and few medium
roots; many, vary fine, tubular pores; many distinct
slickensides; common black stains; slight efferves
cence with hydrogen peroxide; few pebble-size frag
ments of basalt; mildly alkaline; gradual, smooth
boundary. 10 to 14 inches thick.

C1—26 to 38 inches, grayish-brown (2.5Y 5/2), moist and dry,
clay; large Irregularly shaped blocks that break to
moderate, fine and medium. suhangular blocky struc
ture; extremely hard, very firm, very sticky and very
plastic; few very fine roots; few, very fine, tubular
pores; common deeply grooved slickensides; common
black stains; few pebble-size fragments of basalt;
common fine gypsum crystals; slight effervescence
with hydrogen peroxide; neutral; abrupt, smooth
boundary. 8 to 14 inches thick.

02—38 to 44 inches, light brownish-gray (2.5YR 6/2) clay,
olive brown (2.5YR 4/3) when dry; weak, medium,
subangular blocky structure; hard, friable slightly
sticky and slightly plastic; few very fine roots;
common, very fine and fine, tubular pores; slightly
acid.

A few stones occur throughout the profile. The AC horizon
ranges from 2.5Y to 5Y in hue, from 3 to 5 in value wheii
moist, and from 2 to 4 in chroma. Wide, deep cracks (2
inches or more wide and 20 to 30 inches deep) are common
when the soil is dry.

This soil is used for pasture and homesites. (Capability
classification VIe, nonirrigated; pasture group 3)

Kokokahi very stony clay, 0 to 35 percent slopes
(KTKE).—.This soil is similar to Kokokahi clay, 6 to 12 per
cent slopes, except t,hat there are many stones and boul
ders on the surface and throughout the profile. In most
places the slope ranges from 10 to 25 percent. Runoff IS
medimn to rapid, and the erosion hazard is moderate to
severe.

This soil is used for pasture. It is generally too stony
for cultivated crops. (Capability classification VIs, non-
irrigated; pasture group 3)

IColekole Series
This series consists of well-drained soils on uplands on

the island of Oahu. These soils developed in old gravelly
alluvium mixed with volcanic ash. They are gently slop
ing to moderately steep. Elevations range from 500 to
1,200 feet. The annual rainfall amounts to 35 to 50 inches,
most of which occurs between November and April. The
mean annual soil temperature is 71° F. Kolekole soils
occur on the windward slopes of the Waianae Range.
They are geographically associated with Kunia, Mahana,
and Wahiawa soils.

These soils are used for sugarcane, pineapple, and pas
ture. The natural vegetation consists of guava, lantana,
bermudagrass, and Natal redtop.

Kolekole silty clay loam, 1 to 6 percent slopes (KuB).—
This soil occurs on smooth slopes. Included in mapping
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were small areas of Kunia and Mahana soils, small eroded
spots, and steep side slopes along drainageways.

In a representative proffle the surface layer is dark
reddish-brown silty clay loam about 12 inches thick. The
subsoil, about 48 inches thick, is dark reddish-brown silty
clay loam and silty clay that has subangular and angular
blocky structure. The substratum is old gravelly allu
vium. A compact, panlike layer typically occurs at a
depth of 24 to 40 inches. The soil is extremely acid to
strongly acid in the surface layer and medium acid to
very strongly acid in the subsoil.

Permeability is moderately rapid to the panlike layer
and moderate in the compact subsoil. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.3 inches per foot o-f soil. Roots are restricted
by the compact layer.

Representative profile: Island of Oahu, lat. 21°26’48”
N. and long. 158°03’4’7” W.

Apl—O to 4 inches, dark reddish-brown (5YR 3/3) silty
clay loam, reddish brown (SIR 4/4) when dry;
weak, fine and very fine, granular structure; slightly
hard, very friable, slightly sticky and slightly plas
tic; abundant flue roots; many, very fine, interstitial
pores; common, very fine, shiny specirs; common,
very fine, earthy lumps that are difficult to rub down;
very slight eerveseence with hydrogen peroxide;
extremely acid; clear, smooth boundary. 3 to 9 inches
thick.

Ap2—4 to 12 inches, dark reddish-brown (5YR 3/3) silty
clay loam, reddish brown (SIR 4/4) when dry;
weak, fine and medium, subangular blocky structure
and weak, very fine, granular; slightly hard, very
friable, slightly sticky and slightly plastic; abundant
fine roots; common, very fine, tubular and interstitial
pores; many, very fine, earthy lumps that are diffi
cult to break down; dark reddish-brown (2.5YR
3/4) material from horizon below (10 percent)
common, very fine, shiny specks; extremely acid;
clear, wavy boundary. 7 to 10 inches thick.

B21—12 to 20 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, dark red (25YR 3/6) when dry; moder
ate, very fine and fine, subangular and angular
blocky structure; very hard, friable, sticky and
plastic; plentiful fine roots; common, fine and very
fine, tubular pores; few, fine, earthy lumps; few
shiny specks; medium acid; gradual, smooth bound
ary. 6 to 8 inches thick.

B22—20 to 25 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, dark red (2.SYR 3/6) when dry; moder
ate, very fine and fine, subangular and angular
blocky structure; hard, firm, sticky and plastic; few
fine roots; common, very fine and fine, tubular pores;
few, very fine, earthy lumps; patchy pressure cutans
on ped surfaces; few, very fine, shiny specks;
strongly acid; gradual, smooth boundary. 2 to 7
inches thick.

B23—25 to 32 inches, dark reddish-brown (25YR 3/4) silty
clay loam, dark red (25YR. 3/6) when dry; mod
erate, very fine and fine, subangular blocky structure;
hard, firm, sticky and plastic; few fine roots; com
mon, fine, tubular pores; weak, continuous pressure
cutans on ped surfaces; few earthy lumps; few
shiny specks; very strongly acid; clear, smooth
boundary. 6 to 8 inches thick.

P24—32 to 38 inches, dark reddish-brown (2.5YR 3/4) silty
clay, red (2.5YR 5/8) when dry; weak, fine and very
fine, subangular blocky structure; slightly hard,
friable, slightly sticky and slightly plastic; few fine
roots; common very fine, fine, and medium pores;
few, thin, patchy clay films; few, very fine, earthy
lumps; few shiny specks; very strongly acid; abrupt,
wavy boundary. 2 to 6 inches thick.

B25tb—38 to 60 inches, dark reddish-brown (5YR 3/3) silty
clay loam, dark reddish brown (SIR 3/4) when

moist; strong, very fine and fine, subangular and
angular blocky structure; very hard, friable, sticky
and plastic; compact in place; horizon is capped
by a massive, banded, brittle pan inch to %
inch thick) that has a troweled surface; no roots;
very few, very fine, tubular pores; continuous, strong
pressure cutans on all ped surfaces that increase with
depth; many rock cores that retain original form;
common light-colored sand grains; continuous dark-
red and red clay films on about 50 percent of ped
faces; very strongly acid.

The greatest variation in the series is in the depth to the
panlike layer. The depth to this layer is typically 24 to 40
inches, but it ranges from 15 to 50 inches. The A horizon
ranges from 2 to 3 in value and chroma when moist and
from 3 to 4 when dry. The B horizon, above the ]325tb, ranges
from 2 to 3 in value when moist and from 3 to 5 when dry.
it ranges from 4 to 6 in chroma when moist and from 4 to 8
when dry. The B25tb horizon ranges from silty clay loam to
silty clay in texture. It is capped by a brittle, banded,
panhike layer that forms an abrupt boundary with the upper
part of the B horizon. A black, thick layer of decomposed
roots, to ‘/ inch thick, commonly rests on the pan. The
amount of highly weathered rock fragments varies consider
ably within short distances but normally makes up between
30 and 40 percent of the volume.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification lie if irrigated, lila if nonir
rigated; sugarcane group 1; pineapple group ; pasture
group 6; woodland group 6)

Kolekole silty clay loam, 6 to 12 percent slopes (KuC).—
On this soil, runoff is medium and the erosion hazard is
moderate. Workability is slightly difficult because of the
slope.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification Ille, irrigated or nonirrigated;
sugarcane group 1; pineapple group 6; pasture group 6;
woodland group 6)

Kolekole silty clay loam, 12 to 25 percent slopes
(KuD) .—This soil occurs on narrow side slopes, mainly ‘along
drainageways. Runoff is medium to rapid, and the ero
sion hazard is moderate to severe. Workability is difficult
because of the slope. Included in. mapping were small,
eroded spots.

This soil is used for pasture and pineapple. (Capabil
ity classification lYe, irrigated or nonirrigated; sugar-
cane group 1; pineapple group 6; pasture group 6:
woodland group 6)

Koloa Series
This series consists of well-drained soils on slopes of

old volcanic vents and upland ridges on the island of
Kauai. These soils are underlain by hard rock at a depth
of 20 to 40 inches. They developed in material weathered
from basic igucous rock. They are gently sloping to mod
erately steep. Elevations range from nearly sea level to
300 feet. The annual rainfall amounts to 40 to 60 inches.
The mean annual soil temperature is 740 F. Koloa soils
are geographically associated with Marnala and Waikomo
soils.

These soils are used for irrigated sugarcane. The nat
ural vegetation is mainly koc haole.

Koloa stony silty clay, 3 to 8 percent slopes (KvB).—
This soil occurs on upland slopes. Included in mapping
were small areas that are more than 40 inches deep.

In a representative profile the surface layer is dark
reddish-brown stony silty clay about 7 inches thick. The



ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 75

subsoil, about. 13 inches thick, is dark-red and dark
reddish-brown stony silty clay that has subangular blocky
structure. The substratum is hard rock. The soil is
slightly acid to neutral throughout the profile.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.8 inches per foot of soil. Roots penetrate to
the bedrock.

Representative profile: Island of Kauai, lat. 21°53’S.G”
N. and long. 159°26’lS” W.

Ap—O to 7 inches, dark reddish-brown (5YR 3/3) stony silty
clay, weak red (2.5YR 4/2) when dry; strong, fine
and very fine, subangular blocky structure; very
hard, firm, sticky and plastic; abundant roots; 10 to
20 percent stones; violent effervescence with hydro
gen peroxide; slightly acid; clear, smooth boundary.
5 to 7 inches thick.

B21—7 to 13 inches, dark reddish-brown (25YR 3/3) stony
silty clay, dark reddish brown (2.5YR 3/4) when
rubbed, dark reddish brown (5YR 3/3) when dry;
weak, fine, subangular blocky structure; very hard,
firm, sticky and plastic; plentiful roots; common
fine pores; 10 to 20 percent stones; strong effer
vescence with hydrogen peroxide; patchy glaze on
peds; some highly weathered pebbles; neutral; grad
ual, smooth boundary. 0 to S inches thick.

B22—13 to 20 inches, dark-red (25YR 3/5) stony silty clay,
dark red (2,5YR 3/6) when dry; weak, fine and very
fine, subangular blocky structure; pockets where
structure is strong, very line, subangular blocky;
very hard, firm, very sticky and plastic; plentiful
roots; many fine pores; 15 to 30 percent stones;
moderate effervescence with hydrogen peroxide; con
tinuous pressure cutans; many highly weathered
pebbles; black coatings inside pebbles; neutral;
abrupt, irregular boundary. 7 to 10 inches thick.

11—20 Inches, hard pahoehoc rock that has a thin, weathered
crust; vesicles in rock have black coatings that
effervesce with hydrogen peroxide.

The A horizon ranges from 2.5YR to 5YR in hue, from 3 to
4 in chroma, and from 2 to 3 in value. The B horizon ranges
from 1011 to 5YR in hue and from 3 to 5 in chroma. The depth
to bedrock ranges from 20 to 25 inches.

This soil is used for sugarcane. (Capability classifica
tion lie if irrigated, IVe if nonirrigated; sugarcane
group 1; pasture group 5; woodland group 5)

Koloa stony silty clay, 8 to 15 percent slopes (KvC).—
On this soil, runoff is medium and the erosion hazard is
moderate.

This soil is used for irrigated sugarcane. (Capability
classification Tile if irrigated, IVe if nonirrigated;
sugaroane group 1; pasture group 5; woodland group 5)

Koloa stony silty clay, 15 to 25 percent slopes (KvD).—
On this soil, runoff is medium and the erosion hazard is
moderate to severe. Included in mapping were small
areas where the slope is more than 40 percent.

This soil is used for irrigated sugarcane, pasture, wood
land, and wildlife habitat. (Capability classification lYe,
irrigated or nonirrigated; sugarcane group 1; pasture
group 5; woodland group 5)

Kolokolo Series
This series consists of well-drained soils on bottom

lands on the island of Kauai. These soils developed in
alluvium washed from upland soils. They are level to
gently sloping. Elevations range from about 50 to 500
feet. The annual rainfall amounts to 60 to 150 inches. The

mean annual soil temperature is 73° F. Kolokolo soils are
geographically associated with Hanalei soils.

These soils are used for pasture and wildlife habitat.
The natura.l vegetation consists of pangolagrass, kikuyu
grass, guava, pandanus, paragrass, glenwoodgrass, rice-
grass, han, and mango.

Kolokolo clay loam [Kw).—Tbis soil is on stream bot
toms. The slope ranges from 0 to 2 percent.

In a representative profile the surface layer is very
dark brown clay loam about 19 inches thick. The next
layer is dark-brown, very dark grayish-brown, and brown
loam to silty clay loam more than 41 inches thick. Below
this is stratified alluvium. The soil is neutral throughout
the profile.

Permeability is moderate. Runoff is very slow, and the
erosion hazard is no more than slight.. The available
water capacity is about 1.8 inches per foot of soil. In
places roots penetrate to a depth of 5 feet or more. This
soil is subject to damaging overflow.

Representative profile: Island of Kauai, lat. 22°02’48”
N. and long. 159°21’38.7” W.

A1—O to 19 inches, very dark brown (1OYR 2/3) clay loam,
dark brown (1OYR 3/3) whea dry; moderate, fine,
subangular blocky structure; very hard, friable,
sticky and plastic; plentiful fine, very fine, and
micro roots; slight effervescence with hydrogen
peroxide; few pebbles; neutral; abrupt, irregular
boundary. 16 to 23 inches thick.

01—19 to 28 inches, dark-brown (‘l.SYR 3/2) loam, brown
(7.5Y11 4/4) when dry; massive; slightly hard,
friable, slightly sticky and plastic; plentiful fine
and very fine roots; many medium, fine, and very
fine pores; slight effervescence with hydrogen perox
ide; material looks sandy until rubbed; many worm
casts of dark material from Al horizon; few pebbles;
neutral; clear, smooth boundary. 6 to 11 inches thick.

02—28 to 46 inches, very dark grayish-brown (1OYR 3/2)
silty clay loam, dark grayish brown (1OYR 4/2)
when dry; weak, fine, subangular blocky structure;
slightly hard, friable, sticky and plastic; few flue
and very fine roots; many medium, fine, and very
fine pores; slight effervescence with hydrogen perox
ide; few pebbles; neutral; gradual, smooth boundary.
16 to 20 inches thick.

03—46 to 60 inches, brown (1OYR 4/3), moist and dry, silty
clay loam; weak, fine, subangular blocky structure;
hard, friable, sticky and plastic; few fine and very
fine roots; many fine and very fine pores; slight
effervescence with hydrogen peroxide; material looks
sandy until rubbed; common black stains; few
pebbles; neutral.

In places the A horizon is loam. It ranges from 7.5Y11 to
1OYR in hue and fr&m 2 to 3 in chroma and value, The C
horizon ranges from 7.SYR to 1OYR in hue, from 2 to 3 in
chroma, and from 3 to 4 in value.

This soil is used for pasture.. (Capability classification
11w, irrigated or nonirrigated; pasture group 8; wood
land group 7)

Kolokolo extremely stony clay loam (KUL).—This soil
is similar to Kolokolo clay loam, except that it is ex
tremely stony. The stones and boulders make cultivation
impractical. The soil is subject to damaging overflow.

Included in mapping were. some extremely bouldery areas
and some areas where the slope is as much as 12 percent.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigated; pasture
group 8; woodland group7)
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Koolau Series
This series consists of poorly drained soils on uplands

on the island of Kauai. These soils developed in material
weathered from basic igneous rock. They are nearly level
to moderately steep. Elevations range from 750 to 5,200
feet. The annual rainfall amounts to 120 to 200 inches.
The mean annual soil temperature is 62° F. Koolau soils
are geographically associated with Pooku and Alakai
soils.

These soils are used for water supply and wildlife habi
tat. A small area is used for pasture and sugarcane. The
natural vegetation consists of false staghornfe.rn, melas
toma, ohia, treefern, lacefern, guava., lantana, glenwood
grass, ricegrass, end hilograss.

Koolau silty clay, 0 to 8 percent slopes (KVSB).—This
soil is on upland ridges.

In a representative profile the surface layer is mottled
light brownish-gray and gray silty clay about 11 inches
thick. The subsoil, 21 inches thick, is mottled pale-yellow
and gray silty clay. The substratum is mottled light olive
brown clay loam. The soil is very strongly acid to ex
tremely acid throughout the profile.

Permeability is rapid above the substratum and mod
erately slow in the substratum. Runoff is slow, and the
erosion hazard is no more than slight. Roots penetrate
to a depth of about 24 inches.

Representative profile: Island of Kauai, lat. 22°09’47.6”
N. and long. 159°27’42.4” W.

01—2 inches to 0, undecomposed leaves and stems of ululie
fern.

All—C to 7 inches, coarsely mottled, light brownish-gray
(2.5YR 6/2 and 101R 6/2) silty clay, light gray
(2.51 7/1) when dry; brown stains in root chan
nels; massive; very hard, firm, sticky and plastic;
abundant roots; extremely acid; abrupt, smooth
boundary. 6 to 8 inches thick.

A12—7 to 11 inches, gray (2.51 5/1) silty clay, light gray
(1OYR 7/1) when dry; coarse mottles of yellow
(1OYR 7/6) and coatings of brown (1OYR 5/3) in
pores; massive; very hard, very firm, sticky and
plastic; few roots; many medium wormholes; many
fine and very fine pores; extremely acid; abrupt,
smooth boundary. 4 to 6 inches thick.

B21—1l to 23 inches, pale-yellow (51 7/3) silty clay, white
(51 8/1) when dry; coarsely mottled with light
yellowish brown (1OYR 6/4) and strong brown
(7.5YR 5/6) weak, fine, subangular blocky struc
ture; very hard, firm, sticky and plastic; few roots;
many medium, fine, and very fine pores; very strongly
acid; gradual, smooth boundary. 10 to 14 inches
thick.

B22g—23 to 27 inches, gray (N 5/0) light silty clay, light
gray (51 7/2) when dry; mottled with very pale
brown (1OYR 7/3), yellow (1OYR 7/6), and strong
brown (7.SYR 5/8) ; coatings of light brown (7.5YR
6/4) in some pores; massive, but exhibits horizontal
lenses that are very firm; hard, friable, sticky and
plastic, and weakly smeary; no roots; many me
dium, fine, and very fine pores; thin, patchy coatings
in pores; coatings look like clay films; extremely
acid; gradual, smooth boundary. 8 to 6 inches
thick.

B23g—27 to 32 inches, gray (51 5/1) clay loam, pale yellow
(51 7/3) when dry; mottles of yellowish brown
(1OIR 5/6), light olive brown (2.5YR 5/4), red
(2.5YR 4/8), arid brown (1OYR 4/3) ; coatings of
very pale brown (1OYR 7/3); weak, thick, platy
structure breaking to weak, fine, angular and sub-
angular blocky; slightly hard, friable, sticky and
plastic, and smeary; no roots; few medium pores

and many fine and very fine pores; moderately thick
coatings in some pores; coatings look like clay films;
very strongly acid; clear, smooth boundary. 4 to 6
inches thick.

C—32 to 60 inches, light olive-brown (2,51 5/4) clay loam,
brownish yellow (1OYR 6/6) when dry; coatinis
and horizontal bands of very pale brown (1OYR 7/4),
brown (7.5YR 5/4), dark grayish brown (1OYR
4/2), dark red (2.5YR 3/6), and dark reddish brown
(5YR 3/3); thin (3 inch thick), hard, discontinuous
bands of ironstone; weak, medium, platy structure;
hard, very firm, sticky and plastic; no roots; no
pores; thin coatings between plates; very strongly
acid.

The A horizon ranges from 1 to 2 in chroma and from 4
to 6 in value. Mottles in the A horizon range from none to
many. The B horizon ranges from 51 to 1OYR in hue, from
0 to 3 in chroma, and from 4 to 7 in value. The water table
is at a depth of 2 to 4 feet.

This soil is used mostly for water supply and wildlife
habitat. A small acreage is used for pasture and sugar-
cane. (Capability classification VIw, nonirrigated; pas
ture group 11; woodland group 16)

Koolau silty clay, 8 to 30 percent slopes (KVSEJ.—On
this soil, runoff is medium and the erosion hazard is slight
to moderate.

This soil is used for water supply and wildlife habitat.
(Capability classification VIw, nonirrigated; pasture
group 11; woodland group 16)

Kula Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic ash.
They are gently sloping to steep. Elevations range from
2,000 to 3,500 feet. The annual rainfall amounts to 25 to
40 inches. The mean annual soil temperature is 66° F.
Kula soils are geographically associated with Kaipoioi,
Kainaole, and Pane soils.

These soils are used for pasture, truck crops, orchard
crops, and wildlife habitat. The natural vegetation con
sists of bermudagrass, black wattle, Natal redtop, oi, rat
tailgrass, and yellow foxtail.

Kula cobbly loam, 12 to 20 percent slopes [Kx0D).—This
soil is on intermediate uplands. Included in mapping
were small areas of Kaipoioi and Kamaole soils. Also in
cluded were small areas of gently sloping soils.

In a representative profile the surface layer is dark
reddish-brown loam about 8 inches thick. The subsoil,
about 46 inches thick, is dark reddish-brown loam, silt
loam, and silty clay loam that has subangular blocky
structure. The substratum is slightly weathered basic
igneous rock. The soil is slightly acid in the surface layer
and, slightly acid to neutral in the subsoil.

Permeability is moderately rapid. Runoff is medium,
and the erosion hazard is moderate. The available water
capacity is about 1.8 inches per foot of soil. In places
roots penetrate to rock.

Representative profile: Island of Maui, lat.. 20°45’40”
N. and long. 156°l9’22” W.

A1—0 to 8 inches, dark reddish-brown (SIR 3/2) cobbly
loam, dark reddish brown (51R 8/4) when dry;
weak, fine, granular structure; soft, friable, non-
sticky and nonpiastic; abundant fine roots; many
medium pores; many very small, red and black
particles visible under hand lens; slight elervescence
with hydrogen peroxide; slightly acid; clear, smooth
boundary. 7 to 10 inches thick.
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B21—8 to 19 inches, dark reddish-brown (5YR 3/2) loam,
(lark reddish brown (SiR 8/4) when dry; moder
ate, medium, subangular blocky structure; soft, fri
able, slightly sticky and slightly plastic; abundant
fine roots; many medium pores; slightly acid;
gradual, wavy boundary. 8 to 13 inches thick.

B22—19 to 30 inches, dark reddish-brown (SiR 3/3) silt
loam, reddish brown (5YR 4/4) when dry; moder
ate, coarse, subangular blocky structure; slightly
hard, friable, slightly sticky and slightly plastic;
abundant fine roots; many medium and coarse pores;
neutral; abrupt, irregular boundary. 10 to 12 inches
thick.

I IB23b—30 to 42 inches, dark reddish-brown (SiR 3/3)
silty clay loam, dark reddish brown (SiR 3/4) when
dry; strong, fine. subaagular blocky structure; hard,
friable, slightly sticky and slightly plastic; abundant
fine roots; many fine and medium pores; nearly
continuous, gelatinlike coatings on peds; many sand-
size aggregates that are resistant to crushing; com
mon worm casts 10 to 15 millimeters in size; many
very fine roots matted along surfaces of worm casts;
neutral; clear, wavy boundary. 10 to 13 inches thick.

IIB3b—42 to 54 inches, dark reddish-brown (5YR 3/2) silty
clay loam, reddish brown (SiR 4/4) when dry;
strong, fine, subangular blocky structure; hard, fri
able, slightly sticky and slightly pIastic plentiful
fine roots and many fine and medium pores; 30 to
40 percent weathered andesite and basalt fragments;
neutral; clear, wavy boundary. 10 to 14 inches thick.

IICb—54 inches, weathered andesite and basalt that has thin
seams of soil material in cracks.

The depth to slightly weathered andesite and basalt
ranges from 45 to 02 inches. In some places rock outcrop
occupies 0.1 to 3 percent of the surface. The A horizon ranges
from 5YR to 1OYR in hue, from 2 to 3 in value when moist
and 3 to 4 when dry, and from 2 to 3 in chroma when moist
and 2 to 4 when dry. The B horizon ranges from 5YR to
1OYR in hue, from 3 to 4 in value when moist or dry, and
from 2 to 4 in chroma when moist. The B horizon ranges
from loam to silty clay loam in texture. The lIE horizon has
strong to moderate subangular blocky structure.

This soil is used for pasture. Small areas are used for
truck and orchard crops. Most of th cobblestones have
been removed in areas where truck crops are grown.
(Capability classification I’Ve, irrigated or nomrrigated;
pasture group 4; woodland group 2)

Kula loam, 4 to 12 percent slopes (KxC).—This soil has
a profile like that of Kula cobbly loam, 12 to 20 percent
slopes, except that it is nearly free of cobblestones.

This soil is used for truck crops and pasture. (Capabil
ity classification Tile, irrigated or nonirrigated; pasture
group 4; woodland group 2)

Kula loam, 12 to 20 percent slopes (KxD).—This soil has
a profile like that. of Kula cobbly loam, 12 to 20 percent
slopes, except that it is nearly free of cobblestones. In
cluded in mapping were small, stony areas and a few rock
outcrops, mainly on knolls and the sides of small gulches.

This soil is used for pasture and truck crops. (Capa
bility classification I’Ve, irrigated or nonirrigated; pas
ture group 4; woodland group 2)

Kula very rocky loam, 12 to 40 percent slopes IKxbE).—
This soil has a profile like that of Kula cobbly loam, 12
to 2.0 percent slopes, except that rock outcrops cover 10
to 25 percent of the surface. Runoff is medium, and the
erosion hazard is moderate.

This soil is used for pasture and wildlife habitat.
(Capability classification VIs, nonirrigated.; pasture
group 4; woodland group 2)

Kunia Series
This series consists of well-drained soils on upland ter

races and fans on the island of Qahu. These soils devel
opeci in old alluvium. They are nearly level to moderately
sloping. Elevations range from 700 to 1,000 feet. The
mean annual rainfall amounts to 30 to 40 inches, most of
which occurs from November to April. The mean annual
soil temperature is ‘11° F. Kuma soils occur on the foot
slopes of the Waianae Range, near Schofield Barracks.
They are geographically associated with Kolekole, Laha
ma, and Wahiawa soils.

These soils are used for sugarcane, pineapple, home-
sites, and military reservations. Most areas are cultivated,
and the natura.l vegetation is not significant.

Kunia silty clay, 0 to 3 percent slopes (KyAJ.— This soil
occurs on broad, smooth slopes. Included in mapping
were small areas of Kolekole soils and small areas of red,
cla.yey soils at lower elevations.

In a representative profile the surface layer is dark
reddish-brown silty clay about 22 inches thick. The sub
soil, 40 to 71 inches thick, is dark reddish-brown silty
clay and silty clay loam that has subangular blocky struc
ture. The substratum is dark reddish-brown gravelly
silty clay. Manganese concretions occur throughout the
profile. The surface layer is medium acid to extremely
acid, and the subsoil is slightly acid to strongly acid.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is no more than slight. The available water
capacity is about 1.7 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Oahu, let. 21°28’42”
N. and long. 158°03’43” W.

Apl—O to 3 inches, dark reddish-brown (5YR 2/2) silty
clay, dark reddish brown (SiR 3/3) when dry;
moderate, fine and very fine, granular structure;
hard, friable, sticky and plastic; abundant roots;
many fine and very fine, interstitial pores; strong
effervescence with hydrogen peroxide; extremely
acid; clear, wavy boundary. 2 to 9 inches thick,

Ap2—3 to 22 inches, clark reddish-brown (SiR 2/2) silty
clay, dark reddish brown (5YR 3/3) when dry;
weak, fine and medium, subangular blocky structure;
hard, firm, sticky and plastic; few fine roots; com
mon, very fine, tubular and interstitial pores; com
pacted by tillage; few, fine and very fine, black
concretious; few charcoal specks; strong efferves
cence with hydrogen peroxide; extremely acid;
abrupt, smooth boundary. 9 to 19 inches thick.

Bl—22 to 29 inches, dark reddish-brown (2.5YR 8/4) silty
clay, dark reddish brown (2.5YR 2/4) when moist;
weak, fine and medium, subangular blocky structure;
slightly hard, firm, sticky, and plastic; no roots;
common, very fine, tubular pores; few, patchy pres
sure cutans; few, fine and very fine, black concre
tions; strongly acid; clear, wavy boundary. 5 to 18
inches thick.

B2—29 to 47 inches, dark reddish-brown (2.5YR 2/4) silty
clay, dark reddish brown (2.5YR 3/4) when dry:
moderate, very fine and fine, subangulnr blocky
structure; slightly hard, firm, sticky and plastic; no
roots; common, fine, tubular pores; weak, patchy
pressure cutans; few black concretions; slight effer
vescence with hydrogen peroxide on soil mass but
strong. on the black concretions; slightly acid; clear,
wavy boundary. 8 to 36 inches thick.

E3—47 to 74 inches, dark reddish-brown (2.51R 3/6) silty
clay loam, dark red (2.5YR 3/4) when moist; mod
erate, medium, blocky structure breaking to moder
ate, fine, subangular blocky; hard, firm, sticky and
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plastic; few, very fine, tubular pores coated with
black stains; strong, continuous pressure cutans;
few hard rock cores; few worm casts; very slight
effervescence with hydrogen peroxide on soil mass;
few, fine, black concretions that show moderate
effervescence with hydrogen peroxide; medium acid.

In places this soil is underlain by gravelly alluvium below
a depth of 4 feet, particularly where the alluvial fans have
been dissected by drainageways. The Ap horizon ranges from
5YR to 2.5YR in hue and from 3 to 4 in value when dry.
The B horizon ranges from 3 to 0 in chroma when dry. The
B3 horizon ranges from silty clay to silty clay loam.

This soil is used for sugarcane, pineapple, liomesites,
and lflhl] tary reservations. (Capability classification I if
irrlgated, Ilic if nonirrigated; suuarcane group 1; pine
apple group 1; pasture group 3; woodland group 1)

Kunia silty clay, 3 to 8 percent slopes IKyB).—On this
soil, runoff is slow and the erosion hazard is slight. In
cluded in mapping were small areas of nearly level soils
and small areas of Kolekole soils.

This soil is used for sugarcane, pineapple, and home-
sites. (Capability classification lie if irrigated, Ilic if
lionirrigated; sugarcane group 1; pineapple group 2; pas
ture group 3; woodland group 1)

Kunia silty clay, 8 to 15 percent slopes (KyCI.—Tliis
soil occurs on narrow side slopes, mainly along drainage
ways. Runoff is medium, and the erosion hazard is mod
erate. Included in mapping were small, eroded areas.

This soil is used for sugarcane, pineapple, and home-
sites. (Capability classification Tile, irrigated or nonirri
gated; sugarcnne group 1; pineapple group 3; pasture
group 3; woodland group 1)

Kunuweia Series
This series consists of well-drained, very gravelly soils

on ridgetops on the island of Kauai. These soils devel
opeci in material weathered from basic igneous rook.
They are nearly level to strongly sloping. Elevations
range from 3,500 to 4,000 feet. The annual rainfall
amounts to 70 to 150 inches. The mean annual soil tem
perature is 58° F. Kunuweia soils are geographically
associated with Kokee soils.

These soils are used for water supply, wildlife habitat,
and woodland. The natural vegetation consists of ohia,
koa, redwood, blackwood, blackberry, mokihana, olopua,
maile, hilorass, ricegrass, uki, uki uki, and ferns.

Knnuweia very gravelly clay loam, 0 to 15 percent
slopes (KZC).—This soil is on the tops of ridges in the
uplands. Included in mapping were a few areas where
the slope is up to 30 percent. Also included was an area,
southeast of Kalihiwai reservoir, that is at a lower ele
vation and is poorly drained.

In a representative profile the surface layer is dark-
brown very gravelly clay loam about 12 inches thick. The
subsoil, more than 36 inches thick, is yellowish-brown,
light yellowish-brown, and dark reddish-brown, massive
clay loam. It contains thin, discontinuous ironstone seams
and thin, scalelike fragments of ironstone. The substra
tum is soft, weathered rock. The soil is very strongly
acid throughout.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. Root penetration is limited
to the A horizon and the soft material in the B2ir
horizon.

Representative profile: Island of Kauai, lat. 22°08’8.4”
N. and long. 159°38’28” W.

A1—O to 12 inches, dark-brown (1OYR 4/5) very gravelly clay
loam, brown (7.5YR 5/2) when dry; strong, fine and
very fine, granular structure; loose, friable, sticky
and slightly plastic; abundant roots; moderate,
delayed effervescence with hydrogen peroxide; gravel
consists of ironstone pebbles, mostly smooth; few
pieces of ironstone, up to 10 inches across, scattered
over the surface and in the Al horizon; very
strongly acid; abrupt, smooth boundary. 11 to 14
inches thick.

B21r—12 to 60 inches, plinthite that has ‘/- to 1-inch seams
of extremely hard, very dusky red (2.5YR 2/2) iron
stone; yellowish-brown (1OYR 5/4), light yellowish-
brown (1OYR 6/4), and dark reddish-brown (5YR
3/4) clay loam, reddish yellow (7.5YR 6/6) when
dry; massive; slightly bard, friable, slightly sticky
and plastic, and smeary; few fine and very fine
roots. In the upper 12 inches of this horizon, the
seams are numerous and appear to be not oriented;
below 12 inches, they are few and appear to encircle
older boulder cores.

The A horizon has a purplish cast in some areas. In some
places there is a thin mat of very dark brown to black
organic matter, humus, and roots on the surface. On the
surface and in the A horizon are chunks of extremely hard
ironstone.

This soil is used for water supply, wildlife habitat,
and woodland. (Capability classification VIs, nonirri
gated; pasture group 12; woodland group 12)

Lahaina Series
This series consists of well-drained soils on uplands on

the islands of Lanai, Maui, Molokai, and Oahu. These
soils developed in material weathered from basic igneous
rock. They are nearly level to steep. Elevations range
from 10 to 1,500 feet. The annual rainfall amounts to 20
to 35 inches, most of which occurs in fall and winter. The
mean annual soil temperature is 72° F. Lahaina soils are
geographically associated with Helemano, Hoolehua,
Kahana, Molokai, Pamoa, and Wahiawa soils.

These soils are used for sugarcane and pineapple. Small
acrea.ges are used for truck crops, pasture, homesites, and
wildlife habitat. The natural vegetation consists of her
mudagrass, feather fingergrass, ilima, kiawe, lamitana, oi,
and tthaloa.

Lahaina silty clay, 3 to 7 percent slopes (laB).—This
soil is on smooth uplands. Included in mapping were
small areas that are underlain by consolidated sand at a
depth below 30 inches. Cobblestones are common on the
surface in a few places. In some places, near the coastal
plains, the profile contains fragments of coral, stones,
gravel, or sand.

In a representative profile the surface layer is dark
reddlsh-brown, silty clay about 15 inches thick. The sub
soil, about 45 inches thick, is dusky-red and dark reddish-
brown suba.ngular blocky silty clay and silty clay loam.
The substratum is soft, weathered basic igneous rock.
These soils are medium acid in the surface layer and
slightly acid to medium acid in the subsoil.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.3 inches per foot in the surface layer and about
1.4 inches per foot in the subsoil. In places roots penetrate
to a depth of 5 feet or more.
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Representative profile: Island of Maui, lat.. 20°55’2S”
N. and long. 156°40’27” W.

Apl—O to 7 inches, dark reddish-brown (2.5YR 3/4) silty
clay, dark reddish brown (2.5YR 3/4) when dry;
weak, fine to coarse, granular structure; hard, fri
able, very sticky and very plastic; abundant roots;
many the and very fine pores; many black concre
tious (1 to 3 millimeters) that effervesce with hydro
gen peroxide; common, small, earthy lumps that
break down on persistent rubbing; strong efferves
cence with hydrogen peroxide; medium acid; abrupt,
wavy boundary. 0 to 9 inches thick.

Ap2—7 to 15 inches, dark reddish-brown (2.5YR 3/4) silty
clay, dark reddish brown (2.5YR 3/4) when dry;
weak, medium and coarse, subangular blocky struc
ture; hard, friable, very sticky and very plastic;
abundant roots; few medium and fine pores; com
pacted by machinery; many black coneretions (1 to
3 millimeters) that effervesce with hydrogen perox
ide; violent effervescexice with hydrogen peroxide;
medium acid; abrupt, wavy boundary. 6 to 9 inches
thick.

B1—15 to 23 inches, dusky-red (IOR 3/3) silty clay, dark
reddish brown (2.5YR 3/4) when dry; weak, medi
um and coarse, subangular blocky structure; bard,
friable, very sticky and very plastic; abundant
roots; many fine and very fine pores; many black
concretions (1 to 3 millimeters) that effervesce
with hydrogen peroxide; violent effervescence with
hydrogen peroxide; slightly acid; gradual, wavy
boundary. 4 to 10 inches thick.

B21—23 to 31 inches, dusky-red (bR 3/3) silty clay, dusky
red (1OR 3/4) when dry; moderate, medium and
coarse, subangular blocky structure; hard, friable,
sticky and plastic; plentiful roots; many fine and
very fine pores; nearly continuous pressure cutans on
ped. surfaces; many black concretions (1 to 3 milli
meters) that effervesce with hydrogen peroxide; yb—
lent effervescence with hydrogen peroxide; medium
acid; gradual, wavy boundary. 6 to 15 inches thick.

B22—31 to 46 inches, dark reddish-brown (2.5YR 3/4) heavy
silty clay loam, dark red (2.5YIt 3/6) when dry;
moderate, medium, subangular blocky structure In
place, breaking to moderate, very fine, subangular
blocky when disturbed; hard, friable, sticky and
plastic; very few roots; many medium and fine
pores; very compact in place; nearly continuous
pressure cutans on ped surfaces; few weathered
basalt stones and boulders; many black coneretions
(1 to 3 millimeters) that effervesce with hydrogen
peroxide; slight effervescence with hydrogen perox
ide; slightly acid; gradual, wavy boundary. 10 to 18
inches thick.

B3—-46 to 60 inches, dark reddish-brown (2.5YR 3/4) heavy
silty clay loam, dark red (2.5YR 3/6) when dry;
strong, medium and coarse, subangular blocky struc.
ture; hard, friable, sticky and plastic; many fine
pores; many, small, patchy pressure cutans on ped
faces: common black concretions (1 to 3 millimeters)
that effervesce with hydrogen peroxide; many strong
ly weathered basalt particles (4 millimeter to 2
millimeters) ; common, weathered basalt stones;
slight effervescence with hydrogen peroxide; medium
acid.

The solum ranges from 36 to more than 60 inches in
thickness. The A horizon ranges from 5YR to 10K in hue, and
from 3 to 4 in chroma when moist and 3 to 6 when dry. The
B horizon ranges from 2.5YR to 1OR in true and from 3 to 4
in chrom when moist and 3 to 6 when dry.

This soil is used for sugarcana and pineapple. Small
acreages are used for truck crops, pasture, and homesites.
(Capability classification lie if irrigated, Ilic if nonirri
gated; sugarcane group 1; pineapple group 2; pasture
group 3; woodland group 1)

Lahaina silty clay, 0 to 3 percent slopes [LoA).—On this
soil runoff is slow and the erosion hazard is no more
than slight.

This soil is used for sugarcane and pineapple. (Capa
bility classification I if irrigated, Ilic if nonlrrlgated;
sugarcane group 1; pineapple group 1; pasture group 3;
woodland group 1)

Lahaina silty clay, 3 to 7 percent slopes, severely
eroded (laB3).—This soil has a profile like that of Lahaina
silty clay, 3 to 7 percent slopes, except that most of the
surface layer and, in places, part of the subsoil have
been removed by erosion. A few areas are eroded to soft,
weathered rock. In places there are small dunes formed
by winddrifted soil material. Blown-out spots occur
between the dunes. The erosion hazard is moderate to
severe. Included in mapping were small, nearly level
areas.

This soil is used for pasture and wildlife habitat.
(Capability classification lila if irrigated, IVe if non-
irrigated; sugarca.ne group 1; pineapple group 2; pasture
group 3; woodland group 1)

Lahaina silty clay, 7 to 15 percent slopes (LaC).—On
this soil, runoff is medium and tile erosion hazard is
moderate. Included in mapping were small, steep areas
and areas where a few cobblestones and stones are on
the surface.

This soil is used for sugarcane and, pineapple. Small
aereages are used for truck crops, pasture, and wildlife
habitat. (Capability classification lila, irrigated or non-
irrigated; sugarcane group 1; pineapple group 3; pasture
group 3; woodland group 1)

Lahaina silty clay, 7 to 15 percent slopes, severely
eroded (LaC3).—This soil has a profile like that of Lahaina
silty clay, 3 to 7 percent slopes, except that most of the
surface layer and, in places, part of the subsoil have been
removed by erosion. Runoff is medium, and the erosion
hazard is severe. Included in mapping were small blown-
out spots and gullies and small, very stony areas that are
eroded to weathered rock.

This soil is used for sugarcane and pineapple. (Capa
bility classification lYe, irrigated or nonirrigated; sugar-
cane group 1; pineapple group 3; pasture group 3;
woodland group 1)

Lahaina silty clay, 15 to 25 percent slopes (LciDL—On
this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were small areas where
most of the surface layer and, in places, part of the sub
soil have been removed by erosion.

This soil is used for sugarcane. (Capability classifica
t.ion lYe, irrigated or nonirrigated; sugarcane group 1;
pineapple group 3; pasture group 3; woodland group 1)

Laltaina silty clay, 15 to 25 percent slopes, severely
eroded (i.aD3).—This soil has a profile like that of Lahaina
silty clay, 3 to 7 percent slopes, except that most of the
surface layer and, in places, part of the subsoil have been
removed by erosion. Runoff is medium, and the erosion
hazard is severe. Included in mapping were small areas
that are eroded to soft, weathered rock.

This soil is used for pasture and wildlife habitat.
(Capability classification VIa, irrigated or nonirrigated;
pasture group 3; woodland group 1)

Lahaina silty clay, 25 to 40 percent slopes, severely
eroded (laE3).—This soil has a profile like that of Lahaiua
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silty clay, 3 to 7 percent slopes, except that most of the
surface layer and, in places, part of the subsoil have
been removed by erosion. Runoff is medium to rapid, and
the erosion hazard is severe. Included in mapping were
small, gently sloping areas and small areas that are
eroded to weathered rock.

This soil is used for pasture and wildlife habitat.
(Capability classification VIe, irrigated or nonirrigated;
pasture group 3; woodland group 1)

Laumaia Series
This series consists of well-drained soils on the island

of Maui. These soils developed in volcanic ash and cin
ders. They are moderately sloping to very steep. Eleva
tions range from 5,500 to 8,000 feet. The annual rainfall
amounts to 35 to 70 inches. These soils are subject to
cloud cover or fog most of the year. The mean annual
soil temperature. is 530 F. Laumaia soils are geographi.
cally associated with Kaipoioi and Uma soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of mamane, puakeawe,
spear thistle, sweet vernaigrass, and Yorkshire foggrass.

Laumaia loam, 7 to 40 percent slopes ([ME) .—This soil
is on complex, high mountain slopes. Included in map
ping were small areas of Kaipoioi and Uma soils. Also
included were small areas of eroded, extremely stony
soils and rock outcrops.

In a rep rese-ntative profile, the surface layer is very
dark brown or black loam about 9 inches thick. The sub
soil, about 33 inches thick, is very dark brown silty clay
loam and silt loam that has subangular blocky structure
or is massive. The substratum consists of hard, cemented
layers of volcanic ash and cinders interbedded with loamy
soil material. The soil is mildly alkaline in the surface
layer and neutral to medium acid in the subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate. In
places roots penetrate to a depth of 3 feet or more.

Representative profile: Island of Maui, mt. 20°42’SG”
N. and long. 156°18’113” W.

A1—O to 9 inches, black (1OYR 2/1) loam, very dark brown
(1OYR 2/2) when dry; moderate, medium and fine,
granular structure; soft, very friable, nonsticky
and noaplastic, and weakly smeary; abundant fine
and very fine roots; many fine pores; many fine,
gritty particles and highly weathered cinders; weak
effervescence with hydrogen peroxide; mildly alka
line; clear, wavy boundary. S to 11 inches thick.

B21—9 to 13 inches, very dark brown (1OYR 2/2) silty clay
loam, dark brown (1OYR 3/8) when dry; moderate,
medium, subangular blocky structure; soft, friable,
slightly sticky and slightly plastic, and weakly
smeary; abundant fine and very fine roots; many
fine pores; patchy, gelatinous coatings on peds;
weak effervescence with hydrogen peroxide; neutral;
clear, wavy boundary. 5 to 7 inches thIck.

B22—15 to 24 inches, very dark brown (1OYR 2/2) shy
clay loam, dark yellowish brown (1OYR 3/4) when
dry; moderate, medium, subangular blocky structure;
soft, friable, slightly sticky and slightly plastic, and
weakly smeary; abundant fine roots; many fine
pores; patchy, gelatinous coatings on peds; rew
highly weathered cinders less than 1 millimeter in
diameter; neutral; clear, wavy boundary. 6 to 12
inches thick.

B23—24 to 32 inches, very dark brown (1OYR 2/2) silt
loam, dark yellowish brown (lOYR 3/4) when dry;

weak, coarse, subangular blocky structure; soft,
very friable, slightly sticky and slightly plastic and
weakly smeary; abundant fine roots; many fine and
medium pores; few root channels % inch in diam
eter; neutral; clear, wavy boundary. 7 to 10 inches
thick.

B3—32 to 42 inches, very dark brown (1OYR 2/2) silt loam,
dark yellowish brown (1OYR 3/4) when dry; mas
sive; soft, friable, slightly sticky and slightly plastic
and weakly smeary; abundant very fine roots;
many fine pores; many very highly weathered cin
ders; neutral; abrupt, wavy boundary. 9 to 11 inches
thick.

IlCm—42 to 51 inches, dark yellowish-brown (1OYR 3/4)
volcanic ash and cinders, light yellowish brown
(1OYR 6/4) when dry; hard and strongly cemented;
abrupt, smooth boundary. 8 to 12 inches thick.

IllAb—Si inches, very dark grayish-brown (1OYR 3/2)
gritty silt loam, brown (1OYR 4/3) when dry; nias
sive; soft, very friable, nonsticky and nonpiastie;
below this horizon are alternate layers of cemented
ash and cinders and buried, moderately smeary bands
of silt loam, to a depth of 4 to more than 7 feet.

The depth to ash and cinders Is more than 40 inches. The
A horizon ranges from 2 to S in value when moist or dry and
from 1 to 2 in chroina when moist. The B horizon ranges
from 5YR to 1OYR in hue, from 2 to 3 in value when moist,
and from 1 to 3 in chroma when moist. The texture is
silty clay loam or silt loam.

These soils are used for pasture and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture
group 13; woodland group 11)

Laumaia loam, 40 to 70 percent slopes ([MF).—On this
soil, runoff is medium and the erosion hazard is moderate.
Included in mapping were small areas of shallow soils on
local cinder cones.

This soil is used for pasture and wildlife habitat.
(Capability classification Vile, nonirrigated; pasture
group 13; woodland group 11)

Laumaia extremely stony loam, 7 to 40 percent slopes
(INE).—This soil has a profile like that of Launiaia loam,
7 to 40 percent slopes, except that stones cover 3 to 15
percent of the surface. Included in mapping were
small, very steep areas and areas dissected by small
drainageways.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigated; pasture
group 13; woodland group 11)

Lava Flows, Aa
Lava flows, Aa (nW) consists of areas of geologically

recent lava flows on the island of Maui. The flows are a
mass of clinkery, hard, glassy, sharp pieces of lava on
rough to undulating topography. The areas are difficult
to traverse. Elevations range from nearly sea level to
8,000 feet. The annual rainfall amounts to 20 to 75 inches.

This miscellaneous land type is used for water supply,
wildlife habitat, and recreation. Vegetation is limited to
lichens, a few grasses, herbs, shrubs, and scrubby trees.
(Capability classification Vhlls, nonirrigated)

Lawai Series
This series consists of moderately well drained to some

what poorly drained soils at the base of hills on the island
of Kauai. These soils developed in alluvium and in eel
luvial material. They are nearly level to moderately



steep. Elevations range from 500 to 800 feet. The annual
rainfall amounts to 80 to 150 inches. The mean annual
soil temperature is 72° F. Lawai soils are geographically
associated with Haul and Hihiinanu soils.

These soils are used for sugarcane. Prior to the clos
ing of two canneries on the island, much of this soil was
used for pineapple. The natural vegetation consists of
guava, joee, melastoma. sensitiveplant, hilograss, and
rlcegrass.

Lawai silty clay, 0 to 8 percent slopes (LcB).—This soil
is on colluvia.1 slopes, alluvial fans, and stream bottoms.

In a representative profile the surface layer is dark-
brown and very dark grayish-brown silty clay about 14
inches thick. The subsoil, more than 48 inches thick, is
brown to dark-brown silty clay that has subangular and
angular blocky structure. The substratum is clayey
alluvium and colluvium. The surface layer is medium
acid to strongly acid. The subsoil is medium acid.

Permeability is moderate to moderately rapid. Runoff
is slow, and the erosion hazard is no more than slight.
In places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Kauai, lat. 21°57’26.2”
N. and long. 159°27’35.5” W

Apl—O to 8 inches, very dark grayish-brown (1OYR 312)
silty clay, very dark grayish brown (IOYR 3/2)
when dry; weak, fine and very fine, subangular
blocky structure; very hard, friable, sticky and pins-
tie; abundant very fine, fine, and medium roots;
many, flue and very fine, interstitial pores; common
very fine, fine, and medium, tubular pores: about
40 percent of the material is from the Ap2 horizon,
mixed by tillage; strongly acid; clear, broken bound
ary. 6 to 10 inches thick.

Ap2—8 to 14 inches, dark-brown (7.5YR 4/4) silty clay, dark
brown (7.SYR 3/2) when dry; weak, very fine, sub-
angular blocky structure; very hard, firm, sticky
and plastic; abundant micro, very fine, fine, and
medium roots; plentiful, micro and very fine, tu
bular pores; many, very fine, interstitial pores;
weak, nearly continuous pressure ciitans; about
20 percent of the material is from the Api hori-.
son, mixed by tillage; medium acid; clear, wavy
boundary. 5 to 8 inches thick.

B21—14 to 26 inches. dark-brown (7.5YR 4/4) silty clay,
dark brown (7.5YR 3/2) when dry; weak, fine and
very fine, subangular blocky structure; very bard,
firm, sticky and plastic; abundant micro, very fine,
fine, and medium roots; common micro and very
fine, tubular pores; many, very fine, interstitial
pores; weak, nearly continuous pressure cutans;
seine yellowish, sugarlike granules in pores and on
pad faces; medium acid; gradual, smooth boundary.
10 to 14 inches thick.

B22—26 to 42 inches. dark-brown (751R 3/4) silty clay,
dark brown (7.5YR 3/2) when dry; moderate, coarse,
angular blocky structure with horizontal cleavage
planes that give the appearance of lamination;
breaks to very fine and fine, subangular blocky
structure; very bard, firm, sticky and plastic; very
few micro roots; nearly continuous pressure cutans;
few higher chroma, sugarlilte granules and light-red
coatings in pores; few fine, yellowish-white concre
tions; less than 5 percent weathered rock; medium
acid; gradual, smooth boundary. 14 to 18 inches
thick.

B23—42 to 53 inches. dark-brown (7.SYR 3/a) silty clay,
dark brown (7.5YR 3/4) when rubbed, dark brown
(1OYR 3/3) when dry; coatings In pores have a
higher chroma; moderate, fine and very fine, angular
and subangular blocky structure; very hard, firm,
sticky and plastic; no roots; common micro and
very fine, tubular pores; continuous pressure cutans;
higher chroma, sugarlike granules on ped faces;
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light-red coatings around some old pebbles; about 5
percent weathered rock; medium acid; gradual,
smooth boundary. 9 to 13 inches thick.

B24—53 to 60 inches, dark-brown (7.5YR 3/4) silty clay,
brown (7.5YR 4/2) when dry; moderate, coarse to
very fine, angular and subangular blocky structure;
hard, firm, sticky and plastic; no roots; few micro,
very fine, and fine, tubular pores; continuous pres
sure cutans; coatings of dark brown (1OYR 4/3) on
some large ped faces; higher chroma, sugarlike
granules in some pores and on some ped faces; few,
very fine, yellowish-white concretions; about 5 per
cent weathered rock; medium acid.

The A horiion ranges from 7.5YR to 2.5Y in hue, from 3
to 4 in value, and from 1 to 4 in chroma. The B horizon
ranges from 2 to 4 in value and from 2 to 4 in chroma.

This soil is used for sugarcane. (Capability classifica
tion 111w. nonirrigated; sugarcane group 2; pasture
group 8; woodland group 7)

Lawai silty clay, 8 to 15 percent slopes (LcC).—On this
soil, runoff is medium and the erosion hazard ts slight
to moderate.

This soil is used for sugarcane. (Capability classifica
tion Tile, nonirrigated; sugarcane group 2; pasture group
8; woodland group 7)

Lawai silty clay, 15 to 25 percent slopes [lcD).—On
this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were small areas where
the slope is as much as 40 percent.

This soil is used for sugarcane, pasture, water supply,
and wildlife habitat. (Capability classification IVe, non-
irrigated; silgarcane group 2; pasture group 8; woodland
group 7)

Leilehua Series
This series consists of well-drained soils on uplands on

the island of Oahu. These- soils developed in material
weathered from basic igneous rock. They are gently slop
ing to moderately sloping. Elevations range from 900 to
1,200 feet. The annual rainfall amounts to 60 to 80 inches
and is fairly well distributed throughout the year. The
mean annual soil temperature is 70° F. Leilehua soils
are geographically associated with Manana, Paaloa, and
‘Vahiawa soils.

These soils are used for sugarcane, pineapple, and
pasture. The natural vegetation consists of guava, For
mosa koa, eucalyptus, and bermudagrass.

Leilehua silty clay, 2 to 6 percent slopes (leB).—This
soil occurs as broad areas, as well as narrow areas
bordered by gulches. Included in mapping were small
areas of Manana soils.

In a representative profile the surface layer is dark
reddish-brown silty clay about 12 inches thick. It con
tains concentrations of heavy minerals. The subsoil, about
36 inches thick, is dark reddish-brown and dusky-red
silty clay and clay that has suba.ngular blocky structure.
The substratum is dark reddish-brown clay mixed with
weathered gravel. The soil is extremely acid throughout
the profile.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.3 inches per foot of soil. Roots penetrate to a
depth of 5 feet or more.

Representative profile: Island of Oahu, lat. 21°29’02”
N. and long. 157°59’40” W.
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Ap—0 to 12 inches, dark reddish-brown (5YR 3/3) silty
clay, reddish brown (5YR 4/3) when dry; moderate,
fine to coarse, granular structure; very hard, firm,
sticky and very plastic; plentiful roots; common, very
fine, interstitial pores and many, fine, interstitial
pores; many very fine glistening specks; common,
fine, gray particles presumed to be titanium oxide;
few chunks and pockets of dusky.red material mixed
by tillage from a lower horizon; decomposing pine
apple trash throughout horizon; lower part of hori
zon contains 1-inch layer of pineapple trash;
extremely acid; abrupt, smooth boundary. 6 to 12
inches thick.

B21—42 to 17 inches, clark reddish-brown (2.5YR 3/4), moist
and dry, silty clay; few fragments and pockets of
dusky-red material mixed by tillage; weak, medium
and coarse, subangular blocky structure; hard, firm,
sticky and plastic; plentiful roots; common, very
fine and fine, tubular pores; many very fine glistening
specks; common, fine, gray material presumed to be
titanium oxide; compacted by tillage; extremely
acid; abrupt, smooth boundary. 5 to 7 inches thick.

B22—17 to 22 inches, dark reddish-brown (2.5YR 3/4), moist
and dry, silty clay; weak, coarse, subangular blocky
structure breaking to moderate, very fine and fine,
subangular blocky; hard, firm, sticky and plastic;
few fine roots; many, very fine and fine, tubular
pores; many very fine glistening specks; common
fine fragments of gray material presumed to be ti
tanium oxide; numerous, very firm, earthy lumps;
extremely acid; abrupt. smooth boundary. S to 7
inches thick.

B23t—22 to 31 inches, dusky-red (1OR 3/3) silty clay,
dusky red (1011 3/4) when dry; weak, coarse and
medium, subangular blocky structure; few pockets
where structure is moderate, very fine, subangular
blocky; hard, friable, sticky and very plastic; very
few roots; many, very fine and fine, tubular pores
and common, medium, tubular pores; thin, patchy
clay films and weak pressure cutans on pods; ex
tremely acid; clear, smooth boundary. 9 to 12 inches
thick.

B24t—31 to 41 inches, dark reddish-brown (2.5YR 8/4, 3/3
when crushed) clay, dark reddish brown (2.5YR 4/4)
when dry; weak, coarse, subangular blocky struc
ture breaking to moderate, very fine and fine, sub-
angular blocky; hard, firm, sticky and very plastic;
no roots; many, very fine and fine, tubular pores;
common, very firm, earthy lumps; nearly continuous
pressure cutans on pod faces; many, thin, patchy
clay films; extremely acid; abrupt, wavy boundary.
9 to 13 inches thick.

B25t—41 to 48 inches, dark reddish-brown (2.5Y11 3/4, 3/3
when crushed) heavy silty clay, dark reddish brown
(2.SYR 4/4) when dry; many, fine, distinct, dark
reddish-brown (2.5R 3/4) coatings on ped faces;
moderate, very fine, sub angular blocky structure;
hard, firm, sticky and plastic; no roots; many, very
fine and fine, tubular pores; many, very firm, earthy
lumps; peds have a brittle feel; common iron segre
gations; few pockets of strongly weathered gravel;
continuous pressure cutans on ped faces; many,
thin, patchy clay films; extremely acid; clear, wavy
boundary. 7 to 9 inches thick.

O1—48 to 62 inches, dark reddish.brown (25YR 3/3) clay,
dark reddish brown (2.5YR 3/4) when dry; moder
ate, very fine to medium, suhangular blocky struc
ture; very hard, firm, sticky and very plastic; no
roots; many, very fine and fine, tubular pores; dark
reddish-brown (2.SYR 3/4) coatings on pad faces;
continuous pressure cutans on ped faces, some of
which appear to be clay films; many, very firm,
earthy lumps; few strongly weathered pebbles;
extremely acid; gradual, wavy boundary. 14 to 16
inches thick.

C2—62 to 75 inches, dark reddish-brown (5Y11 3/4) clay,
reddish brown (5YR 4/4) when dry; dark reddish-
brown (25YR 3/4), stringy, patchy clay films on pad

faces; moderate, very fine to medium, subangular
blocky structure; hard, firm, sticky and plastic;
many, very fine and fine, tubular pores; continuous
pressure cutans on pad faces; many weathered
pebbles; extremely acid.

The A horizon ranges from 5YR to 2.5YR in hue, from 3
to 4 in value when dry and 2 to 3 when moist, and from 3 to
6 in chroma when dry and 8 to 4 when moist. The B horizon
ranges from 2.5YR to 1OR in hue, from 2 to 3 in value
when moist, and from 4 to 6 in chroma when dry and 3 to 4
when moist. The depth to strongly weathered gravel in the C
horizon ranges from 40 inches to more than 60 inches. In
many places the A horizon is mixed with the B horizon as a
result of deep cultivation.

This soil is used for sugarcane, pineapple, and home
sites. (Capability classification lie, irrigated or nomrri
gated; sugarcane group 2; pineapple group 5; pasture
group 8; woodland group 7)

Leilehua silty clay, 6 to 12 percent slopes (eC).—On
this soil, runoff is medium and the erosion hazard is
moderate. Workability is slightly difficult because of the
slope.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification Tile, irrigated or nomrrigated;
sugarcane group 2; pineapple group 6; pasture group 8;
woodland group 7)

Lihue Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
weathered from basic igneous rock. They are gently slop
ing to steep. Elevations range from nearly sea level to
800 feet. The annual rainfall amounts to 40 to 60 inches.
The mean annual soil temperature is 73° F. Lihue soils
are geographically associated with Ioleau and Puhi soils.

These soils are used for irrigated sugarcane, pineapple,
pasture, truck crops, orchards, wildlife habitat, wood
land, and homasites. The natural vegetation consists of
lantana, guava, koa haole, joee, kikuyugrass, molasses
grass, guineagrass, bermudagrass, and Java plum.

Lihue silty clay, 0 to 8 percent slopes (LhB).—This soil
is on the tops of broad interfiuves in the uplands. In
cluded in mapping were small areas of a soil that has a
very dark grayish-brown surface layer and a mottled
subsoil.

In a representative profile the surface layer is dusky-
red silty clay about 12 inches thick. The subsoil, more
than 48 inches thick, is dark-red and dark reddish-brown,
compact silty clay that has subangular blocky structure.
The substratum is soft, weathered rock. The surface layer
is strongly acid. The subsoil is slightly acid to neutral.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is no more than slight. The available
water capacity is about 1. inches per foot of soil. In
places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Kauai,lat. 21°59’06.7”
N. and long. 159°21’50” W.

Apl—O to 6 inches, dusky-red (25YR 3/2) Silty clay, yellow
ish red (5YR 4/8) when dry; clodcly breaking to
weak, fine and medium, subangular blocky structure;
very bard, firm, sticky and plastic; abundant roots;
common very fine and fine pores; many black con
cretions; strong effervescence with hydrogen perox
ide; strongly acid; abrupt, smooth boundary. 4 to 8
inches thick.



The A horizon ranges from XOR to 5YR in hue, from 2 to
3 in chroma. and from 2 to 3 in value, The B horizon ranges
from 1OR to 2.5YR in hue and from 4 to 6 in chroma.

This soil is used for sugarcarie, pineapple, pasture,
truck crops, orchards, wildlife habitat, and homesites.
(Capability classification lie, irrigated or nonirrigated;
sugarcane group 1; pineapple, group 5; pasture group 5;
woodland group 5)

Lihue silty clay, 8 to 15 percent slopes (LhC).—On this
soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, pineapple, pasture,
truck crops, orchards, wildlife habitat, and homesites.
(Capability classification Ille, irrigated or nonirrigated;
sugarcana group 1; pineapple group 6; pasture group 5;
woodland group 5)

Lihue silty clay, 15 to 25 percent slopes (lhD).—On this
soil, runoff is medium and the erosion hazard is moderate.

This soil is used for sugareane, pineapple, pasture,
wildlife habitat, and woodland. (Capability classification
IVe, irrigated or nonirrigated; sugarcane group 1; pine
apple group 6; pasture group 5; woodland group 5)

Lihue silty clay, 25 to 40 percent slopes, eroded
fthE2).—This soil is similar to Liliuc silty clay, 0 to 8 per
cent slopes, except that the surface layer is thin. Runoff
is rapid, and the erosion hazard is severe.

This soil is used for pasture, woodland, and wildlife
habitat. Small areas are used for pineapple and sugar-
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cane. (Capability classification VIe, nonirrigated; pasture
group 5; woodland group 5)

Lihue gravelly silty clay, 0 to 8 percent slopes U8).—
This soil is similar to Lihue silty clay, 0 to 8 percent
slopes, except that it contains ironstone-gibbsite pebbles
and has brighter colors in the B horizon. Included in
mapping in the Eleele area and north of the town of
Hanarnaulu were small area.s of soils that have a dark
yellowish-brown, friable subsoil.

This soil is used for sugarcane, pasture, and homesites.
(Capability classification TIe, irrigated or nonirrigated;
sugarcane group 1; pineapple group 5; pasture group 5;
woodland group 5)

Lihue gravelly silty clay, 8 to 15 percent slopes (tiC).—
On this soil, runoff is slow and the erosion hazard is
slight. Included in mapping were areas where the slope
is as much as 25 percent.

This soil is used for sugarcanc, pasture, wildlife habitat,
and homesites. (Capability classification lila, irrigated
or nonirrigated; sugarcane group 1; pineapple group 6;
pasture group 5; woodland group 5)

Lolekaa Series
This series consists of well-drained soils on fans and

terraces on the windward side of the island of Oahu.
These soils developed in old, gravelly colluvium and
alluvium. They are gently sloping to very steep. Eleva
tions range from nearly sea level to 500 feet. The annual
rainfall amounts to 70 to 90 inches and is well distributed
throughout the year. The mean annual soil temperature is
71° F. Lolekaa soils are geographically associated with
Alaeloa and Waikane soils.

These soils are used £ or pasture, homesites, orchards,
and truck crops. The natural vegetation consists of guava,
Christmas berry, californiagrass, hilograss, and ricegra.ss.

Lolekaa silty clay, 3 to 8 percent slopes {loB).—This
soil is on terraces and fans. Included in mapping were
small areas of Icaneohe soils on uplands and Hanalei
soils in narrow drainageways. Also included were small
areas of nearly level Lolekaa soils.

In a representative profile the surface layer is dark-
brown silty clay about 10 inches thick. The subsoil is 45
to more than 70 inches thick. The upper part is dark-
brown silty clay that has subangular blocky structure,
and the lower part is dark yellowish-brown loam that
has subangular blocky structure. The substratum is
strongly weathered gravel. The soil is strongly acid in
the surface layer and strongly acid to extremely acid
in the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.3 inches per foot of soil. Soft, weathered
gravel is common in the subsoil but does not affect use
and management of the soil for farming. In places roots
penetrate to a depth of 5 ‘feet or more.

Representative profile: Island of Oahu, la.t. 21°24’ST” N.
and long. 157°48’43” W.

Ap—O to 10 inches, dark-brown (1OYR 3/3) silty clay, dark
yellowish brown (1OYR 3/4) when dry; strong, very
fine and line, subangnlar blocky structure; very hard,
friable, sticky and. plastic; abundant fine and
medium roots; many, very fine and fine, interstitial
tubular pores; many, very fine, hard, earthy lumps;
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Ap2—G to 12 inches, dusky-red (2.5YR 3/2) silty clay, yel
lowish red (PER 4/6) when dry; massive; very
hard, friable, sticky and plastic; many roots; many
very fine and line pores; many, very line, black
coneretions; strong effervescence with hydrogen per
oxide; strongly acid; abrupt, smooth boundary. 4 to S
inches thick.

B21—12 to 21 inches. dark reddish-brown (2.5YR 3/4) silty
clay, red (2.5YR 4/6) when dry; moderate, medium
to very fine, subangular blocky structure; hard,
friable, sticky and plastic; abundant roots; many
very fine and fine pores; many, fine, black concre
tions; moderate effervescence with hydrogen perox
ide; nearly continuous glaze on pod surfaces, glaze
looks like clay films; slightly acid; clear, broken
boundary. 7 to 10 inches thick.

B22—21 to 21 inches, dark reddish-brown (2.5YR 3/4) silty
clay, red (2.5YR 4/6) when dry; strong, very fine,
subangular blocky structure; very hard, friable,
sticky and plastic; many roots; many very fine and
fine pores; nearly continuous glaze on ped faces;
common, black cc>ncretions; weak effervescence with
hydrogen peroxide; few, fine, black, manganese
dioxide stains on ped faces; neutral; clear, smooth
boundary. 5 to 8 inches thick.

B23—27 to 48 inches, dark reddish-brown (2.SYR 3/4) silty
clay, red (2.5YR 4/6) when dry; strong, very fine,
subangular and angular blocky structure; hard, firm,
sticky and plastic; few roots; many very fine and
fine pores; continuous glaze on ped faces, glaze looks
like thick clay films; superimposed on the glaze is
dark-red (1OR 3/6) material that looks like pseudo-
sand under magnification; large, black coatings on
primary structural units; neutral; gradual, smooth
boundary, 15 to 30 inches thick.

B24—48 to 00 inches. dark-red (2.5YR 3/6) silty clay, red
(2.5YR 4/6) when dry; strong, very fine, subangular
and angular blocky structure; hard, firm, slightly
sticky and plastic; no roots; many very fine and
line pores; thin, patchy coatings that look like clay
films; many distinct pressure cutans; ped surfaces
have ‘superimposed on them stringy, dark-red (1OR
3/6) pseudosand or frostlike coatings; this condition is
more prevalent than in the B23 horizon; neutral.
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strongly acid; abrupt, smooth boundary. S to 10inches thick.
Bi—lO to 15 inches, dark-brown (1OVR 3/3) silty clay, dark

yellowish brown (1OYR 3/4) when dry; moderate,very fine and fine, subangular blocky structure; hard,
friable, sticky and plastic; plentiful fine roots; many
very fine, fine, and medium, tubular pores; con
tinuous, thin coatings on pad faces; evidence of
much worm activity; many, hard, earthy iumps;
common, soft, strongly weathered pebbles distinctly
yellower than matrix, and smeary; very strongly
acid; clear, smooth boundary. 4 to 6 inches thick.B21t—15 to 22 thches, dark-brown (1OYR 3/3) silty clay,
dark brown (1OYR 4/3) when dry; strong, very fine
to medium, blocky and subangular blocky structure;hard, friable, sticky and plastic; few fine roots;many very fine, fine, and medium, tubular pores;
continuous, thick clay films on ped faces and in
pores; dark-brown (7.5YR. 4/4 moist), continuous,
thick clay films in root channels; many, hard, earthylumps, compact in place; very strongly acid; clear,smooth boundary, 4 to 10 inches thick.

B22t—22 to 33 inches, dark-brown (1OYR 3/3) silty clay,
dark brown (1OYR 4/3) when dry; strong, medium,
subangular blocky structure and strong, very fine andfine, angular blocky; hard, friable, sticky and plastic;few fine roots; common, very fine and fine, tubular
pores; continuous, thick clay films on ped faces anddark-brown (7.SYR 4/4 moist), continuous, thickclay films in root channels; many, hard, earthylumps; very compact in place; few highly weatheredrock fragments; extremely acid; clear, wavy boundary. 9 to 18 inches thick.

B23t—33 to 42 inches. dark-brown (IOYR 3/3) silty clay,
dark brown (1OYR 4/3) when dry; strong, very fineand fine, blocky and subangular blocky structure;hard, friable, sticky and plastic; few fine roots;many, fine and very fine, tubular pores; reddish-brown (SYR 4/4 moist), continuous, thin clay filmson ped faces and dark-brown (7.5YR 4/4 moist),continuous, thick clay films in root channels; compact in place; approximately 5 percent highlyweathered, soft rock fragments that are yellowerthan the matrix and smeary when rubbed; extremelyacid; clear, wavy boundary. 5 to 10 inches thick.E24t—42 to 55 inches, dark yellowish-brown (1OYR 4/4)loam, yellowish brown (1OYR 5/4) when dry; moderate, very fine and fine, subangular blocky structure;hard, friable, slightly sticky and slightly plastic;few fine roots; many, very fine and fine, tubularpores; reddish-brown (5YR 4/4 moist), continuous,thin, clay films on ped faces; dark-brown (7SYR4/4 moist), continuous, thick clay films in root channels; compact in place; few rock fragments; extremely acid; clear, smooth boundary. 13 to 15 inchesthick.

B25t—55 to 62 inches, dark yellowish-brown (1OYR 3/4)loam, yellowish brown (IOYR 5/4) when moist;moderate to weak. very fine and fine, subangularblocky structure; bard, friable, slightly sticky andslightly plastic; few very fine roots; many, very fineand fine, tubular pores; reddish-brown (5YR 4/4moist), continuous, thin clay films on ped faces andin pores; 20 to 25 percent weathered rock fragmentsthat are less weathered than those in the 324thorizon; extremely acid.
The depth •to strongly weathered gravel and stones rangesfrom 40 to more than 60 inches. The strongly weathered, softgravel and stones range from none to many throughout thesolum. The A horizon ranges from 2 to 3 in value andchroma when moist. The Bt horizon ranges from 3 to 4 invalue when moist and from 3 to 6 in chroma when moist.The texture of the B24t and B25t horizons ranges from loamto silty clay.

This soil is used for pasture, homesites, truck crops,
bananas, and papaya. (Capability classification lie, non-
irrigated; pasture group 8; woodland group 7)

Lolekaa silty clay, 8 to 15 percent slopes (LoC).—On
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate. ‘Workability is slightly difficult
because of the slope. Included in mapping were small,
eroded spots and small, gravelly areas.

This soil is used for pasture, homesites, papaya, and
bananas. (Capability classification lila, nonirrigated;
pasture group 8; woodland group 7)

Lolekaa silty clay, 15 to 2.5 percent slopes (LoDj.—This
soil is on side slopes of terraces and along drainageways.
Runoff is medium, and the erosion hazard is lnoderate.
‘Workability is slightly difficult because of the slope.
Included in mapping were small, eroded spots and small,
gravelly areas.

This soil is used for pasture. (Capability classification
IVe, nonirrigated; pasture group 8; woodland group 7)

Lolekaa silty clay, 25 to 40 percent slopes (LoE).—This
soil occurs along drainageways and on fans adjacent to
the Koolau Range. Runoff is medium to rapid, and the
erosion hazard is moderate to severe. ‘Workability is
difficult because of the slope. Included in mapping were
small, eroded spots and small, gravelly areas.

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 8; woodland group ‘1)

Lolekaa silty clay, 40 to 70 percent slopes (LoF).—This
soil occurs along drainageways and on fans adjacent to
the Koolau Range. Runoff is rapid, and the erosion
hazard is severe. It is impractical to cultivate this soil.

This soil is used for pasture. (Capability classification
Vile, nonirrigated; pasture group 8; woodland group 14)

Lualualei Series
This series consists of well-drained soils on the coastal

plains, alluvial fans, and on talus slopes on the islands
of Kauai, Oahu, Molokai, and Lanai. These soils devel
oped in. alluvium and colluvium. They are nearly level
and gently sloping. Elevations range from 10 to 125 feet.
In most places the annual rainfall amounts to 18 to 30
inches, but it. is as low as 10 incites on Lanai and as high
as 50 inches on Kauai. Most of the rainfall occurs during
storms in the period from November to April. There is a
prolonged dry period in summer. The mean annual soil
temperature is p750 F. Lualualci soils are geographically
associated with Honouliuli, Jaucas, and Kekaha soils.

These soils are used. for sugarcane, truck crops, pas
ture, wildlife habitat, urban development, and military
installations. The natural vegetation consists of kiawe,
koa haole, bristly foxtail, uhaloa, and fingergrass.

Lualualei clay, 0 to 2 percent slopes (LuA).—This soil
is on alluvial fans. Included in mapping were small,
stony areas and snia.ll areas of Ewa soils.

In a representative profile the surface layer, about 10
inches thick, is very dark grayish-brown, very sticky and
very plastic clay that has prismatic structure. The next
layer, 37 to more than 42 inches thick, is very dark
grayish-brown, very sticky and very plastic clay that has
prismatic structure. In addition, it has gypsum crystals.
The soil is underlain by coral, gravel, sand, or clay at
depths below 40 inches. This soil cracks widely upon
drying. It is neutral in the surface layer and medium acid
to moderately alkaline in the underlying layers.

Permeability is slow. Runoff is slow, and the erosion
hazard is no more than slight. The available water capac
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ity is about 1.4 inches per foot of soil. In places roots
penetrate to a depth of 5 feet or more. The shrink-swell
potential is high.

Representative profile: island of Oahu, lat. 21°2.5’lO”
N. and long. 158°09’OO” W.

All—O to 1 inch, very dark grayish-brown (1OYR 3/2) clay,
very dark gray (1OYR 3/1) when moist; strong, fine
and very fine, granular structure; very hard, firm,
very sticky and very plastic; abundant fine roots;
many, fine, interstitial pores; few light-colored sand
grains; vertical cracks up to 2½ inches wide; strong
effervescence with hydrogen peroxide; neutral;
abrupt, smooth boundary. inch to 1’, inches
thick.

A12—1 inch to 10 inches, very dark grayish-brown (1OYR
3/2) clay, very dark gray (1OYR 3/1) when moist;
moderate, coarse, prismatic structure breaking to
moderate, medium, subangular blocky; very hard,
firm, very sticky and very plastic; abundant flue
roots; many, fine, tubular pores; some organic litter
in the cracks; strong effervescence with hydrogen
peroxide; neutral; gradual, smooth boundary. S to
12 inches thick.

AC—b to 22 inches, very dark grayish-brown (1OYR 3/2)
clay, very dark grayish brown (1OYR 3/2) when
moist; moderate, coarse, prismatic struc-ture breaking
to moderate, medium, subangular blocky; very bard,
firm, very sticky and very plastic; abundant fine
roots; many, fine, tubular pores; common slicken
sides; few black specks; few coral sand grains;
strong effervescence wit.h hydrogen peroxide; neu
tral; clear, smooth boundary. 10 to 12 inches thick.

01—22 to 30 inches, very dark grayish-brown (1OYR 3/2),
moist and dry, clay; moderate, medium and coarse,
subangular blocky structure; hard, firm, very sticky
and very plastic; plentiful fine and medium roqts,
mainly matted between cleavage planes; few, fine and
very fine, tubular pores; many weakly grooved
slickensides; common black stains in pores and in
dendritic pattern on ped faces; few light-colored
sand grains; common shiny specks; strong effer
vescence wits hydrogen peroxide; neutral; grad
ual, smooth boundary. 7 to 10 inches thick.

C2cs—30 to 49 inches, very dark grayish-brown (1OYR 3/2),
moist and dry, clay; strong, medium and coarse,
subangular blocky structure; hard, firm, very sticky
and very plastic; few fine roots matted between
faces; few, fine, tubular pores; many deeply grooved
slickensides; many, fine and medium, gypsum crys
tals; common black stains in pores and on peds;
common sluny specks; few light-colored sand grains;
strong effervescence with hydrogen peroxide; medium
acid: abrupt, smooth boundary. 17 to 20 inches
thick.

C3cs-9 to 60 inches, very dark grayish-browa (IOYR 3/2),
moist and dry, clay; strong, coarse, subangular
blocky structure; extremely hard, very firm, very
sticky and very plastic; few fine roots matted be
tween peds; few, fine, tubular pores; many deeply
grooved slickensides; common, medium and coarse,
gypsum crystals; few shiny specks; strong efferves
cence with hydrogen peroxide; medium acid.

The All horizon is granular when dry but massive when
wet. flecause of the type of clay, there is considerable swell-
jag and shrinking of the soil as a result of alternate wetting
and drying. When the soil dries, it cracks and forms huge
blocks 1 foot or more in diameter. When it is wet there is no
evidence of the blocks. The A and C horizons range from
7.5YP. to 1OYR in hue and from 2 to 4 in value. Chroma is
either 1 or 2. Gypsum crystals ‘/ inch to 3 inches in diam
eter are common in the profile, generally below a depth of
30 inches.

This soil is used for sugarcane, truck crops, pasture,
wildlife habitat, urban development, and military instal
lations. The very sticky and very plastic nature of the

clay makes cultivation difficult and practical only within
a narrow range of moisture content. Because of the high
shrink-swell potential, considerable care is necessary when
using this soil as a site for buildings or highways. (Capa
bility classification Ills if irrigated, VIs if nonirrigated;
sugarcane group 4; pasture group 2; woodland group 4)

Lualualei clay, 2 to 6 percent slopes (LuB).—On this
soil, runoff is slow and the erosion hazard is slight.
Included in mapping were small, stony areas and small
areas where the slope is as much as 12 percent.

This soil is used for sugarcane, truck crops, pasture,
urban development, and military installations. (Capa
bility classification Tile if irrigated, VIs if nonirrigated;
sugarcane group 4; pasture group 2; woodland group 4)

Lualualei stony clay, 0 to 2 percent slopes (IvA) .—This
soil occurs on Oahu on fans adjacent to drainageways.
It is similar to Lualualei clay, 0 to 2 percent slopes,
except that there are enough stones to hinder machine
cultivation.

This soil is used for sugarcane, truck crops, pasture,
and military installations. (Capability classification IHs
if irrigated, VIs if nonirrigated; sugarcane group 4;
pasture group 2; woodland group 4)

Lualualel stony clay, 2 to 6 percent slopes (LvB).—This
soil occurs on Oahu adjacent to drainagewnys. It is
similar to Lualualci clay, 0 to 2 percent slopes, except
that there are enough stones to hinder machine cultiva
tion. Runoff is slow, and the erosion hazard is slight.
Included in mapping were small areas where the slope
is 6 to 12 percent.

This soil is used for urban development, military
installations, pasture, truck crops, and sugarcane. (Capa
bility classification Tile if irrigated, VIs if nonirrigated;
sugarcane group 4; pasture group 2; woodland group 4)

Lualualei extremely stony clay, 3 to 35 percent slopes
(IPE).—This soil occurs on talus slopes on Oahu and Kauai.
The slope range is 3 to 35 percent, but in most places
the soil is moderately sloping to steep. This soil is similar
to Lualualei clay, 0 to 2 percent slopes, except that there
are many stones on the surface and in the profile. It is
impractical to cultivate this soil unless the stones are
removed. Runoff is medium to rapid, and the erosion
hazard is moderate to severe.

This soil is used for pasture. (Capability classification
Vhs, nonirrigated; pasture group 2; woodland group 4)

Mahana Series
This series consists of well-drained soils on uplands on

the islands of Kauai and Oahu. These soils developed in
volcanic ash. They are gently sloping to very steep. Eleva
tions range from 1,000 to 3,000 feet. The annual rainfall
amounts to 30 to 45 inches. The mean annual soil tem
perature is 67° F. Mahana soils are geographically asso
ciated with 011 and Puu Opae soils on Kauai and with
Kolekolo soils on Oahu.

These soils are used for pasture, woodland, wildlife
habitat, irrigated sugarcane, and water supply. The nat
ural vegetation consists of puakeawe, aalii, ricegrass,
molassesgrass, silver oak, yellow foxtail, lantana, joee,
Japanese tea, passion flower, and associated plants.

Mahana silt loam, 6 to 12 percent slopes (MaC).—This
soil occurs oii ridgetops and moderately sloping uplands.
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Included in mapping were some areas where the slope is
less than 6 percent.

In a representative profile the surface layer, about 7
inches thick, is dusky-red to dark reddish-brown silt loam
that has subangular blocky structure. The subsoil, ‘11
inches thick, is dark-red to dusky-red silt loam and silty
clay loam. The substratum is compact silty clay loam.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.5 inches per foot of soil. In places roots pene
trate to a depth of 5 feet or more.

Representative profile: Island of Kauai, lat. 220O130A
N. and long. 159 °41’ll” W.

A1—O to 7 inches, dusky-red (1OR 3/4) silt loam, dark
reddish brown (2.5YR 3/4) when dry; strong, fine
and very fine, subangular blocky structure; very
hard, friable, sticky and plastic; abundant roots;
moderate effervescence with hydrogen peroxide; me
dium acid; clear, wavy boundary. 6 to 10 inches
thick.

B21—7 to 11 inches. dark-red (2.SYR 3/6) silt loam, reddish
brown (2.5YR 4/4) when dry; weak, coarse, pris
matic structure; slightly hard, very friable, non-
sticky and nonplastic; abundant roots; many fine
pores; slightly acid; gradual, smooth boundary.
4 to 7 inches thick.

B22—11 to 20 inches, dark-red (2.SYR 3/0) silt loam, reddish
brown (2.5YR 4/4) when dry; weak, coarse, pris
matic structure; soft, very friable, slightly sticky and
slightly plastic, and slightly smeary; abundant roots;
many fine pores; medium acid; gradual, smooth
boundary. 11 to 10 inches thick.

B23—20 to 35 inches, dark-red (2.SYR 3/0) silt loam, reddish
brown (2.5YR 4/4) when dry; weak, coarse, pris
matic structure; soft, very friable, slightly sticky
and slightly plastic, and smeary; few roots; many
fine pores; medium acid; gradual, smooth boundary.
11 to 10 inches thick.

11B3—35 to 48 inches, darkred (2.5YR 3/0) silty clay loam,
reddish brown (2.5YR 5/4) when dry; weak, fine
and medium, subangular blocky structure; slightly
hard, friable, sticky and plastic, and slightly smeary;
few roots; many fine pores; contains hard, earthy
lumps; slightly acid; clear, smooth boundary. 12 to
15 inches thick.

IIC—48 to 01 inches, dark reddish-brown (5YR 3/3) silty
clay loam; some coatings of dark red (bR 3/8),
reddish brown (2.SYR 4/4) when dry; moderate,
fine and medium, angular and subangular blocky
structure; compact in place; hard, firm, sticky and
plastic; few roots; many fine and very fine pores;
continuous stress cutans; dark-red coatings that look
like clay filnis; weak, patchy slickensides; medium
acid.

The A horizon ranges from 1OR to 2.SYR in hue, from 3
to 4 in chroma, and from 2 -to 3 Ia value. The B horizon
ranges from 7.5R to 2.5YR in hue and from 4 to 8 in
chroma. The texture of the B horizon ranges from very
fine sandy loam to silty clay loam.

This soil is used for pasture, woodland, wildlife habitat,
pineapple, and sugareane. (Capability classification lila
if irrigated, IVe if nonirrigated; sugarcane group 1;
pineapple group 6; pasture group 6; woodland group 5)

Maharia silt loani, 12 to 20 percent slopes (MaD).—On
this soil, runoff is medium and the erosion hazard is
moderate.

This soil is used for pasture, woodland, wildlife habitat,
and sugarcane. (Capability classification IVe, irrigated
or nonirrigated; sugarcane group 1; pineapple group 6;
pasture group 6; woodland group 5)

Mahana silt loam, 12 to 20 percent slopes, severely
eroded (MaD3).—This soil has a profile like that of Mahana
silt loam, 6 to 12 percent slopes, except that most of the
surface layer has been removed by erosion. Runoff is
rapid, and the erosion hazard is severe. Included lfl map
pIng were some areas where all of the surface layer and
Part of the subsoil have been removed by erosion. Also
included were small areas where the slope is less than
12 percent.

This soil is used for pasture, wildlife habitat, and wood
land. (Capability classification IVe if irrigated, VIe if
nonirrigated; sugarcane group 1; pineapple group 6;
pasture group 6; woodland group 5)

Mahana silt loam, 20 to 35 percent slopes (McE).—On
this soil, runoff is rapid anti the erosion hazard is severe.

This soil is used for pasture, woodland, wildlife habitat,
and water supply. (Capability classification VIe, non-
irrigated; pasture group 6; woodland group 5)

Mahana slit loam, 20 to 35 percent slopes, severely
eroded (MaE3}.—This soil has a profile like that of Mahana
silt loam, 6 to 12 percent slopes, except that the surface
layer and part of the subsoil have been removed by ero
sion. There are a few gullies. Runoff is very rapid, and
the erosion hazard is very severe.

This soil is used for pasture and woodland. (Capability
classification VIe, nonirrigated; pasture group 6; wood
land group 5)

Mahana silty clay’ loam, 6 to 12 percent slopes, eroded
(McC2}.—Erosion has removed most of the surface layer
of this soil, and the surface texture is now silty clay
loam. Otherwise, the profile is like that of Mahana silt
loam, 6 to 12 percent slopes. Included in mapping were
small areas where the slope is less than 6 percent.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification lila if irrigated. IVe if non-
irrigated; sugarcane group 1; pineapple group 6; pasture
group 6; woodland group 5)

Mahana. silty clay loam, 12 to 20 percent slopes,
eroded (McD2) .—This soil has a proflie like that of Mahana
silt loam, 6 to 1’2 percent slopes, except for the texture
of the surface layer. Most of the surface layer has been
removed by erosion. Runoff is rapid, and the erosion
hazard is severe.

This soil is used for sugareane, pineapple, and pasture.
(Capability classification IVe, irrigated or nonirrigated;
sugarcane group 1; pineapple group 6; pasture group 6;
woodland group 5)

Mahana silty clay loam, 20 to 35 percent slopes,
eroded (McE2).—This soil has a profile like that of Mahana
silt loam, 6 to 12 percent slopes, except for the texture of
the surface layer. Most of the surface layer has been
removed by erosion. Runoff is very rapid, and th erosion
hazard is very severe.

Included in mapping were areas where all of the sur
face layer and part of the subsoil have been removed
by erosion. Also included were small, stony areas and
reddish-colored upland soils that are underlain by a
panlike layer at a depth of 15 to 50 inches.

This soil is used for pasture, pineapple, and irrigated
sugarcane. (Capability classification VIe, nonirrigated;
pasture group 6; woodland group 5)

Mahana-Badland complex (MBL).—This complex con
sists of Ma-ha-na soils and Badland. Mahana soils make



ISLANDS OF KAUAI, OAHTJ, MAUI, MOLOKAT, AND LANAI, STATE OF HAWAII 87

up 40 to 70 percent of the acreage, and Badland 30 to
60 percent. The Mahana soils are similar to Mahana silt
loam, 6 to 12 percent slopes, except that the texture is
silty clay loam and the soils are moderately steep to very
steep. Runoff is medium to very rapid, and the erosion
hazard is moderate to very severe.

This complex is used for pasture. (Ma.hana part is in
capability classification Pie, nonirrigated; pasture group
6; woodland group 5. Badland part is in capability
classification Ville, nonirrigated)

Makaalae Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic
ash. They are moderately sloping to steep. Elevations
range from nearly sea level to 1,500 feet. The annual
rainfall amounts to 60 to 90 inches. It is well distributed
throughout the year. The mean annual soil temperature
is 73° F. Makaalae soils are geographically associated
with Hana, Honomanu, and Kaupo soils.

These soils are used for pasture, wildlife habitat, and
water supply. The natural vegetation consists of guava,
kaimiclover, kikuyugrass, rattailgrass, and yellow foxtail.

Makaalae silty clay, 7 to 25 percent slopes (MiD) .—This
soil is on rough, low mountain slopes. Included in map
ping were small areas of Hana and Honomanu soils. In
a few places scattered stones are on the surface. Also
included were a few cinder cones.

In a representative profile the surface layer is very
dark brown silty clay about 10 inches thick. Below this
is very dark grayish-brown silty clay, about 30 inches
thick, that has subangular blocky structure. The substra
tum is fragmental Aa lava. The soil is strongly acid in
the surface layer and medium to slightly acid in the
subsoil.

Permeability is moderate. Runoff is slow to medium,
and the erosion hazard is slight to moderate. In places
the roots penetrate to a depth of 4 feet.

Representative proffle: Island of Maui, lat. 20°41’lS”
N. and long. 156°03’06” W.

The depth to Aa lava ranges from 24 to 48 inches. The C
horizon ranges from 7.SYR to 1OYR in hue and from 2 to 4
in chroma when moist. The content of gravel, cobblestones,
and stones in the 02 horizon ranges from 50 to 70 percent.
Smeariness in the C horizon increases with elevation.

This soil is used for pasture, wildlife habitat, and
water supply. (Capability classification IVe, nonirri
gated; pasture group 8; woodland group 7)

Makaalae extremely stony silty clay, 7 to 25 percent
slopes (MJD(.—This soil is similar to Makaalae silty clay,
7 to 25 percent slopes, except that stones cover 3 to 15
percent of the surface. Included in mapping were small
areas that are less stony. In places outcrops of Aa lava
along drainageways are conunon. Also included were a
few cinder cones.

This soil is used for pasture, wildlife habitat, and water
supply. (Capability classification Vhs, nonirrigated;
pasture group 8; woodland group 7)

Makaalae clay, 7 to 40 percent slopes (MWE).—The
slope range of this soil is 7 to 40 percent, but in most
places the slope is 20 to 30 percent. The surface layer
of this soil developed in a mixture of volcanic ash, and
the subsoil in material derived from basic igneous rock.
The surface layer is very sticky and very plastic. Included
in mapping were small, stony areas.

This soil is used for pasture and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture
group 8; woodland group 7)

Makalapa Series
This series consists of well-drained soils on uplands

on the island of Oahu, near Salt Lake Crater, Diamond
Head, and the Mokapu Peninsula. These soils formed in
volcanic timif. They are gently sloping to moderately
steep. Elevations range from 20 to 200 feat. The annual
rainfall amounts to 20 to 35 inches. A• long dry period
occurs in summer. The mean annual soil temperature s
74° F. Makalapa soils are geographically associated with
Kokokahi and Marn ala soils.

These soils are used for urban development and pasture.
The natural vegetation consists of kiawe, koa haole,
lantana, bermudagrass, and flngergrass.

Makalapa clay, 2 to 6 percent slopes (Md B) .—This soil
is gently sloping. Included in mapping were small areas
of Mamala soils and small areas of saline soils within
Salt Lake Crater and Diamond Head.

In a representative profile the surface layer is very
dark grayish-brown clay about 8 inches thick. The next
layer, 18 to 36 inches thick, is very dark grayish-brown
clay to silty clay loam that has subangular blocky struc
ture. It is underlain by light-gray to dark grayish-brown,
weathered volcanic tuff. The clays are very sticky and
very plastic, and they crack widely upon drying. The
soil is mildly alkaline in the surface layer and mildly
alkaline to moderately alkaline in the next layer.

Permeability is slow. Runoff is slow, and the erosion
hazard is slight. The available water capacity is about
1.4 inches per foot of soil. Roots penetrate to the vol
canic tuff. Workability is difficult because the clay is very
sticky and very plastic. The shrink-swell potential is
high.

Representative profile: Island of Oahu, let. 21°21’52”
N. and long. 157°55’Ol” W.

Ap—O to 10 inches, very dark brown (1OYR 2/2) silty clay,
very dark grayish brown (1OYR 3/2) when dry;
strong, very fine and fine, subangular blocky struc
ture; very hard, firm, sticky and plastic; abundant
fine and very flue roots; common fine pores; common
worm casts; 5 to 15 percent stones; few weathered
pebbles; strongly acid; clear, wavy boundary. 8 to 12
inches thick.

01—10 to 24 inches, very dark grayish-brown (1OYR 3/2)
silty clay, dark brown (1OYR 3/s) when dry; mod
erate, very fine and fine, subaugular blocky structure;
hard, firm, very sticky and very plastic, and weakly
smeary; plentiful fine roots; many fine pores; few
worm casts; 30 to 50 percent stones; 5 to 10 percent
gravel; few, red, weathered cinders; few pale.
yellow mineral grains; medium acid; gradual,
smooth boundary. 10 to 14 inches thick.

C2—24 to 40 inches, very dark grayish-brown (IOYR 3/2)
silty clay, dark brown (1OYB 3/3) when dry;
moderate, very fine and fine, subangular blocky
structure; hard, friable, very sticky and plastic, and
weakly smeary; plentiful fine and medium roots;
many fine pores; many, red, weathered cinders; 50
to 70 percent hard gravel, cobblestones, and stones;
slightly acid.

11C3—40 inches, fragmental Aa lava.



88 SOIL SURVEY

Apl—0 to 2 inches, very dark grayish-brown (1OYR 3/2)
clay, very dark gray (1OYR 3/1) when dry; strong,
very fine and fine, granular structure; very hard,
firm, very sticky and very plastic; abundant fine and
very fine roots; few fine fragments of coral; strong
effervescence with hydrogen peroxide; slight effer
vescence with hydrochloric acid; mildly alkaline;
abrupt, smooth boundary. 1 to 3 inches thick.

Ap2—2 to 8 inches, very dark grayish-brown (1OYR 3/2),
moist and dry, clay; moderate, fine and very fine,
granular structure and moderate, coarse, subangular
blocky; hard, firm, very sticky and very plastic;
abundant fine roots; common, fine and very fine,
interstitial and tubular pores; few fine fragments of
coral; strong effervescence with hydrogen peroxide;
slight effervescence with hydrochloric acid; mildly
alkaline; abrupt, smooth boundary. 6 to 10 inches
thick.

AC—8 to 20 inches, very dark grayish-brown (1OYR 3/2),
moist and dry, clay; lozengelike pods (4 by 18 inches)
that break to weak, medium, subangular blocky struc
ture; very hard, firm, very sticky and very plastic;
abundant fine and medium roots; few to common,
fine and very fine, tubular and interstitial pores;
common to many slickensides; common fine sand
grains; few angular rock fragments; slight efferves
cence with hydrogen peroxide; slight effervescence
with hydrochloric acid; mildly alkaline; gradual,
smooth boundary. 8 to 12 inches thick.

01—20 to 30 inches, very dark grayish-brown (1OYR 3/2),
moist and dry, clay; lozengelike peds (1 to 2 inches
thick and 2 to 8 inches long) ; very hard, very firm,
very sticky and very plastic; plentiful fine roots
mainly matted on ped faces, few within pods; few,
very fine, tubular pores; many distinct slicken
sides; few tuff fragments; slight effervescence with
hydrogen peroxide; strong effervescence with hy
drochloric acid; moderately alkaline; clear, wavy
boundary. 8 to 12 inches thick.

C2—30 to 38 inches, very dark grayish-brown (1OYR 3/2),
moist and dry, silty clay loam; moderate, fine and
medium, blocky and subangular blocky structure;
slightly hard, firm, very sticky and very plastic;
few fine roots; few, fine, tubular pores; many, very
pale brown (1OYR 7/3 dry), pebble-size tuff frag
ments; common distinct slickensides: slight efferves
cence with hydrogen peroxide; strong effervescence
with hydrochloric acid; moderately alkaline; clear,
smooth boundary. 4 to 12 inches thick.

C3—38 inches, highly decomposed, light-gray (1OYR 7/2) to
dark grayish-brown (1OYR 4/2) volcanic tuff; strong
effervescence with hydrochloric acid.

The thickness of the soil over volcanic tuir ranges from 27
to 49 Inches. The amount of pebble-size fragments of tuff on
the surface and in the profile ranges from 5 to 20 percent.
When the soil is dry, there are cracks 2 inches or more wide
and 20 to 30 inches deep. Tile profile ranges from 1OYR to
7.SYR in hue and from 2 to 4 in chroma when moist. The
texture of the upper part of the 0 horizon ranges from clay
to silty clay loam.

This soil is used for urban development and pasture.
(Capability classification Ills, nonirrigated; sugarcane
group 4; pasture group 3)

Makalapa clay, 6 to 12 percent slopes (MdC).—This
soil is similar to Makalapa clay, 2 to 6 percent slopes,
except that it occurs on fans. Runoff is slow to medium,
and the erosion hazard is slight to moderate.

This soil is used for urban development and pasture.
(Capability classification IVe, nonirrigated; sugarcane
group 4; pasture group 3)

Makalapa clay, 12 to 2J percent slopes (MdD).—On this
soil, runoff is medium and the erosion hazard is moderate.

This soil is used for urban development and pasture.
(Capability classification I’Ve, nonirrigated; sugarcane
group 4; pasture group 3)

Makapili Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
weathered from basic igneous rock. They are nearly level
to steep. Elevations range from 100 to 350 feet. The
annual rainfall amounts to 70 to 80 inches. The mean
annual soil temperature is 72° F. Makapili soils are
geographically associated with Pooku soils.

These soils are used for pasture, irrigated sugarcane,
and woodland. The natural vegetation consists of pangola
grass, kikuyugrass, kaimiclover, sensitiveplant, guava, and
Java plum.

Makapili silty clay, 0 to 8 percent slopes (MeB).—This
soil is on broad upland ridges.

In a representative profile the surface layer is brown
silty clay about 12 inches thick. The subsoil, about 48
inches thick, is reddish-brown, dark reddish-brown, and
yellowish-red clay loam and silty clay that has sub-
angular blocky structure. The substratum is silty clay.
The surface layer is strongly acid. The subsoil is very
strongly acid.

Permeability is lnoderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capac
ity is about 1.4 inches per foot of soil. In places roots
penetrate to a depth of 5 feet or more.

Representative profile: Island of Kaua.i, lat. 22°13’14”
N. and long. 159 °28”46.9” W.

Ap—0 to 12 inches, brown (bYE 4/3) silty clay, brown
(1OYR 4/3) when rubbed, brown (1OYR 5/3) when
dry; strong, fine, subangular blocky structure; very
hard, friable, sticky and plastic; abundant micro,
very fine, fine, and medium roots; many micro and
very fine, tubular pores; many, very fine, interstitial
pores; few pebbles (hard, weathered rock) ; strongly
acid; abrupt, smooth boundary. 11 to 13 inches thick.

B1—12 to 14 inches, reddish-brown (5YR 4/3) clay loam,
reddish brown (5YR 4/4) when rubbed, dark reddish
brown (SYR 3/4) when dry; weak, medium, sub-
angular blocky structure; very hard, friable, slightly
stiuky and slightly plastic; abundant micro, very
fine, fine, and medium roots; many, micro, very fine,
tubular pores; common, fine and medium, tubular
pores; thin, patchy pressure cutans; many higher
chroma, sugarlike granules in pores; many worm
channels and worm casts; strongly acid; clear,
smooth boundary. 0 to 3 inches thick.

1321—14 to 22 inches, dark reddish-brown (5YR 3/3) clay
loam, reddish brown (5YR 4/4) when rubbed, dark
brown (7.SYR 4/4) when dry; moderate, fine and
very fine, subangular blocky structure; very hard,
firm, slightly sticky and slightly plastic; plentiful
micro, very fine, and fine roots and few medium
roots; many micro and very fine, tubular pores;
many, very fine, interstitial pores; nearly continu
ous pressure cutaas on pods; many higher chroma,
sugarlike granules in pores; very strongly acid;
clear, wavy boundary. 7 to 9 inches thick.

1322—22 to 28 inches, reddish-brown (5YR 4/4) clay loam,
reddish brown (5YR 4/4) when rubbed; dark reddish
brown (SYR 3/3) vlth sugary coatings of reddish
brown (SYR 5/4) when dry; weak, fine and very
fine, subangular blocky structure; very hard, firm,
slightly sticky and slightly plastic; plentiful micro
and very fine roots and few fine and medium roots;
many micro and very fine tubular pores and common,
fiJIe, tubular pores; many, very fine, Interstitial
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pores; continuous pressure cutans on peds; many
higher ebroma, sugarlike granules in pores; many,
fine, black specks; very strongly acid; clear, wavy
boundary. 4 to 8 inches thick.

B23—28 to 44 inches, dark reddish-brown (5YR 3/4) clay
loam, yellowish red (53R 4/6) when rubbed; dark
reclthsh brown (5YR 3/4) with sugary coatings of
reddish brown (5YR 5/4) when dry; moderate, fine
and very fine, subangular blocky structure; very
hard, finn, slightly sticky and slightly plastic; few
micro and very fine roots; many micro and very
fine, tubular pores and few, fine, tubular pores; many,
very fine, interstitial pores; continuous pressure
cutans on peds; many higher chroma, sugarlike gran
ules in pores; about 40 percent of volume is weath
ered rock impregnated with white and yellowish-
white secondary minerals; about 2 percent of the
weathered rock is more than 1 inch in diameter;
very strongly acid; gradual, wavy boundary. 14 to
18 inches thick,

B24—44 to 60 inches, (lark reddish-brown (2.5YR 3/4) silty
clay, reddish brown (5YR 4/4) when rubbed, reddish
brown (5YR 4/4) when dry; strong, fine and very
lIne, subangular blocky structure; very hard, firm,
sticky and plastic; few micro and very fine roots;
many micro and very fine, tubular pores and common,
fine, tubular pores; many, very flue, interstitial
pores; continuous pressure cutans on peds; many
higher chroma, sugarlike granules in pores; few,
fine, black specks; weathered rock is impregnated
with white and yellowish-white secondary minerals
and makes up more than 50 percent of the volume;
about 5 percent of the weathered rock is more than
1 inch in diameter; very strongly acid.

The A horizon ranges from 2.5Y to 1OYR in hue, from 3 to 4
in value, and from 2 to 3 in chroma. The upper part of the B
horizon ranges from 5YR to 7.5YR in hue and from 3 to 4 in
value and chroma. It ranges from weak subangular blocky
structure to massive. The B22 horizon ranges from clay loam
to silty clay loam in texture.

This soil is used for pasture and sugarcana. (Capa
bility classification lie, irrigated or nonirrigated; pasture
group 10; woodland group 9)

Makapili silty clay, 8 to 15 percent slopes (MeC).—On
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate.

This soil is used for pasture and sugarcane. (Capa
bility classification Ille, irrigated or nonirrigated; pas
ture group 10; woodland group 9)

Makapili silty clay, 15 to 25 percent slopes (MeD).—On
this soil, runoff is medium and the erosion hazard is
moderate to severe.

This soil is used for pasture. (Capability classification
lYe, irrigated or nonirrigated; pasture group 10; wood
land group 9)

Makapili silty clay, 25 to 40 percent slopes {MeE).—
This soil has a profile like that of Makapili silty clay, 0
to S perceIlt slopes, except that the surface layer is thin
ner. Runoff is rapid, and the erosion hazard is severe.

This soil is used for pasture and woodland. (Capa
bility classification VIe, nonirrigated; pasture group 10;
woodland group 9)

Makawao Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in volcanic
ash and in material weathered from basic igneous rock.
They are gently sloping to moderately sloping. Eleva.
tions range from 1,200 to 2,500 feet. The annual rainfall

amounts to 60 to 90 inches. The mean annual soil tem
perature is 69° F. Makawao soils are geographically
associated with Haiku, Kailua, and Olinda soils.

These soils are used for pasture. Small acreages are
used for pineapple, truck crops, and homesites. The
natural vegetation consists of bermudagrass, eucalyptus,
guava, hilograss, kairniclover, and kikuyugrass.

Makawao silty clay, 3 to 7 percent slopes (MIB).—This
soil is on smooth side slopes and intermediate slopes in
the uplands. Included in mapping were small areas of
Haiku and Kailua soils.

In a representative profile the surface layer is dark
reddish-brown silty clay about 9 inches thick. The subsoil,
about 30 inches thick, is dark reddish-brown silty clay
that has subangular blocky structure. The substratum is
soft, weathered basic igneous rock. The soil is strongly
acid to medium acid in the surface layer and slightly acid
ill the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places roots penetrate to
a depth of 5 feet or more.

Representative profile: Island of Maui, lat. 20°51’02”
N. and long. 156°18’36” W.

Apl—0 to 4 inches, dark reddish-brown (5YR 3/3) silty clay,
reddish brown (SYR 4/4) when dry; strong, very
line, subangular blocky structure; hard, firm, sticky
and plastic; abundant roots; many very fine pores;
slight effervescence with hydrogen peroxide; strongly
acid; clear, wavy boundary. 3 to 6 inches thick.

Ap2—4 to 9 inches, dark reddish-brown (SYR 3/3) silty
clay, yellowish red (5YR 4/6) when dry; strong,
very line, subangular blocky structure; hard, firm,
sticky and plastic, and weakly smeary; abundant
roots; common fine pores; slight effervescence with
hydrogen peroxide; medium acid; abrupt, wavy
boundary. 3 to 7 inches thick.

B21t—9 to 12 inches, dark reddish-brown (2.5YR 3/4) silty
clay, reddish brown (2.5YR 4/4) when dry; moder
ate, fine and medium, subangular blocky structure;
hard, friable, sticky and plastic, and weakly smeary;
few roots; many fine and very fine pores; thin,
patchy clay films on peds; few weathered pebbles;
slightly acid; clear, wavy boundary. 2 to 4 inches
thick.

1122t—12 to 19 inches, dark reddish-brown (25YR 3/4) silty
clay, reddish brown (2.5YR 4/4) when dry; mod
erate, line and very fine, subangular blocky structure;
slightly hard, friable, sticky and plastic, and weakly
smeary; few roots; many fine and very fine pores;
thin, continuous clay films on pecls; 10 to 15 percent
weathered gravel; slightly acid; gradual, wavy
boundary. 5 to 9 inches thick.

B3—19 to 37 inches, dark reddish-brown (5YR 3/4) silty
clay, reddish brown (5YR 5/4) when dry; moderate,
fine and very fine, subangular blocky structure;
slightly hard, friable, sticky and plastic, and moder
ately smeary; few roots; many fine and medium
pores; continuous, gelatinlike coatings on peds; 10
to 15 percent weathered gravel; slightly acid; grad
ual, wavy boundary. 15 to 20 inches thick.

c—37 to 60 inches, gray, highly weathered rock with 15 to
20 percent dark-brown (1OYR 3/3) silty clay, brown
(1OYR 5/3) when dry; weak, fine and medium,
subangular blocky structure; hard, firm, sticky and
plastic, and moderately smeary; very few roots;
common fine and medium pores; slightly acid.

Smeariness ranges from weak at the lower elevations to
moderate at the higher elevations. The A horizon ranges from
4 to 5 in value when dry and, in chroma, from 2 to 3 when
moist and 4 to 6 when dry. The Bt horizon ranges from 5YR
to 2.5YR in hue, from 3 to 4 in value when moist and 4 to 5
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when dry, and from 3 to 4 in chroma when moist and 3 to 5
when dry. The texture is silty clay or clay.

This soil is used for pasture. Small acreages are used
for pineapple, truck crops, and hornesites. (Capability
classification lie, nonirrigated; puicapple group o; pas
ture group 8; woodland group 7)

Makawao silty clay, 7 to 15 percent slopes (MfC).—
This soil is similar to Makawao silty clay, 3 to 7 percent
slopes, except that it is moderately slopmg to strongly
sloping. Runoff is slow to medium, and the erosion
hazard is slight to moderate. Included in mappmg were
small, moderately steep areas and a few very steep cinder
cones. In places there are small, eroded spots where soft,
weathered rock fragments are in the surface layer.

This soil is used for pasture. Small acreages are used
for homesites. (Capability classification Tile, nonirri
gated; pineapple group 6; pasture group 8; woodland
group 7)

Makaweli Series

This series consists of well-drained soils on uplands
on the island of Kauai. These soils developed in material
weathered from basic igneous rock. They are gently slop
ing to steep. Elevations range from nearly sea level to
500 feet. The annual rainfall amounts to 20 to 35 inches.
Three-fourths of it occurs from October through March.
The mean annual soil temperature is 74° F. Makaweli
soils are geographically associated with Nm soils.

These soils are used for irrigated sugarcane, pasture,
and homesites. The natural vegetation consists of kiawe,
lantana, fingergrass, klu, koa haole, and piigrass.

Makaweli silty clay loam, 0 to 6 percent slopes
(Mg B) ..—This soil is on the tops of broad interfiuves in the
uplands. Included in mapping were small areas that have
a subsoil of silty clay and sonic areas that have strong
structure in the subsoil.

In. a representative profile the surface layer is dusky-
red silty clay loam about 12 inches thick. The subsoil, 48
inches thick, is dusky-red, friable silt loam and silty clay
loam that has prismatic and subangular blocky structure.
The substratum is soft, weathered basic igneous rock.
The soil is slightly acid in the surface layer and slightly
acid to neutral in the subsoil.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.6 inches per foot of soil. In places roots penetrate
to a depth of 5 feet or more.

Representative profile: Islaiid of Kauai, lat. 21°53’45”
N. and long. 159°33’55” W.

Apl—O to 7 inches, dusky-red (1OR 3/2) silty clay loam,
dark red (1OR 3/6) when dry; cloddy breaking to
weak, very fine to medium, granular structure; hard,
friable, sticky and plastic; abundant very fine and
fine roots; many very fine and fine pores; many
very fine, black concretions; moderately magnetic;
numerous fragments of charcoal from burning cane;
violent effervescence with hydrogen peroxide; slightly
acid; clear, smooth boundary. 6 to 8 inches thick.

Ap2—7 to 12 inches, dusky-red (1OR 3/3) silty clay loam,
dusky-red (1OR 3/2) material mixed by tillage,
dusky red (1OR 3/4) when dry; weak, medium and
coarse, subangular blocky structure; hard, friable,
slightly sticky and slightly plastic; abundant roots;
common, very fine and fine, tubular pores; many
black coneretions; moderately magnetic; strong offer-

vescence with hydrogen peroxide; slightly acid;
clear, smooth boundary. 4 to 6 inches thick.

B21—12 to 25 inches, dusky-red (lOB 3/4) silt loam, red (bR
4/6) when dry; weak, coarse, prismatic structure;
slightly hard, very friable, slightly sticky and plas
tic; plentiful roots; many, very fine and line, medium
pores; common black concretions; moderately mag
netic; black manganese dioxide staining along root
channels; strong effervescence with hydrogen perox
ide; neutral; clear, smooth boundary. 11 to 15 inches
thick.

B22—25 to 36 inches, dusky-red (1OR 3/4) silty clay loam,
dark red (lOB 3/6) when dry; weak, coarse, pris
matic structure breaking to weak, fine to coarse,
subangular blocky; pockets of moderate, very fine,
subaugular blocky structure; slightly bard, friable,
slightly sticky and plastic; plentiful roots; many
very fine and fine pores and common medium pores;
few black concretions; patchy, glazed surfaces on
pods that look like Iressure surfaces; root chan
nels are lined with black manganese dioxide staining;
moderately magnetic; slight effervescence with hy
drogen peroxide; neutral; gradual, wavy boundary.
9 to 13 inches thick.

B23—36 to 60 inches, dusky-red (1OR 3/3) silty clay loam,
dark red (lOB 3/6) when dry; weak, medium and
ne, subangular blocky structure; pockets of moder
ate, medium, subangular blocky structure; slightly
hard, friable, slightly sticky and plastic; few fine
and medium roots that tend to be confined between
pad faces; many very fine and fine pores; few black
manganese dioxide concretions; common, very fine,
weathered mineral particles that tend to impart a
gritty feel; few glazed coatings on ped surfaces that
look like pressure faces; several large stones; slight
effervescence with hydrogen peroxide; neutral.

In most places the A horizon Is lOB In hue, but in some
places It is 2.5yR. It ranges from 2 to 3 in chroma and from
2 to 3 in value. The B horizon ranges from 3 to 6 in chroma.
The grade of structure of the B horizon ranges from weak to
moderate.

This soil is used for irrigated sugarcanc and pasture.
(Capability classification lie if irrigated, IVc if nonirri
gated; sugaroane group 1; pasture group 2)

Makaweli silty clay loam, 6 to 12 percent slopes
(MgC).—On this soil, runoff is medium and the erosion
hazard is moderate. Included in mapping were small,
severely eroded areas.

This soil is used for sugarcane, pasture, and homesites.
(Capability classification Ille if irrigated, lYe if non-
irrigated; sugarcane group 1; pasture group 2)

Makaweli silty clay loam, 12 to 20 percent slopes
(MgDL—On this soil, runoff is rapid and the erosion hazard
is severe. Included in mapping were small, severely
eroded areas.

This soil is used for sugarcane and pasture. (Capability
classification lYe, irrigated or nonirrigated; sugarcane
group 1; pasture group 2)

Makaweli silty clay loam, 20 to 35 percent slopes,
eroded (MgE2).—This soil has a profile like that of Maka
weli silty clay loam, 0 to 6 percent slopes, except that the
surface layer is thinner. Runoff is rapid, and the erosion
hazard is severe. Included in mapping were areas of less
sloping soils and areas in the vicinity of Nomilo fishpond
where the soils are underlain by cinders.

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 2)

Makaweli stony silty clay loam, 0 to 6 percent slopes
(MhB).—This soil is similar to Makaweli silty clay loam,
0 to 6 percent slopes, except that it is stony. Some of



ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 91

the stones are more than 27 inches in diameter. The stones
hinder ciii tivation.

This soil is used for sugarcane and pasture. (Capability
classification lie if irrigated, IVs if nonirrigated; sugar-
cane group 1; pasture group 2)

Makaweli stony silty clay loam, 6 to 12 percent slopes
(MhC).—This soil is similar to Makaweli silty clay loani,
0 to 6 percent slopes, except that it is moderately sloping
and is stony. The stones hinder cultivation. Runoff is
medium, and the erosion hazard is moderate.

This soil is used for sugarcane and pasture. (Capability
classification ITIe if irrigated, IVe if nonirrigated; sugar
cane group 1; pasture group 2)

Makaweli stony silty clay loam, 12 to 20 percent
slopes (MhD).—This soil is similar to Makaweli silty clay
loam, 0 to 6 percent slopes, except that it is moderately
steep and stony. The stones hinder cultivation. Runoff is

rapid, and the erosion hazard is severe.
This soil is used for sugarcane and pasture. (Capability

classification lYe, irrigated or nonirrigated; stigarcane
group 1; pasture group 2)

Makaweli stony silty clay loam, 20 to 5 percent
slopes (MhE) .—This soil is similar to Makaweli silty clay
loam, 0 to 6 percent slopes, except that it is steep and
stony and the surface layer is thinner. Runoff is rapid,
and the erosion hazard is severe.

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 2)

Makena Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in volcanic
ash. They are gently to moderately slopmg. Elevations
range from nearly sea level to 500 feet. The annual rain
fall amounts to 10 to 20 inches. Most of it occurs in
winter. The mean annual soil temperature is 75° F.
Makena soils are geographically associated with Keawa
kapu and Oanapuka soils.

These soils are used for pasture and wildlife habitat.
The natura.l vegetation consists of bristly foxtail, feather
fingergrass, ilima, and kiawe.

Makena loam, stony complex, 3 to 15 percent slopes
(MXC).—This complex is on the lower leeward slopes of
Haleakala, between Makena. and Karnaole. It consists of
Makena loam and Stony land. Stony land occurs on low
ridges and makes up 30 to 60 percent of the complex.
Makena loam occurs as gently sloping areas between the
low ridges of Stony land.

Included in mapping were small areas of Keawakapu
and Oanapuka soils. Also included were areas where out
crops of An lava cover as much as 15 percent of the
surface.

In. a representative profile the surface layer, about 4
inches thick, is very dark brown loam that has platy
structure. The subsoil, about 19 inches thick, is very dark
grayish-brown and dark yellowish-brown silt loam that
has prismatic structure. The substratum is dark yellowish-
brown cobbly silt loam. The soil is mildly alkaline in
the surface layer and subsoil.

On the Makena part of the complex, permeability is
moderately rapid, runoff is slow to medium, and the
erosion hazard is slight to moderate. The available water
capacity is about 1.8 inches per foot of soil. On the

Stony land part, permeability is very rapid and there is
no erosion hazard.

Representative profile of Makena loam: Island of
Maui, let. 20°30’32” N. and long. 156°26’l4” W.

A1—0 to 4 inches, very dark brown (1OYR 2/2) loam, brown
(1OYR 4/3) when dry; weak, thin, platy structure;
soft, very friable, nonsticky and nonpiastic; few fine
roots; few fine nnd very fine pores.; mildly alkaline;
abrupt, smooth boundary. 2 to 6 inches thick.

B21—4 to 12 inches. very clark grayish-brown (1OYR 3/2)
silt loam, brown (1OYR 4/3) when dry; weak,
coarse, prismatic structure; soft, very friable, non-
sticky and nonpiastic; plentiful fine roots; few fine
pores; mildly alkaline; gradual, wavy boundary.
6 to 11 inches thick.

B22—12 •to 23 inches, dark yellowish-brown (1OYR 3/4) silt
loam, yellowish brown (1OYR 5/4) when dry; weak,
coarse, prismatic structure; slightly hard, very fri
able, slightly sticky and slightly plastic; plentiful
fine roots; common fine pOreS; mildly alkaline: grad
ual, wavy boundary. S to 13 inches thick.

01—23 to 34 inches, dark yellowish-brown (1OYR 3/4) Silt
loam, yellowish brown (1OYR 5/4) when dry; mas
sive; soft, very friable, nonsticky and noaplastic;
plentiful fine and medium roots; many fine pores;
few Aa lava cobblestones; mildly alkaline; gradual,
wavy boundary. S to 13 inches thick.

C2ca—34 to 44 inches, dark yellowish-brown (1OYR 3/4)
silt loam, yellowish brown (1OYR 0/4) when dry;
massive: soft, very friable. nonsticky and noaplastic;
plentiful fine and medium roots; few fine pores; has
gritty feel because of small cinders; 10 to 20 percent
cobblestone-size An lava; strong effervescence with
hydrochloric acid; moderately alkaline; clear, wavy
boundary. 9 to 12 inches thick.

1103—44 inches, fragmental Aa lava that contains a little
soil material in cracks; the Aa lava has carbonate
encrustations on the surface.

The depth to An lava is more than 40 Inches. Surface
stoniness varies from nonstony to extremely stony near lava
flows and drainageways. The B horizon ranges from 3 to 4
in value when moist and 4 to 5 when dry and from 2 to 4 In
chroma when moist and 3 to 4 when dry. The texture Is loam
or silt loam.

This complex is used for pasture and wildlife habitat.
(Makena part is in capability classification VIs, non-
irrigated; pasture group 1. Stony land part is in capa
bility classification Vhs, nonirrigated)

Makiki Series
This series consists of well-drained soils on alluvial

fans and terraces in the city of Honolulu on the island
of Oahu. These soils formed in alluvium mixe.d with vol
canic ash and cinders. They are nearly level. Elevations
range from 20 to 200 feet. The annual rainfall amounts
to 30 to 60 inches. Most of it falls between November
and April. The mean annual soil temperature is 73° F.
Makiki soils are geographically associated with Kaena
and Tantalus soils.

These soils are used almost entirely for urban purposes.
Makiki clay loam, 0 to 2 percent slopes (MkA.—This

soil is on smooth fans and terraces, included in mapping
were small, stony areas and small areas of Kaena soils.

In a representative profile the surface layer is dark-
brown. clay loam about 20 inches thick. The subsoil, about
10 inches thick, is dark-brown clay loam that has sub-
angular blocky structure. It contains cinders and rock
fragments. The subsoil is underlain by similar material,
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about 24 inches thick, that is massive. Below this are vol
canic cinders. The soil is strongly acid to medium acid.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is no more than slight. The available
water capacity is about 1.7 inches per foot of soil. In
places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Oahu, lat. 21°18’28”
N. and long. 157°50’20” W.

Apl—O to 10 inches, dark-brown (7.5YR 3/2) clay loam,
dark brown (7.5YR 4/2) when dry; moderate, very
fine and fine, granular structure; very hard, firm,
very sticky and very plastic; abundant fine and me
dium roots; common. very fine and fine, interstitial
pores; common, fine, highly weathered basalt frag
ments; slight effervescence with hydrogen peroxide;
strongly acid; gradual, smooth boundary. 8 to 12
inches thick.

Ap2—10 to 20 inches, dark-brown (7.5YR 3/2) clay loam,
dark brown (7.5YR 4/4) when dry; moderate. coarse,
subangular blocky structure; hard, firm, very sticky
and very plastic; abundant fine and medium roots;
common, very fine and. fine, tubular pores and few,
coarse, tubular pores; common, fine, highly weathered
basalt and cinder fragments; slight effervescence
with hydrogen peroxide; strongly acid; clear, smooth
boundary. 8 to 12 inches thick.

B2—20 to 30 inches. dark-brown (7.5YR 3/2) clay loam, dark
brown (7.SYR 4/3) when dry; moderate, fine and
very fine, subangular blocky structure; hard, friable,
very sticky and very plastic; plentiful fine roots;
common, very fine and fine, tubular pores and few,
coarse, tubular pores; few, fine, distinct, reddish.
brown stains that appear to be decomposed cinders;
common, fine, gritty fragments of highly weathered
basalt and cinders; medium acid; abrupt, smooth
boundary. 8 to 15 inches thick.

IIC—30 to 54 inches, dark-brown (7.SYR 3/2) clay loam, dark
brown (7.5YR 4/3) when dry; massive and strati-
fled; slightly bard, friable, slightly sticky and slightly
plastic; few fine roots; common fine, medium, and
coarse tubular pores; horizon consists of bands of
unweathered, fine, pebble-size black cinders mixed
with highly weathered, rounded pebbles and soil
material similar in color, consistence, and. texture to
the B2 horizon. At a depth of about 60 Inches, the
soil material is underlain by gravelly, fine-textured
alluvium mixed with cinders; medium acid.

The depth to unweathered cinders or stony or gravelly
alluvium is variable within short distances and ranges from
30 to more than 60 inches. Layers of sandy loam or silt
loam are common in the profile. The solum ranges from 1OYR
to 5YR in hue. When moist, the A horizon ranges from 2 to 3
in value and from 1 to 3 in ehroma.

This soil is almost entirely in urban use. The head
quarters of the Hawaii Sugar Planters Association
Experiment Station is located on this soil. (Capability
classification Tile, nonirrigated)

Makiki stony clay loam, 0 to 3 percent slopes (MA).—
This soil is similar to Makiki clay loam, 0 to 2 percent
slopes, except that there are enough stones to hinder
cultivation. The stones are angular and make up about 15
percent of the soil by volume. The depth to basalt or
cinders varies from 20 to 60 inches. Basalt outcrops are
common. The soil is neutral to slightly acid.

This soil is almost entirely in urban use. The Univer
sity of Hawaii uses a small area for truck crop experi
ments. (Capability classification Ills, nonirrigated)

Mala Series
This series consists of well-drained soils on bottoms of

drainageways and on alluvial fans on the coastal plains.
These soils occur on the islands of Molokai and Lanai.
They formed in recent alluvium. Elevatlons range from
nearly sea level to 100 feet. The annual rainfall amounts
to 10 to 25 inches. Most of it occurs between November
and April. The summers are hot and dry; there is very
little rain. The mean annual soil temperature is 75° F.
Mala soils are geographically associated with Jaucas,
Kealia, and Pulehu soils.

These soils are used for pasture, alfalfa, truck crops,
orchards, and wildlife habitat. The natural vegetation
consists of kiawe, bristly foxtail, feather fingergrass,
ilima, and Australian saltbush.

Mala silty clay, 0 to 3 percent slopes (MmAt—This soil
is on fans along the coasta.l plains.

In a representative profile the surface layer, about 7
inches thick, is dark reddish-brown silty cla.y that has
platy structure. It is underlain by stratified layers of dark
reddish-brown and vary dark gray alluvium that is mostly
silty clay. These layers are 47 to more than 59 inches
thick. The soil is slightly acid to neutral in the surface
layer and in the upper part of the subsoil and moderately
alkaline in the lower part of the subsoil.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is no more than slight. The available water
capacity is about 1.4 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more.

In low areas this soil is subject to flooding for short
periods during heavy rains. Many shallow wells have been
dug in this soil. The water is brackish, and care is
required if it is used for irrigation purposes. The soil is
easily compacted, and subsoiling may be necessary.

Representative profile: Island of Molokai, lat. 21°05’44”
N. and long. 157°10’SO” W.

A1—0 to 7 inches, dark reddish-brown (5YR 3/3), moist and
dry, silty clay; moderate, thin, platy structure break
ing to weak, very fine, granular; lower 2 inches Is
massive; hnrd, friable, sticky and plastic; many
roots; strong effervescence with hydrogen peroxide;
slightly acid; abrupt, smooth boundary. 4 to 8 inches
thick.

C1—7 to 13 inches, dark reddish-brown (2.5YR 2/4) silty
clay, dark reddish gray (5YR 4/2) when dry; cloddy
breaking to very weak, fine, granular structure; hard,
friable, sticky and plastic; common roots; few very
fine pores; many coral sand grains; few pebbles;
strong effervescence with hydrogen peroxide; slightly
acid; abrupt, smooth boundary. 5 to 7 inches thick.

C2—13 to 35 inches, dark reddish-brown (2.5YR 2/4 and 3/3).
moist and dry, highly stratified layers of silty clay
that has platy and granular structure; slightly bard,
friable, sticky and plastic; common roots; few very
fine pores; many coral sand grains; moderate effer
vescence with hydrogen peroxide; neutral; abrupt,
smooth boundary. 18 to 24 inches thIck.

03—35 to 40 inches, very dark gray (5YR 3/1) silty clay,
dark gray (1OYR 4/1) when dry; massive; hard,
very friable, very sticky and very plastic; many
roots; few very fine pores; few coral sand grains;
slight effervescence with hydrogen peroxide; mildly
alkaline; abrupt, smooth boundary. 4 to S inches
thick.

1104—40 to 60 inches, coral sand; the upper 4 inches is
dark gray (1OYR 4/1 moist), and the lower part light
gray (1OYR 7/1 moist) ; mildly alkaline.



The soil is underlain by coral sand or weathered rock at a
depth of more than 40 inches. The profile is highly stratified.
The thickness, texture, and consistence of the layers in the C
horizon vary considerably. The stratified layers are silty clay,
silty clay loam, and silt loam. There are few to common
pebbles and stones in the profile. A few areas have surface
cracking, but this is not common. The Ci, C2, and CS horizons
range from SYR to 2.5YR in hue. These soils are slightly
saline where they grade to the Kealia soils.

This soil is used for pasture, alfalfa, truck crops, or
chards, and wildlife habitat. (Capability classification I
if irrigated, VIe if nonirrigated; pasture group 1)

Mala silty clay, 3 to 7 percent slopes (MmB)._On this
soil, runoff is slow and the erosion hazard is slight to
moderate. In many places the soil is slightly to mod
erately eroded. There are a few gullies formed by inter
mittent streams. In some places there are a few stones
on the surface.

This soil is used for pasture. (Capability classification
lie if irrigated, VIe if nonirrigated; pasture group 1)

Malama Series
This series consists of excessively drained, extremely

stony, very shallow, organic soils on uplands on the island
of Maui. These soils developed in organic material. They
are gently sloping to moderately steep. Elevations range
from nearly sea level to 1,000 feet. The annual rainfall
amounts to 60 to 90 inches. It is well distributed through
out the year. The mean annual soil temperature is P.
Malama soils are geographically associated with Hana
and Opihikao soils.

These soils are used mostly for water supply. Small
acreages are used for orchard crops and pasture. The
natural vegetation consists of californiagrass, guava,
hala, kukui, ohia, and treefern.

Malama extremely stony muck, 3 to 25 percent slopes
(MYD).—This soil is on rough An. lava flows. Included in
mapping were small areas of outcrops of Aa lava near
the edge and on the sides of small gulches.

In a representative profile the surface layer is black
muck about 8 inches thick. The substratum is fragmental
Aa lava. It contains a small amount of organic material
in voids in the upper 24 inches. The amount of organic
material decreases with depth.

Permeability is very rapid. Runoff is very slow, and
the erosion hazard is no more than slight. In places roots
penetrate to a depth of 2 feet.

Representative profile: Island of Maui, lat. 2004812
N. and long. l56°02’44” W.
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classification VIs, nonirrigated; pasture group 9; wood
land group 8)

Mamala Series

This series consists of shallow, well-drained soils along
the coastal plains on the islands of Oahu and Kauai.
These soils formed in alluvium deposited over coral lime
stone and consolidated calcareous sand. They are nearly
level to moderately sloping. Elevations range front nearly
sea level to 100 feet, on Oahu but extend to 850 feet on
Kauai. The annual rainfall amounts to 18 to 25 inches,
most of which occurs between November and April. The
mean annual soil temperature is 14° F. Mamala soils are
geographically associated with Ewa, Honouliuli, and
Lualualei soils on. Oahu, and. with Koloa and Nohili soils
on Kauai.

These soils are used for sugarcane, truck crops, or
chards, and pasture. The natural vegetation consists of
kiawe, koa haole, bristly foxtail, and swollen flngergrass.

Mamala stony silty clay loam, 0 to 12 percent slopes
(MnC).—The slope range of this soil is 0 to 12 percent, but
in most places the slope does not exceed 6 percent. Stones,
mostly coral rock fragments, are common in the surface
layer and in the profile. Included in mapping were areas
of Ewa soils. Also included were nonstony areas and
areas where the slope is as much as 20 percent.

In a representative profile the surface layer is dark
reddish-brown stony silty clay loam about 8 inches thick.
The subsoil is dark reddish-brown silty clay loam about
11 inches thick. The soil is underlain by coral limestone
and consolidated calcareous sand at depths of 8 to 20
inches. This soil is neutral to mildly alkaline.

Permeability is moderate. Runoff is very slow to
medium, and the erosion hazard is slight to moderate. The
available water capacity is about 2.2 inches per foot in
the surface layer and 1.9 inches per foot in the subsoil.
Roots are affected by the coral limestone and consolidated
sand. The stones hinder, but do not prevent, cultivation.

Representative profile: Island of Oahu, lat. 21°20’20”
N. and long. 158°03’OS” W.
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i—O to 8 inches, black (1OYR 2/1) extremely stony muck,
very dark gray (1OYR 3/i) when dry; weak, very
fine, granular structure when moist; strong, fine
and very fine, subangular blocky structure when dry;
very hard, friable, nonsticky and nonplastie, and
moderately smeary; abundant roots; many pores;
tendency to dehydrate Irreversibly; low bulk density;
50 to 70 percent gravel, cobblestones, and stone-size
fragments of Aa lava; medium acid; clear, irregular
boundary. 3 to 8 inches thick.

IIC1—8 to 28 inches, aa lava; 5 to 15 percent of the material
in voids is from the overlying horizon; abundant
roots In the upper part.

11C2—28 to 48 inches, fragmental Aa lava.

The muck layer ranges from 3 to 8 inches in thickness.

This soil is used mostly for water supply. Small acre-
ages are used for orchard crops and pasture. (Capability

Ap—O to 8 inches, dark reddish-brown (SYR 3/3) Stony
silty clay loam, dark reddish brown (SYR 3/4) when
dry; moderate, fine and medium, subangular blocky
structure; hard, firm, sticky and plastic; few fine,
medium, and coarse roots; few, fine, tubular pores;
compacted by recent cultivation; affected by mill
waste from hydro-separator; about 20 percent coral
rock fragments /j inch to 4 inches in size; some
mixing of lower horizon by cultivation; moderate
effervescence with hydrogen peroxide; strong effer
vescence with hydrochloric acid; neutral; abrupt,
smooth boundary. 6 to 8 inches thick.

B2—8 to 19 inches. dark reddish-brown (2.5YR 3/4) stony
silty clay loam, dark red (2.5YR 3/6) when dry;
weak, coarse and medium, subangular blocky struc
ture; slightly hard, friable, slightly sticky and
plastic; common fine and medium roots; common
very fine, fine, and medium, tubular pores; common
worm casts and wormholes ‘4o to ‘% inch in size,
coated with organic stains; about 40 percent coral
fragments and sand grains; strong effervescence with
hydrochloric acid; mildly alkaline; abrupt, broken
boundary. 4 to ii inches thick.

IIR—19 inches, coral limestone.

The depth to coral limestone ranges from S to 20 inches
but may extend to 40 inches in places on Kauai. The A
horizon ranges from 5YR to T.SYR in hue; in value, from
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2 to 4 when moist and 3 to 4 when dry; and, in chroma, from
3 to 4 when moist and 4 to 6 when dry. The B horizon ranges
from 5YR to 2.5YR in hue; in value, from 2 to 4 when moist
and 3 to 4 when dry; and, in chroma, from 3 to 4 when moist
and 4 to 6 when dry. On Kauai, this soil is generally redder;
it has hues of 2.5YR to 5YR in the A horizon and 1OR to 5YR
In the B horizon.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification Ills if irrigated, VIs if
nonirrigated; sugarcane group 1; pasture group 2)

Manana Series
This series consists of well-drained soils on uplands on

the island of Oahu. These soils developed in material
weathered, from basic igneous rock. They are gently
sloping to steep. Elevations range from 500 to 1,200 feet.
The annual rainfall amounts to 40 to 60 inches. It is
well distributed throughout the year. The mean annual
soil temperature is 0° F. Manana soils are geograph
ically associated with Leilehua, Paaloa, and Wahiawa
soils.

These soils are used for sugarcane, pineapple, and, pas
ture. The natural vegetation consists of bermudagrass,
Christmas berry, false staghornfern, glenwoodgrass,
guava, koa, ohia, and sedges.

Manana silty clay loam, 6 to 12 percent slopes (Mo C).—
This soil is on smooth slopes in the uplands. Included in
mapping were small areas of Leilahua, Paaloa, and
Whhiawa soils.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 8 inches thick. The
subsoil, about 42 inches thick, is dusky-red, dark reddish-
gray, and dark reddish-brown silty clay that has sub-
angular blocky structure. A nonporous, panlike sheet,
ii inch to i/,’ inch thick, occurs in the subsoil at depths
ranging from 15 to 50 inches. The substratum is soft,
weathered basic igneous rock. The soil is very strongly
acid in the surface layer, and very strongly acid to
extremely acid in the subsoil.

The depth to the panlike sheet is 15 to 30 inches. Per
meability is moderately rapid above the pan and inoder
ate below. Runoff is medium, and the erosion hazard is
moderate. The available water capacity is about 1.2
inches per foot in the surface layer and 1.3 inches per
foot in the subsoil. Roots penetrate to a depth of 15 to
30 inches, except that where there are cracks in the pan-
like sheet, they may extend to a depth of 4 feet.

Representative profile: Island of Oahu, lat. 21°27’SO”
N. and long. 157°58’lO” W.

Ap—0 to 8 inches, dark reddish-brown (2.51R 3/4), moist
and dry, silty clay loam; moderate, very fine and
fine, subangular blocky structure; hard, friable,
slightly sticky and slightly plastic; abundant very
fine roots; many, very fine and fine, interstitial
pores; common glistening specks; many firm aggre
gates when moist; high bulk density; some dusky-red
(1OR 3/4) material from B horizon mixed by tillage;
moderately magnetic; very strongly acid; abrupt,
smooth boundary. 6 to 9 inches thick.

B21—8 to 15 inches, dusky-red (1OR 3/4) light silty clay,
dark red (lOB 3/6) when dry; moderate, very fine
and fine, subangular blocky structure; hard, friable,
sticky and plastic; abundant very fine roots; many,
very fine and fine, tubular pores; few weak pressure
cutans on ped faces; few worm casts; matted roots
at lower boundary; moderately magnetic; very

strongly acid; abrupt, smooth boundary. 6 to 8 inches
thick.

B22t—15 to 27 inches, dark reddish-gray (5YR 4/2) gritty
silty clay, reddish brown (5YR 4/3) when dry;
strong, very fine, subangular blocky structure; very
hard, firm, slightly sticky and plastic; few roots in
vertical cracks; many, very fine and fine, tubular
pores; many, patchy, dark-red (2.5YR 376) coatings
with frostlike material on pod faces; many, moder
ately thick, discontinuous clay films on ped faces;
nonporous, panlike sheet, 3- to %-inch thick, caps
this horizon; common highly weathered pebbles
cemented by illuvial material; moderately magnetic;
extremely acid; gradual, wavy boundary. 10 to 14
inches thick.

B23t—27 to 42 inches, dark reddish-brown (5YR 3/3) silty
clay, dark reddish brown (5YR 3/4) when dry;
strong, very fine, subangular blocky structure; hard,
firm, slightly sticky and plastic; few roots in vertical
cracks; common, very fine, tubular pores; dark-red
(2.5YR 8/6), continuous, moderately thick clay films
on pod faces; compact in place; few fragments of
highly weathered gravel; moderately magnetic; ex
tremely acid; gradual, wavy boundary. 15 to 18
inches thick.

B24t—42 to 50 inches, dark reddish-brown (SYR 3/4) silty
clay, reddish brown (5YR 4/4) when dry; moderate,
very fine, subangular blocky structure; hard, friable,
slightly sticky and plastic; few roots In vertical
cracks; many, very fine and fine, tubular pores; dark-
red (2.5YR 3/6), continuous, moderately thick clay
films on ped faces; common highly weathered peb
bles; moderately magnetic; extremely acid.

The size and number of highly weathered rock fragments
vary considerably within short distances. The depth to the
panhike sheet ranges from 15 to 50 inches, except that in
small, eroded areas the pan may be less than 15 inches below
the surface. The A horizon ranges from 2.5YR to 5YR in
hue, from 2 to 3 in value when moist, and from 2 to 4 in
chroma when moist or dry. The texture is silty clay or silty
clay loam. Effervescence with hydrogen peroxide is none to
slight, and reaction ranges from extremely acid •to very
strongly acid. The B horizon below the thin, panhike sheet
ranges from 5YR to lOB in hue; the red hues are normally in
the upper part, The texture is silty clay or clay.

This soil is used for sugarcane, pineapple, and pas
ture. (Capability classification Tile if irrigated, IVe if
nornrrigat.ed; sugareane group 1; pineapple group 6;
pasture group 6; woodland group 6)

Manana silty clay loam, 2 to 6 percent slopes (MoB.—
On this soil, runoff is slow and the erosion hazard is
slight.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification lie if irrigated, lila if non-
irrigated; sugarcane group 1; pineapple group 5; pas
ture group 6; woodland group 6)

Manana silty clay loam, 12 to 25 percent slopes,
eroded (MoD2).—This soil is similar to Manana silty clay
loam, 6 to 12 percent slopes, except that it is moderately
steep. The surface layer is 4 to 6 inches thick as a result
of past erosion. Included in mapping were small spots
where the subsoil is exposed. The depth to the panlika
sheet is less than 15 inches. Runoff is rapid, and the ero
sion hazard is severe.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification VIe, irrigated or nonirrigated;
sugarcane group 1; pasture grOup 6; woodland group 6)

Manana silty clay, 3 to 8 percent slopes (MpB).—On
this soil, runoff is slow and the erosion hazard is slight.
The depth to the panlike sheet is 30 to 50 inches.
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• This soil is used for sugarcane and pineapple. (Capa
bility classification lie, irrigated or nonirrigat.ed; sugar-
cane group 1; pineapple group 5; pasture group 6;
woodland group 6)

Manana silty clay, 8 to 15 percent slopes (MpC).—On
this soil, the depth to the panlike sheet is oO to 50 inches.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification Ille, irrigated or nonirri
gated; sugarcane group 1; pineapple group 6; pasture
group 6; woodland group 6)

Manana silty clay, 15 to 25 percent slopes (MpD).—On
this soil the depth to the panlike sheet is 30 to 50 inches.
Runoff is medium, and the erosion hazard is moderate.

This soil is used for sugarcane, pineapple, and pasture.
(Capability classification IVe, irrigated or nonirrigated;
sugarcane group 1; pineapple group 6; pasture group 6;
woodland group 6)

Manana silty clay, 12 to 25 percent slopes, eroded
(MpD2).—This soil is similar to Manana silty clay loam,
6 to 12 percent slopes, except that it is moderately steep,
is eroded, and has a silty clay texture. In most areas
nearly all of the original surface. layer has been removed
by erosion. Included in mapping were spots where the
subsoil i.s exposed. Runoff is rapid, and the erosion haz
ard is severe.

This soil is used for sugarcane, pasture, and homesites.
(Capability classification VIe, irrigated or nonirrigated,
sligarca.ne group 1; pasture group 6; woodland group 6)

Manana silty clay, 25 to 40 percent slopes {MpE).—On
this soil, runoff is medium to rapid and the erosion
hazard is moderate to severe. The depth to the pa.nlike
sheet is 30 to 50 inches.

This soil is used for homesites and pasture. (Capability
classification VIe, nonirrigated; pasture group 6; wood
land group 6)

Marsh

Marsh (MZ) consists of wet, periodically flooded areas
covered dominantly with grasses and bulrushes or other
h.erbaceous plants. It occurs as small, low-lying areas
along the coastal plains. Water stands on the surface,
but marsh vegetation thrives. The water is fresh or
brackish, depending on proximity to the ocean. Included
in mapping were small areas of mangrove swamp and
small areas of open wate.r. (Capability classification
Viliw, nomirrigated)

Mokuleia Series

This series consists of well-drained soils along the
coastal plains on the islands of Oahu and Kauai. These
soils formed in recent alluvium deposited over coral sand.
They are shallow and nearly level. Elevations range from
nearly sea level to 100 feet. The annual rainfall amounts
to 15 to 40 inches on Oahu and 50 to 100 inches on
Kauai. The mean annual soil temperature is 74° F.
Mokulcia soils are geographically associated with Hanalci,
Jaucas, and Keaau soils.

In this survey area a poorly drained variant of the
Mokuleia series was mapped. This soil, Mokuleia clay
loam, poorly drained variant, is described in alphabetical
order, along with other mapping units of this series.

4 14—129——72---——7

These soils are used for sugarcane, truck crops, and pas
ture. The natural vegetation consists of kiawe, klu, koa
haole, and berinudagrass in the drier areas and napier
grass, guava, and oee in the wetter areas.

Mokuleia clay loam (Mfl.—This soil occurs as small
areas on the coastal plains. It is nearly level. Included in
mapping were small areas of Jaucas soils; small areas of
very deep, well-drained soils in drainage-ways; and small
areas of poorly drained clay soils underlain by reef
limestone.

In a representative proffle the surface layer is very
dark grayish-brown clay loam about 16 inches thick. The
next layer, 34 to more than 48 inches thick, is dark-brown
and light-gray, single-grain sand and loamy sand. The
surface layer is neutral in reaction, and the underlying
material is moderately alkaline.

Permeability is moderate in the surface layer and rapid
in the subsoil. Runoff is very slow, and the erosion hazard
is no more than slight. The available water capacity is
about 1.8 inches per foot in t.he surface layer and about
1.0 inch per foot in the subsoil. In places roots penetrate
to a depth of 5 feet or more.

Representative profile: Island of Oahu, lat. 21°34’49”
N. and long. 158°10’09” W.

Ap—O to 16 inches, very dark grayish-brown (1OYR 3/2)
clay loam, dark grayish brown (1OYR 4/2) when dry;
moderate, very fine and fine, granular and subangular
blocky structure; hard, firm, sticky and plastic;
plentiful fine roots; many, very fine and fine, inter
stitial pores; few, fine and very fine, tubular pores;
common wormholes and worm casts; horizon consists
of about 25 percent coral sand; slight effervescence
with hydrogen peroxide; violent effervescence with
hydrochloric acid; neutral; abrupt, wavy boundary.
10 to 16 inches thick.

IIC1—16 to 22 inches, dark-brown (1OYR 4/3) loamy sand,
brown (1OYR 5/3) when dry; massive; soft, slightly
hard, nonsticky and nonpiastic; plentiful fine roots;
porous; few pieces of reef limestone; horizon con
sists of about 80 percent coral sand; violent efferves
cence with hydrochloric acid; moderately alkaline;
abrupt, smooth boundary. 6 to 20 inches thick.

1102—22 to 50 inches, light-gray (1OYR 7/2), moist and
dry, coral sand; single grain; loose when moist or
dry, nonsticky and nouplastic; few fine roots; porous;
few pieces of coral; violent effervescence with hydro
chloric acid; moderately alkaline.

The depth to coral sand ranges from 12 to 30 inches. The
A horizon ranges from 1OYR to i5YR in hue and from 1 to 3
in value when moist and 3 to 5 when dry. It ranges from 1 to
3 in chroma when moist and 1 to 3 when dry. The 1101 hori
zon ranges from lOVE to 7.5YR in hue, from 3 to 6 lii value
when moist and 4 to 7 when dry. and from 1 to 3 in chroma.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification us if irrigated, VIs if
nonirrigated; sugarcane group 1 pasture group 3)

Mokuleia clay (Mtb).—This soil has a proffle like that of
Mokuleia clay loam, except for the texture of the surface
layer. It is nearly level. Permeability is slow in the sur
face layer. Workability is difficult because of the sticky,
plastic clay.

This soil is used for sugarcane and pasture. (Capability
classification Ills if irrigated, VIs if nonirrigated; sugar-
cane group 1; pasture group 3)

Mokuleia fine sandy loam (Mr).—This soil occurs on
the eastern and northern coastal plains of Kauai. It is
nearly level. This soil has a profile like that of Mokuleia
clay loam, except for the texture of the surface layer.
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Permeability is moderately rapid in the surface layer
and rapid in the subsoil. Runoff is very slow, and the
erosion hazard is slight. The available water capacity is
about 1 inch per foot in the surface layer and 0.7 inch
per foot in the subsoil. Included in mapping were small
areas where the slope is as much as 8 percent.

This soil is used for pasture. (Capability classification
Ills if irrigated, IVs if nonirrigate.d; sugarcane group
1; pasture group 3)

Mokuleia loam (Ms).—This soil has a profile like that
of Mokulaia clay loam, except that the surface layer is
loam and in most places is about 8 inches thick. it is
nearly level.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification ITs if irrigated, VIs if
nonirrigated; sugarcane group 1; pasture group 3)

Mokuleia clay loam, poorly drained variant (Mm).—
This soil occurs on Kauai. It is nearly leveL The soil is
poorly drained, and in this way, it differs from other
soils of the Mokuleia series. The surface layer is dark
brown to black and is mottled.

This soil is used for sugarcane, taro, and pasture. (Ca
pability classification 111w, irrigated or nonirrigated;
sugarcane group 3; pasture group 3)

Molokai Series
This series consists of well-drained soils on uplands on

the islands of Maui, Lanai, Molokai, and Oahu. These
soils formed in material weathered from basic igneous
rock. They are nearly level to moderately steep. Eleva
tions range mainly from nearly sea level to 1,000 feet but
are as much as 1,500 feet on Lanai. The annual rainfall
amounts to 20 to 25 inches, most of which occurs between
November and April. The summers are hot and dry. The
mean annual soil temperature is 73° F. Molokai soils are
geographically associated with Holomua, Keahua, Laha
ma, and Uwala soils.

In this survey area a shallow variant of the Molokai
series was mapped. This soil, Molokai silty clay loam,
shallow variant, 15 to 25 percent slopes, severely eroded,
is described in alphabetical order, along with other map
ping units of this series.

These soils are used for sugarcane, pineapple, pasture,
wildlife habitat, and homesites. The natural vegetation
consists of kiawe, ilima, uhaloa, feather flngergrass, and
buffelgrass.

Molokai silty clay loam, 0 to 3 percent slopes (MuAL—
This soil is on smooth slopes.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 15 inches thick. The
subsoil, about 57 inches thick, is dark reddish-brown silty
clay loam that has prismatic structure. The material at
depths between 35 and 04 inches is moderately compact
in place. The substratum is soft, weathered rock. The
soil is slightly acid to neutral, except that areas used for
pineapple are commonly very strongly acid or extremely
acid in the surface layer.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.3 inches per foot of soil. In places roots penetrate
to a depth of 5 feet or more.

Representative profile Island of Molokai, lat. 21°08’36”
N. and long. 157°03’OS” W.

Apl—0 to 7 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, dark red (2.5YR 3/6) when dry; weak,
very fine to medium, granular structure; slightly
hard, friable, slightly sticky and plastic; many roots;
many interstitial pores; many, very fine, black con
cretions that effervesce with hydrogen peroxide;
strong effervescence with hydrogen peroxide; ex
tremely acid; clear, wavy boundary. 6 to 7 inches
thick.

Ap2—7 to 15 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, dark red (2.5YR 3/6) when dry; weak,
medium and coarse, subangular blocky structure
breaking to moderate, fine and very fine, granular;
slightly hard, friable, sticky and plastic; common
roots; common, very fine, tabular and interstitial
pores; common, fine, black concretions; violent effer
vescence with hydrogen peroxide; very strongly
acid; clear, smooth boundary. S to 9 inches thick.

B21—15 to 35 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, red (2.5YR 4/6) when dry; weak, coarse,
prismatic structure breaking to weak, coarse, sub-
angular blocky; slightly hard, friable, sticky and
plastic; no roots; many, very fine and fine, tubular
pores; few, shiny, patchy pressure cutans on prisms;
common, fine, black concretions; strong effervescence
with hydrogen peroxide; slightly acid; gradual, wavy
boundary. 14 to 22 inches thick.

B22—35 to 64 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, red (2.SYR 4/6) when dry; weak, coarse,
prismatic structure breaking to strong, very fine
and fine, subangular blocky; slightly hard, firm in
place, sticky and plastic; no roots; many, very fine
and fine, tubular pores and common, medium, tubular
pores; common, patchy pressure cutans on peds;
common, patchy illuviation eutans on ped surfaces;
few, very fine, black concretions; moderately com
pact in place; moderate effervescence with hydrogen
peroxide; neutral; gradual, wavy boundary. 27 to 30
inches thick.

B3—64 to 72 inches, dark reddish-brown (5YR 3/3) clay
loam, dark reddish brown (5YR 3/4) when dry;
moderate, fine and very fine, subangular and angular
blocky structure; slightly hard, friable, slightly
sticky and plastic; no roots; common, very fine and
fine, tubular pores; thin, patchy illuviation cutans on
peds; the walls of the larger pores are lined with
red illuviation cutans; common, bard, earthy lumps;
few, very fine, black concretions; slight effervescence
with hydrogen peroxide; neutral.

The number and size of black concretions that effervesce
with hydrogen peroxide decrease with depth. In places rock
cores occur in the profile, but they are generally at a depth
below 40 inches. The A. horizon is 5YR, 2.5YR, or 1011 in hue
and ranges from 2 to 3 in value when moist, from 4 to 6 in
chroma when dry, and from 4 to 5 when moist. The B2 hori
zon is 2.5YR or 1011 in hue and ranges from 2 to 3 in value
when moist and, in chroma, from 3 to 4 when moist and 4 to
6 when dry.

This soil is used entirely for sugarcane on Maui and
Oahu. It is used for pineapple, pasture, and wildlife
habitat on Molokai and Lanai. (Capability classification
I if irrigated, IVc if nonirrigated; sugarcane group 1;
pineapple group 1; pasture group 2)

Molokai silty clay loam, 3 to 7 percent slopes (MuB).—
On this soil, runoff is slow to medium and the erosion
hazard is slight to moderate. Included in mapping were
a few small areas that are eroded to soft, weathered rock.
Also included in mapping on Oahu were small areas of
dark reddish-brown silty clay barns that overlie fine-
textured, gravelly alluvium and small areas of dark
reddish-brown silty clay soils that have a mottled subsoil.

This soil is used for sugarcane, pineapple, pasture,
wildlife habitat, and homesites. (Capability classification



ISLANDS OF KAUAI, OAflU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 97

lie if irrigated, lVc if nonirrigated; sugarcane group 1;
pineapple group 2; pasture group 2)

Molokai silty clay loam, 3 to 7 percent slopes, severely
eroded (MuB3).—This soil occurs on Molokai. It has a
profile like that of Molokai silty clay loam, 0 to 3 percent
slopes, except that most of the surface layer and, in places,
part of the subsoil have been removed by wind and water
erosion. Runoff is medium, and the hazard of wind and
water erosion is severe.

This soil is used entirely for pasture and wildlife
habitat. Most of the vegetation is dormant in summer.
(Capability classification Ille if irrigated, IVe if non-.
irrigated; sugarcane group 1; pineapple group 2; pasture
group 2)

Molokai silty clay loam, 7 to 15 percent slopes [MuC).—
This soil occurs on knolls and sharp slope breaks. Runoff
is medium, and the erosion hazard is moderate.

This soil is used for sugarcane, pineapple, pasture,
wildlife habitat, and homesites. (Capability classification
Ille if irrigated, IVe if nonirrigated; sugarcane group 1;
pineapple group 3; pasture group 2)

Molokai silty clay loam, 7 to 15 percent slopes,
severely eroded (MuC3).—This soil occurs on Molokai. It
has a profile like that of Molokai silty clay loam, 0 to 3
percent slopes, except that most of the surface layer and
part of the subsoil have been removed by wind and water
erosion. Runoff is medium to rapid, and the hazard of
wind and water erosion is severe. There are a few small
gullies in areas not under cultivation. Pebble-size, weath
ered rock fragments are common in the plow layer in
cultivated areas.

Most of this soil is used for pasture and wildlife habi
tat. Small areas are used for pineapple. (Capability
classification IVe if irrigated, Vie if nonirrigated; pine
apple group 3; pasture group 2)

Molokai silty clay loam, 15 to 25 percent slopes
(MuD).—This soil occurs on Oahu. In most places the slope
does not exceed 20 percent. Runoff is medium, and the
erosion hazard is severe. Workability is slightly difficult
because of the slope. Included in mapping were small
areas where boulder cores are exposed.

This soil is used for sugarcane and pineapple. (Capa
bility classification IVe, irrigated or nonirrigated; sugar-
cane group 1; pineapple group 3; pasture group 2)

Molokai silty clay loam, shallow variant, 15 to 25
percent slopes, severely eroded (MvD3).—This soil occurs
on the sides of drainageways. In. most places all of the
surface layer and part of the subsoil have been removed,
and about 12 to 20 inches of dark reddish-brown soil
overlies the soft, weathered rock. In some places the soil
is eroded to soft, weathered rock and, as a result, is
grayer or browner than is typical of the Molokai series.
There are few to common stones and boulders on the
surface. These are unweathered rock cores that have been
exposed by erosion. Runoff is rapid, and the erosion
hazard is severe. Workability is difficult.

This soil is used for pasture and wildlife habitat.
(Capability classification VIe, irrigated or nonirrigated;
pasture group 2)

Naiwa Series
This series consists of well-drained soils on uplands on

the islands of Lanai, Molokai, and Maui. These soils de

veloped in volcanic ash and material weathered from
basic. igneous rock. They are gently sloping to moderately
steep. Elevations range from 250 to 3,250 feet. The an
nual rainfall amounts to 35 to 50 inches. The mean an
nual soil temperature is 70° F.

These soils are used for pasture, woodland, and wild
life habitat. Small acreages on the island of Molokai are
used for pineapple. The natural vegetation consists of
aalii, guava, kikuyugrass, lantana, and puakeawe.

Naiwa silty clay loam, 3 to 20 percent slopes (NAC).—
This soil is on smooth side slopes and intermediate slopes
in the uplands. Included in mapping were small areas of
Olelo and Oli soils. Also included were small, eroded
areas where the surface layer is very thin and where, in
some places, the subsoil has been removed by erosion and
weathered rock is exposed.

Naiwa soils are geographically associated with Kalae,
Olelo, and Oh soils. In a representative profile the sur
face layer is dusky-red silty clay loam about 11 inches
thick. The subsoil, about 30 inches thick, is dark-red, dark
reddish-brown, and red silt loam and loam that has sub-
angular blocky structure. The substratum is soft, weath
ered basic igneous rock. The soil is strongly acid in the
surface layer and strongly acid to very strongly acid in
the subsoil.

Permeability is moderately rapid. Runoff is medium,
and the erosion hazard is moderate to severe. The avail
able water capacity is about 1.2 inches per foot of soil.
In places roots penetrate to a depth of 3 feet or more.

Representative profile: Island of Maui, lat. 20°56’58”
N. and long. l56°31’20” W.

Ap—O to 4 inches, dusky-red (1OR 3/3), moist and dry, silty
clay loam; weak, fine, subangular blocky structure;
slightly bard, firm, sticky and slightly plastic; many
fine roots; many fine and medium pores; common
worm casts and worm channels; moderately high
bulk density; strongly acid; clear, smooth boundary.
3 to 6 inches thick.

A1—4 to 11 inches, dusky-red (1OR 3/4), moist and dry,
silty clay loam; moderate and strong, fine and very
fine, subangular blocky structure; slightly hard, firm,
sticky and plastic; many fine roots; many fine and
medium pores; purplish cast when dry; high bulk
density; strongly acid; abrupt, smooth boundary. 5 to
9 inches thick.

Bi—il to 14 inches, dark-red (1OR 3/6), moist and dry, silt
loam; weak, coarse and medium, subangular blocky
structure; slightly hard, friable, slightly sticky and
plastic; many fine roots; many flee pores; moderate
bulk density; strongly acid; clear, wavy boundary.
1 to 5 inches thick.

B2—14 to 26 inches, red (1OR 4/6), moist and dry, silt
loam; weak, medium and coarse, subangular blocky
structure; soft, very friable, nonsticky and slightly
plastic, and weakly sineary; many fine roots; many
fine pores; common, very fine, highly weathered rock
fragments; strongly acid; gradual, wavy boundary.
9 to 15 inches thick.

B3—26 to 40 inches, dark reddish-brown (2.5YR 3/4) loam,
reddish brown (2.SYR 4/4) when dry; weak, fine
and very fine, subangular blocky structure; soft,
friable, nonsticky and nonplastlc, and weakly smeary;
many fine roots that have a tendency to form hori
zontal layers; many fine pores; thin, patchy, trans
lucent glaze; few pockets of decomposing rock
fragments; very strongly acid; clear, wavy bounil
ary. 11 to iS inches thick.

C1—40 to 52 Inches, dark reddish-brown (5YR 3/4), moIst
and dry, loam that has pockets of dark-red (1OR
3/6), dark-brown (7.5YR 4/2), and very dark
grayish-brown (IOYR 3/2) decomposIng rock par-
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tides; weak, medium, fine and very fine, subangular
blocky structure; soft, friable, nonsticicy and non-
plastic; many fine roots; many fine and medium
pores; 85 to 40 percent decomposing rock fragments;
very strongly acid; gradual, wavy boundary. 8 to 15
inches thick.

C2—52 to 60 inches, soft, weathered basic igneous rock that
encases a few hard cores; contains isolated roots
matted in cracks of rocks.

The solum ranges from 30 to 60 inches in thickness. In some
areas, especially where the soil is exposed to wetting and
drying, the A horizon is massive. The A horizon ranges from
2.5YR to 1OR in hue and, in value, from 2 to 3 when
moist and from 3 to 4 when dry. The B horizon ranges from
2.5YR to 1OR in hue, from 3 to 4 in value, and from 4 to 6
in chroma.

This soil is used for pasture., woodland, and wildlife
habitat. Small acreages on Molokai below an elevation of
2,000 feet are used for pineapple. (Capability classifica
tion iVe, nonirrigatod; pasture group 6; woodland
group 5)

Naiwa silty clay loam, 7 to 15 percent slopes, severely
eroded (NAC3).—This soil has a profile like that of Naiwa
silty clay loam, 3 to 20 percent slopes, except that it is
severely eroded. Shallow gullies are common, and about
75 percent of the original surface layer and, in places,
part of the subsoil have been removed by erosion. The
erosion hazard is severe.

This soil is used for pasture, woodland, and wildlife
habitat. (Capability classification VIe, nonirrigated; pas
ture group 6; wooJancl group 5)

Niu Series

This series consists of well-drained soils on uplands on
the island of Kauai. These soils developed in material
weathered from basic igneous rock, possibly mixed with
volcanic ash. They are gently sloping to steep. Elevations
range from 750 to 1,800 feet. The annual rainfall amounts
to 22 to 35 inches, of which 70 percent falls in the period
November to April. The mean annual soil temperature is
64° to 71° F. Niu soils are geographically associated with
Mahana and Makaweli soils.

These soils are used for irrigated sugarcane, pasture,
wildlife habitat, and woodland. The natural vegetation
consists of kiawe, lantana, klu, koa haole, aalii, feather
fingergrass, piigrass, guineagrass, and indigo.

Niu silty clay loam, 6 to 12 percent slopes (NcC).—This
soil is on the tops of ridges in the uplands. Included in
mapping were a few small areas where the slope is 2 to
6 percent.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 10 inches thick. The
subsoil, about 50 inches thick, is dark-red silty clay loam
over silty clay. It has subangular blocky structure. The
substratum is soft, weathered rock. The surface layer is
medium acid. The subsoil is neutral.

Permeability is moderate. Runoff is medium, and the
erosion hazard is moderate. The available water capacity
is about 1.4 inches per foot of soil. In places roots pene
trate to a depth of 5 feet or more.

R e p r e s en t a t i v e profile: Island of Kausi, lat.
22°02’6.7” N. and long. 159°44’37.5” W.

Ap—0 to 10 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, dark reddish brown (2.5YR 3/4) when

rubbed and when dry; weak, flue, subangular
blocky structure; hard, friable, sticky anti plastic;
plentiful medium, fine, and very fine roots; strong to
violent effervescence with hydrogen peroxide; medi
um acid; abrupt, wavy boundary. 8 to 14 inches
thick.

B21—10 to 22 inches, dark-red (2.5YR 3/6) silty clay loam,
red (2.5YR 4/6) when dry; weak, prismatic struc.
ture; hard, friable, sticky and plastic; plentiful
medium, line, and very fine roots; common medium
pores; many fine, very fine, and micro pores; thin,
patchy coatings on peds; coatings look like clay
films; upper 2 inches compacted by tillage; slight to
moderate eervescence with hydrogen peroxide;
neutral; gradual, smooth boundary. 8 to 14 inches
thick.

B22—22 to 36 inches, dark-red (bR 3/6) light silty clay,
dark red (1OR 3/6) when dry; weak to moderate,
fine and ‘ery fine, subangular blocky structure; hard,
friable, sticky and plastic; few medium, plentiful
fine and very fine roots; few medium, common fine,
and many very fine and micro pores; nearly continu.
ous, moderately thick coatings on some peds; coat.
ings look like clay films; compact in place; slight to
moderate effervescence with hydrogen peroxide;
neutral; gradual, smooth boundary. 12 to 16 inches
thick.

B23—313 to 60 inches, dark-red (1OR 3/6) silty clay, dark red
(lOB 3/6) when rubbed, clerk red (1OR 3/6) when
dry; moderate, flue and very fine, subangular blocky
structure; hard, friable, sticky and plastic; few
medium, fine, and very fine roots; few medium,
common fine and very fine pores; con tifluous, mod
erately thick coatings on some peds; coatings look
like clay films; compact in place; no eervescence
with hydrogen peroxide; neutral.

The A horizon ranges from lOB to 2.SYR in hue, from 2
to 3 in value, and from 3 to 4 in chroma. It ranges from silty
clay loam to silty clay in texture. The B horizon ranges
from lOB to 2.5R in hue, from 2 to 3 in value, and from 5 to
7 in chroma, The upper part of the B horizon ranges from
weak to moderate in structure, and the lower part from
moderate to strong. In places small, black concretions occur
throughout the profile.

This soil is use.d for irrigated sugarcane, pasture, wild
life habitat, and woodland. (Capability classification
Ille, irrigated or nomrrigated; sugarcanc group 1; pas
ture group 3; woodland group 1)

Niu silty clay loam, 1 to 20 percent slopes (NcD).—On
this soil, runoff is rapid and the erosion hazard is severe.

This soil is used for sugarcane, pasture, wildlife habi
tat, and woodland. (Capability classification IVe, irri
gated or nonirrigated; sugarcane group 1; pasture group
3; woodland group 1)

Niu silty clay loam, 6 to 20 percent slopes, eroded
(NcD2).—This soil is similar to Niu silty clay loam, 6 to
12 percent slopes, except that the surface layer and part
of the subsoil have been removed by erosion, and there
are many gullies. Runoff is rapid, and the erosion hazard
is severe.

This soil is used for pasture, wildlife habitat, and
woodland. (Capability classification IVe, nonirrigated
sugarcane group 1; pasture group 3; woodland group 1)

Niu silty clay loam, 20 to 35 percent slopes, eroded
(NcE2).—Thjs soil is similar to Niu silty clay loam, 6 to
12 percent slopes, except that most of the original sur
face layer has been removed by erosion. Runoff is rapid,
and the erosion hazard is severe.

This soil is used for pasture, wildlife habitat, and
woodland. (Capability classification VIe, nonirrigated
pasture group 3; woodland group 1)
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Niulii Series
This series consists of well-drained soils on uplands on

the island of Molokaj. These soils formed in local allu
vium and colluvium and were influenced by volcanic ash.
They are sloping to hilly. On Molokai, elevations range
from 1,250 to 2,000 feet. The annual rainfall amounts to
70 to 90 inches and is fairly well distributed throughout
the year. Cloud and fog cover persist throughout most of
the day. The mean annual soil temperature is 68° F.
Niulii soils are geographically associated with Olokw.
soils and the medium-textured variant of Niulii soils.

In this survey area a medium-textured variant of the
Niulii series was mapped. This soil, Niulii silty clay
loam, medium textured variant, 7 to 30 percent slopes, is
described in alphabetical order, along with other map
ping units of this series.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of CarpetgraSs, glenwood
grass, ohia, false staghornfern, treefern, creeping Chinese
violets, and sedges.

Niulii silty clay loam, 7 to 30 percent slopes (NIE).—
This soil occurs in areas where the topography is sloping
to hilly.

In a representative profile the surface layer, about 11
inches thick, is dark-brown silty clay loam and silty clay
that has subangular blocky structure. The subsoil, about
13 inches thick, is dark-brown silty clay that has suban
gular and angular blocky structure. The substratum is
soft, highly weathered stones and gravel. The soil is very
strongly acid throughout the profile.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate. In
places roots penetrate to a depth of 3 feet or more. Work
ability is slightly difficult because of the slope.

Representative profile: Island of Molokai, lat. 21°06’56”
N. and long. 156°41’23” W.

A1i—O to 5 inches, dark-brown (1GYR 3/3) silty clay loam,
clark gray (1OYR 4/1) when dry; strong and mod
erate, fine, subangular blocky structure; very hard,
friable, sticky and plastic; many roots; many
interstitial pores; very strongly acid; clear, wavy
boundary. 4 •to 6 inches thick.

A12—5 to 11 Inches, dark-brown (1OYR 3/3) silty clay, dark
gray (1OYR 4/1) when dry; moderate, fine, Bubangu
lar blocky structure; very hard, friable, sticky and
plastic; many roots; many, very fine, tubular pores
and common, fine, tubula.r pores; very strongly acid;
clear, wavy boundary. 5 to 8 inches thick.

B22—-11 to 24 inches, dark-brown (1OYR 3/3) silty clay,
dark grayish brown (1OYR 4/2) when dry; inoder
ate, fine and medium, subangular and angular blocky
structure; slightly hard, friable, sticky and plastic;
few roots; many, very fine, tubular pores and com
mon, fine, tubular pores; common oxide coatings on
peds; gritty feeling because of few very fine rock
fragments; very strongly acid; clear, wavy bound.
ary. 11 to 22 inches.

C—24 to 40 inches, soft, highly weathered stones and pebbles,
some of which break down to smeary silty clay loam.

IIR—40 inches, hard pahoehoe lava.

The A horizon is 1OYR in hue. The 13 horizon ranges from
1OYR to 7.5YR in hue. In places a few, fine, distinct, reddish-
brown mottles occur in the A horizon and few to common, fine,
reddish-brown mottles in the B horizon. This soil has a tend
ency to harden irreversibly upon drying.

This soil is used for pasture and wildlife habitat.
(Capability classification VIe, nonirrigated; pasture
group 9; woodland group 8)

Niulii silty clay loam, medium textured variant, 7 to
30 percent slopes (NME).—This soil occurs on East Mob
kai, mainly on narrow ridges bordered by deep gulches.
In most places the slope is 15 to 25 percent. Elevations
range from 500 to 2,500 feet. The annual rainfall amounts
to 40 to 60 inches. In a representative profile the texture
of the subsoil is coarser than is typical of the Niulii se
ries, and the structure is weaker.

This soil is dark brown throughout the profile. The
surface layer is silty clay loam about 8 inches thick.
The subsoil is very friable silt loam, 22 to 27 inches
thick. The substratum is soft, weathered rock. The soil
is strongly acid throughout the proffle.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is moderate to severe.
Workability is slightly difficult to difficult because of the
slope. In many places this soil is slightly eroded.

This soil is used mostly for pasture and wildlife habi
tat. Small areas are used for woodland. (Capability clas
sification VIe, nonirrigated; pasture group 9; woodland
group 8)

Nohili Series
This series consists of poorly drained soils on coastal

plains on the island of Kauai. These soils developed in
alluvium that was deposited over marly lagoon deposits.
They are nearly level. Elevations range from nearly sea
level to a few feet above sea level. The annual rainfall
amounts to 20 to 40 inches. The mean annual soil tem
perature is 75° F. Nohili soils are geographically asso
ciated with Kaloko soils.

These soils are used for irrigated sugarcane. They are
all under cultivation.

Nohili clay (Nh).—This soil is on the coastal plains.
In a representative profile the surface layer is dark

reddish-brown clay about 18 inches thick. The subsoil,
about 15 inches thick, is mottled, dark-brown, very dark
gray, and grayish-brown clay that has angular blocky
structure. The substratum is marly clay that is underlain
in places by dark-gray, noncabcareous clay. The surface
layer is mildly alkaline and moderately alkaline.

Permeability is moderately slow. Runoff is slow, and
there is no erosion hazard. This soil is subject to occa
sional flooding. Unless the soil is artificially drained, the
water table is within 2 feet of the surface. The available
water capacity is about 1.7 inches per foot of soil. In
places roots penetrate to the water table. Workability is
difficult.

Representative profile: Island of Kauai, lat.
21°59’36.8” N. and long. 159°44’28.8” W.

Apl—O to 5 inches, dark reddish-brown (5YR 3/2> clay, dark
reddish brown (5YR 3/2) when dry; strong, fine
and very fine, subangular blocky structure; extremely
hard, firm, very sticky and very plastic; no roots;
moderate effervescence with hydrogen peroxide; mod
erate effervescence with hydrochloric acid; mildly
alkaline; abrupt, smooth boundary. 4 ‘to 6 inches
thick.

Ap2—5 to 18 inches, dark reddish.brown (SYR 3/3) clay,
brown (7.5YR 4/2) when dry; moderate, medium,
subangiilar blocky structure; extremely hard, firm,
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very sticky and very plastic; plentiful medium and
fine roots; common medium and fine pores; moder
ate effervescence with hydrogen peroxide; slight effer
vescenee with hydrochloric acid; mildly alkaline;
abrupt, wavy boundary. 11 to 15 inches thick.

B21—1S to 23 inches, dark-brown (7.5YR 3/2) clay mottled
with reddish brown (5YR 4/4) and dark gray (1OYR
4/1), dark brown (7.SYR 3/2) when dry; moderate,
fine to coarse, angular blocky structure; extremely
hard, firm, very sticky and very plastic; plentiful
medium roots and few fine and very fine roots;
common medium pores and few fine pores; moderate
effervescence with hydrogen peroxide; slight effer
vescence with hydrochloric acid; few, soft, black
concretions; mildly alkaline; abrupt, smooth bound
ary. 4 to 6 inches thick.

B22—23 to 29 inches, very dark gray (1OYR 3/1) clay that
contains blotches of light gray (1OYR 5/1) and
specks of dark reddish brown (2.5YR 3/4), very dark
gray (1OYR 3/1) when dry; moderate, coarse, angu
lar blocky structure; extremely hard, firm, very
sticky and very plastic; abundant fine roots, plentiful
very fine roots, and few micro roots; many fine pores
and common very fine pores; slight effervescence with
hydrochloric acid; few pressure cutans and slicken
sides; moderately alkaline; gradual, smooth bound
ary. 5 to 7 inches thick.

B3—29 to 33 inches, grayish-brown (1OYR 5/2) clay mottled
with yellowish brown (1OYR 5/4), dark yellowish
brown (1OYR 4/4), and black (1OYR 2/1); gray
(1OYR 5/1) when dry; moderate, medium and coarse,
angular blocky structure; extremely hard, firm, very
sticky and very plastic; plentiful medium and line
roots; common medium and fine pores; slight effer
vescence with hydrogen peroxide; violent efferves
cence with hydrochloric acid; moderately alkaline;
gradual, smooth boundary. 4 to 6 inches thick.

1101—33 to 43 inches, light brownish-gray (2.51 6/2)
cemented layers that contain lenses of clay mottled
with brown (7.5YR 5/4) and yellowish brown (1OYR
5/4), dark gray (1OYR 4/1) and light gray (N 7/0)
when dry; laminated; clay in lenses is extremely
hard, firm, very sticky and very plastic; few medium,
fine, and very fine roots; few medium, fine, and very
fine pores; slight effervescence with hydrogen perox
ide; violent effervescence with hydrochloric acid;
moderately- alkaline; abrupt, smooth boundary. S to
12 inches thick.

111C2—43 to 120 inches, dark-gray (N 4/0) clay that has
some coatings of olive brown (2.51 4/4), very dark
gray (51 3/1) when dry; weak, coarse, angular
blocky structure; extremely hard, firm, very sticky
and very plastic; abundant fine, very fine, and micro
roots; many fine, very fine, and micro pores; very
slight effervescence with hydrogen peroxide; no
effervescence with hydrochloric acid; yellow and
white specks are visible under 10-power lens; many
fine, white, elongated crystals form on outside of
clods when they dry; very strongly acid.

The A horizon ranges from 2 to 3 in chroma. The B2
horizon ranges from SIR to 1OYR in hue. from 1 to 3 in
chroma, and from 2 to 3 in value. The B horizon has few to
many mottles. The depth to the marl ranges from 20 to 40
inches.

This soil is used for irrigated sugarcane.. (Capability
classification 111w if irrigated, Vw if nonirrigated;
sugarcane group 8; pasture group 7)

Nonopahu Series
This series consists of moderately well drained soils on

uplands on the island of Kauai. These soils developed in
material weathered from basic igneous rock relatively
high in olivine. They are gently sloping to moderately
sloping. Elevations range from nearly sea level to 800

feet. The annual rainfall amounts to 23 to 40 inches. Tile
mean annual soil temperature is 74° F. Nonopahu soils
are geogTaphically associated with Makaweli and Wai
komo soils.

These soils are used for irrigated sugarcane and pas
ture. The natural vegetation consists of koa haole, Mu,
and feather fingergrass.

Nonopahu clay, 2 to 10 percent slopes NnC).—This
soil is on low ridges on uplands. Included in mapping
were small areas where the slope is less than 2 percent.

In a representative profile the surface layer is dark
grayish-brown clay about 17 inches thick. The next layer,
about 48 inches thick, is brown or grayish-brown clay and
silty clay that has angular blocky and subangular blocky
structure. This soil is underlain by soft, weathered rock.
It is mildly alkaline throughout.

Permeability is moderately slow. Runoff is medium,
and. the erosion hazard is moderate. The available water
capacity is about 1.3 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more. Workability
is difficult.

Representative profile: Island of Kauai, lat.
2l°54’ST” N. and long. 159°37’2&5” W.

Ap—0 to 17 inches. dark grayish-brown (1OYR 4/2) clay,
brown (7.5YR 4/2) when dry; moderate, coarse,
granular structure; very hard, firm, sticky and
plastic; common fine roots; many, medium, intersti
tial pores and few, medium, tubular pores; common,
black concretions 1 millimeter to 5 millimeters In
size; pockets of dark yellowish-brown (1OYR 4/4)
and dark grayish-brown (2.51 4/2) clay; moderate
effervescence with hydrogen peroxide; mildly alka
line; clear, wavy boundary. 15 to 20 inches thick.

01—17 to 31 inches, brown (1OYR 4/8) clay; pockets (about
40 percent) of mottled dark yellowish brown (1OYR
4/4) and dark gray (1OYR 4/1); light olive brown
(25Y 5/4) when dry; weak, coarse, angular blocky
structure; very hard, firm, sticky and plastic; many
fine roots; few, medium, interstitial pores and many,
medium, tubular pores; common concretions less
than 2 millimeters in size; few slickensides; moder
ate effervescence with hydrogen peroxide; mildly
alkaline; abrupt, wavy boundary. 12 to 16 inches
thick.

02—31 to 47 inches, grayish-brown (2.51 4/2) clay, light
olive gray (51 6/2) when dry; weak, coarse, angular
blocky structure; extremely bard, very firm, very
sticky and very plastic; few fine roots; few, medium,
tubular pores; common, fine, black, hard concretions;
common slickensides; slight effervescence with hydro
gen peroxide; mildly alkaline; clear, smooth bound
ary. 14 to 18 inches thick.

C3—47 to 65 inches, brown (1OYR 4/3) silty clay, brown
(1OYR 5/3) when dry; strong, medium, subangular
blocky structure; very hard, firm, sticky and plastic;
few fine roots; many interstitial pores; nearly con
tinuous pressure cutans on ped laces; common
slickensides; many, medium, black stains on peds;
strong effervescence with hydrogen peroxide; niildiy
alkaline.

In places a few ironstone-gibbsite pebbles occur throughout
the profile. The A horizon ranges from 2 to 4 in chroma and
from 3 to 4 in value. The 0 horizon ranges from 1OYR to 2.51
in hue, from 2 to 4 in chroma, and from 4 to S in value.
Mottles in the C horizon range from few to common. Unless
the soil is irrigated, cracks more than 1 centimeter wide
and 20 inches or more deep develop in most years.

This soil is used for sugarcane and pasture. (Capabil
ity classification Tile if irrigated, VIe if nonirriga.ted;
sugarcane group 4; pasture group 2)
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Nonopahu stony clay, 2 to 12 percent slopes (NeC).—
This soil is similar to Nonopahu clay, 2 to 10 percent
slopes, except for the stones. The number of stones ranges
from few to many. The stones interfere with farming
operations. Included in mapping were small areas of rock
outcrop.

This soil is used for sugarcane and pasture. (Capability
classification lila if irrigated, VIe if nonirrigated;
sugarcane group 4; pasture group 2)

Oanapuka Series
This series consists of well-drained, very stony soils on

low uplands on the island of Maui. These soils developed
in volcanic ash and material derived from cinders. They
are moderately sloping to moderately steep. Elevations
range from 100 to 800 feet. The annual rainfall amounts
to 15 to 25 inches, most of which occurs in winter. The
mean annual soil temperature is 73° F. Oana.puka soils
are geographically associated with lo and Makena soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of feather flngergrass,
ilima, kiawe, kin, koa hank, lantana, Natal rcdtop, and
pitted beardgrass.

Oanapuka very stony silt loam, 7 to 25 percent slopes
(OAD).—This soil is on the lower uplands. Included in
mapping were small areas of To and Makena soils.

In a representative profile the surface layer, about 6
inches thick, is very dark brown and very dark grayish-
brown silt loam that has granular and suba.ngular blocky
structure. The subsoil, about 9 inches thick, is very dark
grayish-brown silt loam that has prismatic structure. The
substratum is clark yellowish-brown silt loam, loam, and
stone-size An lava. The soil is medium acid to slightly
acid in the surface layer, neutral in the subsoil, and neu
tral to mildly alkaline in the substratum.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight to moderate. The available
water capacity is about 1.0 inch per foot of soil. In places
roots penetrate to a depth of 4 feet or more.

Rep r a s e n t a t i v e profile: Island of Maui, mt.
20°39’44” N. and long. 156°25’lO” W.

A11—0 to 2 inches, very dark brown (1OYR 2/2) very stony
silt loam, dark brown (1OYR 3/3) when dry;
weak, fine and medium, granular structure; soft, very
friable, nonsticky and slightly plastic; abundant line
roots; common fine and very fine pores; 15 to 30
percent stones; slight effervescence with hydrogen
peroxide; medium acid; abrupt, smooth boundary. 1
to 3 inches thick.

A12—2 to 6 inches, very dark grayish-brown (1OYR 3/2)
silt loam, brown (1OYR 4/3) when dry; weak,
medium and coarse, subangular blocky structure;
slightly hard, very friable, slightly sticky and slightly
plastic; abundant fine roots; many fine and very fine
pores; few, fine, red, weathered cinders; slight
effervescence with hydrogen peroxide; slightly acid;
clear, smooth boundary. 3 to 0 inches thick.

B2—O to 15 inches, very dark grayish-brown (1OYR 3/2)
silt loam, dark brown (75YR 3/2) when dry;
moderate, medium, prismatic structure; slightly
hard, friable, slightly sticky and slightly plastic,
and weakly smeary; abundant fine roots; many fine
pores; thin, patchy coatings on peds; coatings
look like clay films; few, fine, red, weathered cin
ders; neutral; clear, wavy boundary. 8 to 14 inches
thick.

Cl—15 to 28 inches, dark yellowish-brown (1OYR 3/4) silt
loam, yellowish brown (1OYR 5/6) when dry;
massive; soft, very friable, slightly sticky and
slightly plastic; plentiful fine roots; many fine pores;
common, fine, red cinders; neutral; gradual, wavy
boundary. 10 to 16 inches thick.

C2—28 to 43 inches, dark yellowish-brown (1OYR 3/4) loam,
yellowish brown (1OYR 5/6) when dry; massive;
soft, very friable, slightly sticky and nonpiastic;
plentiful fine roots; many fine and medium pores;
common weathered cinders; few hard stones; mildly
alkaline; gradual, wavy boundary. 10 to 20 inches
thick.

C3—43 to 46 inches, dark yellowish-brown (1OYR 3/4) very
cobbly loam, yellowish brown (1OYR 5/4) when dry;
massive; soft, very friable, nonsticky and nonpiastic;
50 to 60 percent gravel-size and cobblestone-size An
lava fragments; common hard enders; mildly
alkaline; clear, wavy boundary. 2 to 4 inches thick.

11C4—46 to 55 inches, Aa lava that contains very little soil
material in voids; the soil material is dark yellowish-
brown (1OYR 3/4) loam, yellowish brown (1OYR
5/4) when dry; massive; soft, very friable, nonsticky
and nonplastic; slight effervescence with hydrochloric
acid; mildly alkaline.

The depth of the soil ranges from 40 to more than 60 inches.
The A horizon ranges from 7.5YR to 1OYR in hue, from 2 to 3
in value when moist and from 3 to 4 when dry, arid from 3 to
4 in chroma when dry. The B horizon ranges from 7SYR to
1OYR in hue; from 3 to 4 in. value, moist or dry; and from 2
to 4 in cbroma, moist or dry. The 0 horizon ranges from loam
to silt loam in texture. The depth to free calcium carbonate
ranges from 40 to 60 inches.

This soil is used for pasture and wildlife habitat.
(Capability classification VIs, nonirrigated; pasture
group 2)

Oanapuka extremely stony silt loam, 7 to 25 percent
slopes (OED),—This soil is similar to Oanapuka very stony
silt loam, 7 to 25 percent slopes, except that stones cover
3 to 15 percent of the surface area. Included in mapping
were small areas of rock outcrop.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigated; pasture
group 2)

Olelo Series
This series consists of well-drained soils on uplands on

the islands of Molokai and Maui. These soils formed in
material derived from basic igneous rock. They are gently
sloping to moderately sloping. Elevations range from
2,000 to 3,500 feet. In most places rainfall amomits to 40
to 60 inches annually, but it is as much as 80 inches on
Maui. The mean annual soil temperature is 63° P. Olelo
soils are geographically associated with Kahanui and
Naiwa soils.

These soils are used for woodland, pasture, and wild
life habitat. The natural vegetation consists of hilograss,
guava, ohia, puakeawe, aalii, false staghornfern, and
sweet vernaigrass.

Olelo silty clay, 3 to 15 percent slopes (OFC).—This
soil occurs on narrow to broad ridgetops. Thcluded in
mapping were small areas on k-nolls where the slope is
as much as 25 percent.

In a representative profile the surface layer, about 10
inches thick, is dark reddish-brown silty clay that has
granular structure in the upper 4 inches but is massive
below that depth. The subsoil, about 27 inches thick, is
dark reddish-brown and dark-red silty clay that has sub-
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angular blocky structure. The substratum is soft, weath
ered rock. The soil is very strongly acid.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places, roots penetrate to
a depth of 5 feet or more.

Representative profile: Island of Molokai, la.t..
2l008321 N. and long. 156°5’7’33” W.

A1—O to 4 inches, dark reddish-brown (5YR 3/2) silty clay,
weak red (2.5YR 4/2) when dry; strong, fine to
coarse, granular structure: hard, friable, sticky
and plastic; many roots; many interstitial pores;
high bulk density; many ironstone fragments as
much as inch long; very strongly acid; abrupt,
smooth boundary. 3 to 6 inches thick.

A3—4 to 10 inches, dark reddish-brown (5YR 3/3) silty clay,
weak red (2.SYR 4/2) when dry; massive (breaks to
dense clods> ; very hard, firm, sticky and plastic;
few roots; many, very fine, tubular pores; high bulk
density; common pebble-size ironstone fragments;
very strongly acid; clear, smooth boundary. 5 to 6
inches thick.

B21—10 to 14 inches, dark reddish-brown (2.5YR 3/5) silty
clay, reddish brown (2.5YR 4/4) when dry; moder
ate, fine and medium, subangular blocky structure;
hard, firm, very sticky and plastic; few roots; many,
very fine, tubular pores; many wormholes and worm
casts; very strongly acid; clear, smooth boundary. S
to 4 inches thick.

B22t—14 to 19 inches, dark-red (2.SYR 3/6) silty clay, dark
reddish brown (2.SYR 3/4) and red (2.SYR 4/6)
when dry; moderate, medium and thick, platy
structure breaking to moderate, fine and medium, sub-
angular blocky; hard, friable, very sticky and very
plastic; few roots; many, very fine, tubular pores
and common, fine, tubular pores; common, thin,
patchy clay films of slightly higher chroma; at the
bottom of this horizon is a very thin (1A-ineh)
layer of soft material that develops into an ironstone
sheet; very strongly acid; abrupt, wavy boundary. 4
to .5 inches thick.

B23t—19 to 37 inches, dark-red (2.SYR 3/6) silty clay, dark
reddish brown (2.5YR 3/4) when dry; strong, very
fine and fine, subangular blocky structure; hard, fri
able, very sticky and very plastic; few roots; many,
very fine and fine, tubular pores; continuous, mod
erate to thick clay films on peds; some very fine
aggregates persist as hard, earthy lumps and break
down after prolonged rubbing; very strongly acid;
clear, wavy boundary. 17 to 19 inches thick.

C—37 to 60 inches, dark-gray (1OYR 4/1) and dark-brown
(7.5YR 3/3) saproilte; breaks down to smeary silty
clay and silty clay loam; patchy, dark-red coatings;
horizon contains some gray material that resembles
halloysite.

Ironstone fragments in the A horizon normally range from
few to many, but they do not occur in all places. The AS
horizon is lacking or discontinuous in some places. The A
horizon ranges from 2.5YR to 5’YR in hue, from 3 to 4 in
value when dry, and from 2 to 4 in chroma when moist and 1
to 2 when dry. The B horizon ranges from 2.5YR to 1OR in
hue. The texture of ‘the B horizon is generally silty clay but
ranges to clay.

This soil is used for pasture and woodland. (Capabil
ity classification Ille, nonirrigated; pasture group 8;
woodland group 7)

011 Series
This series consists of well-drained, moderately deep

to deep soils on uplands on the islands of Molokai, Maui,
and Kauai. These soils developed in volcanic ash de
posited over basic igneous rock. They are gently sloping
to very steep. Elevations range from 1,000 to 2,250 feet.

The annual rainfall amounts to 30 to 40 inches, most of
which occurs from November to April. The mean annual
soil temperature is 700 F. Oh soils are geographically
associated with Mahana and Naiwa soils.

These soils are used for sugarcane, pasture, woodland,
and wildlife habitat. The natural vegetation consists of
guava, lantana, molassesgrass, bermudagrass, Natal red-
top, and aalii.

Oh silt loam, 10 to 30 percent slopes (OME).—This soil
occupies uplands that are dissected by many small
gulches.

Included in mapping were severely eroded areas and
small areas of Naiwa soils, which make up as much as
15 percent of the acreage.

In a representative profile the surface layer, about 13
inches thick, is dark-brown silt loam and loam. The sub
soil, about 17 inches thick, is dark-brown silt, loam that
has prismatic and subangular blocky structure. The sub
stratum is slightly weathered hard rock. The soil is
strongly acid to very strongly acid, except that on Maui
it is slightly acid to medium acid.

Permeability is moderately rapid. Runoff is medium,
and the erosion hazard is moderate to severe. The avail
able water capacity is about 1.5 inches per foot of soil.
This soil is easily eroded because it is very friable and
powdery. In places roots penetrate to the bedrock. Work
ability is slightly difficult to difficult.

Representative profile: Island of Molokai, lat. 2l008!37t
N. and long. 157°00’19” W.

A1—0 to 5 inches, dark-brown (7.5YR 3/2) silt loam, brown
(7.5Y1t 5/3) when dry; weak and moderate, very
fine and fine, granular structure; slightly hard, very
friable, nonsticlcy and nonplastic; many roots; many
interstitial pores; strongly acid; clear, smooth bound
ary. 3 to 9 inches thick.

A3—5 to 13 inches, dark-brown (7.SYR 3/2) loam, yellowish
brown (1OYR 5/4) when dry; weak, fine and very
fine, subangular blocky structure; soft, very friable,
nonsticky and slightly plastic; many roots; many
pores; few pebbles; strongly acid; abrupt, smo&th
boundary. 7 to 9 inches thick.

B21—13 to 18 inches, dark-brown (7.5YR 3/2) silt loam,
brown (1OYR 5/3) when dry; weak, coarse, prismatic
structure breaking to weak, fine and medium, sub-
angular blocky; soft, very friable, ilonsticky and
slightly plastic; many roots; many very fine and fine
pores; few andesite pebbles; strongly acid; abrupt,
smooth boundary. 5 to 6 inches thick.

B22-.--18 to 21 inches, dark-brown (1OYR 3/3) silt loam, brown
(1OYR 5/3) when dry; weak, medium, subaagular
blocky structure; soft, friable, slightly sticky and
slightly plastic; many roots; many fine and very
fine pores; surface of pods, when dry, appears to be
coated with a gray material, which disappears upon
wetting; very strongly acid; abrupt, smooth bound
ary. 3 to 5 inches thick.

11B23—21 to 30 inches, dark-brown (7.5YR 3/2) clay loam,
brown (7.5YR 5/2) when dry; strong, fine and very
fine, subangular blocky structure; soft, friable, slight.
ly sticky and slightly plastic; roots are concentrated
between peds; few very fine and fine pores; many,
hard, earthy lumps; very strongly acid; abrupt, wavy
boundary. 9 to 12 inches thick.

IIR—30 inches, hard, slightly weathered andesite bedrock.

The volcanic ash overlay is more than 20 inches thick,
except that in eroded spots it may be as thin as 12 inches.
The soluni ranges from 4 to 5 in value and from 2 to 4 in
chroma when dry. It is commonly 7.5YR and 1OYR in hue.
In places the B horizon is SYR in hue. The texture of the A
horizon is dominantly silt loam, but in some places it is loam
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or silty clay loam. The texture of the upper part of the B
horizon is loam or silt loam.

This soil is used for pasture and, wildlife habitat. In
most places guava, lantana, and other shrubs are abun
dant. (Capability classification VIe, nonirrigated; pas
ture group 6; woodland group 5)

Oh silt loam, 3 to 10 percent slopes (OMB).—This soil
occupies smooth slopes on the uplands of West Maui.
Runoff is mediurn and the erosion hazard is moderate.
The soil is slightly acid in the surface layer and medium
acid in the subsoil. Included in mapping were small areas
of Molokai and Naiwa soils.

This soil is used for pasture and wildlife habitat. (Ca
pability classification IVe, nonirrigated; pasture group
6; woodland group 5)

Oh silt loam, 30 to 70 percent slopes OMF).—This soil
occurs on the sides of gulches. Runoff is very rapid, and
the erosion hazard is very severe. The soil is less than
20 inches deep to soft, weathered rock. Rock outcrops are
common. Cultivation is impractical.

This soil is used for pasture, woodland, and wildlife
habitat. (Capability classification Vile, nonirrigated;
pasture group 6; woodland group 15)

Oh loam, 12 to 20 percent slopes (OID).—This soil
occurs on ridges west of the Hanapepe River in the south
ern and western parts of Knuai. It has a profile like that of
Oh silt loam, 10 to 30 percent slopes, except that the tex
ture of the surface layer is loam in most places but ranges
from fine sandy loam to clay loam. Included in mapping
were small areas of Mahana soils. Runoff is medium, and
the erosion hazard is severe.

This soil is mainly in brushy pasture. A small acreage
is in sugarcane. (Capability classification IVe, irrigated
or nonirrigated; pasture group 6; woodland group 5)

Olinda Series
This series consists of well-drained soils on uplands

on the island of Maui. These soils developed in volcanic
ash. They are gently sloping to steep. Elevations range
from 2,500 to 5,000 feet. The annual rainfall amounts
to 40 to 60 inches and is well distributed throughout the
year. The mean annual soil temperature is 57° F. Olinda
soils are geographically associated with ICaipoioi and
Pane soils.

These soils are used for pasture, woodland, and water
supply. Small acreages are used for truck crops and
orchards. The natural vegetation consists of bermuda
grass, brackenfern, eucalyptus, Natal redtop, puakeawe,
sweet vernaigrass. and Yorkshire foggrass.

Ohinda loam, 12 to 20 percent slopes (OND).—This soil
is on smooth, intermediate to high mountain slopes. In
cluded in mapping were small areas of Kaipoioi and Pane
soils. In a few places small, eroded spots were included.

In a representative profile the surface layer is
dark reddish-brown loam about 6 inches thick. The
subsoil, about 5 inches thick, is dark reddish-brown and
yellowish-red silty clay loam that has subangular blocky
structure. Below this is yellowish-red and reddish-brown
silty clay loam and gravelly silty clay loam. This is
underlain by slightly weathered basic igneous rock. The
soil is slightly acid in the surface layer and subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.

4l4—129----72——---S

The available water capacity is about 2.4 inches per foot
in the surface layer and about 1.6 inches per foot in
the subsoil. In places roots penetrate to a depth of 3
feet or more.

Representative profile: Island of Maui, lat. 20°48’30”
N. and long. 156°16’SO” W.

Ap—O to 6 incheS, dark reddish-brown (5YR 3/4) loam,
reddish brown (5YR 4/4) when dry; moderate, very
fine, granular structure; soft, friable, slightly sticky
and nouplastic; abundant fine and very fine roots;
many very fine pores; strongly magnetic; few, small,
highly weathered, red cinders; slightly acid; abrupt,
wavy boundary. 5 to 7 inches thick.

B21—6 to 0 inches, dark reddish-brown (5YR 3/4) silty clay
loam, reddish brown (5YR 4/4) when dry; moderate,
fine and very fine, subangular blocky structure;
slightly hard, friable, slightly sticky and slightly
plastic, and weakly smeary; abundant fine roots;
many very fine pores; thin, patchy, gelatinlike coat
ings on pod surfaces; very slightly magnetic; slightly
acid; clear, wavy boundary. 3 to 6 inches thick.

B22—9 to 14 inches, dark reddish-brown (5YB 314) silty clay
loam, reddish brown (5YR 4/4) when dry; moderate,
medium and fine, subangular blocky structure; slight
ly hard, friable, slightly sticky and slightly plastic,
and weakly smeary; abundant flue roots; many fine
pores; thin, patchy, geiatinhike coatings on ped sur
faces; common sand-size aggregates that are resist
ant to crushing; has gritty feel after continued
rubbing; slightly acid; clear, wavy boundary. 4 to 7
inches thick.

B23—14 to 21 inches, yellowish-red (SYR 4/0) silty clay
loam, yellowish red (5YR 5/6) and light reddish
brown (SYR 6/4) when dry; moderate, fine, sub
angular blocky structure; slightly hard, friable,
slightly sticky and slightly plastic, and weakly
srneary; abundant fine and medium roots; many fine
pores; thin, patchy, gelatinhike coatings on ped
surfaces; many sand-sine aggregates that are resist
ant to crushing; slightly acid; clear, wavy boundary.
6 to 9 inches thick.

1101—21 to 28 inches, yellowish-red (SYR 5/6) silty clay
loam, pinkish gray (5YR 7/2) when dry; moderate,
fine and very fine, subangular blocky structure;
slightly hard, friable, slightly sticky and slightly
plastic, and weakly smeary; plentiful fine roots;
many fine pores; thin, patchy, gelatinlike coatings
on ped surfaces; 5 to 10 percent slightly weathered
gray rock fragments; slightly acid; gradual, wavy
boundary. 5 to 10 inches thick.

1102—28 to 36 inches, reddish-brown (5YR 4/4) gravelly
silty clay loam, pinkish white (5YR 8/2) when dry;
moderate, very fine, subangular blocky structure;
soft, very friable, slightly sticky and slightly plastic,
and weakly smeary; few fine roots; common fine
pores; 40 to 50 percent slightly weathered gray rock
fragments; slightly acid.

IIIR—36 inches, slightly weathered andesite.

The depth to slightly weathered basic igneous rock ranges
from 36 to more than 60 inches. A few stones are on the sur
face in some places. The B horizon ranges from SYR to 2.5YR
in hue, from 3 to 4 in value when moist and 4 to C when
dry, and from -i to 0 in chroma when moist or dry.

This soil is used for pasture, woodland, nnd water
supply. (Capability classification We, nonirrigated; pas
ture group 12; woodland group 10)

Ohinda loam, 4 to 12 percent slopes (ONC).—On this
soil, runoff is slow and the erosion hazard iS slight. In
cluded in mapping were small, eroded spots.

This soil is used for truck crops and pasture. Small
acrea.ges are used for orchards. (Capability classifi
cation Ilie, nonirrigated; pasture group 12; woodland
group 10)
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OLinda loam, 20 to 40 percent slopes lONEr—This soil
is subject to fraquent fog and clrd cover. SnmiI gullies
are coinnion. lhtm,tl is uiediunt to apid and tIm erosion
haaard is moderate to yore. IrIlHied in mapping were
small ‘ecs of rock itorop cud small, eroded spots.

This soil is used fur pun. cap;tbilit ebssiii—
eatmu Vie. nonirrigatcal ; pasure group 12; woodland
group 10)

Olokui Series
‘I’1s seies isisn- of shallow. poorly druined soll

011 apI mds near ho init. F bdnkai. Thes? soils
ill miiterial ‘ierivtal fiom I’4c igneous rock.

They a re gently slopnlLr to hilly, Pihu at:ons range from
LSOtt to 4,oty) feet. The annual rainfall amounts to Th to
more thun ISO bmrlics and is ftiir!v well distributed

tim year. F’og mmd eb md rover occur hroml
oat manic of I he dcv. flir mean tmimiaal soil teit erat ore
is hi F, Olokni soils are geographically assornited with
Amalu soils.

‘i’hese soils are used for wcte.rsimetl and n ddl3 Fe habh
tat, The nstu.ral vegetation consists of oltimr. ireefern,
folse siaghornferr hilo rass, and ehibmoss (fig. T).

Olokui silty clay loam, 3 to 30 perceit slopes (OOEL—
This soil is shallow and poorly drained. The slope range
is 3 to 30 penat, bat in most is it is 5 to 20 peeont.

Olokal soils have a high organic—matter content, In a
ropvesentative. protile they commonly have a. mat. of plant

residue, about 1 inehr’s ihiek. on the surface, The mineral
soil below is mottled, very dark brown and very dark
gray silty slay learn (I in PT inches thick. A thin iron—
storm sheet abruptly overlies soft, weathered rock at
1pi:hs of 6 to 20 inches below the iuuinera.l surface. Th
soft, westhered cork is many feet thick and can hr cut
easily with a spade. The oii is extremely acid to very
strongly acid.

ikmrneabilitv above the ironstone sheet is moderately
rapich but the ironstone sheet is impervious except where
it is fractured. Runoil is slow, but fluent is considerable
seepage above tim irnstone. The erosion hazard is slight
to immoderate, Thmet are ret.ricted I uv the ironstone shet
and moSC trees have a Ilat rooting system. This soil is
always wet,

[eprosentative profile T s I art d o S Mo 1 o k a i , hat.
2l0V0lY’ N. and long. i56i4’3i” W

mi1—4 immuiumo to 0, itark ddish-brown fSulL 312) and very
lark brown ( 1OLl 212 f aunt of atamut rnO&lmi imnimly

Utt Ii’ soil iut1tiitI extreuiely acid
sncioth iouudary. I to irchn thick,

And 0 to 4 iaemes very dark brown flOut 2/2) silty clay
loam comiTtLmfl, fun faltut, dii1k Tt’4td2ShbrOWtL athi
Irkcmrav irucittes along u’leavnge abulas cml ut

weak, nmdlunm and eec use, solo aitmTh r llacky
iitrurtuure frimublu’, mulirhuly sticky dinul sii,,litly mlas0e

ny rmnm many, vrry 11CC rend tIne, wijulmer 1orrs
aic1 eelatflOtu, medium, tulnthLr 1mo; barmy

specIes: extremely mucId meupt, wavy bommudriry, 3 to
S Iambus thick.

Ire 11 imimhrie. very therk geumy I 1IIYIL 1/i) siky rliey

Figutre 7,—Treefern and chin on Olokul silty elay loam. Timse plants are dominant on this soil.
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loam; many, distinct, medium and coarse, dark
reddish-brown mottles along cleavage planes and in
pores; moderate, medium and coarse, subangular
blocky structure; friable, sticky and plastic; many
roots; many very fine and fine pores; many glistening
specks; very strongly acid; abrupt, wavy boundary.
3 to 12 inches thick.

Birm—11 to 114 inches, horizontal ironstone sheet, dark
reddish brown (5YR 2/2) when moist; very hard;
discontinuous fine cracks; the ironstone sheet has a
troweled surface and is laminar. to 1 inch thick.

0—11’/ to 60 inches. soft, variegated brown and dark reddish-
brown saprolite; can be crushed to silt loam that is
smeary when wet; common, discontinuous, ironstone
sheets, ‘ to 3 inch thick, oriented vertically as well
as horizontally in this horizon. Many feet thick.

The depth to the ironstone sheet from the bottom of the
organic horizon ranges from 0 to 20 inches. The ironstone
sheet ranges from ‘ inch to 2- inches in thickness. Commonly,
it is weakly developed where the slope is more than 15 per
cent. The 01 horizon ranges from 1OYR to 5YR in hue. The
Aig and A2g horizons range from 1OYR to 5Y in hue.

This soil supports a thick, rain forest type vegetation
and is used primarily for watershed. It provides a habi
tat for wild pigs, deer, and goats. (Capability classifi
cation ‘\TIIw, nonirrigated; woodland group 16)

Opihikao Series
This series consists of well-drained, very shallow,

organic soils on uplands on the island of Maui. These
soils developed in vegetative material. They are gently
sloping to moderately steep. Elevations range -from
nearly sea level to 200 feet. The annual rainfall amounts
to 60 to 90 inches. It is well distributed throughout the
year. The mean annual soil temperature is 72° F.
Opihikao soils are geographically associated with Hann
and Malama soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of guava, gumeagrass,
hala, hilograss, kikuyugrass, and ohia.

Opihikao extremely rocky muck, 3 to 25 percent
slopes (OPD).—This soil is on smooth side slopes and toe
slopes in the uplands. Rock outcrop covers 40 to 60 per
cent of the acreage. Included in mapping were small
areas of Hana and Malama soils.

In a representative profile the surface layer is black
muck about 5 inches thick. The substratum is black
pahoehoe lava bedrock. The soil is medium acid to
strongly acid in the surface layer.

Permeability is rapid. Runoff is slow to medium, and
the erosion hazard is slight to moderate.

Representative proffle: Island of Maui, lat. 20°47’36”
N. and long. l56°01’l2” W.

1—0 to 5 inches, black (1OYR 2/1) muck, very dark gray
(1OYR 3/1) when dry; moderate, very flue, granular
structure when moist and strong, very fine, sub-
angular blocky structure when dry; very bard, fri
able, nonsticky and noriplastic, and moderately
smeary; abundant fine roots; porous; medium acid;
abrupt, smooth boundary. 2 to 5 inches thick.

hR—S inches + hard pahoehoe bedrock.

The muck ranges from 2 to 5 inches in thickness over the
bedrock. The muck layer ranges from 7.5YR to 1OYR in hue.

This soil is used for pasture and wildlife habi
tat. (Capability classification VIs, nonirrigated; pas
ture group 9)

Paaiki Sries
This series consists of well-drained soils on dissected

uplands on the island of Kauai. These soils developed
mainly in material weathered from basic igneous rock
but partly in volcanic ash and ejecta. They are gently
sloping to very steep. Elevations range from 2,900 to
3,500 feet. The annual rainfall amounts to 40 to 60
inches; clouds cover the area on. many afternoons. The
mean annual soil temperature is 60° F. Paaiki soils are
geographically associated with Oh and Kokee soils.

These soils are used for woodland, wildlife habitat, and
water supply. The natural vegetation consists of Formosa
koa, koa, puakeawe, Boston fern, ohia, aalii, uki, molas
sesgrass, uki uki, and ricegrass.

Paaiki loam, 6 to 35 percent slopes (PGE).—This soil
occurs on narrow ridges in the uplands.

In a representative profile the surface layer, about
9 inches thick, is dark reddish-brown loam and dark-
brown silty clay loam. The subsoil, about 41 inches thick,
is brown and dark-brown silty clay loam and silty clay
that has subangular blocky structure. The substratum is
hard saprolite.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
Roots penetrate readily to the hard, weathered rock.

Representative proffle: Island of Kauai, lat. 22°06’28”
N. and long. 159°41’14” W.

All—fl to 3 inches, dark reddish-brown (5YR 3/3) heavy
loam, dark reddish brown (5YR 3/4) when rubbed,
yellowish red (5YR 3/6) when dry; moderate, very
fine, granular structure; soft, friable, sticky and
plastic; abundant roots; many pores; moderate
effervescence with hydrogen peroxide; medium acid;
clear, smooth boundary. 2 to 4 inches thick.

A12—3 to 6 inches, dark reddish-brown (5YR 3/3) loam, dark
reddish brown (5YR 3/4) when rubbed, dark reddish
brown (5YR 3/4) when dry; weak, very fine, granu
lar structure; slightly hard, very friable, slightly
sticky and slightly plastic; abundant roots; many
fine pores; slight effervescence with hydrogen perox
ide; some small pieces of b1ack charcoal; strongly
acid; clear, smooth boundary. 3 to 5 inches thick.

A3—6 to 9 inches, dark-brown (7.SYR 3/4) silty clay loam,
dark brown (7.5YR 3/4) when rubbed, brown (‘T.SYR
4/4) when dry; weak, fine and very fine, subangular
blocky structure; slightly hard, friable, sticky and
plastic; plentiful roots; many fine pores; slight effer
vescence with hydrogen peroxide; medium acid;
gradual, smooth boundary. S to 4 inches thick.

B21—9 to 18 inches, brown (7.5YR 4/4) heavy silty clay
loam, reddish brown (5YR 4/4) when dry; weak,
fine and very fine, subangular blocky structure; hard,
firm, sticky and plastic; few roots; many fine pores;
no effervescence with hydrogen peroxide; strongly
arid; gradual, smooth boundary. 6 to 10 inches thick.

B22—18 to 35 inches, brown (7.SYR 4/4) light silty clay,
reddish brown (SYR 4/4) when dry; moderate, fine
and very fine, subangular blocky structure; hard,
firm, sticky and plastic; few roots; many pores;
yellowish-red, sugarlike coatings in some pores; very
strongly acid; gradual, wavy boundary. 10 to 18
inches thick.

B23—35 to 40 inches, brown (7.5YR 4/4) silty clay, strong
brown (7.5YR 4/6) when dry; moderate, fine and
very fine, subangular blocky structure; very hard,
firm, sticky and plastic; few roots; many pores;
yellowish-red, sugarlike coatings in most pores and
on pail faces; about 25 percent of this -layer is weath
ered pebbles; very strongly acid; abrupt, wavy
boundary. 5 to 15 inches thick.



106 SOIL SURVEY

B3&C—iO to 50 inches, hard, weathered rock; soil material
in cracks and pores makes up 5 percent of horizon;
soil is reddish-brown (5YR 4/4) silty clay loam,
strong brown (7.5YR 5/6) when dry; massive; fri
able, Sticky and plastic.

The Al horizon ranges from SYR to 7.SYR in hue, from
2 to 4 in ebroma, and from 2 to 3 in value. The Al horizon is
loam or silt loam. The B horizon is generally 7.SYR in hue
but ranges from 5YR to 1OYR. It rnnges from 2 to 4 in
chroma and from 3 to 4 in value. The depth to hard, weath
ered rock ranges from 29 to more than 56 inches.

This soil is used for woodland, wildlife habitat, and
water supply. (Capability classification VIe, nonirri
gated; pasture group 12; woodland group 10)

Paaild loam, 5 to 70 percent slopes (PGF).—This soil
is similar to Paaiki loam, 6 to 35 percent slopes, except
that it is very steep. Runoff is rapid, and the erosion
hazard is severe.

This soil is used for woodland, wildlife habitat, and
water supply. (Capability classification Vile, nonirri
gated; pasture group 12; woodland group 10)

Paaloa Series
This series consists of well-drained soils on uplands on

the island of Oahu. These soils developed in old alluvium
and residuum derived from basic igneous rock. They are
gently to moderately sloping. Elevations range from
1,000 to 1,700 feet. The annual rainfall amounts to 70 to
90 inches and is fairly well distributed throughout the
year. The mean annual soil temperature is 70 F. Paaloa
soils are geographically associated with Kapaa, Leilehua,
and Manana soils.

These soils are used primarily for pasture and sugar-
cane. Small areas are used for homesites and pineapple.
The natural vegetation consists of guava, ohia, ferns,
koa, and cialiforniagrass.

Paaloa silty clay, 3 to 12 percent slopes (PaC).—Thls
soil occurs as narrow areas bounded by steep gulches.
The slope range is 3 to 12 percent, but in most places it
is 3 to 8 percent. The slopes are smooth.

Included in mapping were small areas where the slope
is 0 to 3 percent and small areas of Manana and Leilehua
soils.

In a representative profile the surface layer, about
17 inches thick, is a mixture of dark-brown and dark
reddish-brown silty clay and clay. The subsoil, about
43 inches thick, is dark reddish-brown silty clay and
clay that has subangular blocky structure. The substra
tuin is soft, weathered rock. The soil is strongly acid to
very strongly acid.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.2 inches per foot
in the surface layer and about 1.4 inches per foot in the
subsoiL In places roots penetrate to a depth of 5 feet
or more. Workability is slightly difficult because of the
slope.

Representative profile: Island of Oaliu, hit. 210 36’02”
N. and long. 15S001,30 W

Ap—O to 17 inches, mixture of about equal parts of dark-
brown (7.5YR 3/2) and dark reddish-brown (2.5YR
3/3) silty clay and clay, dark brown (7.5YR 4/4)
and dark reddish brown (2.5YR 3/4) when dry;
strong, fine and very fine, subangular blocky struc
ture; hard, firm, sticky and plastic; abundant roots;

few, fine and very fine, tubular and interstitial pores;
strongly acid; abrupt, smooth boundary. 15 to 17
inches thick.

B21t—17 to 25 inches, dark reddish-brown (2.5YR 3/4) silty
clay, dark red (2.5YR 3/6) when dry; moderate, fine
and very ne, suhangular blocky structure; hard,
friable, sticky and plastic; few roots; root mat caps
this horizon; common, fine, tubular pores; dusky-red
clay films in pores and moderately thick, nearly con
tinuous clay films on ped faces; strongly acid; clear,
wavy boundary. 6 to 9 inches thick.

B22t—25 to 36 inches, dark reddish-brown (2.5YR 3/4), moist
and dry. silty clay; moderate, fine and very fine,
subangular blocky structure; bard, friable, sticky
and plastic; few very fine roots; many, fine and
medium, tubular pores; thin, nearly continuous,
dark-red clay films in pores and thin, patchy films
on ped faces; 30 to 50 percent of this horizon con
sists of dark reddish-brown saprolite gravel coated
with clay films; very strongly acid; clear, wavy
boundary. 10 to 12 inches thick.

B23t—36 to 45 inches, dark reddish-brown (2.SYR 3/4) clay,
dark red (2.5YR 3/0) when dry; moderate, medium
to very fine, subangular blocky structure; hard, firm,
sticky and very plastic; few very fine roots; few,
very fine and fine, tubular pores; thin, continuous,
dark-red clay films in pores and thin, patchy films
on pea faces; very strongly acid; clear, smooth
boundary. 9 to 11 inches thick.

B24t—45 to 60 inches, dark reddish-brown (2.5YB 3/4) silty
clay, dark red (2.5YR 3/6) when dry; moderate,
fine and very fine, subangular blocky structure; hard,
friable, sticky and very plastic; few very fine roots;
common, tubular pores; thin, continuous, dark-red
clay films in pores and thin, patchy films on pad
faces; very strongly acid.

The amount of saprolite gravel in the Bt horizon ranges
from 5 to 50 percent. Chunks of soil, high in content of tita•
nium oxide and 1 to 4 inches in diameter, are common in the
A horizon. The A horizon ranges from 2 to 3 in chrome when
moist and from 1 to 4 when dry. In cultivated areas it ranges
from 7.5YR to 1OYR in hue, an4 chromes are 2 when moist
or dry. The B horizon ranges from 2.SYR to 1OR in hue, from
3 to 4 in value, and from 3 to 6 in chroma when moist or dry.
The Bt horizon ranges from silty clay to clay in texture.

This soil is used primarily for pasture and sugarcane.
Small areas are used for pineapple and urban develop
ment. Larger areas were formerly used for pineapple,
but, because of cool temperatures and high rainfall,
most of these areas are now used for other purposes.
(Capability classification Ille, nonirrigated; sugarcane
group 2; pasture group 8; woodland group 7)

Paaloa clay, 2. to 12 percent slopes (PbC).—This soil is
similar to Paaloa silty clay, 3 to 12 percent slopes, except
that the texture is clay throughout the solum. It is
grayer than is typical; hues raiige from 2.5Y to 1OYR,
particularly at the higher elevations. Included in map
ping were small areas where the texture of the surface
layer is silty clay.

This soil is used for sugarcane and pasture. (Capabil
ity classification Ille, nonirrigated; sugarcane group 2;
pasture group 8; woodland group 7)

Paia Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently to
moderately sloping. Elevations range from nearly sea
level to 1,000 feet. The annual rainfall amounts to 25 to
40 inches. The mean annual soil temperature is 73° F.
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Pain soils are geographically associated with Haliimaile,
Keahna, and Molokai soils.

These soils are used for sugarcane. Small acreages are
used for hornesites. The natural vegetation consists of
ilima, kiawe, lantana, Natal redtop, uhaloa, and yellow
foxtail.

Paia silty clay, 3 to 7 percent slopes PcB).—This soil
is on uplands. Included in mapping were small areas of
Haliimaile and Molokai soils. Also included were small,
nearly level areas.

In a representative profile the surface layer is dark
reddish-brown silty clay and clay about 19 inches thick.
The subsoil, about 41 inches thick, is dark reddish-brown
clay that has angular and subangular blocky structure.
The substratum is soft, weathered basic igneous rock.
The soil is mildly alkaline in the surface layer and
subsoil.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.3 inches per foot in the surface layer and about
1.6 inches per foot in the subsoil. In places roots pene
trate to a depth of 4 feet or more.

Representative profile: Island of Maui, mt. 0°55’10”
N. and long. 156°21’lO” W.

Apl—O to 11 inches, dark reddish-brown (5YR 3/2) silty
clay, dark reddish brown (5YR 3/3) when dry;
weak, fine, granular structure; hard, friable, sticky
and plastic; abundant fine roots; mnoy fine pores;
many coral fragments, 14 millimeter to 2 millimeters
in diameter; few, fine, black concretions; violent
effervescence with hydrogen peroxide; mildly alka
line; gradual, wavy boundary. 8 to 15 inches thick.

Ap2—11 to 19 inches, dark reddish-brown (SYR 3/2) clay,
dark reddish brown (5YR 3/3) when dry; weak, fine,
subangular blocky structure; hard, firm, very sticky
and very plastic; abundant roots; many fine and very
fine pores; many coral fragments, 34 millimeter to
2 millimeters in diameter; few, fine, black concre
tions; violent effervescence with hydrogen peroxide;
mildly alkaline; clear, smooth boundary. 6 to 10
inches thick.

B1—19 to 30 inches, dark reddish-brown (5YR 3/3) clay,
dark reddish brown (5YR 3/4) when dry; moderate,
fine, subangular blocky structure; hard, firm, sticky
and plastic; abundant roots that tend to follow the
boundary at bottom of horizon; many fine and very
fine pores; few to common, fine, black stains; dusky-
red and black stains that effervesce violently with
hydrogen peroxide; dark reddish-brown stains that
effervesce slightly with hydrogen peroxide; mildly
alkaline; clear, smooth boundary. S to 12 inches
thick.

B21—30 to 41 inches, dark reddish-brown (5YR 3/2) clay,
dark reddish brown (5YR 3/3) when dry; moderate,
fine, angular and subangular blocky structure; hard,
friable, sticky and plastic; few fine roots at the top
of horizon and none at the bottom; many fine pores;
continuous pressure cutans; compact in place; com
mon sand-size aggregates that are resistant to crush
ing; few to common, black stains; slight effervescence
with hydrogen peroxide in matrix and violent effer
vescence with hydrogen peroxide on black stains;
mildly alkaline; clear, smooth boundary. 8 to 14
inches thick,

B22—41 to 53 inches, dark reddish-brown (5YR 8/3) clay,
dark reddish brown (5YR 3/4) when dry; moderate,
fine, angular and s.ubangular blocky structure; hard,
friable, sticky and plastic; many fine pores; con
tinuous pressure cutans; 30 to 40 percent of matrix
has black stains that effervesce violently with hydro
gen peroxide; mildly alkaline; gradual, wavy bound
ary. 11 to 15 inches thick.

B23—53 to 60 inches, dark reddish-brown (SYR 3/3) clay,
dark reddish brown (5YR 3/4) when dry; moderate,
fine, angular and subangular blocky structure; hard,
friable, sticky and plastic; many fine pores; mildly
alkaline.

The thickness of the solum is more than 40 inches. The A
horizon ranges from IIYR to 7.5YR in hue and, when moist,
from 2 to 3 in value and from 2 to 3 in chroma. The texture
is silty clay or clay. The B horizon ranges from 2 to 3 in
value when moist and 3 to 4 when dry, and from 2 to 3 in
chroma when moist. The texture ranges from silty c-lay to
clay.

This soil is used for sugarcane. Small acreages are
used for homesites. (Capability classification lie if irri
gated, Ilic if nonirrigated; sugarcane group 1; pasture
group 3)

Paia silty clay, 7 to 15 percent slopes (PcCL—On this
soil, runoff is slow to medium and the erosion hazard is
slight to moderate. Included in mapping were small,
moderately steep areas.

This soil is used for sugarcane. (Capability classifica
tion Ille, irrigated or nonirrigated; sugarcane group 1;
pasture group 3)

Paia silty clay, 7 to 15 percent slopes, eroded (PcC2).—
This soil is similar to Pain silty clay, 3 to 7 percent
slopes, except that it is eroded. In most of the area,
about 50 percent of the original surface layer has been
lost. Runoff is medium, and the erosion hazard is mod
erate to severe. In places roots penetrate to a depth of
3 or 4 feet.

This soil is used for sugarcane. (Capability classifica
tion IVe, irrigated or nonirrigated; sugarcane group 1;
pasture group 3)

Pakala Series
This series consists of well-drained soils on alluvial

fans and bottom lands on the island of Kauai. These
soils developed in alluvium. They are nearly level to
moderately sloping. Elevations range from nearly sea
level to 400 feet. The annual rainfall amounts to 25 to
40 inches. The mean annual soil temperature is 73° to
75° F. Pakala soils are geographically associated with
Makaweli soils.

These soils are used for irrigated sugarcane, pasture,
truck crops, and homesites. The natural vegetation con
sists of koa haole, kiawe, bermudagrass, mango, and
associated plants.

Pakala clay loani, 0 to 2 percent slopes (PdA).—This
soil is on bottom lands and alluvial fans. Included in
mapping were small areas where the surface layer is
sandy loam.

In a representative profile tile surface layer is dark
reddish-brown clay loam about 16 inches thick. The next
layer, about 6 inches thick, is dark reddish-brown very
fine sandy loam that is massive. Below this is stratified
alluvium that ranges from sandy loam to clay loam in
texture. The surface layer is very strongly acid. Below
the surface layer, the soil is medium acid.

Permeability is moderate. Runoff is very slow, and the
erosion hazard is no more than slight. This soil is subject
to infrequent nondamaging overflow. The available water
capacity is about 1.7 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more.
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Representative profile: Island of Kauai, lat.
21°56’20.6” N. and long. 159°38’28.0’ W.

Ap—0 to 16 inches, dark reddish-brown (2.5YR 3/3) clay
loani, dark red (2.5YR 3/6) when dry; moist rubbed
color is dark reddish brown (5YR 3/3); weak, fine,
subangular blocky structure; slightly hard, firm,
sticky and plastic; compacted by tillage; plentiful
medium, fine, and very fine roots; slight effervescence
with hydrogen peroxide; very strongly acid; abrupt,
smooth boundary. 15 to 17 inches thick.

AC—l6 to 22 inches, dark reddish-brown (2.5YR 3/3) very
fine sandy loam, dark reddish brown (SYR 3/4)
when dry; massive; slightly hard, very friable,
slightly sticky and plastic; plentiful medium and
line roots; common fine pores; slight effervescence
with hydrogen peroxide; under hand lens, material
appears to be made up of very line, sand-size parti
cles; medium acid; abrupt, smooth boundary. 5 to 7
inches thick.

01—22 to 27 inches, very dusky red (1OR 2/3) silt loam,
dark reddish brown (SYR 3/4) when dry; massive;
soft, very friable, nonsticky and slightly plastic, and
weakly smeary; plentiful medium and fine roots;
common fine pores; very slight effervescence with
hydrogen peroxide; many small pieces of charcoal
that are very smeary; medium acid; abrupt, smooth
boundary. 4 to 6 inches thick.

02—27 to 60 inches, dusk-y-red (10R 3/3) silty clay loam,
reddish brown (2.5YR 4/4) when dry; massive;
slightly hard, very friable, sticky and plastic; few
medium and fine roots; many fine pores; slight effer
vescence with ‘hydrogen peroxide; horizon stratified
with a layer of highly weathered gravel and sand
at a depth of 44 to 46 inches and, at a depth of 54
inches, with a I/s-inch layer of very dusky red (2.5YR
2/2), smeary material; under hand lens, material
has appearance of being made up of very fine sand;
medium acid.

The A and C horizons range from 1OR to 5YR in hue,
from 2 to 4 in value, and from 2 to 4 in chroma. The texture
of the C horizon ranges from sandy loam to clay loam. Be
cause of stratification, the thickness and texture of the hori
zons vary greatly within short distances.

This soil is used for sugarcane and past.ure. A small
acreage is used for truck crops. (Capability classification
I if irrigated, IVc if nonirrigated; sugarcane group 1;
pasture group 2; woodland group 4)

Pakala clay loam, 2 to 10 percent slopes (PdC).—On
this soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane and pasture. (Capabil
ity classification lie if irrigated, IVe if nonirrigated;
sugarcane group 1; pasture group 2; woodland group 4)

Pakala extremely stony sandy clay loam, 0 to 12 per
cent slopes (PHXC].—This soil is similar to Pakala clay
loam, 0 to 2 percent. slopes, except that it is extremely
stony and includes areas where the soil is gently and
moderately slopmg. Stones make. up about 30 percent,
by volume, of the subsoil. Runoff is slow, and the ero
sion hazard is slight.

This soil is used for pasture and woodland. (Capabil
ity classification Vhs, nonirrigated; pasture group 21
woodland group 4)

Pamoa Series
This series consists of well-drained soils on uplands on

the islands of Molokai, Lanai, and Oahu. These soils
formed in fine-textured old alluvium. They are gently
sloping to moderately steep. Elevations range from 100

to 1,500 feet. The annual rainfall amounts to 15 to 30
inches, most of which occurs from November to April.
The mean annual soil temperature is 72° F. Pamoa soils
are geographically associated with Lahaina soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of kiawe, ilima, ithaloa,
pitted beardgrass, and fuzzy top.

Pamoa silty clay, 5 to 20 percent siopes (PID).—This
soil is gently sloping to moderately steep. Included in
mapping were small, eroded areas and small, stony areas.

In a representative profile the surface layer, about
7 inches thick, is dark reddish-brown silty clay that has
subangular blocky structure. The subsoil, about 55 inches
thick, is dark reddish-brown clay and silty clay that has
subangular blocky structure. The clay is very sticky and
very plastic when wet but friable when moist. The sub
stratum is soft, weathered rock. The. soil is neutral in
the surface layer and in the upper part of the subsoil
and slightly acid to very strongly acid in the lower part.

Permeability is moderately slow. Runoff is medium,
and the erosion hazard is moderate to severe. This soil
is susceptible to gullying and piping. The available water
capacity is about 1.2 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more. Workability
is difficult because of the. very sticky and very plastic
clay.

Representative profile: Island ol Molokai, lat. 21°08’06”
N. and long. 157°10’ll” W.

Al—U to 7 inches, dark reddish-brown (5YR 3/3), moist and
dry, silty clay; dark reddish brown (5’YR 3/4) when
crushed, moist; moderate, very fine to medium, sub-
angular blocky structure breaking to moderate, fine
and medium, granular; hard, friable, sticky and very
plastic; many roots; few, thin, patchy coatings on
peds; many manganese concretions; violent effer
vescence with hydrogen peroxide; neutral; gradual,
wavy boundary. 6 to 8 inches thick.

Bi—? to 15 inches, dark reddish-brown (5YR 3/4), moist ami
dry, clay; moderate, very fine and fine, subangular
blocky structure; pockets of loose material that has
very fine, subangular blocky structure; slightly hard,
friable, very sticky and very plastic; many roots;
many, very fine and fine, tubular pores; few, thin,
patchy coatings on peds; many, fine, black concre
tions; strong effervescence with hydrogen peroxide;
neutral; clear, wavy boundary. 5 to 8 inches thick.

B21—15 to 32 inches, dark reddish-brown (5YR 3/4), moist
and dry, silty clay; moderate, very fine to medium,
subangular blocky structure; hard, friable, very
sticky and very plastic; many roots; many, very fine,
tubular pores and common, fine, tubular pores; com
mon organic stains in root channels; many patchy
stress cutans; strong effervescence with hydrogen
peroxide; firm in place; slightly acid; clear, wavy
boundary. 15 to 18 inches thick.

B22—32 to 40 inches, dark reddish-brown (5YR 3/4), moist
and dry, clay; strong, very fine and fine, angular
and subangular blocky structure; hard, friable, very
sticky and very plastic; many roots; many, very fine,
tubular pores and common, fine, tubular pores; con
tinuous, weakly grooved stress cutans; firm in place;
common organic stains in root channels; strong effer
vescence with hydrogen peroxide; strongly acid;
gradual, wavy boundary. 7 to 9 inches thick.

B23—40 to 62 inches, dark reddish-brown (5YR 3/4), moist
and dry, clay; few, fine, distinct, dark-brown mottles
along some major root channels; moderate, coarse,
subangular blocky structure breaking to moderate
and strong, very fine and fine, angular and sub-



angular blocky; hard, friable, very sticky and very
plastic; many roots; many, very fine, tubular pores;
continuous stress cutans and coatings on peds; many
black stains; strong effervescence with hydrogen
peroxide; very strongly acid.

Few to many, vertical tubular holes, a few inches to 5 feet
in diameter and 2 to 10 feet deep, occur throughout this soil.
A strong, granular surface mulch, ‘, inch to 2 inches thick,
forms upon drying. Cracks, ‘4 inch to 2 inches wide and sev
eral feet deep, occur when the soil is dry. The texture of the
solum ranges from clay to silty clay. The profile ranges from
SYR to 2.5YR in hue. The A horizon ranges from 2 to 3 in
chroma when moist. The B horizon ranges from 2 to 3 in
valne when moist and from 3 to 6 in cliroma when moist or
dry.

This soil is used for pasture and wildlife habitat. It
can be used for cultivated crops, but in most places it
occurs in association with soils that are poorly suited to
cultivation. (Capability classification IVe, nonirrigated;
pasture group 3)

Pamoa silty clay, 5 to 20 percent slopes, eroded
(PID2).—On this soil, runoff is medium arid the erosion
hazard is severe. Both sheet and gully erosion are active.
In most places about 75 percent of the surface layer has
been removed. There are common shallow and moderately
deep gullies that have cut into and channeled away part
of the subsoil. Workability is difficult. Included in map
ping were a few small, stony areas.

This soil is used for pasture and wildlife habi
tat. (Capability classification VIe, nonirrigated; pasture
group 3)

Pamoa stony silty clay, 5 to 20 percent slopes, eroded
(PJD2I.—This soil has a profile like that of Pamoa silty
clay, 5 to 20 percent slopes, except for erosion and stoni
ness. Runoff is medium, and the erosion hazard is severe.
Both sheet erosion and gully erosion are active. Most of the
surface layer has been removed, and gullies are common.
rfhe gullies are steep sided, and many extend to the bed
rock. The gullies and stones make workability difficult.

This soil is used for pasture and wildlife habi
tat. (Capability classification VIe, nonirrigated; pas
ture group 3)

Pane Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic ash.
They are moderately sloping to moderately steep. Eleva
tions range from 2,000 to 3,500 feet. The annual rainfall
amounts to 30 to 50 inches; it is well distributed through
out the year. The mean annual soil temperature is 66° F.
Pane soils are geographically associated with llaliimaile,
Kaipoioi, and Kula soils.

These soils are used for pasture and wildlife habitat.
Small acreages are used for truck crops, pineapple, and
homesites. The natural vegetation consists of burciover,
dallisgrass, plantain, rattailgrass, vetch, and white clover.

Pane silt loam, 7 to 25 percent slopes PXD.—This soil
is on rough side slopes and intermediate slopes in the
uplands. Included in mapping were small areas of Hali
imaile and Kaipoioi soils. Also included were small areas
of moderately shallow soils and soils that have a gravelly
surface layer. In addition, small areas where the topog
raphy is undulating were included.
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In a representative profile the surface layer is dark
reddish-brown silt loam about 8 inches thick. The subsoIl,
about 49 inches thick, is dark reddish-brown, reddish-
brown, and dark-brown silt loam and loam that has
prismatic and subangular blocky structure. The substra
tum is soft, weathered basic igneous rock. The soil is
slightly acid in the surface layer and neutral in the
subsoil.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.8 inches per foot
in the surface layer and subsoil.

Representative profile: Island of Maui, lat. 20°49’30”
N. and long. 156°18’40” W.

Ap—0 to 8 inches, dark reddish-brown (5YR 3/3) silt loam,
reddish brown (5YR 4/3) when dry; strong, fine and
very fine, granular structure; slightly hard, very
friable, slightly sticky and slightly plastic, and
weakly smeary; abundant fine and very fine roots;
many fine pores; slight effervescence with hydrogen
peroxide; slightly acid; clear, smooth boundary. 6 to
9 inches thick.

B21—8 to 16 inches, dark reddish-brown (5YR 3/4) silt loam,
reddish brown (SYR 4J4) when dry; weak, coarse,
prismatic structure; slightly hard, very friable,
slightly sticky and slightly plastic, and weakly
smeary; abundant fine roots; many fine pores; neu
tral; clear, smooth boundary. 6 to 9 inches thick.

B22—16 to 29 inches, dark reddish-brown (5YR 3/4) loam,
reddish brown (5YR 4/4) when dry; moderate, fine
and very fine, subangular blocky structure; slightly
hard, very friable, slightly sticky and slightly plastic,
and weakly smeary; abundant fine and nediuin
roots; many fine pores; many sand-size aggregates
that are resistant to crushing; 2 to 3 percent gravel;
neutral; gradual, irregular boundary. 10 to 15 inches
thick.

B23—29 to 39 inches, reddish-brown (5YR 4/4) silt loam,
reddish brown (5YR 5/4) when dry; weak, fine and
very fine, aubangular blocky structure; slightly hard,
very friable, slightly sticky and slightly plastic, and
weakly smeary; plentiful fine and medium roots;
many fine pores; neutral; clear, wavy boundary.
S to 11 inches thick.

B3—39 to 57 inches, dark-brown (7.SYR 3/2) gravelly loam,
brown (7.5YR 5/4) when dry; weak, fine and very
fine, subangular blocky structure; slightly hard, very
friable, slightly sticky and slightly plastic, and
weakly smeary; few fine roots; many fine and me
dium pores; 20 to 80 percent gray, highly weathered,
pebble-size rock fragments; neutral; abrupt, wavy
boundary. 17 to 19 inches thick.

ItG—57 to 65 inches, brown (1OYR 4/3) very gravelly loam,
pale brown (1OYR 6/3) when dry; weak, fine,
subaugular blocky structure; slightly hard, very
friable, slightly sticky and slightly plastic, and
weakly smeary; few fine roots; many fine pores;
50 to 70 percent strongly weathered, pebble-size and
cobblestone-size rock fragments; neutraL

The solum is more than 40 inches thick. A few pebbles,
cobblestones, and stones occur on the surface in some areas.
The A horizon ranges from 5YR to 1OYR in hue and from
2 to 3 in value and chrorna when moist. The B horizon ranges
from 5YR to 7.5YR in hue; from 3 to 4 in value when moist
and 4 to 5 when dry ; and from 2 to 4 in chromn, moist or
dry. The texture of the B horizon ranges from loam to silty
clay loam.

This soil is used for pasture. and wildlife habitat. Small
acre.ages are used for truck crops, pineapple, and home-
sites. (Capability classification IVe, nonirrigated; pas
ture group 5; woodland group 3)
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Papaa Series
This series consists of well-drained soils on uplands on

the island of Oahu. These soils formed in colluvium and
residuum derived from basalt. They are moderately
sloping to very steep. Elevations range from nearly sea
level to 500 feet. The annual rainfall amounts to 30 to
45 inches, most of which occurs between November and
April. The mean annual soil temperature is 730 F. Papaa
soils are geographically associated with Alaeloa and
Kokokahi soils, near Kailua.

These soils are used for pasture. The natural vegeta
tion consists of guava, Java plum, klu, koa haole,
Christmas berry, lantana, sourgrass, and ricegrass.

Papaa clay, 35 to 70 percent slopes (PYF).—This soil
has convex, very steep slopes. Included in mapping were
small areas of Alaeioa soils and small, eroded spots. Also
included were small, stony areas and basalt outcrops
near the ridgetops.

In a representative profile the surface layer is very
dark brown clay about 12 inches thick. The next layers
are dark reddish-brown and dark reddish-gre clay tia.t
has prismatic structure. They extend to a depth of about
24 inches. Below this is cia-v to silty clay loam that has
a variegated color pattern of grays, browns, and yellows.
Soft, weathered rock is at a depth of about 40 inches.
The clays in this soil are very sticky and very plastic,
anti they crack widely when dry. The soil is slightly
acid throughout the profile.

Permeability is slow. Runoff is rapid, and the erosion
hazard is severe. The available water capacity is about
1.4 inches per foot of soil. Roots penetrate to a depth
of 40 inches or more.

Representative profile: Island of Oaliu, let. 21°22’04”
N. and long. 151044,11,, W.

Ap—O to 12 inches, very dark brown (1OYR 2/2) clay, some
dark-brown (7.5YR 4/2) material mixed by churning,
very dark gray (1OYR 3/1) when dry; moderate,
very fine and fine, granular mulch in upper 3’2 inch
to 1 inch and strong, fine, subangular blocky struc
ture below; hard, firm, very sticky and very plastic;
abundant fine and medium roots; common, fine and
very fine, tubular and interstitial pores; few worm-
holes and worm casts; common, fine, dark-gray,
highly weathered rock fragments; common shiny
specks; slight effervescence with hydrogen peroxide;
slightly acid; clear, smooth boundary. 6 to 14 inches
thick.

AC—12 to 19 inches, dark reddish-brown (5YR 3/2), moist
and dry, clay; moderate, coarse, prismatic structure;
hard, firm, very sticky and very plastic; abundant
fine and medium roots; many, very fine, tubular pores
and few, fine, tubular pores; common wormholes and
worm casts that are thickly coated with very dark
gray gelatinous material; few, fine, angular rock
fragments; slight effervescence with hydrogen perox
ide; slightly acid; clear, smooth boundary. 6 to 9
inches thick.

01—19 to 24 inches, dark reddish-gray (5YR 4/2), moist and
dry, clay; weak, coarse, prismatic structure; hard,
very firm, very sticky and very plastic; abundant
fine and medium roots; common, very fine and fine,
tubular pores; root channels lined with very dark
gray material; common prominent slickensides; few
fine rock fragments; slight effervescence with hydro
gen peroxide; slightly acid; abrupt, wavy boundary.
4 to 8 inches thick.

02—24 to 28 inches, variegated color pattern of grayish-brown
(1OYR 5/2) and dark grayish-brown (1OYR 4/2)
clay; strong, coarse, prismatic structure; extremely

hard, firm, very sticky and very plastic; abundant
fine and medium roots; common fine and medium
pores; pads coated with shiny specks; many thick,
deeply grooved slickensides; slightly acid; abrupt,
wavy boundary. 2 to 10 inches thick,

03—28 to 40 inches. mixture of brown (1OYR 5/3). dark
yellowish-brown (1OYR 4/4), and dark grayish-
brown (lOYR 4/2) silty clay loam; massive; slightly
hard, friable, slightly sticky and slightly plastic;
plentiful fine and medium roots; common, fine, tubu
lar pores; few, fine, highly weathered rock frag
ments; slightly acid.

C4—40 inches, slightly to moderately weathered basalt.

The depth to bedrock is more than 40 inches. The amount
of stones in the profile ranges from 5 to 40 percent. The A
horizon ranges from 5YR to 1OYR in hue and from 2 to 3
in value when moist. The AC and C horizons range from
1OYR to 5YR in hue.

This soil is used for pasture. (Capability classifica
tion Vile, nonirrigated; pasture group 3; woodland
group 1)

Papaa clay, 6 to 20 percent slopes (PYD).—On this soil,
runoff is slow to medium and the erosion hazard is
slight to moderate. Workability is difficult.

This soil is used for pasture. (Capability classifica
tion IVe, nonirrigated; pasture group 3; woodland
group 1)

Papaa clay, 20 to 35 percent slopes (PYE).—On this soil,
runoff is medium to rapid and the erosion hazard is
moderate to severe. Workability is difficult.

This soil is used for pasture. (Capability classifica
tion VIe, nonirrigated; pasture group 3; woodland
group 1)

Paumalu Series
This series consists of well-drained silty clay soils on

uplands in the northern part of Oahu. These soils devel
oped in old alluvium and colluvium derived from basic
igneous rock. They are gently sloping to very steep.
Elevations range from 700 to 1,000 feet. The annual rain
fall amounts to 50 to 70 inches and is well distributed
throughout t.he year. The mean annual soil temperature
is 71° F. Paumalu soils are geographically associated
with Kemoo soils, near Kahuku.

These soils are used for pasture and sugarcane. The
natural vegetation consists of guava, waiwe, Christmas
berry, ricegrass, and carpetgrass.

Pauinaln silty clay, 15 to 25 percent slopes (PeDI.—This
soil occurs as small, irregularly shaped areas. Included in
mapping were small, eroded areas.

In a representative profile the surface layer and the
subsoil are dark reddish-brown silty clay that has sub-
angular and, angular blocky structure. The surface layer
is about 9 inches thick, and the subsoil is 30 to more than
60 inches thick. The substratum is highly weathered
gravel. The soil is very strongly acid. in the surface layer
and strongly acid to medium acid in the subsoil.

Permeability is moderately rapid. Runoff is medium,
and the erosion hazard is moderate. The available water
capacity is about 1.3 inches per foot of soil. In places
roots penetrate to a depth of 5 feet or more. Workability
is difficult because of the slope.

Representative profile: Island of Oahu, lat. 21°40’lS”
N. and long. 158°01’02” W.
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A1—0 to 9 inches, dark reddish-brown (5YR 3/3) silty clay,
reddish brown (5YR 4/3) when dry; strong, fine,
subangular blocky structure; bard, firm, sticky and
plastic; abundant fine and medium roots; many, very
fine and fine, interstitial and tubular pores; few
highly weathered pebbles; very strongly acid; abrupt,
smooth boundary. 8 to 12 inches thick.

1321—9 to 17 inches, dark reddish-brown (5YR 3/4) silty
clay, reddish brown (SYR 4/4) when dry; moderate,
fine, suban-gular blocky structure; bard, firm, sticky
and plastic; abundant fine roots; common, fine and
very fine, tubular pores; few highly weathered peb
bles; common black stains; strongly acid; clear,
smooth boundary. 5 to 9 inches thick.

B22t—17 to 33 inches, dark reddish-hi-own (5YR 3/4) silty
clay, reddish brown (SYR 4/4) when dry; moderate,
very fine and fine, angular and subangular blocky
structure; hard, firm, sticky and plastic; few very
fine roots; common, very fine, tubular pores; common
black stains; thin, continuous clay films on peds and
in pores; few highly weathered pebbles; medium
acid; gradual, smooth boundary. 10 to 16 inches
thick.

B31t—33 to 48 inches, dark reddish-brown (SiR 3/4) silty
clay, reddish brown (5YR 4/4) when dry; strong,
fine, blocky structure; few fine roots; few, fine, tubu
lar pores; thin, continuous, dark-red (2.5YR 3/6)
clay films on peds and in pores; common highly
weathered pebbles; medium acid; clear, wavy bound
ary. 12 to 15 inches thick.

B32—48 to 10 inches, dark reddish-brown (SiR 3i’4) silty
clay, reddish brown (SiR 4/4) when dry; strong,
fine, blocky structure; few, fine, tubular pores; thin,
continuous, dark-red (2.5YR 3/6) clay films on peds
and in pores; 40 to 50 percent highly weathered
gravel; medium acid; clear, wavy boundary.

The depth to highly weathered gravel ranges from 30 to
more than GO iaehes. The B horizon ranges from 3 to 4 in
value when moist and from 4 to 6 in chroma, moist or dry.
Effervescence with hydrogen peroxide ranges from none to
moderate in the A horizon.

This soil is used for pasture and sugarcane. (Capa
bility classification IVe, irrigated or nonirrigated; pasture
group 8; woodland group ‘1)

Paumalu silty clay, 3 to 8 percent slopes (PeB).—Qn
this soil, runoff is slow and the erosion hazard is slight.
Workability is easy.

This soil is used for sugarcane and pasture. (Capa
bility classification lie, irri crated or nonirrigated; pasture
group 8; woodland group

Paumalu silty clay, 8 to 15 percent slopes (PeC).—On
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate. Workability is slightly difficult.

This soil is used for sugarcane and pasture. (Capa
bility classification IHe, irrigated or nonirrigated; pas
ture group 8; woodland group 7)

Paumalu silty clay, 25 to 40 percent slopes (PeE).—On
this soil, runoff is medium to rapid and the erosion
hazard is moderate to severe.

This soil is used for pasture and sugarcane.. (Capa
bility classification VIe., irrigated or nonirrigated; pas
ture group 8; woodland group 7)

Paumalu silty clay, 40 to 70 percent slopes (PeF).—On
this soil, runoff is rapid and the erosion hazard is severe.

This soil is used for pasture. (Capability classification
Vile, nonirrigated; pasture group 8; woodland group 14)

Paunialu-Badland complex (PZL—In this complex
Paumalu soils make up 40 to 80 percent of the acreage.
The slope is 10 to 70 percent.

The Paumalu soils are similar to Paumalu silty clay, 15
to 25 percent slopes, except for the slope. Runoff is
medium to rapid, a-nd the erosion hazard is mode-rate to
severe.

Badland consists of nearly barren land that has
remained after the Paumalu soils were removed by wind
and water erosion. Runoff is rapid, and the erosion hazard
is very severe. About 80 percent of the Badland part
occurs in the direction of the trade winds. Rock outcrop,
Stony land, Stony steep land, and Rock land were
included in mapping, and they make up as much as 25
percent of the area.

This complex is used for pasture and military purposes.
(Paumalu part is in capability classification Vile, non-
irrigated; pasture group 8; woodland group 7. Badland
part is in capability classification Ville, nonirrigated)

Pauwela Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in material
weathered from basic igneous rock. They are gently slop
ing to moderately steep. Elevations range from 150 to
1,500 feet. The annual rainfall amounts to 70 to 120
inches; it is well distributed throughout the year. The
mean annual soil temperature is 70° F. Pauwela soils are
geographically associated with Haiku and Kailua soils.

These soils are used for pasture and water supply.
Small acreages a-re used for pineapple and woodland. The
natural vegetation consists of californiagrass, guava, and
ricegrass.

Pauwela clay, 3 to 7 percent slopes (PfB).—This soil is
on smooth uplands. Included in mapping were small areas
of Haiku and Kailua soils.

In a representative profile the surface layer is dark
grayish-brown clay about 12 inches thick. The subsoil,
about 21 inches thick, is dark reddish-brown clay that has
angular blocky and subangular blocky structure. The
substratum is soft, weathered basic igneous rock. The soil
is very strongly acid to extremely acid in the surface
layer and subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.3 inches per foot of soil. In places roots
penetrate to a depth of 3 feet or more.

Representative profile: Island of Maui, lat,. 20°’55’26”
N. and long. 156°16’24” W.

Apl—0 to 6 inches, dark grayish-brown (25Y 4/2) clay,
grayish brown (2.SY 5/2) when dry; moderate, fine,
subangular blocky structure; hard, fIrm, sticky and
plastic; abundant very fine and fine roots; many fine
pores; common sand-size aggregates that are resist
ant to crushing; many, very fine, glistening specks;
high hulk density; few yellowish-red (SiR 4/6)
particles from the upper part of the B horizon mixed
in by plowing; slight effervescence with hydrogen
peroxide; very strongly acid; clear, wavy boundary.
4 to 7 inches thick.

Ap2—6 to 12 inches, dark grayish-brown (2.5Y 4/2) clay,
grayish brown (2.51 5/2) when dry; moderate, fine,
subangular blocky structure; hard, firm, sticky and
plastic; abundant very fine and fine roots; many fine
pores; common sand-size aggregates that are resist
ant to crushing; many, very fine, glistening specks;
high bulk density; few yellowish-red (5YR 4/6)
particles from the upper part of the B horizon mixed
in by plowing; slight effervescence with hydrogen
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peroxide; few small pockets of very dark brown
(1OYR 2/2) and black (1OYR 2/1), massive, heavy
mineral concentration; extremely acid; abrupt, wavy
boundary. 5 to 7 inches thick.

B21t—12 to 17 inches. dark reddish-brown (5YR 3/3) clay,
reddish brown (SYR 4/4) when dry: moderate, very
fine and fine, subangular blocky structure; slightly
hard, friable, sticky and plastic; few very fine roots;
many, very fine and fine, tubular pores; many sand
size aggregates that are resistant to crushing; mod
erately thick, patchy clay films; slight effervescence
with hydrogen peroxide; extremely acid; gradual,
wavy boundary. 4 to 6 inches thick.

B22t—17 to 25 inches, dark reddish-brown (5YR 3/4) clay,
reddish brown (5YR 4/4) when dry; strong, fine and
very fine, angular blocky structure; hard, firm, sticky
and plastic; few very fine roots; common, fine, tubu
lar pores and few, medium, tubular pores; nearly
continuous, moderately thick clay films; common,
very fine, yellowish-red (5YR 4/6) and brown (7.5YR
4/4) crumbs on some pods; common sand-size aggre
gates that are resistant to crushing; more compact
than the B21t horizon; contains a few yellowish-red
sheets, 2 to 10 millimeters thick; slight effervescence
with hydrogen peroxide; very strongly acid; clear,
wavy boundary. 6 to 10 inches thick.

B23t—25 to 33 inches, dark reddish-brown (SYR 3/4) clay,
reddish brown (5YR 4/4) when dry; strong, very
fine and fine, angular blocky structure; hard, firm,
sticky and plastic; few very fine roots; common, very
fine and fine, tubular pores; nearly continuous, mod
erately thick clay films; common, very fine, yellowish-
red (5YR 4/6) and brown (7.5YR 4/4) crumbs on
some pods; common sand-size aggregates that are
resistant to crushing; few, fine, very dark brown
(1OYR 2/2), weathered basic igneous pebbles; a few
yellowish-red (SYR 4/6) silty clay sheets ( inch
to P4 inches thick) that have weak. subangular
blocky structure and a fOw roots matted on the sur
face; slight effervescence with hydrogen peroxide;
very strongly acid; gradual, wavy boundary. 6 to 9
inches thick.

O1—33 to 42 inches, strong-brown (7.5Y11. 5/6) and yellowish-
red (5YR 4/6) silty clay, reddish yellow (7.5YR
6/6) and yellowish red (5YR 5/6) when dry; mod
erate, fine and very fine, subangular and angular
blocky structure; slightly bard, friable, slightly
Sticky and slightly plastic; 70 to 90 percent of hori
zon consists of very dark brown (1OYR 2/2), highly
weathered basic igneous rock; few veins and sheets
of soft gibbsite, 3 to 1% inch thick; slight efferves
cence with hydrogen peroxide; very strongly acid;
gradual, wavy boundary. 7 to 12 inches thick.

C2—42 to 54 inches, strong-brown (7,SYR 5/6) silty clay,
reddish yellow (7.5YR 6/6) when dry; weak, fine
and very fine, subangular blocky structure; soft,
friable, slightly sticky and slightly plastic; many,
very fine, tubular pores; 80 to 95 percent of horizon
consists of highly weathered basic igneous rock;
common veins of soft gibbaite, ‘4 to 3 inch thick;
very strongly acid.

The depth to soft, weathered rock ranges from 30 to more
than 60 inches. The A horizon ranges from 1OYR to 2.5Y in
hue, from 3 to 4 in value when moist, and from 2 to 4 in
chroma when dry. The B horizon ranges from 5YR to 7.SYR
in hue, from S to 4 in value when moist and 4 to 6 when dry,
and from 3 to 5 in chroma when moist and 4 to 6 when dry.
The texture is silty clay or clay.

This soil is used for pasture and water Supply. Small
acreages are used for pineapple and woodland. (Capa
bility classification lie, nonirrigated; pineapple group 7;
pasture group 8; woodland group 7)

Pauwela clay, 7 to 15 percent slopes (PIC).—On this
soil, runoff lS slow to medium and the erosion hazard is
slight to moderate.

This soil is used for pasture and water supply. Small
acreages are used for woodland. (Capability classification
Ille, nonirrigated; pineapple group 8; pasture group 8;
woodland group 7)

Pauwela clay, 15 to 25 percent slopes PfD).—On this
soil, runoff is medium and the erosion hazard is moderate.
Included in mapping were areas that are steep and
moderately eroded. This soil is used for pasture and
woodland. (Capability classification lYe, nonirrigated;
pineapple group 8; pasture group 8; woodland group 7)

Pearl Harbor Series

Ap—0 to 12 inches, very dark gray (1OYR 3/1) clay; many,
fine, strong-brown (7.5YR 5/6), prominent mottles
on pods and in pores; dark gray (1OYR 4/1) when
dry; strong, fine and medium, granular structure and
fine, subangular blocky; very hard, firm, very sticky
and very plastic; abundant very fine and flue roots;
common, very fine and fine, tubular pores and few,
medium, tubular pores; common wormholes and
worm casts; moderate effervescence with hydrogen
peroxide; neutral; clear, wavy boundary. 8 to 12
inches thick.

B21g—12 to 20 inches, very dark gray (1OYR 3/1) clay;
many strong-brown (7.5YR 5i’6) mottles in all pores
and a few on pod faces; strong, fine and medium,
subangular blocky and angular blocky structure;
very hard, firm, very sticky and very plastic; abun
dant very fine and fine roots; common, very fine and
fine, tubular pores and few, medium, tubular pores;
thin, intermittent, horizontal layers of ironstone;
moderate effervescence with hydrogen peroxide;
mildly alkaline; gradual, smooth boundary. 6 to S
inches thick.

B22g—20 to 25 inches, very dark gray (IOYR 3/1) clay; fine
pores are lined with strong-brown (7.5YR 5/6) mot
ties; moderate, fine and medium, subangular blocky
structure; hard, firm, sticky and plastic; abundant

This series consists of very poorly drained soils on
nearly level coastal plains on the island of Oahu. These
soils developed in alluvium overlying organic material.
Elevations range from nearly sea level to 5 feet. The
annual rainfall amounts to 18 to 40 Inches. The mean
annual soil temperature is 74° F. Pearl Harbor soils
are geographically associated with Hanalei, Kaloko, and
Keaau soils.

These soils are used for taro, sugarcane, and pasture.
The natural vegetation consists of cattails, mangrove
trees, ealiforniagrass, and sedges.

Pearl Harbor clay (Ph).—This soil is on low coastal
plains adjacent to the ocean. It is level or nearly level.
Included in mapping were small areas of Kaloko and
Keaau soils.

In a representative profile the surface layer is very dark
gray, mottled clay about 12 inches thick. The subsoil,
about 19 inches thick, is very dark gray and very dark
grayish-brown, mottled clay that has angular and sub-
angular blocky structure. The substratum is muck or
peat. The soil is neutral in the surface layer and mildly
to moderately alkaline in the subsoil.

Permeability is very slow. Runoff is very slow to
ponded, and the erosion hazard is no more than slight.
The available water capacity is about 1.4 inches per foot
in the surface layer and subsoil. In. places roots penetrate
to a depth of 2 to 4 feet. Workability is very difficult.

Representative profile: Island of Oahu, lat. 21°22’19”
N. and long. 158°01’47” W.



ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 113

very fine roots; many, very fine, tubular pores and
common, fine, tubular pores; slight effervescence with
hydrogen peroxide; few fine shells that effervesce
with hydrochloric acid; moderately alkaline; grad
ual, smooth boundary. 3 to 7 inches thick.

B23g—25 to 81 inches, very dark grayish-brown (1OYR 3/2)
clay; many, fine, strong-brown (7.5YR 5/6) mottles
in pores and on ped surfaces, grayish brown (1OYR
5/2) when dry; moderate, fine and medium, sub-
angular blocky structure; hard, firm, very sticky and
very plastic; few very fine roots; many, very fine,
tubular pores; few, fine and coarse, tubular pores;
wormholes and worm casts; many small shells;
strong effervescence with hydrogen peroxide; mod
erate effervescence with hydrochloric acid on soil
mass; violent effervescence on shells; moderately
alkaline; abrupt, smooth boundary. 3 to 6 inches
thick.

lb—31 to 37 inches, very dark grayish-brown muck; few, fine,
strong-brown (7.5YR 5/6) mottles; massive; very
hard, friable, slightly sticky and slightly plastic;
plentiful roots; common, fine, tubular pores; few
shells; few, fine, black fragments of tuft; thin, dis
continuous, vertical bands of ironstone; moderate
effervescence with hydrogen peroxide; strong effer
vescence with hydrochloric acid; mildly alkaline;
clear, smooth boundary. 4 to 0 inches thick.

2b—37 to 48 inches, very dark gray (10’YR 3/1) muck, gray
(1OYR 6/1) when dry; massive; hard, friable, sticky
and plastic; few roots; few, very fine, tubular pores;
brackish water table at a depth of 40 inches; few
rounded pebbles; mildly alkaline.

The depth to the buried muck or peat ranges from 20 to 83
inches. The brackish water table is at approximately the
same depth. In places as much as 5 percent of the buried
horizons is coral sand or shells. The solum ranges from 75Y11
to 1OYR in hue and from 2 to 4 in value when moist. When
dry, the A and B horizons range from 4 to 6 in value and
from 0 to 1 in chroma.

This soil is used for sugarcane, taro, bananas, and
pasture. (Capability classification IVw, irrigated or non-
irrigated; pasture group i; woodland group 4)

Pohakupu Series
This series consists of well-drained, soils on terraces

and alluvial fans on the islands of Oahu and Kauai.
These soils formed in old alluvium derived from basic
igneous material. They are nearly level to moderately
sloping. Elevations range from 50 to 250 feet. The annual
rainfall amounts to 40 to 60 inches. The mean annual
soil temperature is 73° F. Pohakupu soils are geograph
ically associated with Alaeloa, Papaa, and Lihue soils.

These soils are used for sugarcane, pineapple, truck
crops, pasture, and hornesites. The natural vegetation
consists of guava, Christmas berry, Japanese tea, koa
haole, and kikuyugrass.

Pohakupu silty clay loam, 0 to 8 percent slopes
(PkB).—This soil has smooth slopes and occurs on terraces
and alluvial fans. The slopes are mainly 3 to 8 percent.
Included in mapping were small areas of Alaeloa and
Waialua soils and small areas where the slope is as
much as 15 percent. Also included on Kauai were small
areas where the texture is silty clay and small areas that
have a hue of 2.5 YR in the subsoil.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 13 inches thick. The
subsoil, 40 to more than 60 inches thick, is dark reddish-
brown and dark-brown silty clay loam that has angular
and subangular blocky structure. The substratum is

strongly weathered gravel. The soil is slightly acid to
medium acid.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. The available water capacity
is about 1.5 inches per foot of soil. In places roots pene
trate to a depth of 5 feet or more.

Representative profile: Island of Oahu, lat. 21°22’53”
N. and long. 157°45’16” W.

Ap—0 to 13 inches, dark reddish-brown (5YR 3/3) silty clay
loam, reddish brown (5YR 4/3) when dry; strong,
very fine, subangular blocky structure; hard, friable,
sticky and plastic; abundant roots; many very fine
and fine pores; common worniholes and worm casts;
moderate effervescence with hydrogen peroxide;
slightly acid; abrupt, smooth boundary. 8 to 13
inches thick.

1321—13 to 21 inches, dark reddish-brown (SYR 3/3) silty
clay loam, reddish brown (5YR 4/4) when dry;
moderate, very fine, subaugular blocky structure;
hard, friable, slightly sticky and plastic; abundant
roots; many, very fine and fine, tubular pores; corn
znon, patchy pressure cutans; slight effervescence
with hydrogen peroxide; slightly acid; abrupt,
smooth boundary. 4 to 9 inches thick.

B22—21 to 38 inches, darkbrown (7.5YR 3/4) silty clay
loam, brown (7.SYR 4/4) when dry; strong, very
fine, blocky and subangular blocky structure; hard,
friable, sticky and plastic; plentiful roots; many,
very fine and fine, tubular pores; continuous pressure
eutans on ped surfaces; few highly weathered peb
bles; many black stains in pores and on peds; stains
show strong effervescence with hydrogen peroxide;
slightly acid; clear, irregular boundary. 4 to 17
inches thick.

B23—38 to 50 inches, dark-brown (7.SYR 3/4) silty clay
loam, brown (7.5YR 4/4) when dry; strong, very fine,
angular and subangular blocky structure; hard, fri
able, sticky and plastic; few roots; many, very fine
and fine, tubular pores; strong. continuous pressure
cutans; few highly weathered pebbles; common black
stains that effervesce with hydrogen peroxide;
slightly acid; clear, irregular boundary. 12 to 20
inches thick.

133—50 to 76 inches, dark-brown (7.SYR 3/4) silty clay loam,
brown (7.5YR 4/4) when dry; strong, very fine,
angular and subangular blocky structure; hard, fri
able, slightly sticky and plastic; few roots; many,
very fine and fine, tabular pores; nearly continuous
pressure cutans; few highly weathered pebbles; few,
fine, black stains that effervesce with hydrogen perox
ide; slightly acid.

Effervescence with hydrogen peroxide ranges from slight to
moderate in the upper part of the profile and from slight to
none below. The structure in the B horizon ranges from mod
erate to strong. In places a few boulder cores occur within
the lower part of the profile. The A horizon ranges from 2 to
3 in chroma and value when moist. The 13 horizon ranges
from 7.5YR to 5YR in hue and from 3 to 4 in chroma and
value when moist.

This soil is used for pasture, truck crops, and. home-
sites on. Onhu and for sugarcane and pineapple on Kauai.
(Capability classification lie if irrigated, Tile if non-
irrigated; sugarcane group 1; pasture group 6; wood
land group 5)

Pohakupu silty clay loam, S to 15 percent slopes
(PkC).—On this soil, runoff is slow to medium and the
erosion hazard is slight to moderate. ‘Workability is
slightly difficult because of the slope.

Included in inappmg were small areas where the sur
faee layer and part of the subsoil have been removed.
Also included, near the drainageways, were areas where
the slope ranges from 15 to 25 percent.
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This soil is used for pasture. (Capability classification
Ille, nonirrigated; sugarcane group 1; pasture group 6;
woodland group 5)

Pooku Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
weathered from basic igneous rock. They are nearly level
to steep. Elevations range from 250 to 1,000 feet. The
animal rainfall amounts to 80 to 150 inches. The mean
annual soil temperature is 720 F. Pooku soils are geo
graphica] ly associated with Makapili soils.

These soils are used for pasture, sugarcane, wildlife
habitat, and water supply. The natural vegetation con
sists of kikuyugrass, paxigolagrass, guava, joee, sensitive
plant, ricegrass, yellow foxtail, Java plum, and associated
plants.

Pooku silty clay, 0 to 8 percent slopes CPmBL—This
soil is on the tops of broad interfiuves in the uplands.
Included in mapping were about 60 acres east of Anini
Stream. The included soil ha.s a yellowish-brown subsoil.

In a representative profile the surface layer is dark-
brown silty clay about 14 inches thick. The subsoil, about
48 inches thick, is dark-red and dark reddish-brown silty
clay that has subangular blocky structure. The substra
turn is soft, weathered rock. The soil is strongly acid
to extremely acid throughout the profile.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is no more than slight. In places roots
penetrate to a depth of 5 feet or more.

Representative profile: Island of Kauai, lat. 22c12F23.1’
N. and long. 159°29’53” W.

Api—O to 11 inches, dark-brown (1OYR 4/3) silty clay,
yellowish brown (1OYR 5/4) when dry; strong, very
fine, subangular blocky structure; hard, friable,
sticky and plastic; abundant roots; many very fine
and fine pores; many ironstone-gibbsite pebbles that
have a dense outer shell and a softer, yellowish
center; extremely acid; clear, smooth boundary. 10 to
15 inches thick.

Ap2—11 to 14 inches, dark-brown (1OYR 4/3) silty clay, dark
reddish brown (2.5YR 3/4) when mixed by cultiva
tion, yellowish brown (1OYR 5/4) and dark reddish
brown (2.5YR 3/4) when dry; moderate, very fine,
subangular blocky structnre; hard, friable, sticky
and plastic; medium acid; abrupt, wavy boundary.
3 to 5 inches thick.

B21—14 to 28 inches, dark reddish-brown (2.5YR 3/4) silty
clay loam, dark red (2.5YR 3/0) when dry; moder
ate, very fine, subangular blocky structure; hard,
friable, sticky and plastic; abundant fine roots; many
very fine and fine pores; nearly continuous pressure
cutans; few cutans that look like illuviated ses
quloxides; few nonmagnetic, very firm particles that
appear to be segregated iron; strongly acid; abrupt,
smooth boundary. 10 to 15 inches thick

B22—28 to 33 inches, dark reddish-brown (25YR 3/4) silty
clay, dark red (2SYR 3/6) when dry; moderate,
very fine, subangular blocky structure; hard, friable,
sticky and plastic; abundant roots; many very floe
and fine pores; nearly continuous pressure cutans;
patchy, glazed coatings that appear to be sesqubox
ides; a few pebble-size pieces of saprolite; this hori
zon is capped by a thin, discontinuous ironstoneseam 1 millimeter to 2 millimeters thick; a root mat
has built up in places on this ironstone seam;
strongly acid; clear, smooth boundary. 5 to 12 inches
thick.

B23—33 to 43 inches, dark-red (2.SYR 3/6) silty clay, yellow
ish red (5YR 5/fl) when dry; moderate, fine and
medium, subangular blocky structure; hard, frmble,
sticky and plastic; abundant roots; many very fine
and fine pores; pebble-size pieces of saprolite; pores
filled with white material; patchy surfaces that look
like pressure cutans; this horizon is capped by a very
thin, discontinuous ironstone seam in which there is
a buildup of roots; very strongly acid; gradual, wavy
boundary. 0 to 10 inches thick.

B24—43 to 62 inches, variegated dark-red (2.5YR 3/6),
yellowish-red (5YR 4/6), reddish-yellow (7.5YB.
6/S), and very dusky red (2.SYR 2/2) silty clay;
yellowish red (5YR 4/6) when dry; weak, !netllum
and coarse, subangular blocky structure; bard, fri
able, sticky and plastic; few roots; many very fine
and fine pores; few fragments of saprolite; few,
thick, patchy dutans that look like clay flows; thin,
platy material (probably gibbsite) gives some areas
a platy appearance; very strongly acid.

The A horizon ranges from 7.5YR to 1OYR in hue, from
3 to 4 in chrojun, and from 3 to 4 in value. Tile E2 horizonranges from 4 to 6 in chroma.

This soil is used for pasture, sugarcane, wildlife habi
tat, woodland, and water supply. (Capability classification Ills, nonirrigated; sugarcane group 2; pasturegroup 10; woodland group 9)

Pooku silty clay, 8 to 15 percent slopes (PmC).—On thissoil, runoff is slow to medium and the erosion hazard isslight to moderate.
This soil is used for pasture, sugarcane, wildlife habitat, woodland, and water supply. (Capability classification Tile, nonirrigated; sugarcane group 2; pasturegroup 10; woodland group 9)
Pooku silty clay, 15 to 25 percent slopes (PmD).—Onthis soil, runoff is medium and the erosion hazard ismoderate.
This soil is used for pasture, wildlife habitat, woodland, water supply, and sugarcane. (Capability classification IVe, nonirrigated; sugarcane group 2; pasturegroup 10; woodland group 9)
Pooku silty clay, 25 to 40 percent slopes (PmE).—Thissoil is similar to Pooku silty clay, 0 to S percent slopes,except that it is steep and the surface layer is thinner.

Runoff is rapid, and the erosion hazard is severe. Included in mapping were small, eroded areas.
This soil is used for pasture, woodland, wildlife habitat, and water supply. (Capability classification VIe,nonirrigated; pasture group 10; woodland group 9)Pooku silty clay loam, 3 to 8 percent slopes (PIB).—Thissoil is generally similar to Pooku silty clay, 0 to S per

cent slopes, except that the texture of the surface layeris silty clay loam and the soil has more ironstone sheetsthan is typical. Also, the lower part of the subsoil is
yellower, has weaker structure, and has a texture of siltyclay loam. Runoff is slow, and the erosion hazard isslight.

This soil is used for sugarcane, wildlife habitat, watersupply, and woodland. (Capability classification Ills,nonirrigated; sugarcane group 2; pasture group 10;woodland group 9)
Pooku silty clay loam, 8 to 25 percent slopes (PID.—

This soil is similar to Pooku silty clay, 0 to 8 percent
slopes, except that the texture of the surface layer is
silty clay loam and the soil has more ironstone sheets.
than is typical. Also, the lower part of the subsoil is
yellower, has weaker structure, and has a texture of
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silty clay loam. Runoff is slow t.o medium, and the ero

sion hazard is slight to moderate.
This soil is used for sugarcane, pasture, wildlife habi

tat, water supply, and woodland. (Capability classifi
cation I’Ve, nonirrigateci; sugarcane group 2; pasture
group 10; woodland group 9)

Puhi Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed in material
derived from basic igneous rock. They are nearly level to
steep. Elevations range from 175 to 500 feet. The annual
rainfall amounts to 60 to 80 inches. The mean annual soil
temperature is 73° F. Puhi soils are geographically asso
ciated with Lihue and Kapaa soils.

These soils are used for sugarcane, pineapple, truck
crops, orchards, pasture, woodland, wildlife habitat, water
supply, and homesites. The natural vegetation consists of
guava, Java plmn, pangolagrass, kik-uyugrass, elephan
topus, joee, yellow foxtail, and rhoclomyrtus.

Puhi silty clay loam, 0 to 3 percent slopes (PnA).—This
soil is on broad interfiuves on the uplands.

In a representative profile the surface layer is brown
silty clay loam about 12 inches thick. The. subsoil, about
48 inches thick, is reddish-brown and dark reddish-brown
silty clay loam and silty clay that has subangular blocky
structure. The substratum is silty clay. The surface layer
is very strongly acid. The subsoil is slightly acid to
medium acid.

Permeability is moderately rapid. Runoff is very slow,
and there is no erosion hazard. The. available water capac
ity is about 1.3 inches per foot of soil. In places, roots
penetrate to a depth of 5 feet or more..

Representative profile: Island of Kauai, lat. 22°0l’14”
N. and long. 159°23’S.l” W.

Ap—0 to 12 inches, brown (1OYR 4/3) silty clay loam, brown
(1OYB 4/3) when rubbed, yellowish brown (1OYR
5/4) when dry; moderate, very lIne, subangular
blocky structure; hard, friable, slightly sticky and
slightly plastic; abundant roots; many, very fine
and fine, tubular pores and common interstitial
pores; many gritty particles that are hard to break
down; delayed effervescence with hydrogen peroxide;
very strongly acid; abrupt, wavy boundary. 11 to 14
inches thick.

1321—12 to 21 inches, reddish-brown (YR 4/4) silty clay
loam, yellowish red (5YR die.) when dry; weak, very
fine and fine, subangular blocky structure; hard, fri
able, slightly sticky and slightly plastic; plentiful
fine and very fine roots; many very fine pores and
common fine pores; nearly continuous, shiny glaze
on pecis; patchy coatings that look like clay films on
some pods; medium acid; gradual, smooth boundary.
7 to 11 inches thick.

B22—21 to 33 inches, dark reclclish-hrown (5YR 3/4) silty
clay loam, yellowish red (5YR 4/6) when dry; com
mon black specks; moderate, very fine and fine, sub-
angular blocky structure; hard, friable, slightly
sticky and slightly plastic; plentiful line and very
fine roots; many very fine pores and common fine
pores; nearly continuous, shiny glaze on peds; patchy
coatings that look like clay films on some peds;
stringy coatings of stronger chroma; slightly acid;
gradual, smooth boundary. 10 to 14 inches thick.

1323—33 to 41 inches, dark reddish-brown (2.SYR 3/4) silty
clay loam, yellowish red (5YR 4/6) when dry; mod
erate, very fine, subangular blocky structure; hard,
friable, slightly sticky and plastic; few very fine

roots; many very fine pores and common medium
pores; continuous, shiny glaze on peds; patchy coat
ings that look like clay films on peds; many shiny
particles; many, very fine, black specks; medium
acid; gradual, smooth boundary. 6 to 9 inches thick.

B24—41 to tlO inches, dark reddish-brown (5YR 3/3) silty
clay, yellowish red (5YR 4/8) when dry; strong,
very fine and fine, subangular blocky structure; hard,
firm, sticky and plastic; few very fine roots; many
very line and fine pores and common medium pores;
continuous, shiny glaze on peds; many, very fine,
black specks and shiny particles; medium acid.

The A horizon ranges from 7.5YR to 1OYR in hue, from
2 to 4 in value, and from 2 to 4 in eliroma. The 13 horizon
ranges from 2.5YR to 7.5YR in hue, from 3 to 4 in value, and
from 3 to 4 in chroma.

This soil is used for sugarcane, pineapple, orchards,
truck crops, pasture, and homesites. (Capability classifi
cation ITs, irrigated or nonirrigated; sugarcane group 1;
pineapple group 4; pasture group 8; woodland group 7)

Puhi silty clay loam, 3 to 8 percent slopes (PnB).—On
this soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, pineapple, orchards,
pasture, truck crops, and homesites. (Capability classifi
cation TIe, irrigated or nonirrigated; sugareane group 1;
pineapple group 5; pasture group 8; woodland group 7)

Puhi silty clay loam, 8 to 15 percent slopes (PnC).—On
this soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, pineapple, pasture, and
orchards. (Capability classification ITIe, irrigated or non-
irrigated; sugaroane group 1; pineapple group 6; pasture
group 8; woodland group 7)

Puhi silty clay loam, 15 to 26 percent slopes (PnD.—
On this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were small, eroded areas.

This soil is used for sugarcane, pineapple, orchards,
pasture, woodland, wildlife habitat, and water supply.
(Capability classification I’Ve, irrigated or nonirrigated;
sugareane group 1; pineappie group 6; pasture group 8;
woodland group 7)

Puhi silty clay loam, 25 to 40 percent slopes (PnE).—
On this soil, runoff is rapid and the erosion hazard is
severe.

This soil is used for pasture, woodland, wildlife habitat,
and water supply. (Capability classification VIe, non-
irrigated; pasture group 8; woodland group 7)

Pulehu Series
This series consists of well-drained soils on alluvial

fans and stream terraces and in basins. These soils occur
on the islands of Lanai, Maui, Molokai, and Oahu. They
developed in alluvium washed from basic igneous rock.
The soils are nearly level to moderately sloping. Eleva
tions range from nearly sea level to 300 feet. The annual
rainfall amounts to 10 to 35 inches. The mean annual soil
temperature is 74° F. Pulehu soils are geographically
associated with Ewa, Jaucas, Kealia, Lualualei, Waialua,
and Mala soils.

These soils are used for sugarcane, truck crops, pas
ture, homesites, and wildlife habitat. The natural vegeta
tion consists of bermudagrass, bristly foxtail, fingergrass,
kiawe., klu, lantana, koa haole, and sandbur.

Pulehu clay loam, 0 to 3 percent slopes (PsA).—This
soil is on alluvial fans and stream terraces and in basins.
Included in mapping were small areas of Ewa, Mala.
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and Waialua soils. Also included were small areas of
gravelly, stony, and gently sloping soils.

In a representative profile the surface layer is dark-
brown clay loam about 21 inches thick. This is underlain
by dark-brown, dark grayish-brown, and brown, massive
and single grain, stratified loam, loamy sand, fine sandy
loam, and silt loam about 39 inches thick. Below this is
coarse, gravelly or sandy alluvium. The soil is neutral in
the surface layer and neutral to mildly alkaline below the
surface layer.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is no more than slight. The available water
capacity is about 1.4 inches per foot in the surface layer

and subsoil. In places roots penetrate to a depth of 5 feet

or more. Low areas are subject. to flooding.
Representative profile: Island of Oahu, lat. 21°34’38”

N. and long. l58°09’Sl” W.
Apl—O to 7 inches, very dark brown (1OYR 2/2) clay loam,

dark brown (1OYR 3/3) when dry; weak, fine and
medium, granular structure; bard, friable, sticky and
plastic; abundant very fine and fine roots; common,
fine and very fine, interstitial pores; few rounded
pebbles; slight effervescence with hydrogen peroxide;
neutral; gradual, smooth boundary. 5 to 8 inches
thick.

Ap2—7 to 21 inches, very dark brown (1OYR 2/2) clay loam,
dark brown (1OYR 3/3) when dry; weak, fine and
medium, subnngular blocky structure; hard, friable,
sticky and jlastic: abundant very fine and fine roots;
common, fine and very fine, interstitial pores and
common, fine, tubular pores; slight effervescence with
hydrogen peroxide; neutral; abrupt, wavy boundary.
9 to 14 inches thick,

IICI—21 to 33 inches, dark-brown (1OYR 3/3) loam, dark
brown (IOYR 4/3) when dry; massive; slightly hard,
very friable, slightly sticky and slightly plastic;
plea tiful fine roots; common, very fine and fine.
tubular pores; neutral; abrupt, wavy boundary. 8 to
12 inches thick.

111C2—33 to 37 inches, very dark grayish-brown (1OYR 3/2)
loamy sand, dark grayish brown (1OYR 4/2) when
dry; single grain; loose when dry or moist, non
sticky and nonpiastic; few fine roots; porous; mildly
alkaline; abrupt, wavy boundary. 0 to 6 inches thick,

IVC3—37 to 47 inches, dark-brown (1OYR 3/3) fine sandy
loam, dark brown (1OYR 4/3) when dry; massive;
slightly hard, very friable, slightly sticky and
slightly plastic; few fine roots; common, fine, tubular
pores; mildly alkaline; abrupt, wavy boundary. S to
10 inches thick.

VC4—47 to 60 inches, dark-brown (IOYR 3/3) silt loam,
brown (1OYR 5/3) when dry; massive; slightly hard,
friable, sticky and plastic; few fine roots; common,
fine, tubular pores; mildly alkaline.

The main variation is in the range in thickness and texture
of the layers in the C horizon. The thickness of the layers
ranges from less than 1 inch to more thun 12 inches. The
texture ranges from sand to silty clay loam, Throughout the
profile, the soil ranges from 1OYR to 7.5YR in hue, from 2 to 3
in value when moist and 3 to S when dry, and from 1 to 3
in chroma when moist or dry. Gravel is common on the sur
face and is scattered throughout the profile.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification I if irrigated, IVc if non-
irrigated; sugarcane group 1; pasture group 2)

Pulehu cobbly clay loam, 0 to 3 percent slopes PtA).—
This soil is similar to Pulehu clay loam, 0 to 3 percent
slopes, except that it is cobbly.

This soil is used for sugarcane. Small acreages are used
for pasture. (Capability classification us if irrigated,
fl/s if nonirrigated; sugarcane group 1; pasture group 2)

Pulehu cobbly clay loam, 3 to 7 percent slopes (PiB).—
On this soil, runoff is slow and the erosion hazard is
slight. Included in mapping were small areas that have
thin, stratified layers of sand and gravel at a depth of
20 to 36 inches.

This soil is used for sugarcane. Small acreages are used
for pasture. (Capability classification lie if irrigated, IVs
if nonirrigated; sugarcane group 1; pasture group 2)

Puiehu stony clay loam, 2 to 6 percent slopes (PuB).—
On this soil, there are sufficient stones to hinder tillage
but not enough to make intertilled crops impracticable.
Runoff is slow, and the erosion hazard is slight.

This soil is used for sugarcane, truck crops, and pas
ture. Capability classification lie if irrigated, IVs if
nonirrigated; sugarcane group 1; pasture group 2)

Pulehu very stony clay loam, 0 to 12 percent slopes
(PvC).—This soil is similar to Pulehu clay loam, 0 to 3
percent slopes, except that as much as 3 percent of the
surface is covered with stones. Runoff is slow to medium,
and the erosion hazard is slight, to moderate. ‘Workability
is difficult because of the stones.

This soil is used for pasture and wildlife habitat..
(Capability classification IVs, nonirrigated; sugarcane
group 1; pasture group 2)

Pulehu silt loam, 0 to 3 percent slopes (PpA).—This
soil is similar to Pulehu clay loam, 0 to 3 percent slopes,
except that the texture is silt loam. This soil is used for
sugarcaxie. Small acreages are used for homesites. (Capa.
bility classification I if irrigated, IVc if nonirrigated;
sugarcane group 1; pasture group 2)

Pulehu silt loam, 3 to 7 percent slopes (PpB).—This
soil is similar to Pulehu clay loam, 0 to 3 percent slopes,
except that the texture is silt loam. Runoff is slow, and
the erosion hazard is slight. Included in mapping were
small areas underlain by coral sand at a depth of 20 to
36 inches.

This soil is used for sugarcane. (Capability classifica
tion lie if irrigated, IVc if nonirrigated; sugarcane
group 1; pasture group 2)

Pulehu cobbly silt loam, 0 to 3 percent slopes (PrA).—
This soil is similar to Pulehu clay loam, 0 to 3 percent
slopes, except that the texture is silt loam and there are
many cobblestones on the surface. In a few places cobble
stones are common throughout the profile. Included in
mapping were small areas underlain by coral sand at a
depth of 20 to 36 inches.

This soil is used for sugarcane and pasture. (Capability
classification ITs if irrigated, IVs if nonirrigated; sugar-
cane group 1; pasture group 2)

Pulehu cobbly silt loam, 3 to 7 percent slopes (Pr8).—
This soil is similar to Pulehu clay loam, 0 to 3 percent
slopes, except that the texture is silt loam, and the
surface layer is cobbly. Runoff is slow, and the erosion
hazard is slight. Included in mapping were small areas
underlain by coral sand at a depth of 20 to 36 inches.

This soil is used for sugarcane. Small areas are used
for pasture. (Capability classification lie if irrigated,
IVs if nonirrigated; sugarca.ne group 1; pasture group 9)

Pulehu sandy loam, 2 to 6 percent slopes (PoB).—This
soil is similar to Pulehu clay loam, 0 to 3 percent slopes,
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except tha.t the texture is sandy loam. Runoff is slow,
and the erosion hazard is slight.

This soil is used for pasture and wildlife habitat.
(Capability classification hUe if irrigated, VIs if non-
irrigated; sugareane group 1; pasture group 2)

Pulehu stony sandy loam, 0 to 7 percent slopes
(PouB).—This soil is similar to Pulehu clay loam, 0 to 3
percent slopes, except that the texture is sandy loam.
There are sucient stones to hinder tillage but not
enough to make intertilled crops impractical.

This soil is used for pasture and wildlife habitat.
(Capability classification Tile if irrigated, Vhs if non-
irrigated; sugarcane group 1; pasture group 2)

Puuone Series
This series consists of somewhat excessively drained

soils on low uplands on the island of Maui. These soils
developed in material derived from coral and seashells.
They are moderately sloping to moderately steep. Eleva
tions range from 50 to 350 feet. The annual rainfall
amounts to 20 to 30 inches, most of which occurs in
winter. The mean annual soil temperature is 750 F.
Puuone soils are geographically associated with lao and
Jaucas soils.

These soils are used for pasture and homesites. The
natural vegetation consists of bermudagrass, kiawe, and
lantana.

Puuone sand, 7 to 30 percent slopes (PZUE).—This soil
is on sandhills near the ocean. Included in mapping were
small areas of Tao and Jaucas soils. Also included were
small areas where the cemented layer is less than 20
inches below the surface.

In a representative profile the surface layer is grayish-
brown, calcareous sand about 20 inches thick. This is
underlain by grayish-brown, cemented sand. The soil is
moderately alkaline in the surface layer.

Permeability is rapid above the cemented layer. Runoff
is slow, and the hazard of wind erosion is moderate to
severe. The available water capacity is about 0.7 inches
per foot in the surface layer and subsoil. In places roots

penetrate to the cemeiited layer.
Representative profile: Island of Maui, 1st. 20°54’40”

N. and long. 156°29’30” W.
Cl—U to 20 inches, grayish-brown (1OYR 5/2) sand, light

brownish gray (1OYR 6/2) when dry; single grain;
loose, nousticky and nnnplastic; abundant fine roots;
porous; violent effervescence with hydrochloric acid;
moderately alkaline; abrupt, wavy boundary. 20 to
40 inches thick.

C2eam—20 to 40 inches, grayish-brown (1OYR 5/2), strongly
cemented sand, light brownish gray (1OYR 6/2)
when dry; massive; very hard, very firm, nonsticky
and nonpiastic; few fine roots in cracks; breaks
dawn under treatment with dilute hydrochloric acid,
but not with water; violent effervescence with hydro
chloric acid; strongly alkaline.

The depth to the lime hardpan ranges from 20 to 40 inches.
It is common to find old root channels filled with a hard,
white material that effervesces violently with hydrochloric
acid.

The soil is used for pasture and homesites. (Capability
classification Vile, nonirrigated; pasture group 1)

Puu Opae Series
This series consists of well-drained soils on uplands on

the island of Kauai. These soils developed hi material
weathered from basic igneous rock. They are moderately
sloping to steep. Elevations range from 500 to 2,500 feet.
The annual rainfall amounts t.o 30 to 50 inches. The
mean annual soil temperature is 70° F. Puu Opae soils
are geographically associated with Mahana soils.

These soils are used for pasture., woodland, and wild
life habitat. A small acreage is in sugarcane. The natural

vegetation consists of rnolassesgrass, silver oak, passion
flower, puakeawe, yellow foxtail, lantana. uluhe, ti, and
aalii.

Puu Opae silty clay loam, 8 to 15 percent slopes
(PwC).—This soil is on the tops of ridges in the uplands.

In a representative profile the surface layer, about
10 inches thick, is dusky-red silty clay loam that has
subangular blocky structure. The subsoil, more than 41
inches thick, is reddish-brown and dark reddish-brown
silty clay that has subangular blocky structure. The sub
stratum is soft, weathered rock. The surface layer is
medium acid to strongly acid. The subsoil is strongly
acid to very strongly acid.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about. 1.4 inches per foot
of soil. In places roots penetrate to a depth of 5 feet
or more.

Representative profile: Island of Kauai, mt. 22°02’lS.6”
N. and long. 159°41”52” W.

All—U to 7 inches, dusky-red (2.51R 3/2) silty clay loam,
weak red (2.5YR 4/2) when dry; moderate, fine and
very fine, subangular blocky structure; slightly hard,
friable, sticky and plastic; abundant roots; many
fine pores; strong effervescence with hydrogen perox
ide; strongly acid; clear, smooth boundary. 6 to 8
inches thick.

A12—7 to 10 inches, dusky-red (2.5YR 3/2) loam, dark red
dish brown (2.5YR 3/3) when dry; weak, fine, sub-
angular blocky structure; weakly coherent, very
friable, slightly sticky and slightly plastic; abundant
roots; many fine pores; strong effervescence with
hydrogen peroxide; medium acid; clear, smooth
boundary. 3 to 5 inches thick.

Bl—l0 to 14 inches, dark reddish-brown (2.5YR 3/3) light
silty clay, reddish brown (2.5YR 4/3) when dry;
moderate, fine and very fine, suhangular blocky struc
ture; hard, friable, sticky and plastic; abundant
roots; many fine pores; very few, thin clay films
on ped faces; moderate effervescence with hydrogen
peroxide; strongly acid; clear, smooth boundary. 3 to
5 inches thick.

B21t—14 to 29 inches, reddish-brown (2.5YR 4/4) silty clay,
reddish brown (2.SYR 4/4) when dry; weak, fine
and very fine, subangular blocky structure; hard,
firm, very sticky and plastic; plentiful roots; com
mon fine and very fine pores; thin, patchy clay films
on pod faces; no effervescence with hydrogen perox
ide; strongly acid; gradual, smooth boundary. 12 to
18 inches thick.

B22t—29 to 61 inches, reddish-brown (2.5YR 4/3) silty clay,
reddish brown (2.5YR 4/3) when dry; moderate,
fine and very fine, angular blocky structure; hard,
firm, very sticky and plastic; few roots; few fine
and very fine pores; nearly continuous, moderately
thick clay films on pad faces; sugarlike coatings of
higher cbrôma in pores; strongly acid; gradual,
smooth boundary. 26 to 38 inches thick.
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B23t—61 inches, clark reddish-brown (2.5YR 3/4) silty clay,
weak red (2.5YR 4/2) when dry; strong, fine and
very fine, angular and subangular blocky structure;
hard, firm, sticky and plastic; very few roots; few
fine pores; glazed appearance; continuous, mocler
ately thick clay films on ped faces; sugarilke coat
ings of higher chroma in pores; very strongly acid.

The profile raiiges from 1OR to 2.5YR in hue. The B horizon
ranges from 3 to 4 in chroma and, from 2 to 6 in value.

This soil is used for pasture, woodland, and wildlife
habitat. A small acreage is in irrigated sugarcane. (Ca
pability classification Ille, irrigated or nonirrigated;
pasture group 6; woodland group 5)

Puu Opae silty clay loam, 15 to 25 percent slopes
(PwD).—On this soil, runoff is medium and the erosion
hazard is moderate.

This soil is used for pasture, woodland, wildlife habi
tat, and water supply. (Capability classification I’Ve,
irrigated or nonirrigated; pasture group 6; woodland
group 5)

Puu Opae silty clay loam, 25 to 40 percent slopes
(PwE).—This soil is similar to Puu Opae silty clay loam,
8 to 15 percent slopes, except that the A horizon is
thinner. Runoff is rapid, and the erosion hazard is
severe.

This soil is used for pasture, woodland, wildlife habi
tat, arid water supply. (Capability classification VIe,
nonirrigated; pasture group 6; woodland group 5)

Puu Pa Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in volcanic ash
overlying fragmental Au lava. They are moderately
sloping to steep. Elevations range from 1,000 to
feet. The annual rainfall amounts to 20 to 35 inches. The
mean annual soil temperature is 700 F. Pun Pa soils are
geographically associated with Uma and Waiakoa soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of bermudagrass, indigo,
lantana, and Natal redtop.

Puu Pa very stony silt loam, 7 to 40 percent slopes
(PZVE).—This soil is on the southern intermediate slopes
of Haleakala. The landscape is dissected by many small
gulches. Included in mapping were small areas of Uma
and Waiakoa soils. Also included were small, very steep
areas.

In a representative profile the surface layer, about
10 inches thick, is very dark brown silt loam that has
subangular blocky structure. The next layer, about 37
inches thick, is very dark brown and very dark grayish-
brown silt loam that is massive. Below this is fragmental
Aa lava. The soil is medium acid to slightly acid in the
surface layer and neutral below the surface layer.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 1.7 inches per
foot in the surface layer and subsoil. In places roots
penetrate to a depth of 3 feet or more.

Representative proffle: Island of Maui, lat. 20°39’lS”
N. and long. 156°12’52” W.

Ail—O to 5 inches, very dark brown (1OYR 2/2) very stony
silt loam, dark brown (1OYR 3/3) when dry; weak,

fine and medium, subangular blocky structure;
slightly hard, very friable, slightly sticky and non-
plastic; abundant fine roots; many dne and very fine
pores; common, very fine, gritty particles that break
down slowly under continued rubbing; on top of this
horizon is an intermittent ash deposit as much as
3 inch thick; very weak effervescence with hydrogen
peroxide; medium acid; abrupt, wavy boundary. 3 to
6 inches thick.

A12—5 to 10 inches, very dark brown (1OYR 2/2) gravelly
and cobbly silt loam, dark brown (1OYR 3/3) when
dry; weak, medium, subangular blocky structure;
slightly hard, very friable, slightly sticky and non-
plastic; abundant fine roots; many fine and very fine
pores; 30 to 40 percent gravel and cobblestones;
slightly acid; clear, wavy boundary. 4 to 6 inches
thick.

AC—b to 15 inches, very dark brown (1OYR 2/2) gravelly
and cobbly silt loam, dark brown (1OYR 4/3) when
dry; massive; slightly hard, very friable, slightly
sticky and nonpiastic; abundant fine roots; many
fine pores; few, fine, hard, earthy lumps; 30 to 40
percent gravel and cobblestones; a few pebbles and
cobblestones are slightly weathered; neutral; clear,
wavy boundary. 4 to 6 inches thick,

Cl—iS to 19 inches, very dark grayish-brown (1OYR 3/2)
gravelly and cobbly silt loam, dark yellowish brown
(1OYR 4/4) when dry; massive; slightly hard, very
friable, slightly sticky and nonplastic; plentiful fine
roots; common fine pores; common, hard, earthy
lumps; 40 to 50 percent gravel and cobblestones; a
few highly weathered rock fragments; neutral; clear,
wavy boundary. 3 to 6 inches thick.

C2—19 to 31 inches, very dark grayish-brown (1OYR 3/2)
very gravelly and cobbly silt loam, dark yellowish
brown (1OYR 4/4) when dry; massive; slightly hard,
very friable, slightly sticky and nonplastie; plentiful
fine roots; many fine pores; few, hard, earthy lumps;
60 to 70 percent gravel and cobblestones; few highly
weathered r&ck fragments; neutral; gradual, wavy
boundary. 10 to 15 inches thick.

C3—31 to 47 inches, dark-brown (1OYI1 3/3) very gravelly
and cobbly silt loam, brown (1OYR 4/3) when dry;
massive; soft, very friable, slightly sticky and non-
plastic; many fine pores; 70 to SO percent gravel and
cobblestones; common weathered gravel and cobble
stones; neutral.

11C4—47 inches, Aa lava and very little soil material.

The depth to Aa lava ranges from 20 to 50 inches. The A
horizon ranges from 7.5YR to 1OYR in hue, from 2 to 3 in
value when moist, and from 2 to 3 in chrorna when moist or
dry. The texture is loam or silt loam. The C horizon ranges
from 2 to 3 in value when moist and 3 to 4 when dry, and
from 2 to 3 in chroma when moist

This soil is used for pasture and wildlife habi
tat. (Capability classification VIs, nonirrigated; pas
ture group 2)

Riverwash
Riverwash (rRH) consists of nearly level bars of sand,

gravel, and stones along perennial and intermittent
streams on the island of Kauai. In places it consists
mainly of large stones and boulders. It is nearly bare
of vegetation and is subject to overflow and shifting
during normally high water.

Accessible areas of Riverwash are sources of material
for roadbuilding and other kinds of construction. This
land type, however, is used mainly for wildlife habitat.
(Capability classification Viliw, nonirrigated)



ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI. AND LANAI, STATE OF HAWAII 119

Rock Land
Rock land frRK) is made up of areas where exposed rock

covers 25 to 90 percent of the surface.. It occurs on all
five islands. The rock outcrops and very shallow soils
are the main characteristics. The rock outcrops are
mainly basalt and andesite. This land type is nearly level
to very steep. Elevations range from nearly sea level to
more than 6,000 feet. The annual rainfall amounts to
15 to 60 inches.

Rock land is used for pasture, wildlife habitat, and
water supply. The natural vegetation at the lower eleva
tions consists mainly of kiawe, klu, piligrass, Japanese
tea, and koa haole. Lantana, guava, Natal redtop, and
molassesgrass are dominant at the higher elevations. This
land type is also used for urban development. In many
areas, especially on the island of Onhu, the soil material
associated with the rock outcrops is very sticky and very

plastic. It also has high shrink-swell potential. Buildings
on the steep slopes are susceptible to sliding when the
soil is saturated. Foundations and retaining walls are
susceptible to cracking. (Capability classification Vhs,
nonirrigated)

Rock Outcrop
Rock outcrop frRO) consists of areas where exposed bed

rock covers more than 90 percent of the surface. It occurs
on all five islands. The rock outcrops are mainly basalt
and andesite. This land type is gently sloping to precipi
tous. Elevations range from nearly sea level to 10,000
feet. Included in mapping were a small area of lithified
coral sand on Molokai and small areas of coral outcrop
along the coasts of other islands.

This land type is not suited to farming. It is used for
water supply, wildlife habitat, and recreation. (Capabil
ity classification VIHs, nonirrigated)

Rough Broken Land
Rough broken land (rRR) consists of very steep land

broken by numerous intermittent drainage channels. In
most places it is not stony. It occurs in gulches and on
mountainsides on all the islands except Oahu. The slope
is 40 to 70 percent. Elevations range from nearly sea
level to about 8,000 feet. The local relief is generally
between 25 and 500 feet. Runoff is rapid, and geologic
erosion is active. The annual rainfall amounts to 25 to
more than 200 inches.

These soils are variable. They are 20 to more than 60
inches deep over soft, weathered rock. In most places
some weathered rook fragments are mixed with the soil
material. Small areas of rock outcrop, stones, and soil
slips are common. Included in mapping were areas of
colluvium and alluvium along gulch bottoms.

This land type is used primarily for watershed and
wildlife habitat. In places it is used also for pasture and
woodland. The dominant natural vegetation in the drier
areas consists of guava, lantana, Natal redtop, bermuda-
grass, koa haole, and molassesgrass. Ohia, kukui, koa, and
ferns are dominant in the wetter areas. Puakeawe, aalii,
and sweet vernalgrass are common at the higher eleva
tions. (Capability classification Vile, nonirrigated)

Rough Broken and Stony Land
Rough broken and stony land (rRS) consists of very steep,

stony gulches. The local relief is generally between 25
and 500 feet. Runoff is rapid, and geologic erosion is
active. Elevations range from nearly sea level to 3,000
feet. The annual rainfall amounts to 20 to 40 inches.

The soil material is generally less than 20 Inches deep
over saprolite or bedrock. About 3 to 25 percent of the
surface is covered with stones, and there are a few rock
outcrops. Included in mapping were small areas of collu
vium and alluvium along the bottoms of gulches.

This land type is used for pasture, wildlife habitat,
and watershed. The dominant natural vegetation con
sists of lantana. koa, haole, klu, feather fingergrass,
bermudagrass, and ilima. (Capability classification Vhs,
nonirrigated)

Rough Mountainous Land
Rough mountainous land (rRT) occurs in mountainous

areas on all islands in the survey area. Is consists of
very steep land broken by numerous intermittent drain
age channels. In most places it is not stony. Elevations
range from nearly sea level to more than 6,000 feet. The
annual rainfall amounts to 70 to more than 400 inches.
Over much of the area, the soil mantle is very thin. It
ranges from 1 inch to 10 inches in thickness over sapro
lite. In most places the saprolite is relatively soft and
permeable to roots and water.

The land surface is dominated by deep, V-shaped
valleys that have extremely steep side slopes and narrow
ridges between the valleys. In most places the local relief
exceeds 500 feet. The soil material on the narrow ridge-
tops is similar to that of the Amalu and Olokui series.
Rock land, rock outcrop, soil slips, and eroded spots
make up 20 to 40 percent of the acreage.

This land type is used for water supply, wildlife habi
tat, and recreation. The natural vegetation consists of
ohia, false staghornfern, treefern, yellow foxtail, lantana,
kukui, and puakeawe. (Capability classification yule,
nonirrigated)

Rubble Land
Rubble land (rRU) consists of areas where 90 percent of

the surface is covered by stones or boulders. It occurs at
the base of very steep to precipitous slopes in the western
and southern parts of the island of Kauai. Elevations
range from sea level to about 500 feet. The annual rain
fall amounts to 22 to 50 inches.

This land type is used for wildlife habitat. The natu
ral vegetation is mainly koa haole. (Capability classifica
tion Vills, nonirrigated)

Sandy Alluvial Land

Sandy alluvial land (rSL) occurs along the narrow coastal
fiats in the northern and northeastern parts of Lanai. It
consists of recent stream deposits that vary widely in
texture. Most areas are sandy and have few pebbles and
stones. This land type is subject to flooding during the
rainy season. In most places the slope is 0 to 5 percent,
but in places it is as much as 15 percent. In areas exposed
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:incl ro I daixiad b’r stunms long tiit bottoms of tkhe
iirl on ml nuns in inn.1. puires the sIop is 3 to 15

roent. Elomal ions ran from nearly si level tt, 13)011
10(4. ‘Fbe amnitial ri fail tt jnilg to 15 to O0 jiwhcg.

‘Tis lmiid typo is si ted to 1sture in tlw dry mnuis and
to pam nro nn1 od1nnd in hr svc1 ucns. The mt.ural
iget:0 ion r4siSts of kiawe, kin. ihma ihgrass, and
lautaun in mlw dry reaa and iniva, .kukui, ilograss. and

mat berry hi the wet aroec, I provement of this
is j iln1r be wse of the stnes mmcl bmldens Cipa

t_ El- (nation v I Is, mmonirngated )

Stony Blown-out Land
Stony blown-out land (iSN1 ocetmrs on knolls and gulches

mainly in the iewtimern mmrt of I nnai, In most piuces the
slope it to 30 percent. but guimli sides as steel) as 70
pe.rmoi0 are rhiderl. Elevations range from 1.000 to 000
f. 11w aillililtI i’;tt1lfifl amountS to l. to 5 inches.

(in iii b lamal type I ti. $) stms. haidors. mmd rook
Outerc)p are common as a result of seven’ crosimi by wind
and watOr, Time stones and boulders overlie soft, weath
red ro.k. Included in mapping were smafl areas of

windblown anti alluvial mnmmterird simnihir to that of Kole
soils.

‘rlmir land t:vpe produces a sinai1 amount. of forage that
is used by deer and antelope. The ngt.nrsl vegetation is
spurse but there is sonic inolassoagrass. dallisgrass, lam
tana. mmcl Natal redlop. (tapmmbility classification Vi1s
noni rn gal ed)

Stony Colluvial Land
Stony mol Invial Isiat Irsom occurs on taiu slopes at the

base. of thc Kalimupapa ‘liIIs on the. islami of Molokai.
it consists ofamixtmmrr of g-omcs ad bouidcrg and a small
amnonni of soil mat anal. TIme siopo ranges from 5 to 40
Jmrceut. Elovmitnjmis range from miranly mta level to 400
JoeL Time annual rainfall anmommmilg to :m , eQ

Mosr of this land typo is idle. The very stony condition
and 5t0e1) siopes make past mmmc unprovemant very difficult.
The natural vegetam inn consists of Christ minis herry ken
haole, kukui, false mallow, marl Java p1mm. (Capability
elmmssitwaLon Vi Ts, nonim-nignted)

Stony Land
Stony land fiST) occurs in valleys and on side slopes of

dramagoways on I he island of (hunt, it is mainly I)etweofl
Barbers Pohit tutu! Kaena Point. it rnnmgjst of a mass of
boulders and stEmas ileposi ed In’ water and gravity. The
slope ranges from 5 to ill ptrrca’mmt. Elevations range from
nearly sea level to itn foot, lime aimmumi rain fall runomuits
to IS to (5) inches. Smtmv land is gcoin’aphieailv assom—
tLtCd with Lnalmnmlri and Ewe soils.

Stones amud boulders cover 15 to 90 perremlt of time
surface. lime soil nnwng the stones consists of reddish

Fignre .—TypicaI lanmiscape of Stony blown-omit hind.
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silty clay loam that is similar to Ewe soils and very dark
grayish-brown clay that is similar to Lualualei soils. In
most places there is enough soil among the stones to pro
vide a foothold for plants.

This land type is used for wildlife habitat and recre
ation. The natural vegetation consists of Idawe, lantana,
koa haole, bermudagrass, and annuals. (Capability classi
fication Vhs, nonirrigated)

Stony Steep Land
Stony steep land rSY) consists of a mass of boulders and

stones deposited by water and gravity on side slopes of
drainageways. It occurs on the island of Oahu. The slope
ranges from 40 to 70 percent. Elevations range from 100
to 1,500 feet. The annual rainfall amounts to 20 to 80
inches.

Stones and boulders cover 50 to 90 percent of the
surface. There is a small amount of soil among the stones
that provides a -foothold for plants. Rock outcrops occur
in many places.

This land type is used for wildlife habitat and recre
ation. The natural vegetation consists of kiawe, koa haole,
and grasses. (Capability classification VHs, nonirrigated)

Tantalus Series
This series consists of well-drained soils on uplands on

the island of Oahu. These soils developed in volcanic ash
and material weathered from cinders. They are mod
erately sloping to very steep. Elevations range from 100
to 2,200 feet. The annual rainfall amounts to 50 to 150
inches. It is well distributed throughout the year. The
mean annual soil temperature is 70° F. Tantalus soils
are geographically associated with Makiki soils.

These soils are used for homesites, water supply, and
recreation. The natural vegetation consists of ferns, For
mosa koa, koa haole, kukui, and eucalyptus.

Tantalus silt loam, 40 to 70 percent slopes (TAF).—
This soil is on volcanic spurs and cinder cones in the
uplands.

Included in mapping were small areas of Makiki soils.
Also included were small cinder deposits and stony soils
within the drainageways.

In a representative profile the surface layer, about 18
inches thick, is very dark brown silt loam that has sub-
angular blocky structure. The subsoil, about 11 inches
thick, is dark reddish-brown, massive very fine sandy
loam. The substratum is black, unweathered, gravel-size
cinders. The soil is neutral in the surface layer and
subsoil.

Permeability is moderately rapid. Runoff is medium
to rapid, and the erosion hazard is severe. In places roots

penetrate to a depth of 3 feet.
Representative profile: Island of Oahu, lat. 21°19’48”

N. and long. l57°49’38” W.
A1—0 to 18 inches, very dark brown (1GYR 2/2) -silt loam,

dark brown (1OYR 313) when dry; moderate, very
fine and fine, subangular blocky structure; hard, fri
able, slightly sticky and slightly plastic; abundant
very fine and fine roots; common, very fine, inter
stitial pores; common, fine and very fine, sharp cin
ders; neutral; clear, wavy boundary. 10 to 18 inches
thick.

B2—18 to 29 inches, dark reddishbro:wa (5YR 3/4) very fine
sandy loam, reddish brown (5YR 4/4) when dry;
massive: soft, very friable, slightly sticky and
slightly plastic, and weakly smeary; abundant very
fine and fine roots and few medium and coarse roots;
many, very fine and fine, tubular pores; abundant,
very fine, sharp cinders; neutral; clear, wavy bound
ary. 6 to 12 inches thick.

IIC—29 inches, black, unweathered, fine, gravel-size cinders.

The soluni ranges from 16 to 30 inches in thickness. The A
horizon ranges from silt loam to silty clay loam in texture.
It ranges from 5YR to 1OYR in hue and from 2 to 3 in value
and chroma. The texture of the B horizon is very fine sandy
loam, silt loam, or silty clay loam. The B horizon ranges from
5YR to 1OYR in hue and from 2 to 4 in chroma.

This soil is used for water supply and recreation.
(Capability classification Vile, nonirrigated; pasture
group 9; woodland group 8)

Tantalus silt loam, 15 to 40 percent slopes (TAE).—
On this soil, runoff is medium and the erosion hazard is
moderate.

This soil is used for water supply and recreation.
(Capability classification VIe, nonirrigated; pasture
group 9; woodland group 8)

Tantalus silty clay loam, 8 to 15 percent slopes
TCC).—On this soil2 runoff is slow and the erosion hazard
is sli-ht. Included ni mapping were small areas of stony
soils m the drainageways.

This soil is used for homesites, water supply, and rec
reation. (Capability classification lile, nonirrigated;
pasture group 9; woodland group 8)

Tantalus silty clay loam, 15 to 40 percent slopes
(TCE).—On this soil, runoff is medium and the erosion
hazard is moderate.

This soil is used for homesites, water supply, and
recreation. (Capability classification VIe, nonirrigated;
pasture group 9; woodland group 8)

Tropaquepts
Tropaquepts (TR) are poorly drained soils that are peri

odically flooded by irrigation in order to grow crops that
thrive in water. They occur as nearly level flood plains
on the islands of Oahu and Maui. Elevations range from
sea level to 200 feet. The annual rainfall amounts to
20 to 150 inches.

These soils have been flooded for varying lengths of
time, and soil development differs in degree from place
to place. Generally, the surface layer, about 10 inches
thick, consists of dark-gray, soft, mucky silt loam. This
layer overlies firm to compact silty clay loam, 5 to 10
inches thick, that is mottled with gray, yellow, and
brown. The mottled layer overlies friable alluvium.

Tropaquepts are used for production of taro, rice, and
watercress on flooded paddies. (Capability classification
IVw, irrigated or nonirrigated)

Tropaquods
Areas mapped as Tropaquods (rTO) consist of steep-

walled gulches and mountainsides on uplands on the
island of Molokai. There are many intermittent streams

in these areas. The slope ranges from 30 to 70 percent.
Elevations range from 1,800 to 5,000 feet. Rainfall
amounts to 80 to 150 inches or more annually. Fog and
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clouds cover the areas most of the time. The slope and
dense vegetation make most areas inaccessible.

The soil material resembles that of Amalu and Olokui
soils. It is generally shallow over soft weathered rock,
but in places it ranges from shallow to deei. In the less
sloping areas, thin sheets of ironstone are common at a
depth of 10 to 20 inches.

These areas serve as watersheds, and they provide
habitat for wildlife. The vegetation consists of ohia,
treefern, false staghornfern, sedges, and various kinds
of rain forest vegetation. (Capability classification VIIw,
nonirrigated)

Tropohumults-Dystrandepts Association
Areas mapped as Tropohurnults-Dystrandepts associa

tion rTP) consist of mountainous areas in the Walanae
Range on the island of Oahu. The areas are dominated
by deep, V-shaped drainageways and narrow ridges. The
slope ranges from 30 to 90 percent. Elevations range
froln 1,000 to 4,000 feet. Rainfall amounts to 30 to 75
inches annually.

The soils in this association consist mainly of Tropo
humults and Dystrandepts. Histosols make up a smaller
part of the association. Areas of Rock land and Rock
outcrop occur in the drainageways.

Tropohumults occur on narrow ridgetops at the higher
elevations. These are well-drained, strongly acid to ex
tremely acid soils that are similar to those of the Halawa
series. The surfac.e layer consists of reddish-brown silty
clay that has strong structure and high bulk density.
The subsoil has strong subangular blocky structure; it
is underlain by an ironstone pan or by saprolite. A hard
crust that has a purplish east forms on these soils in
some places where the vegetation has been depleted.

Dystrandepts are dark-colored, friable soils on steep
side slopes and narrow ridgetops at the lower elevations.
In most places the surface layer is silty clay. The subsoil
is generally massive, but areas were included where the
subsoil is fine textured. These soils formed mainly in
volcanic ash, but partly in colluviurn. They are well
drained and medium to strongly acid. Except for color,
they are similar to the reddish soils of the Mahana series.

Histosols occupy small, wet positions near mountain
peaks. They are poorly drained and have accumulations
of organic material as much as 3 feet thick. These soils
are similar to those of the Alakai series.

Most of this association is very steep and inaccessible.
It serves mainly as a watershed. At the lower elevations
the natural vegetation consists of lantana, rnolassesgrass,
and yellow foxtail. At the higher elevations the vegeta
tion is mainly ohia, puakeawe, koa aalii, and ferns.
(Capability classification Vile, nonirrigated)

Uhipalakua Series
This series consists of well-drained soils on intermedi

ate moimtain slopes on the island of Maui. These soils
developed in volcanic ash and material weathered from
cinders. They are moderately sloping to moderately
steep. Elevations range from 2,400 to 4,500 feet. The
annual rainfall amounts to 30 to 40 inches. Afternoon
cloud cover and fog arc common. The mean annual soil

temperature is 65° F. Ulupalakua soils are geograph
ically associated with To and Kaipoioi soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of brackenfern, dallis
grass, plantain, rattailgrass, Spanish clover, and white
clover.

Ulupalakua silt loam, 7 to 25 percent slopes (ULDI.—
This soil is on smooth intermediate mountain slopes. In-
eluded in mapping were small areas of To and Kaipoioi
soils. Also included were small, very steep areas.

In a representative profile the surface layer is very
dark brown silt loam about 9 inches thick. The subsoil,
about 24 inches thick, is dark reddish-brown silt loam
and, clay loam that has subangiilar blocky structure. The
substratum is black, unweathered cinders. The soil is
slightly acid in the surface layer and neutral to mildly
alkaline in the subsoil.

Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is slight. In places roots penetrate to
a depth of 3 feet or more.

Representative profile: Island of Maui, lat. 20°48’28”
N. and long. 156°22’58” W.

Ap—0 to 9 inches, very dark brown (1OYR 2/2) silt loam,
dark grayish brown (1OYR 4/2) when dry; strong.
medium and fine, granular structure; slightly hard,
very friable, slightly sticky and nonplastic; abundant
fine roots; many fine and medium pores; 15 to 20
percent very fine cinders, which causes a gritty feel;
slightly acid; clear, wavy boundary. 8 to 11 inches
thick.

B21—9 to 19 inches, dark reddish-brown (SYR 2/2) silt loam,
dark reddish brown (5YR 3/3) when dry; strong,
fine and very fine, subangular blocky structure;
slightly hard, very friable, slightly sticky and non-
plastic; abundant fine roots; many fine and very fine
pores; patchy, gelatinlike coatings on peds; few, fine,
black cinders; common sand-size aggregates that are
resistant to crushing; neutral; clear, wavy boundary.
S to 12 inches thick.

B22—19 to 28 inches, dark reddish-brown (5YR 2/2) silt
loam, dark brown (T.5YR 3/2) when dry; strong,
very fine, subangular blocky structure; slightly hard,
very friable, slightly sticky and nonplastic; plentiful
fine roots; many fine pores; patchy, gelatinilke coat
ings on pads; few pockets of slightly weathered cin
ders; mildly alkaline; clear, smooth boundary. 8 to
11 inches thick.

B23—2S to 33 inches, dark reddish-brown (5YR 2/2) clay
loam, dark reddish brown (5YR 3/2) when dry;
strong, medium and fine, suhangular blocky struc
ture; slightly hard, friable, sticky and slightly plas
tic; plentiful line roots; many fine pores; patchy,
gelatiulike coatings on peds; mildly alkaline; abrupt,
wavy boundary. 4 to 0 inches thick.

IIC—33 inches, black, unweathered cinders and a few
yellowish-red, weathered cinders; slight effervescence
with hydrochloric acid.

The solum is 28 to 40 inches thick over black, unweatbered
cinders. At the higher elevations, the soil is weakly smeary.
The B horizon ranges from 5YR to 7.5YR in hue. The texture
ranges from silt loam to clay loam. Gelatinous coatings on
pads are more numerous where rainfall is higher.

This soil is used for pasture and wildlife habitat.
(Capability classification IVe, nonirrigated; pasture
group 5; woodland group 3)

Uma Series
This series consists of excessively drained, sandy soils

on intermediate mountain slopes on the island of Maui.
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These soils developed in volcanic ash and material weath
ered from cinders. They are on moderately sloping to
very steep intermediate mountain slopes. Elevations range
from 2,500 to 6.000 feet. The annual rainfall amounts to
30 to 40 inches. Afternoon fog and cloud cover are com
mon. The mean annual soil temperature is 56° F. Uma
soils are geographically associated with Puu Pa and
Ulupalakua soils.

These soils are used for pasture and wildlife habitat.
The natural vegetation consists of kikuyugrass, rattail
grass, and sweet vernalgrass.

Uma loamy coarse sand, 15 to 40 percent slopes
(UME).—This soil is on smooth, intermediate mountain
slopes. Included in mapping were small areas of Puu Pa
and Ulupalakua soils. Also included were a few cinder
cones and small areas of rock outcrop.

In a representative profile the surface layer, about 6
inches thick, is black loamy coarse sand that has granular
structure. The substratum is black, unweatlered cinders,
3 to 10 millimeters in size. The soil is mildly alkaline in
the surface layer.

Permeability is very rapid. Runoff is slow, and the
erosion hazard is slight to moderate. In places, roots
penetrate to a depth of about 1 foot.

Representative profile: Island of Maui, hit. 20°39’OO”
N. and long. 156°24’50” W.

A1—--0 to 6 inches. black (5YR 2/1) loamy coarse sand, dark
brown (7.IYR 3/2) when dry: weak, very fine, gran
ular structure; soft, very friable. nonsticky and non
plastic: abundant fine and very fine roots: many.
very fine, interstitial pores; 5 to 10 percent cinders,
3 to 10 millimeters in size; mildly alkaline; abrupt,
smooth boundary. 4 to 10 inches thick.

TIC—C to 55 inches, black, unweathered cinders, 3 to 10
millimeters in size; single grain; loose; few roots.

The depth to cinders ranges from 4 to 10 inches. Intermit
tent layers of volcanic ash occur in the substratum near
cinder cones. The A horizon ranges from SYR to 1OYR in
hue and from 1 to 2 in chroma when moist.

This soil is used for pasture and wildlife habitat,
(Capability classification VIs, nonirrigated; pasture
group 4; woodland group 11)

Uma loamy coarse sand, 40 to 70 percent slopes
(UMF).—This soil is similar to Dma loamy coarse sand, 15
to 40 percent slopes, except for the slope. The erosion
hazard is severe. Included in mapping were small areas
of rock outcrop and cinder cones.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigated; pasture
group 4; woodland group 11)

Uma rocky loamy coarse sand, 7 to 25 percent slopes
(URD).—This soil is similar to Dma loamy coarse sand, 15
to 40 percent. slopes, except that rock outcrops cover 5 to
10 percent of the surface. Runoff is medium, and the ero
sion hazard is moderate. Included in mapping were small
areas where there are few to many stones on the surface
and in the profile.

This soil is used for pasture and wildlife habitat.
(Capability classification VIs, nonirrigated; pasture
group 4; woodland group 11)

Uwala Series
This series consists of well-drained soils on uplands on

the island of Lanai. These soils formed in material

derived from basalt. They are gently sloping to mod
erately sloping. Elevations range from 500 to 1,500 feet.
The annual rainfall amounts to 15 to 25 inches, most of
which occurs between November and April. There is little
rain in summer. The mean annual soil temperature is
70° F. Tiwala soils are geographically associated with
Molokai soils, along the southern edge of the central
plateau.

These soils are used for pineapple and wildlife hab
itat. The natural vegetation consists of kin, lantana,
feather fingergrass, uhaloa, ihima, and piligrass.

Uwala silty clay loam, 2 to 7 percent slopes lOwS).—
This soil has smooth slopes. Included in mapping were
small, severely eroded areas.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about iS inches thick. The
subsoil, about 39 inches thick, is dark reddish-brown
silty clay loam that has subangular and angular blocky
structure. Below this is very dark grayish-brown silty
clay loam and soft, weathered rock. The soil is very
strongly acid in the surface layer and medium acid in
the subsoil.

Permeability is moderate. Runoff is slow to medium,
and the erosion hazard is slight to moderate. The avail
able water capacity is about 1.3 inches per foot of soil.
In places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Lanai, lat. 20°46’26”
N. and long. 156°58’02” W.

Apl—O to 5 inches, dark reddish-brown (5Th 3/3) silty clay
loam, reddish brown (5YR 4/3) when dry; weak,
medium and fine, subangular blocky structure break
ing to weak, fine, granular; slightly bard, friable,
slightly sticky and slightly plastic; many very fine
roots; few, fine, interstitial pores; common, fine,
black concretions; strong effervescence with hydro
gen peroxide; very strongly acid; clear, wavy bound
ary. 3 to 6 inches thick.

Ap2—5 to iS inches, dark reddish-brown (5YR 3/3) silty clay
loam, reddish brown (5YR 4/3) when dry; weak,
fine and medium, subangular blocky structure break
ing to moderate, fine, granular; slightly hard, friable,
slightly sticky and plastic; many very fine and flue
roots; common, very fine, tubular and interstitial
pores; few, fine, black concretions; common frag
incurs of organic matter; moderate effervescence with
hydrogen peroxide; very strongly acid; abrupt,
smooth boundary. 12 to 14 inches thick.

B21—18 to 26 inches, dark reddish-brown (5YR 3/4) silty
clay loam, yellowish red (5YR 3/0) when dry; mod-
elate, tine, subangular blocky structure; slightly
hard, firm, slightly sticky and plastic; few fine roots;
many, fine, tubular pores; moderately thick, patchy
coatings on all pod faces; common, fine, black con
cretions; strong effervescence with hydrogen perox
ide; medium acid; clear, smooth boundary. 7 to 9
inches thick.

B22—-26 to 32 inches, dark reddish-brown (5YR 3/4), moist
and dry, silty clay loam; strong, fine, blocky struc
ture; hard, firm, sticky and plastic; common, fine,
tubular pores; moderately thick, patchy coatings on
ped faces; few black concretions; few, very firm,
earthy lumps; very weak effervescence with hydrogen
peroxide; medium acid; clear, smooth boundary. 5 to
7 inches thick.

B23—32 to 44 inches, clark reddish-brown (5YR 3/4), moist
and dry, silty clay loam; strong, fine and very fine,
subangular blocky and angular blocky structure;
hard, firm, sticky and plastic; many, fine and very
fine, tubular pores; nearly continuous coatings on
ped surfaces, many of which look like pressure sur
faces; common, fine, earthy lumps; few, fine, black
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concretions; many very fine particles of weathered
rock; effervescence with hydrogen peroxide limited
to the black concretions; medium acid; gradual,
wavy boundary. 10 to 15 inches thick.

B3—44 to 57 inches, dark reddish-brown (5YR 3/3) silty clay
loam, dark reddish brown (5YR 3/4) when dry;
weak, very fine, angular and subangular blocky
structure; hard. firm, slightly sticky and plastic;
many fine, very fine and medium, tubular pores;
thin, patchy pressure eutans on ped faces; many very
fine particles of weathered rock; rio effervescence
with hydrogen peroxide; medium acid; clear, smooth
boundary. 11 to 14 inches thiek.

C—ST to 60 inches, very dark grayish-brown (1OYR 3/2) light
silty clay loam, clark brown (1OYR 3/3) when dry;
weak, very fine, subangular blocky structure; hard,
friable, slightly sticky and plastic; few, fine, tubular
pores; common, fine, earthy lumps; numerous frag
ments of saprolite that increase with depth.

The 50mm ranges from 48 to 65 inches in thickness. The
lower boundary is commonly diffuse. The depth to weathered
basalt ranges from 3 to 7 feet. The A horizon ranges from
5YR to 7.SYR in hue, and the B horizon 5R to 7.5YR. The
structural grade of the B2 horizon ranges from moderate to
strong.

All of this soil is used for pineapple. (Capability
classification lie if irrigated, IVe if nonirrigated; pine
apple group 2; pasture group 2)

Uwala silty clay loam, 7 to 15 percent slopes (UwCI.—
On this soil, rilnoff is medium and the erosion hazard is
moderate. Workability is slightly difficult because of the
slope. Included in mapping were a few small, severely
eroded areas. These areas have common pebble-size frag
ments of weathered rock in the surface layer.

This soil is used primarily for pineapple. Small areas
are used for wildlife habitat. (Capability classification
HIe if irrigated, We if nonirrigated; pineapple group 3;
pasture group 2)

Uwala silty clay loam, 7 to 15 percent slopes, severely
eroded (UwC3).—On this soil, runoff is medium to rapid
and the erosion hazard is severe. In cultivated areas there
are many pebble-size fragments of weathered rock in the
plow layer. In areas not cultivated, 10 to 25 percent of
the surface is covered by erosion scars and there are a
few small gullies.

This soil is used for wildlife habitat and pineapple.
Most of the area is in grasses and shrubs. In recent years,
however, pineapple acreage on Lanai has been expand
ing, mainly on this soil. (Capability classification IVe,
irrigated or nonirrigated; pineapple group 3; pasture
group 2)

Very Stony Land
This land type consists of areas where 50 to 90 percent

of the surface is covered with stones and boulders. It is
mapped on the islands of Maui, Molokai, and Lanai.

Very stony land {rVS) .—This land type occurs on Maui,
Molokai, and Lanai. The slope ranges from 7 to 30 per
cent. Included in mapping were very steep gulches.

On Maui, this land type consists of youno Aa lava
that has a thin covering of volcanic ash that locally ex
tends deep into cracks and depressions. It occurs as large
areas, malflly on the upper slopes of Mt. Haleakala at
elevations between 4,000 and 9,000 feet. The annual rain
fall amounts to 30 to 40 inches. The ash-covered areas
support a stand of shrubs and grasses. Puakeawe, York
shire foggrass, and orchardgrass are common at the

higher elevations. Lantana, kiawe, Natal redtop, and
pitted beardgrass are common at the lower elevations.

On Molokai and Lanai, this land type consists of stones
and boulders underlain by soft, weathered rock and bed
rock. In a few places there is a shallow, clayey Soll
among the stones and boulders. Elevations range from
sea level to 1,500 feet. The annual rainfall amounts to 10
to 25 inches. The natural vegetation consists of kiawe,
kiu, piligrass, and Japanese tea.

This land type is used for pasture and wildlife
habitat. Pasture improvement is very difficult because
of the many stones. (Capability classification VHs,
nonirrigated)

Very stony land, eroded (rVT2).—This land type con
sists of large areas of severely eroded soils on Molokai
and Lanai. About 50 to 75 percent of the surface is cov
ered with stones and boulders. There are common shal
low gullies and a few deep gullies. The soil material is
like that of the Holomua, Molokai, Pamoa, and Waikapu
soils. In most places it is less than 24 inches deep to bed
rock, but it is deeper in a few low-lying areas. Slopes
are mamly 7 to 30 percent, but they range from 3 to 40
percent.

This land type occurs in the same general area as Very
stony land, but it is mostly upslope from those areas.
Elevations range from sea level to 1,000 feet. The annual
rainfall amounts to 10 to 25 inches. This land type sup
ports a thicker stand of vegetation than Very stony land
because it has more soil material. The dominant vegeta
tion is kiawe, ilima, piligrass, and fingergrass.

These areas are used for pasture and wildlife habitat.
Improvement of pasture is difficult because of the many
stones and gullies, and in unimproved areas the carry
ing capacity is low. The habitat is excellent for axis
deer. With a little improvement, excellent habitat for
game birds can be established. (Capability classification
Vhs, nonirrigated)

Wahiawa Series
This Series coliSists of well-drained soils on uplands

on the island of Oahu. These soils developed in residuum
and old alluvium derived from basic igneous rock. They
are nearly level to moderately steep. Elevations range
from 500 to 1,200 feet. Rainfall amounts to 40 to 60
inches annually; most of it occurs between November
and April. The mean annual soil temperature is 71° F.
Wahiawa soils are geographically associated with Kunia,
Lahaina, Leilehua, and Manana soils.

These soils are used for sugarcane, pineapple, pasture,
and homesites. The natural vegetation consists of her
mudagrass, guava, honohono, koa haole, and lantana.

Wahiawa silty clay, 0 to 3 percent slopes (WoA.—This
soil occurs on smooth, broad interfiuves. Included in map
ping were small areas of Kunia, Lahaina, and Leilehua
soils.

In a representative profile the surface layer is very
dusky red and dusky red silty clay about 12 inches thick.
The subsoil, about 48 inches thick, is dark reddish-brown
silty clay that has suhangular blocky structure. The un
derlying material is weathered basic igneous rock. The
soil is medium acid in the surface layer and medium
acid to neutral in the subsoil.
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Permeability is moderately rapid. Runoff is slow, and
the erosion hazard is no more than slight. The. available
water capacity is about. 1.3 inches per foot in the surface
layer and about 1.4 inches per foot in the subsoil. In
places roots penetrate to a depth of 5 feet or more.

Representative profile: Island of Oa.hu, lat. 21°26’lfi”
N. and long. 158°00’16” W.

Apl—O to 6 inches, very dusky red (2.5Y 2/2) silty clay,
dusky red (2.SYR 3/2) when dry; moderate, medium
fine and very fine, granular structure; very hard,
friable, sticky and plastic; abundant roots; many
medium, fine and very fine, interstitial pores; many
black concretions 3’, inch to ,4 inch in diameter;
violent effervescence with hydrogen peroxide; me
diuin acid; abrupt, smooth boundary. 2 to 6 inches
thick.

Ap2—6 to 12 inches, dusky-red (2.5YR 3/2), moist and dry,
silty clay; commonly, dark reddish-brown (2.SYR
3/4) material from the B horizon of cultivated soil;
moderate, coarse, subangular blocky structure; hard,
firm, sticky and plastic; abundant roots; few, fine
and very fine, tubular pores; compact in place; many
black concretions; violent effervescence with hydro
gen peroxide; medium acid; abrupt, wavy boundary.
5 to 8 inches thick.

B21—12 to 16 inches, dark reddish-brown (2.5YR 2/4) silty
clay, dark reddish brown (2.SYR 3/4) when dry;
moderate, fine and very fine, subangular blocky struc
ture; hard, firm, sticky and plastic; plentiful roots;
common, fine and very fine, tubular pores and few,
coarse, tubular pores; many black concretions; strong
effervescence with hydrogen peroxide; medium acid;
gradual, wavy boundary. 4 to 8 inches thick.

B22—16 to 33 inches, dark reddish-brown (2.5YR. 2/4) silty
clay, dark reddish brown (2.5TH 3/4) when dry;
moderate and strong, fine and very fine, subangular
blocky structure; hard, friable, sticky and plastic;
few roots; common, fine and very fine, tubular pores;
nearly continuous pressure cutans; many, fine, dis
tinct, black stains; few black concretions; strong
effervescence with hydrogen peroxide; slightly acid;
diffuse, wavy boundary. 14 to 20 inches thick.

B23—33 to 45 inches, dark reddish-brown (2.5YR 2/4) silty
clay, dark reddish brown (2.5YR 3/4) when thy;
moderate and strong. very fine, subangular blocky
structure; hard, friable, sticky and plastic; common,
fine and very fine, tubular pores; nearly continuous
pressure cutans; many, fine, distinct, black stains;
few black concretions; moderate effervescence with
hydrogen peroxide; neutral; diffuse, wavy boundary.
10 to 14 inches thick.

B24—45 to 60 inches, dark reddish-brown (2.51R 2/4) silty
clay, dark reddish brown (2.5YR 3/4) when dry;
moderate and strong, very fine, subangular blocky
structure; hard, friable, sticky and plastic; common,
fine and very fine, tubular pores; few, fine, black
stains; thin, patchy clay films; continuous pressure
cutans; many distinct slickensides as much as 2
inches long; very few black coneretions; slight effer
vescence with hydrogen peroxide; neutral.

Black concretions, 2 to 5 millimeters in size, occur on the
surface and to a depth of 5 feet or more. The depth to highly
weathered basalt ranges from 5 feet to more than 10 feet.
A few boulder cores occur in the lower part of the solum in
places. The A horizon ranges from 2 to 3 in value an.d from
2 to 4 in chroma when dry or moist. The B horizon ranges
from 2.5TH to lOYR in hue; from 2 to 3 in value when dry
or moist; and from 3 to 6 in chronia when dry and from
3 to 5 in chroma when moist.

This soil is used for sugarcane, pineapple, pasture, and
homesites. (Capability classification I if irrigated, lie
if nonirrigated; sugarcane group 1; pineapple group 4;
pasture group 5; woodland group 5)

Wahiawa silty clay, 3 to 8 percent slopes WaB).—On
this soil, runoff is slow and the erosion hazard is slight.
Included in mapping were small areas of nearly level
soil.

This soil is used for sugarcalie, pineapple, and pasture.
(Capability classification TIe, irrigated or nonirrigated;
sugarcane group 1; pineapple group 5; pasture group 5;
woodland group 5)

Wahiawa silty clay, 8 to 15 percent slopes (WaCl.—On
this soil, runoff is medium and the erosion hazard is mod
erate. Included in mapping were small areas that are
stony and eroded.

This soil is used for sugarcane and pineapple. (Capa
bility classification Tile, irrigated or nonirrigated;
sugarcane group 1; pineapple group 6; pasture group 5;
woodland group 5)

Wahiawa silty clay, 15 to 25 percent slopes, eroded
WaD2).—Most of the surface layer of this soil, and in
places part of the. subsoil, has been removed by erosion.
The profile is otherwise like that of Wahiawa silty clay,
o to 3 percent slopes. The depth to soft weathered rock
ranges from 2 to 3 feet. Boulders occur on the surface
in a few places. Runoff is medium to rapid, and the ero
sion hazard is severe. Tilage is difficult. Included in map
ping were small stony areas.

This soil is used for pasture. (Capability classification
IVa, nonirrigated; sugarcane group 1; pineapple. group
6; pasture group 5; woodland group 5)

Wahikuli Series
This series consists of well-drained soils on uplandls

on the island of Maui. These soils developed in material
weathered from basic igneous rock. They have been in
fluenced to some extent by volcanic ash from local cinder
cones. They are. gently to moderately sloping. Elevations
range from nearly sea level to 600 feet. The annual rain
fall amounts to 12 to 20 inches; most of it occurs in
winter. The mean annual soil temperature is ThG F.
Wahikuli soils are geographically associated with Lahaina
and Molokai soils.

These soils are used mostly for sugarcane. A small
acreage is used for homesites. The natural vegetation
consists of bermudagrass, feather flngergrass, kiawe, and
uhaloa.

Wahikuli silty clay, 3 to 7 percent slopes (WbBI.—This
soil is on smooth, low uplands. Included in mapping
were small areas of Lahaina and Molokai soils.

In a representative profile the surface layer is dark
reddish-brown silty clay about 15 inches thick. The sub
soil, about 17 inches thick, is dark reddish-brown silty
clay that has subangular blocky structure. The sub
stratum is hard basic igneous rock. The soil is mildly
alkaline. in the surface layer and subsoil.

Permeability is moderate. Runoff is slow, and the
erosion hazard is slight. The available water capacity is
about 1.4 inches per foot in the surface layer and 1.5
inches per foot in the subsoil. In places roots penetrate. to
bedrock.

Representative profile: Island of Maui, mt. 20°55’09”
N. and long. 156°41’OO” W.

Apl—0 to 8 inches, dark reddish-brown (2.5TH 3/3) silty
clay, dark red (2.5YR 3/6) when dry; weak, fine and
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-very fine, subangular blocky structure; slightly hard,
friable, sticky and plastic; abundant roots; common
fine pores; few, fine, black concretions; strong effer
vescence with hydrogen peroxide; mildly alkaline;
gradual, wavy boundary. 6 to 10 inches thick.

Ap2—S to 15 inches, dark reddish-brown (2.SYR 3/3) silty
clay, dark red (2.5YR 3/0) when dry; weak, me
dium and fine, subangular blocky structnre; bard,
friable, sticky and plastic; abundant roots; many fine
pores; few, fine, black concretions and stains; com
mon sand-size aggregates that are resistant to crush
ing; strong effervescence with hydrogen peroxide;
mildly alkaline; clear, wavy boundary. 5 to 9 inches
thick,

B2—15 to 27 inches, dark reddish-brown (2.SYR 3/4) silty
clay, clark red (2.SYR 3/6) when dry; weak, medium
and fine, subangular blocky structure; slightly hard,
friable, sticky and plastic; plentiful roots; many
fine and medium pores; few black stains on ped faces
and in pores; patchy pressure cutans; few highly
weathered pebbles; strong effervescence with hydro
gen peroxide; mildly alkaline; gradual, wavy bound
ary. 10 to 15 inches thick,

133—27 to 32 inches, dark reddish-brown (2.SYR 3/4) gravelly
silty clay, red (2.SYR 4/6) when dry; weak, fine,
subangular blocky structure; hard, friable, sticky
and plastic; few roots; common fine and medium
pores; 30 to 40 percent highly weathered to slightly
weathered gravel; few cobblestones; strong efferves
cence with hydrogen peroxide; mildly alkaline;
abrupt, wavy boundary. 4 to 7 inches thick.

R—32 inches. gray, porous basalt that has dark reddish-
brown coatings and very little soil material in voids
and cracks; in irrigated areas this material is very
difficult to grind out with an auger; in dry areas
this material is extremely difficult to chip with a
spade; very slight effervescence with hydrochloric
acid on some rock surfaces.

The depth to bedrock is 20 to 40 inches. The A horizon
ranges from 2.5YR to SYR in hue, and from 2 to 3 in ebrorna
when moist and 3 to 6 when dry. The B horizon ranges from
2.5YR to 5YR hi hue and from 3 to 4 in value when dry. In
places Patchy lime coatings occur in the lower part of the B
horizon.

This soil is used for sugarcane. (Capability classifica
tion lie if irrigated, IVs if nonirrigated; sugarcane group
1; pasture group 3)

Wahikuli stony silty clay, 3 to 7 percent slopes
(WcB).—This soil is similar to Wahikuli silty clay. 3 to 7
percent slopes, except that there are enough stones 011
the surface to hinder cultivation.

This soil is used mostly for sugarcane. A small acreage
is used for homesites. (Capability classification He if
irrigated, IVs if nonirrigated; suiareane group 1 paS
ture group 3)

Wahikuli stony silty clay, 7 to 15 percent slopes
{WcC).—This soil is similar to Wahikuli silty clay, 3 to 7
percent slopes, except that there are efl0112h stones on
the surface, to hinder cultivation. Runofi is slow to
medium, and the- erosion hazard is slight to moderate..
Included in mapping were small, nonstony areas and
some moderately steep areas.

This soil is used mostly for sugarcane. A small acreage
is used for homesites. (Capability classification Tile if
irrigated, IVe if nonirrigated; sugarcane group 1; pas
ture group 3)

Wahikuli very stony silty clay, 3 to 7 percent slopes
LWdB).—This soil is similar to Wahikuli silty clay, 3 to 7
percent siopes, except that as much as 3 percent of the
surface is covered by stones. Included in mapping were

small areas where stones cover 3 to 15 percent of the
surface.

This soil is used mostly for sugarcane. A small acreage
is used for homesites. (Capability classification IVs if
irrigated, VIs if nonirrigated; sugarcane group 1; pas
ture group 3)

Waiakoa Series
This series consists of well-drained soils on uplands on

the island of Maui. These soils developed in material
weathered from basic igneous rock. The upper part of
the profile is influenced by volcanic ash. These soils are
gently sloping to moderately steep. Elevations range
from 100 to 1,000 feet. The annual rainfall amounts to
12 to 20 inches; most of it occurs in winter. The mean
annual soil temperature is 740 F. Waiakoa soils are
geographically associated with Keahua and Keawakapu
soils.

These soils are used for sugarcane, pasture, homesites,
and wildlife habitat. The natural vegetation consists of
huffelgrass, feather fingergrass, ilirna, kiawe, uhaloa, and
Zinnia.

Waiakoa very stony silty clay loam, 3 to 7 percent
slopes (WgB.—This soil is on smooth, low uplands. In
cluded in mapping were small areas of Keahua and
Keawakapu soils. Also included were small, nearly level
areas.

In a representative profile the surface layer is dark
reddish-brown silty clay loam about 2 inches thick. The
subsoil, about 23 inches thick, is dark reddish-brown and
very dark grayish-brown silty clay loam that has pris
matic structure or is massive. The substratum is very dark
brown silty clay loam and hard, basic iffneous rock. The
soil is neutral in the surface layer and slightly acid to
neutral in the subsoil.

Permeability is moderate. Runoff is slow, and the
erosion hazard is slight. The available water capacity is
about 1.5 inches per foot of soil. In places roots pen
etrate to bedrock.

Representative profile: island of Maui, lat. 20°47’20”
N. and long. 156°24’30’ W.

Ap—O to 2 inches, dark reddish-brown (5YR 3/3) very stony
silty clay loam, reddish brown (5YR 3/4) when dry;
moderate, medium and thick, platy structure; hard,
friable, sticky anti plastic; abundant roots; many
fine pores; roots tend to follow plates; 1 to 3 percent
stones on surface; strong effervescence with hydro
gen peroxide; neutral; abrupt, smooth boundary. 1 to
3 inches thick.

1321—2 to 8 inches, dark reddish-brown (5YR 3/2) silty clay
loam, dark reddish brown (SYR 3/4) when dry;
weak, coarse, prismatic structure; bard, friable,
sticky and plastic; abundant roots; many fine and
very fine pores; compact in place except for a few
pockets of loose material; 5 percent pebble-size rock
fragments; strong, delayed effervescence with hydro
gen peroxide; neutral; gradual, wavy boundary. 4 to
8 inches thick.

B22—8 to 16 inches, dark reddish-brown (5YR 3/3) silty clay
loam, dark reddish brown (5YR 3/4) when dry;
weak, coarse, prismatic structure; hard, friable,
sticky and plastic; abundant roots; nanny fine pores;
common sand-size aggregates that are resistant to
crushing; 5 percent pebble-size rock fragments;
strong, delayed effervescence with hydrogen peroxide:
slightly acid; clear, wavy boundary. 6 to 9 inches
thick.



ISLANDS OF KAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 127

The depth to bedrock ranges from 20 to 40 inches. The A
horizon ranges from 5YR to 2.SYR in hue, from 2 to 3 in
value when moist or dry, and from 2 to 3 in chroma when
moist and 3 to 4 when dry. The B horizon ranges from 5YR
to 2.SYR in hue. The upper part of the B2 horizon ranges
from 2 to 3 in value when dry and from 2 to 3 in chroma
when moist and 3 to 4 when dry. In some areas, calcium
carbonate occurs as coatings on the bedrock.

This soil is used for sugarcane, pasture, and wildlife
habitat. (Capability classification lVs if irrigated, VIs
if nonirrigated; sugarcane group 1; pasture group 1)

Waiakoa very stony silty clay loam, 7 to 15 percent
slopes {WgC).—On this soil, runoff is slow to medium and
the erosion hazard is slight to moderate.

This soil is used for pasture and wildlife habitat.
(Capability classification P/s if irrigated, VIs if non-
irrigated; sugarcane group 1; pasture group 1)

Waiakoa silty clay loam, 3 to 7 percent slopes (WeS).—
This soil has a profile like that of Waiakoa very stony
silty clay loam, 3 to 7 percent slopes, except that it is
nonstony. Included in mapping were small, nearly level
areas.

This soil is used for sugarcane. Small acreages are used
for pasture and homesites. (Capability classification lie
if irrigated, VIs if nonirrigated; sugarcane group 1;
pasture group 1)

Waiakoa silty clay loam, 7 to 15 percent slopes
(WeC).—This soil has a profile like that of Waiakoa very
stony silty clay loam, 3 to 7 percent slopes, except that
it is nonstony. Runoff is slow to medium, and the ero
sion hazard is slight to moderate. Included in mapping
were small, moderately steep areas and small areas where
cobblestones are on the surface.

This soil is used for sugarcane. (Capability classifica
tion Ille if irrigated, VIe if nonirrigated; sugarcane
group 1; pasture group 1)

Waiakoa cobbly silty clay loam, 3 to 7 percent slopes
(WiB).—This soil is similar to Waiakoa very stony silty
clay loam, 3 to 7 percent slopes, except that it is cobbly
on the surface.

This soil is used for sugarcanc. (Capability classifi
cation lie if irrigated, VIs if nonirrigated; sugarcane
group 1; pasture group 1)

Waiakoa extremely stony silty clay loam, 3 to 7 per
cent slopes (WhB).—This soil is similar to Waiakoa very
stony silty clay loam, 3 to 7 percent slopes, except that
stones cover 3 to 15 percent of the surface. Included in
mapping were small, nearly level areas.

414—t25-—72—9

This soil is used for sugarcane, pasture, and wildlife
habitat. (Capability classification Vhs, nonirrigated;
pasture group 1)

Waiakoa extremely stony silty clay loam, 7 to 15
percent slopes (WhC).—This soil is similar to Waiakoa
very stony silty clay loam, 3 to 7 percent slopes, except
that stones cover 3 to 15 percent of the surface. Runoff
is slow to medium, and the erosion hazard is slight to
moderate.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigated; pasture
group 1)

Waiakoa extremely stony silty clay loam, 3 to 25
percent slopes, eroded (WD2).—This soil is similar to
Waiakoa very stony silty clay loam, 3 to 7 percent slopes,
except that it is eroded anti stones cover 3 to 15 percent
of the surface. In most areas about 50 percent of the
surface layer has been removed by erosion. Runoff is
medium, and the erosion hazard is severe. Included in
mappm were small, steep areas. Also included were a
few ciner cones.

This soil is used for pasture and wildlife habitat.
(Capability classification Vhs, nonirrigateci; pasture
group 1)

Waialeale Series
This series consists of somewhat poorly drained soils

on uplands on the island of Kauai. These soils developed
in material weathered from basic igneous rock. They are
very steep. Elevations range from 3,500 to 4,800 feet.
The annual rainfall amounts to 100 to 450 inches. The
mean annual soil temperature is 56° F. Waialeale soils
are geographically associated with Alakai soils.

These soils are used for water supply and wildlife
habitat. The natural vegetation consists of ohia, lapa
lapa, Hawaiian lobelia, mokihana, puakeawe, treefern,
brackenfern, uki uki, and associated plants.

Waialeale mucky silty clay loam, 30 to 70 percent
slopes (rWA9.—This soil is on high upland slopes. In
cluded in mapping were small areas that have an iron
stone sheet in the B horizon.

In a representative profile the surface layer, about 3
inches thick, is dark reddish-brown, massive mucky peat.
This is underlain by about 4 inches of dark-gray silty
clay loam that has subangular blocky structure. The sub
soil, about 17 inches thick, is strong-brown, gravelly
silty clay loam that has subangular blocky structure. The
substratum is hard and soft, weathered rock.

Permeability is moderately rapid. Runoff is rapid, and
the erosion hazard is severe. Roots penetrate to the
weathered rock.

Re p r e s en t a t i v e profile: Island of Kauai, lat.
22°09’02” N. and long. 159°37’7.5” W.

11B23—16 to 25 inches, very dark grayish-brown (1OYR 3/2)
silty clay loam, dark grayish brown (1OYR 4/2)
when dry; weak, coarae. prismatic structure in place
and weak, medium, subangular blocky structure
where disturbed; hard, friable, sticky and plastic,
and weakly smeary; plentiful roots; many line and
very fine pores; 20 to 30 percent pebble-size, highly
weathered rock fragments; neutral; gradual, wavy
boundary. 7 to 12 inches thiek.

IIC—25 to 33 inches, very dark brown (1OYR 2/2) silty clay
loam, very dark grayish brown (1OYR 3/2) when
dry; massive; hard, friable, sticky and plastic;
plentiful roots; very porous; common, hard, earthy
lumps; 10 to 20 percent soil material in cracks; 70
to 80 percent grayish-brown (2.5YR 5/2), highly
weathered, basic igneous rock; 10 percent bard rock
fragments; common black stains on rocks; stains
effervesce violently with hydrogen peroxide; neutral.

IIR—33 inehe, hard bedrock.

02—3 inches to 0, dark reddish-brown (5YR 2/2) mucky
peat, dark reddish brown (5YR 2/2) when dry;
massive; slightly hard, friable, slightly sticky and
slightly plastic; plentiful roots; moderate, delayed
effervescence with hydrogen peroxide; extremely
acid; abrupt, smooth boundary. 2 to 6 inches thick.

A2g—0 to 4 inches. dark-gray (5YR 4/1) silty clay loam,
gray (1OYR 5/1) when dry; weak, line, subangular
blocky structure; hard, friable, sticky and. plastic;
abundant roots; very slight, delayed effervescence
with hydrogen peroxide; a few, fine, ironstone-
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gibbsite pebbles that have soft centers; extremely
acid; clear, wavy boundary. 3 to 7 inches thick.

B2ir—4 to 21 inches, strong-brown (‘t.SYR 4/6) gravelly silty
clay loam, dark reddish brown (SIR 3/4) when dry;
weak. fine, subangular blocky structure; hard, fri
able, sticky and plastic, and smeary; few roots;
coatings of reddish black (1OR 2/1) in some pores
and on some pebbles; pockets of dark reddish-brown
(SIR 3/2) silt loam, as much as 8 inches thick, that
is very friable, slightly sticky and slightly plastic;
no effervescence with hydrogen peroxide; the amount
of gravel increases with depth; extremely acid;
gradual, irregular boundary. 4 to 18 inches thick.

C&R—21 inches, this layer consists of soft and hard saprolite
that is dominantly gray (N 5/0) ; some coatings and
pockets of strong brown (7.SYR I6) ; soft saprolite
is very smeary; bard saprolite is fractured.

The A horizon ranges from SIR to 1OYR in hue. The B2
horizon ranges from 4 to 0 in chroma. It ranges from gravelly
silty clay loam to silty clay in texture. The amount of gravel
in the B2 horizon ranges from 5 to 50 percent.

This soil is used for water supply and wildlife habitat.
(Capability classification Vile, nonirrigated; woodland
group 16)

Waialua Series
rillis series consists of moderately well drained soils

on alluvial fans on the island of Oahn. These soils de
veloped in alluvium weathered from basic igneous rock.
They are nearly level to steep. Elevations range from
10 to 100 feet. The annual rainfall amounts to 25 to 50
inches; most of it occurs between November and April.
rfhe mean annual soil temperature is 73° F. Waialua
soils are geographically associated with Honouliuli,
Kaena, and Kawaihapai soils.

These soils are used for sugarcane., truck crops, or
chards, and pasture. The natural vegetation is swollen
fingergrass, koa haole, and uhaloa.

Waialua silty clay, 0 to 3 percent slopes {WkA).—This
soil is on smooth coastal plains. Included in mapping
were small areas of Honouliuli, Kaena, and Kawaihapai
soils. Also included were small areas that are gravelly.

In a representative profile the surface layer is dark
reddish-brown silty clay about 12 inches thick. The sub
soil, about 26 inches thick, is dark reddish-brown and
reddish-brown silty clay that has subangular blocky
structure. The substratum is dark reddish-brown, mot
tled silty clay. The soil is neutral in the surface layer
and slightly acid in the subsoil.

Permeability is moderate. Runoff is slow, and the
erosion hazard is no more than slight. The available
water capacity is about 1.8 inches per foot in the surface
layer and 1.6 inches per foot in the subsoil. In places
roots penetrate to a depth of 5 feet or more.

Representative profile: island of Oahu, lat. 21°34’03”
N. and long. 158°08’39” W.

Ap—O to 12 inches, dark reddisb-brown (51R 3/2) silty clay,
dark reddish brown (SIR 3/3) when dry; moderate,
medium and coarse, subangular blocky structure;

• very hard, firm, very sticky and very plastic; abun
dant very fine roots; common, very fine and fine,
interstitial and tubular pores; thin layer of moder
ate, very fine, and fine granules on surface; common,
fine, black concretions; strong effervescence with
hydrogen peroxide; neutral; clear, wavy boundary.
5 to 15 inches thick.

B21—12 to 20 inches, dark reddish-brown (SIR 3/2) silty
clay, dark reddish brown (SIR 3/3) when dry; mod
erate, fine and medium, subangular blocky structure;
very hard, friable, very sticky and very plastic;
abundant very fine and fine roots and few medium
roots; common, fine and medium, tubular pores; few,
fine, black concretions; strong effervescence with
hydrogen peroxide; slightly acid; clear, wavy
boundary. 6 to 8 inches thick.

B22—20 to 30 inches, reddish-brown (51R 3/3) silty clay,
dark reddish brown (5YR 4/3) when dry; weak,
medium and coarse, subangular blocky structure;
very hard, friable, very sticky and very plastic;
abundant fine roots; many, fine, tubular pores; com
mon thin clay films in pores; few black concretions;
strong effervescence with hydrogen peroxide; slightly
acid; clear, wavy boundary. S to 12 inches thick.

B23—30 to 38 inches, dark reddish’brown (SIR 3/3) silty
clay; common, medium, distinct, dark-red (2.5YR
3/6) mottles; dark reddish brown (SIR 3/4) when
dry; weak, medium and coarse, subangular blocky
structure; very hard, friable, very sticky and very
plastic; abundant fine roots; many, fine, tubular
pores; thin, patchy clay films in pores and on ped
faces; abundant, fine, black concretions; black stains
2 to 5 millimeters wide: strong effervescence with
hydrogen peroxide; slightly acid; clear, smooth
boundary. 6 to 10 inches thick.

C—38 to 55 inches, dark reddish-brown (SIR 3/3) silty clay;
common, medium, distinct, dark-red (2.SYR 3/6)
mottles; dark reddish brown (SIR 3/4) when dry;
weak, coarse, subangnlar blocky structure; very
hard, friable, very sticky and very plastic; few fine
roots; common, fine, tubular pores; few, fine, black
concretions; black stains 2 to 5 millimeters wide;
slight effervescence with hydrogen peroxide; slightly
acid.

In places fine black coneretions occur throughout the solum.
Reaction ranges from slightly acid to neutral. The amount of
highly weathered cobblestones and pebbles in the profile
ranges from 5 to 30 percent. The plasticity of the clay ranges
from very sticky and very plastic at the lower elevations to
sticky and plastic at the higher elevations. The solum ranges
from SIR to 1OYR in hue. Silty clay and clay types are
mapped. The A horizon ranges from 2 to 3 in value when
moist and from 3 to 4 when dry. It ranges from 1 to 2 in
chroma when moist and from 2 to 4 when dry. The B horizon
ranges from weak to moderate in structure.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification I if irrigated, Illo if
nonirrigated: sugarcane group 4; pasture group 3; wood
land group 1)

Waialua silty clay, 3 to 8 percent slopes (WkB).—On
this soil, runoff is slow and the erosion hazard is slight.

This soil is used for sugarcane, truck crops, and pas
ture. (Capability classification lie if irrigated, Ilic if
nonirrigated; sugarcane group 4; pasture group 3;
woodland group 1)

Waialua stony silty clay, 3 to 8 percent slopes (WIB).—
This soil has a profile like that of Waialua silty clay, 0
to 3 percent slopes, except that there are sufficient stones
to hinder tillage but not enough to make intei’tilled
crops impractical. Runoff is slow, and the erosion hazard
is slight. Workability is slightly difficult. Included in
mapping were small, nonstony areas and small, moder
ately . sloping areas.

This soil is used for sugarcane, truck crops, orchards,
and pasture. (Capability classification Tile if irrigated,
Ills if nonirrigated; sugarcane group 4; pasture group
3; woodland group 1)
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Waiahia stony silty clay, 12 to 30 percent slopes
(WI).—This soil has a profile like that of Waialua silty
clay, 0 to 3 percent slopes, except that there are suffi
cient, stones to hinder tillage but not enough to make
intertilled crops impractical. Runoff is medium to rapid,
and the erosion hazard is moderate to severe. Workability
is difficult. Included in mapping were small areas of
steep stony land, talus slopes, and eroded spots.

This soil is used for pasture. (Capability classification
P/e. nonirrigated; pasture group 3; woodland group 1)

Waialua very stony silty clay, 12 to 20 percent slopes
(WmD).—This soil is similar to Waialua silty clay, 0 to 3
percent slopes, except that stones cover as much as 3
percent of the surface. Runoff is medium, and the erosion
hazard is moderate. Workability is difficult. Included in
mapping were areas of stony land and eroded spots.

This soil is used for pasture. (Capability classification
VIs, nonirrigated; pasture group 3; woodland group 1)

Waialua clay, 2 to 6 percent slopes (WnB).—On this
soil, runoff is slow and the erosion hazard is slight. The
available water capacity is about 1.4 inches per foot in
the surface layer and 1.6 inches per foot in the subsoil.
Workability is slightly difficult. Included in mapping
were small areas that are nearly level, gravelly, or stony.
Also included were small areas of wet soils.

This soil is used for truck crops, orchards, and pas
ture. (Capability classification lIe if irrigated, Ilic if
nonirrigated; sugarcane group 4; pasture group 3; wood
land group 1)

Waiawa Series
This series consists of well-drained, very shallow, ex

tremely rocky soils on uplands on the island of Kauai.
These soils developed in colluvium and in material
weathered from basic igneous rock. They are steep to
very steep. Elevations range from nearly sea level to
about 2.000 feet. The annual rainfall amounts to 22 to
40 inches. The mean annual soil temperature is 74° F.
Waiawa soils are geographically associated with Maka
weli and Niu soils.

These soils are used for pasture, wildlife habitat, and
water supply. The natural vegetation consists of koa
haole, pricklypear cactus, klu, feather fingergrass, lan
tana, and piligrass.

Waiawa extremely rocky clay, 30 to 80 percent slopes
(Wi F) .—This soil occurs on slopes of gulches in the uplands.
Rock outcrop covers 25 to 50 percent of the surface.

In a representative proflie the surface layer is dark
reddish-brown, strong, granular heavy clay loam about
2 inches thick. This layer is underlain by dark reddish-
brown clay about 12 inches thick. It has angular blocky
structure. The substratum is hard rock. The soil is
slightly acid to neutral throughout the profile.

Permeability is moderate to moderately slow. Runoff
is very rapid, and the erosion hazard is severe. Roots
penetrate to bedrock and follow cracks in the rock.

Representative profile: Island of Kauai, lat. 21 o5999•31

N. and long. 159°43’15.3” W.
A11—O to 2 inches, clark reddish-brown (5YR 3/2) heavy

clay loam, dark reddish brown (5YR 3/4) when
rubbed, dark reddish brown (SiR 3/3) when dry;
strong, very fine, granular structure; slightly hard,
friable, sticky and plastic; abundant coarse, medium.

fine, very fine, and micro roots; moderate efferves
cence with hydrogen peroxide; slightly acid; clear,
smooth boundary. ‘‘ inch to 3 inches thick.

A12—2 to 14 inches, dark reddish-brown (5YR 3/4) clay,
dark reddish brown (5YR 3/4) when rubbed, dark
reddish brown (5YR 3/3) when dry; moderate,
coarse, angular blocky structure; very hard, very
firm, sticky and plastic; abundant coarse, medium,
and micro roots and plentiful fine and very fine
roots; shiny pressure cutans and slickensides on
some peds; moderate effervescence with hydrogen
peroxide; neutral; abrupt, irregular boundary. 6 to
12 inches thick.

R—14 inches, basalt rock. Soil and roots in cracks.
Phe soil color ranges from 2 to 4 in chroma. The soil depth

ranges from 6 to 15 inches.

This soil is used for pasture or is idle. (Capability
classification Vhs, nonirrigated; pasture group 2)

Waihuna Series
This series consists of well drained and moderately

well drained soils on alluvial fans and in depressions on
the islands of Lanai and Molokai. These soils formed in
old, fine-textured alluvium. They are nearly level to
moderately steep. Elevations are mainly between 1,000
and 2,000 feet, but they range from 400 to 9,000 feet.
The annual rainfall amounts to 20 to 35 inches; most of
it occurs between November and April. The mean annual
soil temperature is 69° F. Waihtina soils are geograph
ically associated with Lahaina, Kalae, and Hoolehua
soils.

These soils are used for pineapple, pasture, and wild
life habitat. The natural vegetation is Natal redtop,
lantana, and guineagrass.

Waihuna clay, 0 to 3 percent slopes (WoA).—This is
the most extensive soil in the Waihuna series. It occurs
on Lanai, mainly as two large areas. Included in map
ping were small areas that are subject to ponding. These
areas are in the central part of the Palawai Basin and
in other depressions. In some years water remains in
these depressions long enough to damage crops or inter
fere with farming operations.

In a representative profile the surface layer, about 18
inches thick, is dark-brown, very sticky and very plastic
clay. The next layer, 40 to more than 50 inches thick,
is dark-brown, very sticky and very plastic clay and
silty clay that has subangular blocky structure. This is
underlain by relatively soft, weathered pebbles and
stones. The soil is strongly acid in the surface layer as
a. result of pineapple culture, but it is neutral to medium
acid in the rest of time profile. Cracks, ½ inch to 1 inch
wide, form when the soil dries.

Permeability is moderately slow. Runoff is slow, and
the erosion hazard is no more than slight. The available
water capacity is about 1.3 inches per foot of soil. In
places roots penetrate to a depth of 5 feet or more. This
soil is difficult to work because it. is vety sticky and very
plastic when wet.

Representative profile: I s 1 a n d o f L a n a i, 1 a t.
20°49’52” N. and long. 156°55’58” W.

Apl—O to 1 inch, very dark grayish-brown (1OYR 3/2),
ixioist and dry, clay; strong, very fine and fine, gran
ular structure; hard, friable, very sticky and very
plastic; violent effervescence with hydrogen perox
ide; strongly acid; clear, smooth boundary. inch
to 2 inches thick.
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Ap2—1 inch to 6 inches, dark-brown (1OYR 3/3) clay, dark
yellowish brown (1OYR 3/4) when dry; moderate,
very fine, granular structure; very bard, friable, very
sticky and very plastic; many interstitial pores;
cracks as much as 1 inch wide develop upon drying;
many variegated sand grains can be seen under a
hand lens; common plant remains that have been
plowed under; violent effervescence with hydrogen
peroxido; strongly acid; clear, smooth boundary.
5 to 6 inches thick.

Ap3—6 to 12 inches, dark-brown (7.5YR 3/2), moist and dry,
clay; massive; hard, friable, very sticky and very
plastic; few, very fine, tubular pores; cracks as much
as 1 inch wide develop upon drying; many plant
remains that have been plowed under; many varie
gated sand grains can be seen under a hand lens;
violent effervescence with hydrogen peroxide;
strongly acid; clear, smooth boundary. 5 to 6 inches
thick.

Ap4—12 to 18 inches, dark-brown (1OYR 3/3) clay, dark
yellowish brown (1OYR 3/4) when dry; weak, very
fine, subangular blocky structure; very hard, friable,
very stielcy and very plastic; common pores; cracks
as much as 1 inch wide develop upon drying; com
mon plant remains that have been plowed under;
many variegated sand grains can be seen under a
hand lens; a few highly weathered pebbles; violent
effervescence with hydrogen peroxide; strongly acid;
clear, smooth boundary. 6 to 7 inches thick.

AO—18 to 25 inches, dark-brown (1OYR 3/3), moist and dry,
clay; weak, coarse, Prismatic structure breaking to
moderate, very fine and fine, subangular blocky; very
hard, firm, very sticky and very plastic; no roots;
common pores; common pressure cutans; some are
weakly grooved; few highly weathered pebbles; many
variegated sand grains can be seen under a hand
lens; firm in place; violent effervescence with hydro
gen peroxide; medium acid; gradual, wavy boundary.
7 to 8 inches thick.

C1—25 to 41 inches, dark-brown (7.5YR 3/2), moist and dry,
clay; strong, very fine, subangular blocky structure;
very hard, firm, very sticky and very plastic; no
roots; common pores; many variegated sand grains
can he seen under a hand lens; few highly weathered
pebbles; common pressure cutans ; few slickensides
strong effervescence with hydrogen peroxide; neu
tral; clear, smooth boundary. 15 to 17 inches thick.

C2—41 to 53 inches, dark-brown (7.5YR 3/2), moist and dry,
clay; moderate, very fine and fine, subangular blocky
structure; very hard, firm, very sticky and very
plastic; no roots; many, very line, tubular pores;
many variegated sand grains can be seen under a
hand lens; common highly weathered pebbles; com
mon pressure cutans; strong effervescence with
hydrogen peroxide; slightly acid; gradual, wavy
boundary. 11 to 12 inches thick.

C3—53 to 65 inches, dark-brown (7SYR 3/2), moist and dry,
silty clay; moderate, very fine and fine, subangular
blocky structure; hard, firm, very sticky and very
plastic; no roots; many, very fine and line, tubular
pores and few, coarse, tubular pores; common patchy
pressure cutans; common manganese stains; many
variegated sand grains, more than in the horizons
above; common highly weathered pebbles; strong
effervescence with hydrogen peroxide; slightly acid.

In some areas weathered gravel and cobblestones are scat
tered throughout the profile. A strong granular surface mulch,
1/ inch to 2 inches thick, develops upon drying. Cracks
inch to 1 inch wide form to a depth of more than 20 inches
when •the soil dries. The A horizon ranges from 1OYR to
7.5YR in hue and from 2 to 3 in chroma. In most places the
soil color is yellowest near the source of alluvium and is
somewhat redder as distance from the source increases. Tex
ture of the lower part of the C horizon ranges from sflty clay
to clay. In places few to common mottles occur in the lower
part of time profile.

This soil is used for pineapple. (Capability classifica.
tion us if irrigated, Ills if nonirrigated; pineapple
group 1; pasture group 3)

Waihuna clay, 3. to 7 percent slopes (WoB).—This soil
occurs on Molokai and Lanai. Runoff is slow, and the
erosion hazard is slight. -

This soil is used for pineapple. (Capability classifica
tion lie if irrigated, Ills if nonlrrlgated; pineapple
group 2; pasture group 3)

Waihuna clay, 7 to 15 percent. slopes {WoC).—This
soil occurs on Molokai and Lanai. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
Included in mapping were small, gravelly areas.

This soil is used for pineapple, pasture, and wildlife
habitat. (Capability classification lila, irrigated or non-
irrigated; pineapple group 3; pasture group 3)

Waihuna clay, 15 to 25 percent slopes (W0D).—Thls
soil occurs as narrow bands along sharp slope breaks and
on foot slopes. Runoff is medium, and the erosion hazard
is moderate. In a few places the texture of the surface
layer is silty clay.

Most of this soil is used for pasture and wildlife habi
tat. Small areas on Molokai are used for pineapple. (Ca
pability classification IVe, irrigated or nonirrigated;
pineapple group 3; pasture group 3)

Waihuna gravelly clay, 3 to 7 percent slopes (WohB).—
This soil is on Lanai, mainly in two areas at the mouth
of drainagewavs. It is similar to Waihuna clay, 0 to 3
percent slopes, except that gravel makes up 15 to 30
percent of the surface layer.

This soil is used for pineapple. (Capability classifica
tion lie if irrigated; IHs if nonirrigated; pineapple
group 2; pasture group 3)

Waikane Series
This series consists of well-drained soils on alluvial

falls and terraces on the island of Oahu. These soils
developed in alluvium and colluvium derived from basic
igneous rock. They are nearly level to very steep. Eleva
tions range from 200 to 1,000 feet. The annual rainfall
amounts to 50 to 70 inches. It is well distributed through
out the year. The mean annual soil temperature is 71° F.
Waikane soils are geographically associated with Alaeloa,
Kaneohe, Lolekaa, and Paumalu soils.

These soils are used for pasture, truck crops, and home-
sites. The natural vegetation consists of Christmas berry,
guava, hilograss, and ricegrass.

Waikane silty clay, 25 to 40 percent slopes (WpE).—
This soil is on steep terraces and alluvial fans. Included
in mapping were small areas of Alaeloa, Kaneohe, and
Lolekaa soils. Also included were small, eroded spots and
moderately steep areas.

In a representative profile the surface layer is dark-
brown silty clay about 8 inches thick. The subsoil, about
52 inches thick, is dark reddish-brown silty clay that
ha-s subangular blocky structure. The substratum is soft,
weathered, gravelly alluvium and colluvium. The soil is
very strongly acid in the surface layer and subsoil.

Permeability is moderately rapid. Runoff is medium to
rapid, and the erosion hazard is moderate to severe. The
available water capacity is about 1.1 inches per foot in
the surface layer and 1.3 inches per foot in the subsoil. In
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places roots penetrate to a depth of 5 feet or more,
Workability is difficult.

Representative profile: Island of Oa}iu, lat. 21°32’04”
N. and long. 157°51’30” W.

Ap—O to S inches, dark-brown (7.5YR 3/2) silty clay, dark
brown (7.5YR 3/4) when dry; strong, fine and very
fine, subangular blocky structure; very hard, firm,
sticky and plastic; abundant very fine and fine roots;
many, very fine and tIne, tubular pores; many worm
holes and worni casts; very slight effervescence with
hydrogen peroxide; very strongly acid; abrupt,
smooth boundary. 6 to 9 inches thick.

E21—S to 19 inches, dark reddish-brown (SYR 3/3) silty clay,
clark reddish brown (5YR 3/4) when dry; moderate,
medium,su•banular blocky structure; hard, firm,
sticky and plastic; abundant very fine and fine roots;
many, very fine and fine, tubular pores; common,
patchy coatings on peds; few, hard, earthy lumps;
very strongly acid; gradual, smooth boundary. 6 to
11 inches thick.

B22t—19 to 31 inches, clark reddish-brown (YR 3/3) silty
clay, dark reddish brown (5YR 3/4) when dry mod.
erate, fine and very fine, subangular blocky struc
ture; hard, firm, sticky and plastic; plentiful fine
roots; common, very fine and fine, tubular pores;
common, clark-red (2.53iR 3/6), thin, continuous clay
films on pods and within pores; few highly weathered
pebbles ; very strongly acid ; clear, smooth boundary.
7 to 12 inches thick,

B23t—31 to 60 inches. dark reddish-brown (5YR 3/3) silty
clay, dark reddish brawn (5YR 3/4) when dry;
few fine roots; common, fine, tubular pores; thin,
continuous, dark-red (2.5YR 3/6) clay films on pads
and in pores; common highly weathered pebbles;
very strongly acid.

The content of highly weathered gravel in tile solum in
creases with depth; it ranges from 5 percent in tile upper
part to 40 percent in the lower part. The A horizon ranges
from 7.5YR to 1OYR in hue, from 2 to 3 in value, and from
2 to 4 in chroma when moist. The B borison ranges from
5YR to 7.5YR in hue and from 3 to 4 in value when moist.

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 8; woodland group 7)

Waikane silty day, 3 to 8 percent slopes (Wp8).—On
this soil, runoff is slow and the erosion hazard is slight.
‘Workability is easy. Included in mapping were small,
nearly level areas.

This soil is used for truck crops, pasture, and homesites.
(Capability classification lie, irrigated or nonirrigated;
pasture group 8; woodland group 7)

Waikane silty clay, 8 to 15 percent slopes (WpC).—On
this soil, runoff is slow to medium and the erosion hazard
is slight to moderate. Workability is slightly difficult.

This soil is used for truck crops, pasture, and homesites.
(Capability classification Tile, irrigated or nonirrigated;
pasture group 8; woodland group 7)

Waikane silty clay, 40 to 70 percent slopes (WpF).’—On
this soil, runoff is rapid to very rapid and the erosion
hazard is severe. Included in mapping were small areas
of eroded spots, rock outcrop, and stony areas.

This soil is used for pasture and woodland. (Capability
classification Vile, nonirrigateci; pasture group 8; wood
land group 14)

Waikane silty clay, 40 to 70 percent slopes, eroded
(WpF2).—This soil is similar to Waikane silty clay, 2.5 to
40 percent slopes, except that it is very steep. Most of
the surface layer and, in places, part of the subsoil have
been removed by erosion. In a few areas soft, weathered
rock is exposed. Runoff is rapid to very rapid, and the

erosion hazard is very severe. Included in lnapprng were
small, uneroded areas and small areas of rock outcrop.

This soil is used for pasture and woodland. (Capability
classification Vile. nonirrigated; pasture group 8; wood
land o’p 14)

Waikane stony silty clay, 15 to 30 percent slopes
(WpoE).—On this soil, runoff is medium to rapid and the
erosion hazard is moderate to severe. ‘Workability is
difficult. Included in mapping were small areas where
the slope is as much as 40 percent..

This soil is used for pasture. (Capability classification
VIe, nonirrigated; pasture group 8; woodland group 7)

Waikapu Series
This series consists of well-drained soils on uplands on

the islands of Lanai and Moloka.i. These soils formed in
fine-textured old alluvium. They are nearly level to mod
erately sloping. Elevations range from 100 to 1,250 feet.
The annual rainfall amounts to 15 to 25 inches, most of
which occurs from November to April. The mean annual
soil temperature is 73° F. Waikapu soils are geograpli
ically associated with l-Iolomua, Molokai, and Uwala soils.

These soils are used for pineapple, pasture, and wildlife
habitat. The natural vegetation consists of lantana. ber
inuclagra.ss, ilirna, and feather flngergrass.

Waikapu silty clay loam, 0 to 3 percent slopes (WrA).—
This soil is on uplands in depressions on old alluvia] fans.
Include.d in mapping was an area., about 150 acres in size,
that is severely eroded. This area is 1½ miles southwest
of Molokai Airport. There are a few stones on the surface
and a few shallow gullies.

In a representative profile the surface layer and the
subsoil are dark reddish-brown, friable silty clay loam.
The surface layer is about 12 inches thick. The subsoil,
about 48 inches thick, has subangular and angular blocky
structure. The soil is typically slightly acid to neutral
but is strongly acid to very strongly acid in the surface
layer in areas where pineapple is grown.

Permeability is moderate.. Runoff is slow, and the ero
suni hazard is slight. The available water capacity is
about 1.4 inches per foot of soil. In places roots penetrate
to a depth of 5 feet or more.

Representative proffle: Island of Lanai, lat. 20°47’13”
N. and long. 156°50’12” W.

Apl—O to 4 inches, dark reddish-brown (5YR 2/S moist, 3/3
dry) silty clay loam; weak, very fine, granular struc
ture; soft, very friable, sticky and plastic; few roots;
many interstitial pores and common, very fine, ver
tical, tubular pores; many, fine, black concretious;
violent effervescence with hydrogen peroxide;
strongly acid; clear, wavy boundary. 3 to 5 inches
thick.

Ap2—4 to 12 inches, dark reddish-brown (5YR 2/3) heavy
silt loam or light silty clay loam, reddish brown
(5YR 4/4) when dry; weak, medium and fine, sub-
angular blocky structure and some pocket.s of weak,
very fine, granular structure; soft, friable, sticky and
plastic; many roots; many, very fine, tubular pores
and few, fine, tubular pores; common, lIne, blaclc
concretions; violent effervescence with hydrogen
peroxide; slightly acid; gradual, wavy boundary.
7 to 10 inches thick.

B1—12 to 24 inches, dark reddish-brov,n (2.5YR 3/4) silty
clay loam, reddish brow,, (2.5YR 4/4) when dry;
strong, fine and very fine, angular and subangular
blocky structure; slightly hard, friable, sticky and
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plastic; few roots; many, very fine and fine, tubular
pores and few, medium, tubular pores; patchy glaze
on ped faces; firm in place; common, fine, black
concretions; violent effervescence with hydrogen
peroxide; common, fine, hard, earthy lumps that dis
appear slowly when rubbed; neutral; gradual. wavy
boundary. 10 to 14 inches thick.

B21—24 to 34 inches, dark reddish-brown (2.5YR 3/4), moist
and dry, silty clay loam; moderate, medium, sub-
angular blocky structure breaking to strong, fine and
very fine, angular blocky; soft. friable, sticky and
plastic; many, very fine and fine, tubular pores and
few, medium, tubular pores; moderately firm in
place; weakly developed, patchy pressure cutans;
ninny, fine, black concretions commonly as much as
2 millimeters in diameter; violent effervescence with
hydrogen peroxide; neutral; gradual, wavy bound
ary. 8 to 12 inches thick.

B22—34 to 44 inches, dark reddish-brown (5YR 3/3 moist,
SEll 3/4 dry) silty clay loam; weak, medium and
fine, subangular blocky structure; soft, very friable,
sticky and plastic many, very fine and fine, tubular
pores and common, medium, tubular pores; few
weakly grooved slickensitles; many black concre
tions; violent effervescence with hydrogen peroxide;
neutral; clear, wavy boundary. 8 to 12 inches thick.

B3—44 to 60 inches, dark-red (2.5YR 2/6) silty clay loam,
dark reddish brown (25YR 3/4) when dry; weak,
medium, suhangular blocky structure breaking to
moderate, fine and very fine. subangular blocky; soft,
friable, sticky and plastic; many, very fine and fine,
tubular pores and common, medium, tubular pores;
patchy glaze on some pads; common, fine, hard,
earthy lumps that disappear when persistently
rubbed; few slickens-ides; few, fine, black concre
tions; slight effervescence with hydrogen peroxide;
neutral.

Black concretions that range from fine specks to 3 milli
meters in size occur throughout the solum. Effervescence with
hydrogen peroxide ranges from strong to violent in the A
and B2 horizons. The solum ranges from 5YR to 2.SYR in
hue. The A horizon ranges from 2 to 3 in value and chroma
when moist and from 3 •to 4 in value when dry. The B hori
zon ranges from 2 to 3 in value when moist and from 3 to 4
when dry. It ranges from 3 to 6 in chroma when moist. Slick
eiisides range from few to common in the lower part of the
B horizon.

This soil is used for pineapple, pasture, and wildlife
habitat. (Capability classification I if irrigated, IVe if
nonirrigated; pineapple group 1; pasture group 2)

Waikapu silty clay loam, 3 to 7 percent slopes (WrB).—
This soil is on smooth alluvial fans on Molokai. Runoff
is slow, and the erosion hazard is slight to moderate.
Included in mapping were small areas where the slope
is 7 to 15 percent;

This soil is used for pineapple, pasture, and wildlife
habitat. (Capability classification TIe if irrigated, IVc if
nomrr;gated; pineapple group 2; pasture group 2)

Waikapu silty clay loam, 3 to 7 percent slopes,
severely eroded (WrB3).—This soil occurs as two areas in
the northwestern part of the Hoolehua Plains on Molokai.
It is similar to Waikapu silty clay loam, 0 to 3 percent
slopes, except that it is severely erode.d. Most of the surface
layer and, in many places, part of the subsoil have been
removed by erosion. The erosion is caused by strong
winds, as well as by water. There are a few bare blown-
out spots. Runoff is medium, and the hazard of wind
and water erosion is severe.

This soil is used for pasture and wildlife habitat.
(Capability classification Tile if irrigated, r\Te if non-
irrigated; pineapple group 2; pasture group 2)

Waikapu silty clay loam, 7 to 15 percent slopes,
severely eroded (WrC3) .—This soil is similar to Waikapu
silty clay loam, U to 3 percent slopes, except that it is
severely eroded. Runoff is medium, and the hazard of
wind and water erosion is severe. Most of the topsoil and,
in most places, part of the subsoil have been removed by
erosion. Moderately deep gullies occur in many areas.

This soil is used for pasture and wildlife habitat.
(Capability classification IVe, irrigated or nonirrigated;
pineapple group 3; pasture group 2)

Waikomo Series
This series consists of well-drained, stony and rocky

soils on uplands on the island of Kauai. These soils
developed in material weathered from basic igneous rock,
probably with a mixture of ash and alluvium in places.
These soils are gently sloping. Elevations range from
nearly sea level to 360 feet. The annual rainfall amounts
to 35 to 60 inches. The mean annual soil temperature is
74° F. Waikomo soils are geographically associated with
Koloa soils.

These soils are used for sugarcane, pasture, wildlife
habitat, and homesites. The natural vegetation consists of
lantana, koa haole, Java plum, prickly-pear cactus, swollen
fingcrgrass, bermudagrass, and guineagrass.

Waikomo stony silty clay (Ws).—This soil is on low
uplands. The slope ranges from 2 to 6 percent. Included
in mapping were small areas where the slope is as much
as 12 percent. Also included were some soils that have a
hue of SYR in the A horizon and 2.5YR in the B
horizon.

In a representative profile the surface layer is very
dark grayish-brown stony silty clay about 14 inches thick.
The subsoil, about 6 inches thick, is reddish-brown stony
heavy silty clay loam that has subangular and angular
blocky structure. The substratum is hard rock. The soil is
neutral to mildly alkaline throughout.

Permeability is moderate. Runoff is slow, and the ero
sion hazard is slight. The available water capacity is
about 1.0 inch per foot of soil. Except for cracks in the
rock, roots penetrate to a depth of no more than 20 inches.

Representative profile: Island of Kauai, lat. 21°54’41.2”
N. and long. 159°26’47” W.

Ap—O to 14 inches, very dark grayish-brown (1OYR 3/2)
stony silty clay, dark brown (7.5YR 3/2) when dry;
weak, fine and very fine, subangular blocky struc
ture; very hard. very firm, sticky and plastic; abun
dant medium, fine, and very fine roots; stones makes
up about 25 percent of the volume; moderate effer
vescence with hydrogen peroxide; neutral; clear,
smooth boundary. 12 to 16 inches thick.

B2—14 to 20 inches, reddish-brown (SYR.4/4) stony heavy
silty clay loam, reddish brown (SYR 4/4) when
rubbed and dry; moderate, fine and very fine, sub-
angular and angular blocky structure; very hard,
firm, sticky and plastic; plentiful medium, fine, and
very fine roots; common medium and fine pores and
many very fine pores; stones make up about 25 per
cent of the volume; thin, discontinuous coatings on
ped faces; coatings look like clay films; when dry,
pods are nearly covered with yellowish.brown, sugar-
like coatings; many very fine, Clark reddish-brown
concretion.s that effervesce with hydrogen peroxide;
concretions are hard to very hard; slight to moder
ate effervescence with hydrogen peroxide; mildly
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alkaline; abrupt, irregular boundary. 4 to 10 inches
thick.

B3&R—20 inches, this layer consists of cracked and broken
pahoehoe rock that contains soil material in the few
cracks. The soil material is dark-brown (7.5YR 4/4)
heavy silty clay loam, strong brown (T5YR 5/6)
when dry; weak, very fine, subangular blocky struc
tore; firm, sticky and plastic; few medium, fine, and
very fine roots; common medium and fine pores and
many very fine pores; when dry, peds are nearly
covered with yellowish-brown, sugarlike coatings; no
effervescence with hydrogen peroxide; mildly alka
line.

The A horizon ranges from 7.SYR to 10R in hue and
from 2 to 3 in chroma. The B horizon ranges from 5YR to
1OYR in hue, from 3 to 4 in value, and from 2 to 3 in ehroma.

This soil is used for sugarcane, pasture, wildlife habitat,
and homesite.s. (Capability classification IVs if irrigated,
VIs if nonirrigated; sugarcane group 1; pasture group
5; woodland group 13)

Waikomo very rocky silty clay (Wt).—This soil is
similar to Waikomo stony silty clay, except that rock out
crops cover 3 to 2.5 percent of the surface.

This soil is used for pasture, wildlife habitat, and
homesites. Some small areas are irrigated. (Capability
classification Vis, irrigated or nonirrigated; pasture
group 5; woodland group 13)

Waikomo extremely rocky silty clay (Wu).—This soil
is Simliar to Waikomo stony silty clay, except that rock
outcrops cover 25 to 50 percent of tile surface.

This soil is used for pasture, wildlife habitat, and
homesites. (Capability classification Vhs, nonirrigated;
pasture group 5; woodland group 13)

Wailuku Series
This series consists of well-drained soils on alluvial

fans on the island of Maui. These soils developed in allu
vium derived from weathered basic igneous rock. They
are gently to moderately sloping. Elevations range from
50 to 1,000 feet. The annual rainfall amounts to 20 to 40
inches. The mean annual soil temperature is 73° F.
Wailiiku soils al-u geographically associated with lao and
Pulehu soils.

These soils are used for sugarcane, pasture, and home-
sites. The nit tural vegetation consists of bermuclagrass,
guineagrass, koa haole, lantana, and Natal recitop.

Wailuku silty clay, 7 to 15 percent slopes (WvC).—This
soil is on smooth alluvial fans. Included in mapping were
small areas of Tao and Pule.hu soils. In a few places
moderately steep soils and small, eroded spots were
included.

In a representative profile the surface layer is dark
reddish-brown silty clay about. 12 inches thick. The sub
soil, about 48 inches thick, is dark reddish-brown silty
clay that has subangular blocky structure. The substra
tum is gravelly and cobbly alluvium. The soil is slightly
acid to medium acid in the surface layer and slightly
acid ill the subsoil.

Permeability is moderate. Runoff is slow to medium,
and the erosion hazard is slight. to moderate. The avail
able water capacity is about 1.6 inches per foot in the
surface layer and subsoil. In places roots penetrate to

a depth of 5 feet or more.

Representative profile: Island of Maui, let. 20°56’26”
N. and long. 156°31’lO” W.

Apl—O to 4 inches, dark reddish-brown (5YR 3/3) silty clay,
dark reddish gray (SYR 4/2) when dry; weak, fine
and very fine, granular structure; hard, friable, very
sticky and very plastic; few roots; many very fine
pores; few, fine, black concretions that effervesce
with hydrogen peroxide; strong effervescence with
hydrogen peroxide; slightly acid; clear, wavy bound
ary. 2 to 5 inches thick.

Ap2—4 to 12 inches, dark reddish-brown (5YR 3/3) silty
clay, reddish brown (5YR 4/3) when dry; weak,
medium and flue, subangular blocky structure; hard,
firm, very sticky and very plastic; abundant roots;
many fine pores; compact in place; few, fine, black
concretions; strong effervescence with hydrogen
peroxide; medium acid; clear, wavy boundary. I to
10 inches thick.

B21—12 to 26 inches, dark reddish-brown (SYR 3/4) silty
clay, reddish brown (5YR 4/3 when dry; moderate,
methum and fine, subangular blocky structure;
slightly hard, friable, very sticky and very plastic;
few roots; many fine and very fine pores; continuous
pressure eutans; compact in place; few, fine, black
concretions; few highly weathered, basic igueous
rock pebbles; strong effervescence with hydrogen
peroxide; slightly acid; gradual, wavy boundary.
11 to 16 inches thick.

B22—26 to 35 inches, dark reddish-brown (SYR 3/4) silty
clay, dark reddish gray (5YR 4/2) when dry; mod
erate, medium and fine, subangular blocky structure;
slightly hard, firm, very sticky and very plastic; few
roots; many fine pores; continuous pressure cutans;
few, fine, black concretions; few highly weathered
basic igneous rock pebbles and cobblestones; strong
effervescence with hydrogen peroxide; slightly acid;
gradual, wavy boundary. S to 12 inches thick.

B3—35 to 60 inches, dark reddish-brown (5YR 3/4) silty
clay, reddish gray (5YR 5/2) when dry; moderate,
medium to very fine, subangular blocky structure;
slightly hard, firm, very sticky and very plastic; few
roots; many fine and very fine pores; 10 to 15 per
cent highly weathered pebbles and cobblestones;
strong effervescence with hydrogen peroxide; slightly
acid.

The 50mm is more than 40 inches thick. A few cobblestones
and stones are on the surface in some places. The A horizon
ranges from 2 to 3 in value when moist and 2 to 4 when dry
and from 2 to 3 in chroma when moist or dry. The B horizon
ranges from 3 to 5 in value when dry and from 2 to 4 in
chroma when moist and 2 to 3 when dry.

This soil is used mostly for sugarcarle. A small acreage
is used for pasture and homesites. (Capability classifica
tion Ilie, irrigated or nonirrigated; sugarcane group 1;
pasture group 3; woodland group 1)

Wailuku silty clay, 3 to 7 percent slopes (WvB).—This
soil has a profile like that of Wailuku silty clay, 7 to 15
percent slopes, except for the slope. Runoff is slow, and
the erosion hazard is slight.

This soil is used for sugarcane and homesites. (Capa
bility classification lie if irrigated, Tile if nonirrigated;
stigarcane group 1; pasture group 3; woodland group 1)

Wailuku cobbly silty clay, 7 to 15 percent slopes
(WwC).—This soil is similar to Wailuku silty clay, 7 to iS
percent slopes, except that it is cobbly in the surface
layer. Included in mapping were small areas of nearly
level soils and a few areas of moderately steep soils.

This soil is used mostly for sugarcane. A small acreage
is used for pasture. (Cap.ability classification Tile, irri
gated or nonirrigateci; sugarcane group 1; pasture group
3; woodland group 1)
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Wainee Sries
This series consists of well-drained soils on alluvial

fans on the island of Maui. These soils developed in allu
vium derived from weathered basic igneous rock. They
are gently to moderately sloping. Elevations range from
nearly sea level to 1,000 feet. Rainfall amounts to 10 to
20 inches annually; most of it occurs in winter. The mean
annual soil temperature is 75° F. Wainee soils are geo
graphically associated with Pulehu and Wahikuli soils.

These soils are used mostly for sugarcane. A small
acreage is used for pasture and homesites, The natural
vegetation is fingergrass, kiawe, and uhaloa.

Tainee extremely stony silty clay, 7 to 15 percent
slopes (WyC).—This soil is moderately sloping and occurs
on smooth, alluvial fans. Included in mapping were small
areas of Wahikuli soils.

In a representative profile the surface layer is dark
reddish-brown silty clay about 12 inches thick. Stones
make up 10 to 15 percent of the volume. The subsoil 24
inches thick, consists of clark reddish-brown silty clay
that has subangular blocky structure. Gravel, cobble
stones, and stones make p 30 to 80 percent of the volume.
The substratum is dark-brown silty clay. As much as
80 to 90 percent of this layer is gravel, cobblestones, and
stones. This soil is neutral in the surface layer and subsoil.

Permeability is moderately rapid. Rimoff is slow to
medium, and the erosion hazard is slight to moderate.
The available water capacity is about 0.6 inch per foot
of soil. Stones cover 3 to 15 percent of the surface. Roots
penetrate to a depth of 5 feet or more.

Representative profile: Island of Maui, lat.. 20°51’26”
N. and long. 156°39’28” W.

Ap—0 to 12 inches. dark reddish-brown (5YR 3/3) extremely
stony silty clay, reddish brown (5YR 4/4) when dry;
moderate, fine and very fine, granular structure;
slightly hard, friable, sticky and plastic; abundant
roots; many fine pores; 10 to 15 perceat stones; few
highly weathered rock fragments; strong efferves
cence with hydrogen peroxide; neutral; clear, wavy
boundary. 11 to 14 inches thick.

B2—12 to 2d inches, dark reddish-brown (5YR 3/3) extremely
stony silty clay, reddish brown (5YR 4/4) when dry;
weak, medium and fine, subangular blocky structure;
slightly bard, friable, sticky and plastic; plentiful
roots; many fine and medium pores; few very fine
black specks; moderately firm in place; 30 to 40 per
cent hard and highly weathered gravel, cobblestones,
and stones; strong, delayed effervescence with hydro
gen peroxide; neutral; clear, wavy boundary. 12 to
15 inches thick.

B3—26 to 36 inches, dark reddish-brown (5YR 3/3) extremely
stony silty clay, reddish brown (5YR 4/4) when dry;
weak, medium and fine, subangular blocky structure;
slightly hard, friable, sticky and plastic; plentiful
roots; many fine pores; few very fine black specks;
70 to SO percent gray and light yellowish-brown
gravel, cobblestones, and stones; strong, delayed
effervescence with hydrogen peroxide; neutral; clear,
wavy boundary. 9 to 12 inches thick.

IIC—-36 to 56 inches, dark-brown (7.5YR 3/2) extremely
stony silty clay, dark brown (7.5YR 4/4) when dry;
massive; slightly hard, firm, sticky and plastic; few
fine and medium pores; SO •to 90 percent gray and
light yellowish-brown gravel, cobblestones, and
stones; strong effervescence with hydrogen peroxide;
slight effervescence with hydrochloric acid on small
pebbles; neutral.

Stoniness on the surface ranges from very stony to ex
tremely stony. The texture throughout the profile ranges from
silty clay to clay. The content of gravel, cobblestones, and
stones in the B horizon ranges from 30 to 80 percent. The
A horizon ranges from 2 to 3 in value when moist and from
3 to 4 when dry. The chroma of the A horizon when dry or
of the B horizon when moist is 3 to 4. A few of the stones
hi the C horizon are coated with lime.

This soil is used mostly for sugarcane; a small acreage
is used for pasture and liomesites. (Capability classifica
tion VIs, irrigated or nonirrigated; pasture group 1)

Wainee extremely stony silty clay, 3 to 7 percent
slopes {WyB).—On this soil, runoff is slow and the erosion
hazard is slight.

This soil is used for sugarcane. (Capability classifica
tion VIs, irrigated or nonirrigated pasture group 1)

Wainee very stony silty clay, 3 to 7 percent slopes
(WxB).—On this soil, runoff is slow and the erosion hazard
is slight. Stones cover as much as 3 percent of the sur
face. Included in mapping were small areas where bed
rock is at a depth of about 36 inches.

Most of this soil is used for sugarcane; a small acreage
is used for homesites. (Capability classification IVs if
irrigated, VIs if nonirrigated; sugarcane group 1; pas
ture group 1)

‘i,Tainee very stony silty clay, 7 to 15 percent slopes
(WxC).—Stones cover as much as 3 percent of the surface
of this soil. Included in mapping were small areas where
bedrock is at a depth of about 36 inches. In a few places

the slope is moderately steep.

This soil is used mainly for sugarcane; a small acreage

is used for homesites. (Capability classification fl/s if
irrigated, Vis if nonirrigated; stigarcane group 1; pas
ture group 1)

Waipahu Series
This series consists of well-drained soils on marine

terraces on the island of Oahu. These soils developed in
old alluvium derived from basic igneous rock. They are
nearly level to moderately sloping. Elevations range
from nearly sea level to 125 feet. Rainfall amounts to
25 to 35 inches annually; most of it occurs between
November and April. The mean annual soil temperature
is 75° F. Waipahu soils are geographically associated
with Hanalei, Honouliuli, and Waialua soils.

These soils are used for sugarcane and homesites. The
natural vegetation is flngergrass, bermudagrass, bristly
foxtail, and kiawe.

Waipahu silty clay, 0 to 2 percent slopes (WzA).—This
soil is nearly level and occurs on dissected terraces ad
jacent to the ocean. Included in mapping were small
areas of Hanalei, Honouliuli, and Waialua soils. Also
included were small areas of clay, where permeability is
moderately slow.

In a representative profile the. surface layer is dark
grayish-brown silty clay about 12 inches thick. The sub
soil, about 58 inches thick, is dark-brown silty clay that
has prismatic structure. It is very sticky and very plas
tic in the lower part. The substratum is clayey alluvium.
The soil is slightly acid in the surface layer and subsoil.

Permeability is moderately slow. Runoff is slow or
very slow, and the erosion hazard is none to slight. The
available water capacity is about 1.4 inches per foot in
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the surface layer and about 1.6 inches per foot in the
subsoil. Roots penetrate to a depth of 5 feet or more.

Re p r e s en t at i v e profile: Island of Oahu, lat.
21°22’58” N. and long. 158°01’13” W.

Ap—O to 12 inches, dark grayish-brown (1OYR 4/2) silty
clay, dark brown (lOYR 4/3) when dry; moderate,
fine and very fine, granular structure and moderate,
medium, subangular blocky; very hard, friable, sticky
and plastic; abundant roots; common, fine and very
fine, interstitial pores; few coral fragments; violent
effervescence with hydrogen peroxide; slightly acid;
clear, smooth boundary. 8 to 12 inches thick.

B21—12 to 26 inches. dark-brown (1OYR 4/3) silty clay, dark
yellowish brown (lOYR 4/4) when dry; strong, very
coarse, prismatic structure breaking to moderate,
medium and coarse, subangular blocky; bard, firm,
sticky and plastic; few coarse roots and abundant
very fine roots; few, coarse, tubular pores arid coni
mon, fine and very fine, tubular pores; many weak
pressure faces; few coatings in pores; few, fine,
black concretions; strong effervescence with hydro
gen peroxide; slightly acid; gradual, wavy boundary.
10 to 14 inches thick.

B22—26 to 36 inches, dark-brown (1OYR 4/3) silty clay, dark
yellowish brown (1OYR 4/4) when dry; strong, very
coarse, prismatic structure breaking to moderate,
medium and coarse, subangular and angular blocky;
hard, firm, sticky and plastic; few coarse roots and
plentiful very fine roots; few, coarse tubular pores
and common, flue and very fine, tubular pores; com
mon pressure faces on peds, thin coatings in pores;
few, fine, black concretions; strong effervescence with
hydrogen peroxide; slightly acid; gradual, smooth
boundary. S to 12 inches thick.

B23—36 to 46 inches, dark-brown (1OYR 4/3) silty clay, dark
yellowish brown (1OYR 4/4) when dry; strong,
coarse, prismatic structure breaking to moderate,
medium and coarse, subangular and angular blocky;
hard, firm, sticky and plastic; few coarse roots and
plentiful fine roots, mainly matted between prisms;
few, coarse, tubular pores and many, very fine, tubu
lar pores; black stains in pores and on ped faces;
common pressure faces on peds; common, deeply
grooved slickeiisides, oriented at 20 degrees; strong
effervescence with hydrogen peroxide; slightly acid;
gradual, smooth boundary. S to 12 inches thick.

B24—46 to 70 inches, dark-brown (lOYR 4/3) silty clay, dark
yellowish brown (1OYR 4/4) when dry; strong,
coarse, prismatic structure breaking to strong, me
dium and coarse, subangular blocky; very hard, firm,
very sticky and very plastic; few fine roots; many
very fine pores; coatings in pores; common pressure
faces; many, fine, black concretions; prominent black
stains; common, deeply grooved slickensides; strong
effervescence with hydrogen peroxide; slightly acid.

The soluni ranges from 1OYR to 7.5YR in hue. The A and
B horizons range from 2 to 4 in value when moist. The B
horizon ranges from 4 to 5 in value when dry. The A and
B horizons range from 2 to 3 in chroma when moist and
from 3 to 5 when dry.

This soil is used for sugareane and homesites. (Capa
bility classification I if irrigated, lYe if nonirrigated;
sugarcane group 1; pasture group 3)

Waipahu silty clay, 2 to 6 percent slopes (WzB).—On
this soil, runoff is slow and the. erosion hazard is slight.

This soil is used for sugarcane and home-sites. (Capa
bility classification TIe if irrigated, IVc if nonirrigated;
sugarcane group 1; pasture group 3)

Waipahu silty clay, 6 to 12 percent slopes (WzC).—On
this soil, runoff is medium and the erosion hazard is
moderate. Included in mapping were small gravelly areas
where the slope is as much as 20 percent. Also included

414—129—72——-l0

was a small area of clay where the slope is 12 to 15
percent.

This soil is used for sugarcane and hornesites. (Capa
bility classification Ille if irrigated, lYe if nonirrigated;
sugarcane group 1; pasture group 3)

Use and Management of the Soils
The soils of the Hawaiian Islands are used for sugar-

cane, pineapple, pasture, woodland, truck crops, orchards,
and wildlife. This section describes the limitations and
management needs of the soils for each of these uses. It
explains the lend capability groupings used by the Soil
Conservation Service and also discusses soil properties
that are significant in engineering.

Sugarcane Management
Sugarcane is grown on the islands of Kauai, Maui, and

Oahu. It is not grown on Molokai and Lanai because
the supply of irrigation water is inadequate.

Sugarcane is harvested about every 20 to 24 months.
Th age that the cane is harvested depends to a large
extent on the variety of cane and the climate. The har
vesting is not necessarily followed by the planting of
a new crop. After harvest, the cane root system sends
up new sprouts or shoots of the next crop. Replanting
is needed only in introducing new varieties, altering the
irrigation or field layout, reducing compaction of the
soil, or repairing field damage caused by harvesting.
Cultural practices vary according to the nature of the
soil and the climatic conditions.

If a new planting of sugarcane is to be established,
the fields are smoothed and subsoiled or disk plowed and
harrowed. If the field is to be irrigated, the irrigation,
drainage, and road systems are installed. Terraces, diver
sions, grassed waterways, and roads are installed in non-
irrigated areas. Then the seed stalk is planted, by ma
chine or by hand, in the bottom of a machine-opened
furrow and covered with a few inches of soil. Furrows
near the contour facilitate, irrigation and minimize ero
sion. After harvest, the furrows, terraces, diversions,
roads, and waterways are reshaped and the ditches are
repaired.

Fertilizer is applied by hand, maclime, or airplane, or
by the use of soluble fm-ms of fertilizer in the irrigation
water. Lime is needed on some soils. Nitrogen, phos
phorus, and potassium are used in the amounts indicated
by soil tests, tissue analysis, field trials, and experience..

Herbicides and hand weeding are used to control
weeds.

Erosion control, fertilizer, and irrigation in the drier
areas are needed to protect the soil and produce good
growth.

The sugarcane industry is highly mechanized. The use
of heavy equipment permits the production of sugarcane
on some extremely stony soils that otherwise would be
considered unsuited to cultivation.

The present method of harvesting sugarcane consists
of burning the canefields to remove excess leaves. Im
mediately after burning, a machine-mounted push rake
pushes the cane stalks into piles. Large track-type cranes
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load th stalks lnto trucks that transport the rune to
the mill. These epa tions cause soil dtlance and in
ercuse the erosion hazard. Ilarrustmg during periods of
low rainfall reduec sod and water sses. The harvest
sc)dule should provide tisw for rogrowth so that the
soil is protected during periods of high rainfall. The
hazard of erosion can be reduced by estabhisking grassed
watervays. irriga ing and planting on the eentmw. lining
ditches and canals. and using diversion darhes in the
fields.

Sagareane groups

The soils of the islands are grouped according to their
suitabilit for sogareanc. Th grouping is based on the
similarity of management needs, btdluding irrigation,
and the mionnfs of solar insolation. There are four
groups. Eali group is described in the following pages,
and suggestions for munagrmnent. are given.

The nanws of the soil series reprosentel are listed hi
the description of each group but thin does not mean
that all the soil mapping units of a given series era m
the group. The designated group for each soil can be
found in the fluide to Mapping titmits.”

S Inc Euloa Pakals
Ji;vs Pohakapu
I bilcwa Lahelict Pnhii
ifahibnaile Lihue Pulehu
fan idahana Waliiawa
lulenu i [akaweli Wabikuli
Jaucas Mainaht Wrdakoa
I’awa.ilia pal i’Janana ‘Vaikomo
Keshna Moknleja Wailuim
ICokalma Molokal Wainee
Kemeo Nut ‘Vaipahu
Kolvkol Pam.

These oil are, sands, loams aRt lcvuus. clay losius,
silty day bases, silty clays, and nays, They nertil’ in

areas where insolation is high. The slope ranges from
0 to 25 percent. Average annual rainfall amounts to
ifi to 50 inches. The nieiui annual soil temperature is
bet wean GO and 75 F.

Permeability is moderate to rapid. Runott is very slow
to rnetlhiuu, and the erosion hazard is slight to niodermite,
Prom 0,5 inch to 2. inches of water is available par foot
of soil. The roo6rig depth is 15 to 00 inches or more.

rICse soils are irrigated by sprinklers (fig. 9) or hr
furrows from ditches or aluminum and concrete flumes,
Furrows are laid out across the slope near the contour.
Their gradient is 0,5 to 1.5 percent. All planting and
tilling are done across the slope near the conLour Sec
ondary field roads crosswise of the slope serto. as
diversions.

Yie,ld are 12 ft 15 tons per acre x’r crop.

SUOMICANS CROUP .

This group consists of moilarately vell drained and
wall drained soils of the Ilalil, Ttenamnattlu, Kidapa,
Kepea, Lawal. Leilehue. Poalon, and Pooku sCries, Those

FipuT’ 5.—trrigation of uga.remnie by h.tghvohune gun prnikier.

soils ate silty chLv banns, lhy clays, and eays They oc
cur in as where solar insolation is rulatuety low, The
slope rarares front 0 in percent. Rainfall is well dis
I ribtued tlironglwut the year. ‘lie average annual amount

is 50 to 151) inches for all except 1[atii and lianamirehi
soils, which receive lion to 250 itn’ltes. The nwan uwiusi
soil temperature is lat vcciL ti9 and bl F,

susAuruNs mwun m

rEltis group consists of excemuively drained to well
dramed soils of the following series
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Permeability is moderate to moderately rapid. Run
off is very siow to medium, and the erosion hazard is
slight to inoclerate About 1 or ‘2 inches of water is avail
able per foot of soil. The rooting depth is 24 to 60 inches
or more.

These soils are generally not irrigated. Young cane
should be alternated with old cane in strips. The width
of the strips is determined by the kind of soil, the length
and gradient of the slope, and the intensity and fre
quency of rainfall. All planting and tilling should be
done across the slope near the contour. Secondary roads
crosswise of the slope serve as diversions.

Yields are 8 to 10 tons per acre per crop.

5UGARCANE GROUP 3

This group consists of very poorly drained and poorly
drained soils of the Hanalei, Kaena, Kalihi, Kaloko,
Keaau, Mokuleia, and Nohili series. These soils are silty
clay barns, silty clays, and clays. They occur in areas
where solar insolation is high. The slope ranges from
0 to 25 percent. The average annual rainfall is 20 to 60
inches for all except HanaJei soils, which receive 120
inches. The rooting depth is 20 to 60 inches.

Permeability is very slow to moderately rapid. Runoff
is very slow to medium, and the erosion hazard is slight
to moderate. About 1.4 to 2.1 inches of water is available
per foot of soil.

These soils are irrigated by furrows generally from
ditches constructed across the slope near the contour.
Aluminum and concret.e flumes are used if the slope is
more than 1.5 percent. Cutoff drains and drainage ditches
reduce seepage and help in controlling the height of the
water table. Streambank stabilization and suitable out
lets minimize flood damage.

Yields are 9 to 12 tons per acre per crop.

SUGARCANE GROUP 4

This group consists of moderately well drained and
well drained soils of the Honouliuli, Kaena, Lualualei,
Makalapa, Nonopahu, and Waialua series. These soils are
silty clays and clays. They occur in areas where solar
insolation is high. They are sticky and very plastic and
can be cultivated within only a narrow range of moisture
content. The slope ranges from 0 to 25 percent. The aver
age annual rainfall is 18 to 50 inches. The mean annual
soil temperature is between 72° and 75° F.

Permeability is slow to moderate. Runoff is slow to
medium, and the erosion hazard is slight to moderate.
About 1.3 to 2 inches of water is available per foot of
soil. The rooting depth is 20 to 60 inches or more.

These soils are irrigated by furrows from ditches or
from aluminum and concrete flumes. The furrows are
laid out across the slope near the contour. Their gradient
is 0.5 to 1.5 percent. Secondary field roads crosswise of
the slope serve as diversions. All harvesting is done dur
ing dry periods.

Yields are 12 to 15 tons per acre per crop.

Pineapple Management
Pineapple, which is grown on all the islands in this

survey area, is the second most important farm crop in
Hawaii. It grows best in well-drained, nonstony soils in
areas where solar insolation is high.

Pineapple is grown in a cycle that extends over a pe
riod of about 40 months. The cycle extends from the time
the crop is planted until the same soil is again prepared
and planted. Two crops of pineapple are commonly har
vested from each cycle. The first crop, or the plant crop,
matures in 16 to 24 months, depending on the kind of
planting material and the weather conditions. The second
crop, or the ratoon crop, matures a year later.

Cultural practices for growing pineapple vary from
one plantation to the next. Seedbed preparation begins
with the removal of the old pineapple plants. The plants
are removed either by a clean tillage method in which the
plants are chopped and plowed under, or by a method in
which the plants are chopped and the crop residue is left
on the surface as a mulch. In the first method the soil is
plowed and disked. several times, whereas in the second
method little tillage is done. In order to reduce the
amount of residue the plants are sometimes partially
burned after they are chopped.

A few days before planting, a machine, in one opera
tion, applies a. soil fumigant and fertilizer, forms a plant
ing bed, and covers it with a strip of polyethylene. The
polyethylene serves as a mulch and reduces soil losses,
controls weeds, and forms a seal for the soil fumigants.
Slips, suckers, or crowns are planted by hand through
the polyethylene strips.

Fertilizer is applied in the soil before planting and as
a foliar spray as needed. Plants respond well to nitrogen,
phosphorus, and potassium. Iron is needed on all soils,
and zinc and lime are needed on some. The kind and
amount of fertilizer needed are determined by soil tests,
tissue analysis, field trials, and experience.

Pineapple fields are divided into blocks 100 to 130 feet
wide. The blocks are of uniform width and are separated
by roads used by spraying and harvesting machines. The
machines have arms that extend to half the width of the
blocks. Hormones that control fruiting time, insecticides,
and herbicides are applied.

Pineapple groups
The soils of the islands are grouped according to their

suitability for pineapple. The grouping is based on the
similarity of management needs, the slope, the amount of
solar insolation, and the amount of rainfall. There are
eight groups. Each group is described in the following
pages, and suggestions for management are given.

The names of the soil series represented are listed in
the description of each group, but this does not mean that
all the soil mapping units of a given series are in the
group. The designated group for each soil can be found
in the “Guide to Mapping Units.”

PINEAPPLE GROUP 1

This group consists of well drained or moderately well
drained soils Gf the Ewa, Holomua, Hoolehua, Kunia,
Lahaina, Molokai, Waihuna, and Waikapu series. These
soils are dominantly silt barns, silty clay barns, and silty
clays. They occur in areas whore insolation is high. The
slope ranges from 0 to 3 percent. In most places the ele
vation is less than 1,000 feet, but it ranges from near sea
level to 2,000 feet. The annual rainfall is 10 to 40 inches.

Permeability is moderately slow to moderately rapid.
Runoff is very slow to slow, and the erosion hazard is
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slight. About I or I ela’s of wuter is ailble per fool
of soil. rrje otb deplb i 40 to W inches or more.

ili planting wed ill 1in are done across la ojie
Gres±ed \vate \1 Sare flQQded in 503fl0 ai2flS, In most
placeS a mulch of crop residue (Sir. I)) hi beneficial, hut
a mulch should not be usscl at levat ions of ni’e I bun
L000 feet. because ubove this level the envirint±nI is
.faorable for the grail h of inuisnis tiutt muse plain
(seesaw Al the. lower elf a cins mulehmg nor onh’ run

serves inoistiwa tind co teals weeds but also rotects the
sofl from erosion.

If a mulch is esed. iijde oni be gown without hi
rigation in areas where the anneal rainfal is less than 5
inches, In these arene, planting is scheduled to take ad
vantnge of the rainy season.

if irriatlon water is aviul&na, areas that recehe less
11am 25 indies of rid Tifahi annual lv are usually irrirratec]
by truekonountd sprinklers or giant sprinklers (figS 111
An inch of watOr hi n1 lied iit, ench irrianlion., uua1lv in
sununer or as needed socm after planting. irrigation in
sures mdforni establishment of iilat s.

Yields amount lo iii to 15 toiis per act-c for the plu
crop and :i l) 5 iOns tier :irra for t lie rnlA}rni (1(1!i.

IiVPLK (ttOUP 2

This group consists >f well-deal ned oils of the follow
ing series

These soils are dt ninaittiv silt, barns, sill v clay k,ains,
and iItv clays, Thaw tecnr itt areas where so’lnr ii,solabion
is high. The slope ranges from to percent. The dc

cation ranges from nesr sea level to 1,000 feet but, is

eiuwrallv less I ban I .l0kJ l’eet. ‘lie a es-age annual rain
fall is 15 to 41) inehe.

Permeability is tnodei-:Lt el slow to neoderately rapid.
Ilimofi i slow to nw&lium and the erosion lmz:ird is
slight About I or l hwl’es of water is available per font
of soil, iTho rooting depth i 4() n 6(1 inches or rome.

Mi p1 riting end I hung are done across the a1ope
Field roads serve us di versions, Orsssed waterways are
needed in some areas. A mulch of crop residue is hiene
tidal except at. elevations of niore than l000 leek At the
lower elevations mulching cnnerves moisi ure controls

end reduces the hazard of erorion lint at the
Inglier clevation it increases the growth of orguni-ens

cause 1ilitt diseases.
Ii a mulch is used. piueaplc can be grown without

erigat inn in areas wi ieee the inn tiut] rainfall hi less lien
inches. In t lanze areas. jilantinir is scheduled In I nice

ailvurdege of the rainy seaceni.

Ewe
1 lolomua
TTooleliua
Is. eiLll.ua.
Koele
I’uni;t

Lahaina
lIolokai
I iwala
‘in iliuna.
\Va.ikap U

Fipw’s itt—-Young pinmpi1 plantS mnkhel wt1i .rop reidue The soB is a flolomue ili loam
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11 1 rrigat ion wal Cr is raus tile, a teu iii at. iveeive I ru
than 2 Indies f annual rainfall are usually irrigated by
tr’k-muuiited zdders or gnmt spriohiers. An inch of
water is applied at each pliention, usually in sunirner
or as needed soon after planting, irriratian insures uni
form establisi neat. of lnnt.s,

Yields arc $13 to 45 tons per acre for the plant crop ad
213 to $5 tme per acre for the ratoun crap.

PINEAPPLe creotrr

This group consists of wel drained soils of the fol
1oving series

These uils arc doruinoni lv IN. learns, sihr clay looms.
nd silty class. TIie. occur in. areas where solar insolation
is high. The slope ranges from S to 213 percent. The ele
vation ranges from near see level to 2M(O feet but is gm
orally less than L000 feet. The average annual rainfall
is 15 to 34) )flt!hC5,

Mi planting iu]r1 tilling are done cress the i0pC or on
the contour dig. 32). Woi’kabihitv is slighUv dililcult
because of the lapc. Diversion ditches en.a graclQd con
tour carry nrnoff water from tJ to fields, (isassed water
wny a.nd outlets are needed. A mulch of crop re.itltie
conserveS moisture, controls weeds, and reduces the. laaz
m’d of erosion. In areas wl.tere the elevation is more Limo
1.000 feat, mnic.hing increases heart rot and root rot

diseases.
If a mulch is used, innippie can be grown without

irrigaton in areas where the. annual rainfall is less tlmri
25 inches. In these areas, planting is scheduled to take
advautne of the rainy season.

if irritretbm water is as lIable, areas that receive less
than 25 inches of atinnal rainfall are. usually irrigated by
trw’k—mniin ted sprinklers or stationary sprinklers. An
inch of water is applied at each application, usually in
summer. or as needed soon after pliting. Irrigation in
nres tLnxfoIln establishment of plants.

Yields are 313 to 45 tons per acre for the. plant. crop und
213 to 35 tons acre for the ratoon crop.

PX!A’PL tfltOtW

Thij group consists of wildminecl sails of the Puhi
and Wahiawa series. These soils are sdtv clays and silty

tI.—Pinpph irrigated by giant sprink!rs.

I Jul oniua
i-I onohia
}lo Telnet.
Keolsut
Koele

.Knni a
Lahai.nrt.
Molokal
Tvaln.
Vailiinia
‘IVailnipu
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clay loanis. They occur in areas where solar insolation is
modende to high. Ih1ie slope rantres froii.i c to 3 percent
The elevation ranges from near sea level to 1.200 feet. rIie
average annual rain fau is 40 to Th inches.

Permeability is moderately eaphi. RanoII is very slow
to slow, and the erosion hazard is slight;. About I to 2
inches of water is available per foot of soil. The rooting
depth is 24) to Ut) inches or aore.

All plant;ng and tilling are done across the slope.
Grassed waterways are needed in some areas. Rainfnll
is ample: no irrigation is needed. In nearly all areas the
old plants are plowed under. Cropresidue mulch is nob
used because it increases heart rot and root rot d;seases..

Yielth’ are. 35 to Ui tons per acre for tim plant crop
arid 25 to 55 tons jier acre for the ratoon crop,

riNSArVt.s creour s

This group consists of well-drained soils of the fol
lowing series:

Maclen
hailer
Ilaliimaile
1 larnakuapoko
loleau

These soils are dominantly clays, silty clays, mid silty
clay loatns. They occur in areas where solar insolation is
moderate to high. The slope ranges from 3 to 8 percent
rrle elevation ranges from near sea level to 2,200 feet. ‘P1cc
average annual rainfall is 40 to 70 inches. -

Permeability is slow to moderately nznd titmoit s
slow, and the erosion hazard is slight to moderate, Aliont
1 to 2 inches of water is available iier foot of soil, TIm.
rooting depth is 20 to 60 inches or more,

All planting and. tilling are done across the slope or on
the contour. Field. roads serve as diversions. Grassed
waterways are needed in some areas. Rainfall is ample;
no irrigation is needed. In nearly all areas the old plants
are plowed under. Cr01) residue mulch is not used because
it increases heart rot and root rot diseases.

Yields are 35 to 45 tons per acre for the plant crop and
2$ to 3$ tons per acre for the ratoon crop.

CINEAPPLE cUtOUt’

This group consists of well-drained soils of the follow
ing series:

4

‘Sr

Figure 12,.—Ernsion controlled by planting pineapple on Ike contour. Infield roads sen-c as diverswns during intense storms.

1ihue
i1akawao
Manana

Pnb i
Yah I awn

Kaliaria
Kalae
Kemoo
IColelcole
teilelura
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These soils are dominantly clays, silty clays, and. silty
clay barns. They occur in areas where solar insolabon is
moderate to high. The slope ranges from 8 to ‘25 percent.
The elevation ranges from near sea level to 2,200 feet.
The average annual rainfall is 40 to 70 inches.

Permeability is slow to moderately rapid. Runoff is
slow to medium, and the erosion hazard is slight to mod
erate. About 1 to 2 inches of water is available per foot
of soil. The rootino’ depth is 20 to 60 inches or more.

All planting an tilling are done across the slope or on
the contour. Workability is slightly difficult because of
the slope. Diversion ditches on a. graded contour carry
runoff water from the fields. Waterways and outlets are
grassed. No irrigation is needed. In nearly all areas the
old plants are plowed under. Crop residue ‘mulch is not
used because it increases heart rot and root rot diseases.

Yields are 35 to 45 tons per acre for the plant crop and
25 to 35 tons per acre for the ratoon crop.

PINEAPPLE GROUP I

This group consists of moderately well drained to well
drained soils of the Halii, Kapaa., and Pauwela series.
These soils are dominantly silty clay barns, silty clays,
and clays. They occur in areas where solar insolation is
low. The slope ranges from 3 to 8 percent. The elevation
ranges from 100 to 1,500 -feet. The average annual rain
fall is 70 to 120 inches.

Permeability is moderately rapid. Runoff is slow to
medium, and the erosion hazard is slight. About 1 to 2
inches of water is available per foot of soil. The rooting
depth is 30 to (30 inches or more.

All planting and tilling are done across the slope or on
the contour. Field roads serve as diversions. Grassed
waterways are needed in some areas. Rainfall is ample;
no irrigation is needed. In nearly all areas the old plants
are plowed under. Crop residue mulch is not used because
it increases heart rot and root rot diseases.

Yields are 30 to 40 tons per acre for the plant crop and
20 to 30 tons per acre for the ra-toon crop.

PINEAPPLE GROUP S

This group consists of moderately well drained to well
drained soils of the Halii, Kapaa, and Pa-uwela series.
These soils are dominantly silty clay barns, silty clays,
and clays. They occur in areas where insolation is low.
The slope ranges from S to 25 percent. The elevation
ranges from 100 to 1,500 feet. The average annual rain
fall is 70 to 120 inches.

Permeability is moderately rapid. Runoff is slow to me
dium, a.nd the erosion hazard. is slight to severe. A-bout 1
to 2 inches of water is available per foot of soil. The
rooting depth is 30 to more than 60 inches. -

All planting and tilling are done across the slope or on
the contour. Workability is impaired somewhat by the
slope. Diversion ditches on a graded contour carry run-

off from the fields. No irrigation is needed. Waterways
and outlets are grassed. In nearly all areas the old plants
are plowed under. Crop residue is not used on the soils
in this group, because mulching increases heart rot and
root rot diseases.

Yields are 30 to 40 tons per acre for the plant crop and
20 to 30 tons per acre for the ratoon crop.

Pasture Management2
Approximately 385,000 acres in this survey area is used

for cattle grazing. Ranches range in size from 66,000 acres
to small units operated by part-time ranchers. Nearly all
ranches are the cow-calf type. Beef animals are generally
marketed as yearlings; some weaners are sold as feeders.

The native vegetation of the Hawaiian Islands quickly
disappeared after the introduction of cattle. All of the
present improved forage species have been introduced
from other areas of the world.

Forage production in areas of low rainfall is extremely
variable from year to year. In seasons of adequate rain
fall, the green-feed period extends from November to
July. In seasons of low rainfall the period is much
shorter. During droughts, green forage is generally non
existent. In areas of heavier rainfall forage production
is more consistent from year to year.

Establishment of pasture
A prepare.d seedbed insures a good stand of the seeded

species and is essential for the establishment of pasture.
In areas where it is impractical to prepare a seedhed by
cultivation, other practices, such as chain dragging, brush
rake dozing, controlled burning, and chemicals, can be
used to control the existing vegetation.

An application of nitrogen or nitrogen-phosphorus
fertilizer is generally needed for the establishment of
grasses. A phosphorus or phosphorus-lime fertilizer is
generally needed for the successful establishmant of
grass-legume pasture. Periodic applications of fertilizer
are needed for good pasture production and maintenance.
The rate of application and the timing depend on the
pasture species, the soil, the climatic condition, and the
season of. use. -

Using the best planting stock available, that is, clean
seed that has a high germination percentage, helps insure
a good stand. Inoculating legumes with the proper Rhizo
biurn species is essential for the establishment of a stand,
for maximum forage yields, and for sustained produc
tion. Weeds can be controlled with chemicals, by clipping
or mowing, or by controlled grazing.

Improved grasses and legumes suited to the survey
area are described in the following paragraphs.

KOA HA0LE (Leucasna leucocepha’io).—This is a deep
rooted, leguminous, long-lived shrub or small tree. It is
suited to areas that have 25 to 60 inches of annual rain
fall and elevations up to 1,500 feet.

Koa haole Is established from seed. For best results it
should be mechanically planted in a prepared seedbed,
with either guineagrass or green panicgrass, and man
aged to fit the growth cycle of the companion grass.

D. N. PAiMx AND T. A. BowN, plant materia’s specialists,
SOS, assisted iu the preparation of this section.

Alaeloa
Haiku
HaJiiinaile
Hamakuapoko
Ioleau
Kahana
Kalae
Kemoo

Kolekole
Leilehun
Lihue
Ma.hana
Makawao
Manana
Puhi
Wahia.wa
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BIG TIniFoIL (Lotus uligimosus) .—This is a long-lived,
serniprostrate legume that has rhizornes and a large
fibrous root system. It is suited to areas that have more
than 60 inches of annual rainfall and elevations of more
than 1,000 feet. It grows in open sunlight or partial
shade.

This legume is established from seed or cuttings and
is planted with either kikuyugrass or pangolagrass. It
has a 30-day regrowth cycle during the warmest months
and a 45-day regrowth cycle during the coldest months.
It withstands close grazing, that is, as close as 2 inches,
on a rotational basis.

INT0R’runI (Desmodium intortum) .—This is a long-
lived legume that has a long decumbent stern. It is suited
t.o areas that have 60 to 120 inches of annual rainfall and
elevations up to 3,000 feet.

Intortum is established from either seed or cuttings.
For best results seeds should be mechanically planted in
rows on a prepared seedbed. This legume is generally
planted with pangolagrass, and the two are managed for
the intort-urn. After the leaves have been stripped from
the stems, grazing should be deferred and the intortum
allowed to regrow. The regrowth cycle is about 60 days
in summer and 90 clays in winter.

BuFFELGss (CenohDus ciliaris) .—T-his is a long-lived
bunchgrass. It is well suited to areas that have 10 to 40
inches of annual rainfall and elevations of less than 2,000
feet. It has a high potential for forage production and
a large fibrous root system that helps control erosion.

Buffeigrass is readily established from seed. It is best
established by shallow seeding with a mechanical planter
on a. prepared seedbed. A rotational system of deferred
grazing that provides a seed crop improves thin stands
and helps in maintaining the pasture. After a significant
rain, the pasture can be grazed within 21 to 30 days. If
enough soil moisture is available, buffelgrass is grazed
on a 30-day rotation. It should never be grazed closer
than 2 to 3 inches.

GREEN PANrcrniAss (Paiiicum maximum var. trico
gume) .—This is a long-lived bunchgrass 3 to 6 feet tall.
It is suited to areas that have 22 to 60 inches of annual
rainfall and elevations of less than 2,000 feet. It is a
high-producing forage plant that, makes good ground
cover and helps control erosion.

Green panicgrass is easily established from seed. It
has excellent seedling vigor. For best results it should
be mechanically planted on a prepared seedbed. The
stands can be improved and forage can be provided dur
ing the dry season by a- system of deferred grazing that
produces a seed crop. Established pasture of green panic-
grass can be grazed 30 to 40 days after the end of the
dry season. It has a 30-day regrowt.h cycle during the
warm months and a 45-day regrowth cycle during the
cool months. For best results, green panicgrass should
not be grazed closer than 4 to 6 inches.

Gu1NEAGRA5s (Panicum maxim-urn) .—This is a long-
lived bunchgrass 6 to 8 fee.t tall. It is suited to are-as that
have 25 to 60 inches of annual rainfall and elevations of
less than 2.000 feet. It has a high potential for forage
production. The large fibrous root system is a good soil
binder and helps control erosion.

Guineagrass is easily established from seed on a pre
pared seeclbed. Thin stands can be improved by a sys

tern of deferred, grazing that provides a seed crop. An
established guineagrass pasture can be grazed 40 to 60
days after the end of the dry season. If soil moisture is
sufficient-, guineagrass ca-n be grazed on a 60-day cycle
during the hot months and a 90-day cycle during the
cool months. To maintain good production and a good
stand, this grass should not be grazed closer than 8 to 10
inches.

KIKuYuGnss (Pen’ni.setum cZandesti’nurn) .—This is a
long-lived, deep-rooted, sod-forming grass that spreads
by stolons and forms a dense turf. It is an excellent pas
ture and soil-stabilizing grass. It is suited to all elevations
where annual rainfall is 40 to 80 inches.

Kikuyugrass is established from sprigs. It has a 30-day
regrowth cycle during the warmest months, and a 45-day
regrowtli cycle during the coolest- months. For best results
it should not be grazed closer than 2 inches.

PANGOLAGRAss (Digitaria decumbens) .—This is a long-
lived grass 2 to 3 feet tall. It has long stolons that root
at the nodes a-nd an open turf. It produces good forage
and provides excellent ground cover that helps control
erosion. It is suited to areas that have 60 to 120 inches of
annual rainfall and elevations of less than 3,000 feet.

Pangolagrass does not produce viable seed. It is propa
gated by sprigging. For best results the sprigs should be
planted less than 2 inches -deep in a prepared seedbed.
Established pangolagrass has a regrowth cycle of 30 days
during the warm months and 45 days during the cool
months.

CALIF0RNIAGnASs (Brachiavia mut-ica syn. Panicum
purpurasceiis) .—This is a long-lived, sod-forming grass.
It has a coarse trailing stein that- roots at the nodes. The
flower stern is as much as 6 feet tall. Californiagrass. also
commonly called paragrass, has a high potential for for
age production. It is particularly suited to poorly drained
soils that are less than 2,000 feet in elevation. California-
grass is a poor seed produeer and is usually propagated
from cuttings, or sprigs. Established paragrass has a
regrowth cycle of 60 days during the warm months and
90 days during the cool months. Locally, it is used mainly
as green-chop forage.

Forage production
The consistent variation in forage production from

season to season, the lengths of the green-feed period,
and a balance between the number of stock and the
amount of forage are all factors to be considered in
planning pasture management. Pasture rotation, periodic
deferment, and a good fertilization program help in
maintaining the desirable forage plants. Extreme care
in grazing newly seeded pastures prevents the destruc
tion of the new seedlings. During the first year it is
desirable to allow btmchgrasses to produce a seed crop
to insure a good stand.

Continuous grazing lowers forage yields, weakens the
vigor of the forage plants, and reduces their ability to
compete with other plants. R-otationa-1 grazing of pasture
improves the utilization and production of forage, re
duces weeds, and prolongs the life of the plantings
(fig. 13).

Most pastures eventually need reseeding. The pro
ductive life of the forage plant depends on the species
and the kind of management.
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Pasture group.
The oiis of rue islands are groiLped according to their

suItability for pasture. in each group are sails that pro—
diice about the annie kinds and amounta of vegointion
and require aimilar manageniect. ‘l’herc are 14 groups,
13 of winch cOmit of soils and 1 or land tYpes. Each is
descrthcd in the followunt peg s. A]so, the species sint—
able for each group are named and the estimated potem
tial productivity is given.

The names of the soil series represented are
in the description or each group, hut I his does not mccii
that all the oi1 mapping units of a given series arc
in rho ronp. The d ignared group for each oii can
li found in the nidc to Mapping Fniis” desIgima
Lions are gvon in the guide for the immisellaneous land
types mapped in the ecnuoissance smmr cy, .\hl are in
pasture group 11.

t’ASTURE (lOUP 1

This group consists of sails of the following series:

iInln.
iJala
Puuumo.
Va mak>a

Also
Iloloimm
Jam ira s

ICatimhi ikani
Kealia
ICeawa kapi

‘l’heso soils mire eu alluvial fani, terraces. awl 1w
j till’ (trier 05 of the survey urea. Thv

developed iii niatecial weathered frmii basic igneous rocks
and in a htuvmnin, coral rmnil, na.l volcanic ash. They are
20 to more than lu inches deep. The slope munge is 0 to
1,i percent. The elevation ranges from *ioa level to 1,500
feet, In moat places average annual rainfall amounts to
10 to 20 inches annually, The memm annual air tempermu

is hem eeu Tt mmml 7S F. This pasture group makes
u p bout t.t1O acres,

Drainage, is good, e’iept in areas of Kealimi soils. Per-
macability is rapid to moderate in till except. Kiupuhikani
soils, where it is rnodrate1y slow to slow.

The vL’gi’tnt mu in unimproved pasture is dominantly
piligrasa, white piligrass, feather lingergrass, ilima, tibmu
lO.L iJ3iiUesO tCa: golden crownbear4l. and zinnia. Kiawe
trees grow in dense stands along the coastal flats and in
open stands on the uplands. In summer the mmmiii source
of forage along ilte coastal lists i5 kiawe l3Otl. i’ickl
weed iii the dcmuiinant plant on ICeahia soils. I ‘nimmiproved
ium produces 400 to L00 pounds of mon-dry forage
per wro per year. l9ircesfourths or more of time unulual
forage crop us produced during the rainy season. In
smunnaur, raciaL of the mmummls die and the perennials
become dormant.

Pat-age species for improved pasture are luifreigrasa,
white piligrmiss. and giant bri Inludagrass. Buiffeigrass is
especially well suited; ut sprea(ls rapidly nd provides
ground corer for eroded areas. Gmnneagrass cud koa
lamole are suitable mu areas where rainfall is more plenti—
fiul and in urcas alonj,t tl,c- coast where ground water is

Figere 13.—flotaton grazing on fertilized paiigolagra.s-kainui clover pastureS
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near the surface. Australian sait.b.ush is the only im
proved species suitable for the saline Kealia soils. Well-
managed improved pasture produces 1,700 to 2,000
pounds of air-dry forage per acre per year.

Improverneet of pasture is difficult, in stony areas.
Seeding, fertilization, and weed and brush control are
limited to hand and aerial methods. Improvement of
pasture on eroded soils is difficult because of strong
winds and low rainfall.

PASTURE GROUP 2

This group consists of soils of the following series:

These soils are on alluvial fans, terraces, and low up
lands. They developed in alluvium, marine sediments,
volcanic ash, and material weathered from basic igneous
rocks. Mamala and Waiawa soils are less than 20 inches
deep; the rest are 20 to more than 60 inches deep. Slopes
are dominantly 0 to 35 percent but range from 50 to SO
percent on Waiawa soils. The elevation is less than 1,000
feet in most places but ranges to 2,500 feet in areas of
Puu Pa and Waiawa soils. The average annual rainfall is
mainly 15 to 35 inches. The mean annual air temperature
is between 70° and ‘75° F. This pasture group makes up
about 157,000 acres.

Drainage is good to moderately good. Permeability is
moderately rapid to slow.

The vegetation in unimproved pasture is dominantly
kiawe, kos. haole, klu, ilima, uhalca, lantana, buffeigrass,
bermudagrass, piligra.ss, flngergrass, and bristly fox
tail. Forage production in winter is estimated to be ap
proximately three times as much as that in summer. Total
production is 700 to 1,700 pounds of air-dry forage ier
acre per year.

Buffelgrass, white piligrass, giant bermudagrass,
guineagrass, and icon haole are suitable species for im
proved pasture. ‘Well-managed improved pasture pro
duces 1,00 to 2,000 pounds of air-dry forage per acre
per year.

Improvement of pasture is difficult on extremely stony
and extremely rocky soils and on soils steeper than 40
percent. Seeding, fertilization, and weed and brush con
trol are limited to hand and aerial methods. Improvement
is difficult on eroded soils because of strong winds and
low rainfall. It is difficult on Lualualei soils because these
soils are very sticky and very plastic and have poor work
ability.

PASTURE GROUP 3

This group consists of soils of the following series:
Haleiwa Kahana
Haliirnaile Kamaole
Helernano Kanepuu
Hoolehua Kaupo
Tao Kawaihapai

These soils are on coastal plains, alluvial fans, terraces,
and low uplands. They developed in alluvium, volcanic
ash, and material weathered from basic igneous rocks.
They are 20 to more than 60 inches deep. Slopes are
dominantly 0 to 35 percent but are more than 35 percent
on Helemano and Papaa soils. The elevation ranges from
near sea level to about 2,000 feet. The average annual
rainfall is mainly 25 to 40 inches but ranges from 20 to
60 inches. The mean annual temperature is between 69°
and 75° F. This pasture group makes ‘up about til,700
acres.

Drainage is good to moderately good except on the
Mokuleia poorly drained variant. Permeability is moder
ately rapid to slow.

The vegetation in unimproved pasture is dominantly
kiawe, koa haole, klu, lantana, molassesgrass, bermuda
grass, dallisgrass, Natal redtop, uhaloa, ilirna, sourgrass,
piligrass, and fuEzy top. Guava and Christmas berry
grow in the areas of heaviest rainfall. Forage production
in winter is estimated to be about three times as much as
that in summer. Total production is 1,000 to 2,000 pounds
of air-dry forage per acre per year.

Buffelgrass, guineagrass, green panicgrass, and koa
haole are suitable species for improved pasture. Well-
managed improved pasture produces 2,000 to 4,800
pounds of air-dry forage per acre per year.

PASTURE GROUP 4

This group consists of soils of the Kula, To, and Urns.
series. These soils are on low and intermediate uplands.
They developed in volcanic ash and cinders. Kula soils
are 24 to more than 60 inches deep over bedrock. lo soils
are 20 to 40 inches deep over line cinders. Urna soils are
less than 10 inches deep over fine cinders. The slope range
is dominantly 0 to 40 percent but is as much as 70 per
cent for Urna soils. The elevation is dominantly 1,000 to
4,000 feet but ranges to 6,000 feet for Urns soils. The
average annual rainfall is ‘25 to 40 inches. The mean
annual air temperature is between 56° and 69° F. This
pasture group makes up 17,450 acres.

Drainage is good to excessive. Permeability is very
rapid to moderately rapid.

The vegetation in unimproved pasture is dominantly
bermudagra.ss, rattailgrass, yellow foxtail, Natal redtop,
black wattle, and joee. Forage production in winter is
about twice as much as that in summer. Total production
of unimproved pasture is 2,000 to 3,000 pounds of air-dry
forage per acre per year.

Guineagrass, green paniegrass, kikuyugrass, and Gly
cine are suitable species for improved pasture. Well-
managed improved pasture produces 3,500 to 6,000 pounds
of air-dry forage per acre per year.

Koele
Kokokahi
Kunia
Lahaina
Makalapa
Mokuleia
Niu
Paia

Parnoa
Papas.
Wahikuli
Waialua
Waihuna
Wailuku
Waipahu

Ewa
Honouliuli
Keahua
Kekaha
Koko
Lualualsi
Makaweli
Mamala
Molokai

Nonopahu
Onnapuka
Pakala
Pulehu
Puu Pa
Uwala
Waikapu
Waiawa
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PASTURE GROUP 5

This group consists of soils of the Kaimu, Kalaupapa,
Kernoo, Koloa.. Lihue, Pane, Ulupaiakua, Wahiawa., and
Waikomo series. These soils are on uplands. They devel
oped in volcanic ash and material weathered from basic
igneous rocks. The slope range is up to 70 percent for
Keruoo soils but is 0 to 40 percent for the rest. The ele
vation ranges from near sea level to 4,500 feet. The aver
age annual rainfall is 30 to 60 inches. The mean annual
air temperature is between 65° and 74° F. This pasture
group makes up about 57,800 acres.

Drainage is good. Permeability is very rapid to
moderate.

The vegetation in unimproved pasture is dominantly
joec, Japanese tea, koa haole, lantana, bermudagrass,
Natal redtop, rattailgrass, pricklypear cactus, and guava.
There are dense stands of koa haole at the lower eleva
tions. Unimproved pasture produces 2,000 to 3,200
pounds of air-dry forage per acre per year.

Forage species for improved pasture are kikuyugrass,
pangolagrass, intortum, gluneagrass, and green panic
grass. Koa haole grows well at elevations of less than
1,100 feet. Well-managed improved pasture produces
4,000 to 7,000 pounds of air-dry forage per acre per year.

Improvement of pasture is difficult on extremely stony,
extremely rocky, very rocky, and very steep soils. Seed
ing, fertilization, and weed and brush control are limited
to hand and aerial methods. Improvement on eroded soils
is difficult because of low fertility and high erodibility.

PASTURE GROUP 6

This group consists of soils of the following series:

Alaeloa
Halawa
Hamakuapoko
Iolea.u
Kalae
Kolekole

These soils are on alluvial fans, terraces, and low
uplands. They developed in alluvium, volcanic ash, and
material weathered from basic igneous rocks. They are
24 to more than 60 inches deep. Slopes are dominantly
0 to 40 percent but range to as much as 70 percent on
Alaeloa, Halawa, and Oh soils. The elevation ranges
from 50 to 3,250 feet. The average annual rainfall is
30 to 60 inches. The mean annual air temperature is
between 67° and 73° F. This pasture group makes up
about 75,500 acres.

Drainage is good. Permeability is moderately rapid
to slow.

The vegetation in ummprovecl pasture is dominantly
hulograss, yellow foxtail, molassesgrass, Natal redtop, koa
haole, joee, Japanese tea, guava, Christmas berry, and
Java plum. There are dense stands of koa haole at the
lower elevations. Unimproved pasture produces 2,400 to
3,200 pounds of air-dry forage per acre per year.

Forage species for improved pasture are kikuyugrass,
pangolagrass, guineagrass, green panicgrass, intorturn,
and koa haole. Well-managed improved pasture produces
5,000 to 9,000 pounds of air-dry forage per acre per year.

Seeding, fertilization, and weed and brush control are
limited to hand and aerial methods on the very steep

soils. Improvement of pasture on eroded soils is difficult.
because of low fertility and high erodibility.

PASTUCE GROUP 7

This group consists of soils of the Hanalei, Kaena,
Kalihi, Kaloko, Keaau, Nohili, and Pearl Harbor series.
These soils are on coastal plains, alluvial fans, terraces,
and low uplands. They developed in alluvium, colluvium,
and marine sediments. They are 20 to more than 60
inches deep. The slope range is dominantly 0 to 6 percent
but ranges to 35 percent on Kaena soils. The elevation
ranges from sea level to 300 feat. The average annual
rainfall is 18 to 120 inches. The mean annual air tem
perature is between 73° and 75° F. This pasture group
makes up about 19,500 acres.

Drainage is somewhat poor to very poor. Permeability
is moderate to very slow.

The dominant vegetation in unimproved pasture is
ca.liforniagrass, honohono, sensitiveplant, sedges, Java
plum. and koa haole. Unimproved pasture produces 3,000
to 6,000 pounds of air-dry forage per acre per year.
Forage production is well distributed throughout the
year.

Forage species for improved pasture are pangola
grass, intortuin, and californiagrass. Pano1arass and
intortrnn are suited to the better drained sorls, california-
grass to the wetter soils. Well-managed improved pasture
produces 7,000 to 16,000 pounds of air-dry forage per
acre per year.

Improvement of pasture is difficult on the ver stony
Kaena soils. Seeding, fertilization, and weed and brush
control are limited to hand and aerial methods.

PASTURE GROUP S

This group consists of soils of the following series:

Haiku.
Hanamaulu
Hihimanu
Honolua
Kahanui
Kalapa
Kaneohe
Kolokolo
Lawai
Leilehua

These soils are on alluvial fans, terraces, and low
uplands. They developed in alluvium, colluvium, volcanic
ash, and material weathered from basic igneous rocks.
They are 30 to more than 60 inches deep. Slopes range
from 0 to 70 percent. The elevation ranges from near sea
level to 3,750 feet. The average annual rainfall is mainly
50 to 150 inches. The mean annual air temperature is
between 62° and 73° F. This pasture group makes up
about 112,800 acres.

Drainage is somewhat poor to moderate for Lawai
soils and is good to moderate for the rest. Permeability
is moderately rapid to moderate for all.

The vegetation in unimproved pasture is dominantly
Japanese tea, bermudagrass, ricegrass, hilograss, carpet
grass, glenwoodgrass, yellow foxtail, honohono, para
grass, sensitiveplant, guava, lantana, Christmas berry,
koa, and ohm. Unimproved pasture produces 3,000 to

Mahana
Manana
Naiwa
Oh
Pohakupu
Puu Opae

Lolekaa
Makaalae
I\Iakawao
Olelo
Paaloa
Paumalu
Pauwela
Puhi
Waikane
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ture is between 57° and 600 F. This pasture group makes
up about 14,100 acres.

Drainage is good. Permeability is moderately rapId.
The vegetation in unimproved pasture is dominantly

false staghornfern, yellow foxtail, koa, guava, Christmas
berry, ohia, and puakeawe. Unimproved pasture produces
2,200 to 3,500 pounds of air-dry forage per acre per year.
Forage production is well distributed throughout the
year.

Forage species for improved pasture are kikuyugrass,
orchardgrass. and big trefoil. Intortum grows well at the
lower elevations. Well-managed improved pasture pro
duces 4,200 to 8,000 pounds of air-dry forage per acre
per year.

Improvement of past.ure is difficult on the extremely
stony and stony soils that are mapped as complexes.
Seeding, fertilization, and weed and brush control are
limited to hand and aerial methods on the very steep
Kokee and Paaiki soils.

PASTURE GROUP 13

This group consists of soi]s of the Kaipoioi and
Laurnaia series. These soils are on intermediate and high
uplands. They developed in volcanic ash. They are 40 to
more than 60 inches deep. Slopes are mainly 7 to 40
percent but range to 70 percent on Laumaia soils. The
elevation ranges from 3.500 to 8,000 feet. The average
annual rainfall is 30 to 50 inches. The mean annual air
temperature is between 49° and 570 F. This pasture
group makes up about 21,500 acres.

Drainage is good. Permeability is moderately rapid.
The vegetation in iuiimproved pasture is dominantly

rattailgrass. sweet vernal, Yorkshire fog, and puakeawe.
Unimproved pasture produces 1,800 to 3,000 pounds of
air-dry forage per acre per year. Forage production is
well distributed throughout the year.

Forage species for improved pasture are orchardgrass,
kikuyugrass, white clover, and red clover. Well-managed
improved pasture produces 3,500 to 6,500 pounds of air-
dry forage per acre per year.

Seeding, fertilization, and weed and brush control are
limited to hand and aerial methods on the very rocky
Kaipoioi soils and the very steep Laumaia soils.

PASTURE GROUP 14

This group consists of land types on alluvial fans, ter
races, and uplands. The soil material is derived from
basic igneous rocks, alluvium, colluvium, and volcanic
ash. The soil depth ranges from very shallow to more
than 60 inches. Slopes range from nearly level to very
steep. The elevation ranges from near sea level to about
8,000 feet.. The annual rainfall ranges from 15 to more
than 100 inches. The mean annual air temperature is
between 49° and 75° F.

Drainage is good to excessive.
This pasture group is extremely variable because of

the wide range in rainfall, elevation, temperature, and
soil characteristics. The vegetation and forage production
of each land type are similar to those of associated soils.

No reference is made in the “Guide to Mapping Units”
for pasture group 14.

Woodland Management’
Approximately 396,000 acres in the survey area is used.

for commercial timber. Most of the commercial woodland
consists of introduced species. For this reason, site prepa
ration that involves rough land clearing is often needed
before planting to remove competing plants. Generally,
plantings are made at 8x8- to 12x12-foot spacings. After
regeneration is established and until the seedlings are
well established, competing grasses, feriis, shrubs, or
tree reproductions are removed. To insure adequate tree
survival and good form, the initial plantings are gen
erally closer than needed. The removal of surplus trees
by thinning between the ages of 5 and 20 years improves
the growth and quality of the merchantable tree crop.
Only the trees left for later cuttings are pruned. Periodic
commercial thinnings maintain a fast growth rate on the
remaining quality trees. When the stand has reached a de
sired size, it is harvested either by a system of clearcut
ting or by some type of she.lterwood cutting.

Access and protection are of primary importance to any
feasible land-use program. Good roads should be devel
oped and maintained on grades of less than 12 percent
and protected by water bars and culverts.

The degrees of hazards and limitations for growing
wood crops arc explained in the following paragraphs.

Seedling mortality is the mortality of naturally occur
ring or planted tree seedlings as influenced by the quality
of soil, the topographic features, and the climate. A rat
ing of slight indicates that expected mortality is less
than 25 percent. A rating of moderate indicates an esti
mated mortality of between 25 and 50 perce.nt. A rating
of severe indicates that the mortality rate. is more than
50 percent. These ratings indicate the expected survival
from natural regeneration or planting, the choice and
intensity of seeclbed treatment, the grade of planting
stock and type of planting methods, and the possibility of
interplanting or re.planting for establishment of an ade
quate stand.

Plant competition is the invasion or growth of uncle
sirable plant species. A rating of slight indicates that
competition does not prevent adequate natural regenera
tion and growth or interfere with development of planted
seedlings. A rating of moderate indicates that competi
tion delays natural or artificial regeneration in both es
tablishment and growth rate but does not prevent the
eventual development of adequately stocked stands. A
rating of revere indicates that competition prevents ade
quate regeneration unless there is intensive site prepara
tion and followup weeding. These ratings indicate the
choice of species, the method of regeneration, the inten
sity of soil preparation, the required stand treatment,
and the probability of obtaining adequate and immediate
restocking.

Equipment limitation refers to characteristics of the
soils that restrict or prevent the use of equipment corn
monly used in tending and harvesting tlie trees. A rating
of slight indicates that equipment is not restricted in
kind or time of year. A rating of moderate indicates that
equipment is moderately restricted because of slope, stones
or obstructions, seasonal soil wetness, or physical soil

JoxN HULTGxzN, woodland conservationist, SCS, assisted in
the preparation of this section.
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characteristics. A rating of se’vere indicates that special
equipment is needed.

Erosion hazard indicates the degree of potential soil
erosion. Soil erosion in woodland seldom occurs until the
vegetation is disturbed or destroyed by fire, excessive
grazing, logging, or roadbuilding. Erosion becomes a
major problem during road-building and logging opera
tions. The slope, the stability of the soil, the permeability
and water-holding capacity, and the effects of past ero
sion all influence the rating. A rating of slight indicates
only minor problems. A rating of moderate indicates that
measures are needed to control erosion. A rating of severe
indicates that intensive treatment and specialized equip
ment and methods of operation must be applied.

Windtlirow hazard indicates the possibility of trees be
ing blown over by wind. A rating of slight indicates that
trees in forested areas are not likely to be blown down
by commonly occuring winds. A rating of nwdera.te indi
cates that some trees are expected to blow down during
high winds because of soil shallowness or wetness.

Woodland groups
The soils of the islands are grouped according to their

suitability for woodland. Each group is made up of soils
that produce similar kinds of wood crops, need similar
management, and have about the same potential produc
tivity. There are 16 groups. Each is described in the fol
lowing pages. For each group, the species suitable for
producing wood crops are named, estimated productivity
is given, and the relative degrees of hazards and limita
tions for growing wood crops are given.

Ohia and koa are the main native species satisfactory
for production of commercial timber. Foresters consider
these species inferior, slow growing, or difficult to rees
tablish. Most of the suitable species mentioned in the
following pages are exotics. These introduced trees are
considered the most suitable commercial species now
known.

At present, there are no site or yield tables for any
species grown in Hawaii. Nevertheless, many stands of
trees that have a known age have been measured, and
yields have been estimated, based on a 30-60-year cutting
cycle. Annual productivity is estimated in hoard feet
(International J” rule). The variation in growth among
the species accounts for the wide range in productivity
within a group.

The names of the soil series represented are mentioned
in the description of each group, but this does not mean
that all the soil mapping units of a given series are in
the group. To find the woodland classification for each
soil, refer to the “Guide to Mapping Units.”

WOODLAND GROUP 1

This group consists of soils of the following series:

These are well drained to moderately well drained clay
barns, silty clays, and clays that developed in residuum
and alluvium derived from basalt and andesite. They

are on low uplands and also in intermittent drainageways
and on alluvial fans on the coastal plains. Kaupo soils
are 20 to ‘10 inches deep, and the rest are more than
60 inches deep. The elevation ranges from sea level to
1,800 feet. The slope ranges from 0 to 40 percent except
for a small area of Papaa soils where it is more than
40 percent. The average annual rainfall is 22 to 60 inches.

Suitable species are monkeypod, Norfolk Island pine,
silk oak, saligna eucalyptus, and blackbutt eucalyptus.
The estimated annual productivity is 100 to 500 board
feet per acre. Seedling mortality is moderate to severe.
Plant competition from koa haole, guava, and grasses is
slight to moderate. The equipment. limitation is severe
on the very steep Papaa soil but is slight on the rest. The
erosion hazard is slight, and the windthrow hazard is
slight.

WOODLAND GROUP 2

This group consists of soils of the Kula and To series.
They are well-drained barns and silt barns that devel
oped in volcanic ash. They are gently sloping to moder
ately steep and are on uplands. They are 20 to more
than 40 inches deep over cinders or bedrock. The eleva
tion ranges from 1,000 to 3,500 feet. The average annual
rainfall is 25 to 40 inches.

Suitable species are loblolly pine, slash pine, cluster
pine, gray ironbark eucalyptus, and red iroii’bark euca
lyptus. The estimated annual productivity is 100 to 200
board feet per acre. Seedling mortality is moderate to
severe. Plant competition is slight. The equipment limi
tation is moderate on the very rocky Kula soils but is
slight on the rest. Time erosion hazard is moderate to
severe. The windthrow hazard is slight.

WOODLAND GROUP S

This group consists of soils of the Kainmu, Pane, and
Ulupalakua series. These a-re well-drained soils that
developed in volcanic ash and cinders and in organic
matter. They a-re moderately sloping to moderately steep
and are on intermediate uplands. The Kaimu soil is 3 to
8 inches deep over fragmental An lava. The others are
24 to more than 40 inches deep over fine cinders or frag
mental An lava. The elevation ranges from 1,000 to 4,500
feet. The slope ranges from 7 to 25 percent. The average
annual rainfall is 30 to 50 inches.

Suitable species are saligna eucalyptus, lemon-gum
eucalyptus, ta1lowwood eucalyptus, blackbutt eucalyp
tus, loblolly pine, slash pine, Monterey pine, and Norfolk
Island pine. The estimated annual productivity is 200
to 500 board feet per acre. Seedling mortality, plant
competition, the equipment limitation, and the windthrow
hazard are all slight. The erosion hazard is moderate.

WOODLAND GROUP 4

This group consists of soils of the following series:

Hanalei Kekaha
Kaena Lualuajei
Kalihi Pakala
Keaau Pearl Harbor

These are poorly drained or very poorly drained silty
clays and clays that developed in alluvium and colluvium
derived from basalt and andesite. They are on alluvial
fans, colluvial slopes, and coastal plains. Pearl Harbor
soils are 20 to 50 inches deep over muck or peat. The

Haleiwa
Haliimaile
Kahana
Kaupo
Kawaihapai
Kunia

Lahaina
Niu
Papaa
WTaiahua
1Vaih±u
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rest are more than 00 inehe drop. Tlw clevaton rrmgcs
from sea i to :00 feet. Tue slope raugo frmn 0 to 0
percenL The average annual rainfall is 18 to 100 inches.

A suitable species is robusta en h’puma The estiniatsxl
tin anal prod ret Ivit r is 300 to 800 Imeard feet per aere
Seedling mortality is slight to moderatre Plant corn peti
tion from cahiforniagrimas is severo The equipment ihni

Tho eeion lasard is moderate on the
sEes per 1aena soils but is slight on the rest. The wiimd
throw hazard is moderate.

W000LANO (OOtP

This group consists of soda of the following series:

These are voll-drained silt losmns, silty clay learns, and
silty clays that developed hi ulluvium eolluvium and
rrsidnitm derived from basalt and amidesite, and hi vu]
caine ash. They arc on L’racos, alluvial famms and low

bmds Tlay are 20 to more than 60 inches deep. The
ranges from near sea level to 3,000 feet. Th

loo I9tnges rozn 0 to 40 perceiit. The average enmml
rainfall is 30 to (10 inches.

Suitable species ore saligna eucalyptus, hlackbutt euca
lvptiis, and orfolk island pine. Sas1t pine and lobiolly
pine are suitable at 1evation above 1,000 feet (fig 16)
and mon.kevpod ny elevmmtions below iJ0it feeL The esti
mated annual productivity is 7440 to 1,000 board feet.
Seedling iunrtality is sli&it to irioderaic. Plant CompeL—
don from gwnni. Chrlstmna berry, koc haolo, and. grasses
is inc,dorcte, The equipment limitation and the eresam
hazard mire both alight to moderate. rrhe windthrow
hazard is slighL

WOVPLAN (UmOUP

This group consists of soils ol’ the ioleau, icolekole,
and Manana series. These are well-drained silty clay
barns and silty clays that developed in old auluviuni nd
residuum derived lrom basalt und amltsite. They are on
low uplands. They arc 15 to 50 inches deep over 0 earn
pact, panlike layer, The elevation ranges from 10(4 to
1,200 feet. The siope ranges from 0 ru 44) percent. The
average annual rainfall is 35 to TO indi.

Suitable species are sauigna eucnlypnw. blackbutt euca
lypt us, silk-oak, and. monkayped. ‘Phe estimated ammual

A]aela
ILilawa
ILimakuapoko
Kalae
Jcsimoo
IColoa
Lihuc?

Ialatna
Nih wa
Oil
lkliakupu
Pun ()uie

Figure JL—Sx-yoar-old plantings of slash piac on a Naiwa silty nay loam weemiland group 5, The trees are about 10 feeL tail.
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productivity is 200 to 600 board feet. Seedling mortality
is moderate. Plant competition from koa haole, Christmas
berry, and grasses is slight to moderate. The equipment
limitation is slight. The erosion hazard is slight to mod
erate. The windthrow hazard is moderate to severe.

WOODLAND GROUP 7

This group consists of soils of the following series:

Haiku
Hanamaulu
Honolna
Kalapa
Kaneohe
Kolokolo
Lawai
Leilehua
Lolekaa

These are well-drained silt barns, silty clay barns,
silty clays, and clays that developed in alluvium, collu
vium, and residuum derived from basalt and andesite,
and in volcanic ash. They are on fans, terraces, and low
uplands. They are 30 to more than 60 inches deep. The
elevation ranges from 0 to 2,200 feet. The slope ranges
from 0 to 40 percent. The average annual rainfall is 50
to 100 inches.

Suitable species are saligna eucalyptus, tallowwood
eucalyptus, robusta eucalyptus, Norfolk Island pine, and
albizzia. Monkeypod is suitable at elevations of less than
1,000 feet. The estimated annual productivity is 500 to
1,500 board feet per acre. Seedling mortality is slight.
Competition from false staghornfern, guava. Christmas
berry, and grasses is moderate to severe. The equipment.
limitation and the erosion hazard are both slight to mod
erate. The windthrow hazard is slight.

WOODLAND GROUP 8

This group consists of soils of the Hana, Kailua,
Malarna, Niulii, Tantalus, and Honomanu. series. These
are well-drained silt. barns, silty clay barns, and silty
clays that developed in volcanic ash and cinders. They
are 15 to more than 60 inches deep over cinders, frag
mental Aa lava, or soft weathered rock. The elevation is
dominantly hum near sea level to 2,000 feet, but ranges to
4,500 feet for Honomanu soils. The slope ranges from
3 to 70 percent. The average annual rainfall is dominantly
90 t•o 150 inches but measures as little as 50 inches on
Tantalus soils and as much as 250 inches on Honomanu
soils.

Suitable species are saligna eucalyptus, robusta euca
lyptus, Nepal alder, Norfolk Island pine, Australian
toon, Queensland maple, tropical ash, blackwoocl, sugi,
and redwood. Monkeypoci is suitable below an elevation
of 1,000 feet.. Ohia and koa are well suited native species.
The estimated annual productivity is 600 to 1,200 board
feet per acre. Seedling mortality is slightS. Plant compe
tition from treefern, false staghornfern, melastoma,
downy rosemyrtle, a.nd kikuyugrass is severe. The equip
ment limitation is moderate to severe. The erosion and
windthrow hazards are slight.

WOODLAND GROUP

This group consists of soils of the Halii, Kapaa, Maim
pili, and Pooku series. These are well drained to moder

ately well drained silty clay barns and silty clays that
developed in material weathered from basalt and ande
site. They are gently sloping to steep and are on dissected
low uplands. They are more than 60 inches deep. The
elevation ranges from near sea level to 1,000 feet. The
slope ranges from 0 to 40 percent. The average annual
rainfall is 70 to 200 inches.

Suitable species are saligna eucalyptus, blackbutt
eucalyptus, robusta eucalyptus, tallowwood eucalyptus,
lemon-gum eucalyptus, Nepal alder, albizzia, monkeypod,
Norfolk Island pine, Australian toon, and Queensland
maple. The estimated annual productivity is 400 to 800
board feet iier acre. Seedling mortality is slight. Plant
competition is severe from inelastorna, rhodornyrtus,
false staghornfern, and guava. The equipment limitation
is slight. The erosion hazard is slight to moderate. The
windthrow hazard is slight.

WOODLAND GROUP 10

This group consists of soils of the Kokee, Olinda, and
Paaiki series. These are well-drained silty clay loams and
heavy barns that developed in volcanic ash and in resid
uum derived from basalt and andesite. They are on inter
mediate uplands. They are more than 36 inches deep over
weathered basalt and andesite. The elevation ranges
from 2,500 to 5,000 feet. The slope is dominantly 0 to 40
percent but ranges to 70 percent on Kokee and Paaiki
soils. The average annual rainfall is 40 to 70 inches.

Suitable species are saligna eucalyptus, tallowwood
eucalyptus, robusta eucalyptus, blackbutt eucalyptus,
slash pine, loblolly pine, Monterey pine, Australian toon,
albizzia. tropical ash, redwood, sugi. and blackwood. The
estimated annual productivitY is 400 to 1,500 board feet
per acre. Seedling mortality is slight. Plant competition
is slight. The equipment limitation is slight if the slope
is less than 35 percent and severe if it is more than 35
percent. The erosion hazard is moderate if the slope is
less than 35 percent and severe if it is more than 35 per
cent. The windthrow hazard is severe.

WOODLAND GROUP 11

This group consists of soils of the Kaipoioi, Laumaia,
and Urna series. These are well-drained to excessively
drained silt learns, barns, and loamy coarse sands that
developed in volcanic ash and fine cinders. They are on
intermediate to high uplands. Lauma.ia and Kaipoioi
soils are more than 40 inches deep over cinders or roc.k.
Urea soils are less than 10 inches deep over fine cinders.
The elevation is dominantly 3,500 to 8,000 feet. The slope
is dominantly 7 to 40 percent but ranges to 70 percent
on Laurnaia and Urna soils. The average annual rainfall
is dominantly 35 to 60 inches.

Suitable species for Kaipoioi and Lauinaia soils are
saligna eucalyptus, blackbutt eucalyptus, sugi, redwood,
Monterey pine, and tropical ash. The estimated annual
productivity is 400 to 600 board feet per acre. Suitable
species for Uma soils are Jeffery pine or cluster pine, on
a trial basis. The estimated annual productivity on these
soils is 50 to 200 board feet per acre. Seedling mortality
is slight to moderate on Kaipoioi and Laumain soils and
severe on TJma soils. Plant competition is slight. The
equipment limitation is slight to moderate if the slope
is less than 40 percent. and severe if it is more than 40
percent. The erosion hazard is moderate on Kaipoioi and

)1akaalae
Makawao
Olebo
Paaloa
Paiunalu
Pauwela
Puhi
1Tajkane
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Laumaia soils and severe on Urns. soils if the slope is
less than 40 percent. It is severe on Laumesa soils if the
slope is more than 40 percent. The ‘wmdthrow hazard
is slight.

WOODLAND GROUP ii

This group consists of soils of the Kahanui and ICunu
wein series. These are well drained to moderately well
drained gravelly clay barns and gravelly silty clays that
developed in residuum derived from basalt and andesite.
These soils are gently sloping to moderately sloping and
are on intermediate uplands. They are 10 to 24 inches
deep over a discontinuous ironstone sheet or soft weath
ered rock. The elevation ranges from 1,250 feet to 4,000
feet. The slope ranges from 0 to 20 percent. The average
annual rainfall is dominantly 60 to 150 inches. On the
island of Lanai, it measures 35 inches, but the amount of
moisture is equivalent to 80 inches because of fog drip
and cloud cover.

Suitable species are saligna eucalyptus, robusta euca
lyptus, blackbutt eucalyptus, Nepal alder, Norfolk Island
pine, slash pine, loblolly pine, redwood, sugi, and black-
wood. The estimated annual productivity is 200 to 600
board feet per acre. Seedling mortality is slight.. Plant.
competition is moderate. The equipment limitation is
slight, and the erosion hazard is slight. The windthrow
hazard is moderate to severe.

WOODLAND GROUP 13

This group consists of soils of the Waikomo and
Kalaupapa series. These are well-drained silty clay barns
and silty clays that developed in volcanic ash and in
residuum derived from basalt and andesite. These soils
are gently sloping to moderately steep and are on low
uplands. They are less than 20 inches deep over bedrock.
The elevation ranges from near sea level to 400 feet. The
slope ranges from 3 to 25 percent. The average annual
rainfall is 35 to 60 inches.

Monkeypod is the most suitable species. The estimated
annual productivity is 100 to 300 board feet per acre.
Scedlino mortality is moderate. Plant competition from
koa haoe and lantana is moderate. The equipment limi
tation and the erosion hazard are both slight to moder
ate. The windthrow hazard is severe.

WOODLAND GROUP 14

This group consists of soils of the Hihirnanu, Kalapa,
Kaneohe, Kapea., Lolekaa, Paunialu, and Waikane series.
These are well-drained silty clay barns and silty claysthat developed in volcanic ash and in alluvium, colluviurn,
and residuum derived from basalt and andesite. They are
on fans, terraces, and low uplands. The depth to soft
weathered rock is 30 to more than 60 inches. The eleva
tion ranges from sea level to 2,000 feet. The slope ranges
from 30 to 100 percent. The average annual rainfall is
dominantly 60 to 90 inches but ranges from 50 to 120
inches.

Suitable species are saligna eucalyptus, tallowwood
eucalyptus, robusta eucalyptus, and Norfolk Island pine.
The estimated annual productivity is 500 to 1,500 board
feet per acre. Seedling mortality is slight. Plant compe
tition from guava, Christmas berry, false staghornfern,
and grasses is moderate to severe. The equipment limita

tion and the erosion hazard are both severe. The wind-
throw hazard is slight.

WOODLAND GROUP 15

This group consists of Colluvial land and soils of the
Alaeloa, Halawa, Helernano, Kemoo, and Oil series. These
are well-drained silt barns, silty clay barns, and silty
clays that developed in volcanic ash and in colluvium
and residuum derived from basalt and andesite. They are
on colluvial slopes and low uplands. The depth to highly
weathered rock is 25 to more than 60 inches. The eleva
tion ranges from near sea level to 3,000 feet. The slope
ranges from 30 to 90 percent. The average annual rain
fall is 30 to 60 inches.

Suitable species are saligna eucalyptus, blackbutt euca
lyptus, and Norfolk Island pine. The estimated annual
productivity is 700 to 1,000 board feet per acre. Seedling
mortality is slight to moderate. Plant competition from
guava, Christmas berry, koa haole, and grasses is moder
ate. The equipment limitation and the erosion hazard
are both severe. The windthrow hazard is slight.

WOODLAND GROUP 16

This group consists of .Aiakai mucky peat and soils of
the Amalu, Hulua, Koolau, Olokui, and Waialeale series.
These are poorly drained to very poorly drained upland
soils that developed in organic material and volcanic ash,
and in. residuum derived from basalt and andesite. They
are 15 to more than 60 inches deep. The elevation is
dominantly 1,500 to 5,000 feet, but there are small areas
at lower elevations. The slope is dominantly less than
30 percent, but it ranges to 70 percent for Hulua and
Waialeale soils. The average annual rainfall is 75 to more
than 400 inches. Fog and cloud cover, which are present
most days throughout the year, significantly increase the
amount of effective moisture over most of the area.

This group is of little value for commercial woodland.
Its best use is for water supply and for the woodland
plants that have commercial value for flower arrange
ments, leis, and landscape plantings, suth as treefern,
clubmoss, swordfern, lacefern, and mokihana. Treefern is
also used for fences and tiki carvings and as a media for
growing orchids, anthuriums, and other plants. The equip
ment limitation and the windthrow hazard are both severe.

Truck Crop Management
A variety of vegetable crops is commercially produced

for local consumption. Lettuce, cabbage, cucumber, snap
beans, tomatoes, onions, peppers, broccoli, corn, eggplant,
and gingerroot are the major crops. All have similar
management.

Soil preparation consists of disk harrowing to
chop plant residue. This is followed by plowing and
smoothing.

Soil furnigants are used before planting to control
nematodes.

The kind of fertilizer and the rate and time of applica
tion vary and depend on the soil and the crop. They are
best determined by soil tests, field trials, and experience.
Fertilizers are applied in dry form or in liquid form, by
foliar application. Nitrogen, phosphorus, and potassium
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are beneficial. Minor elements and lime are applied as
needed.

Most vegetable crops require frequent irrigation. Both
overhead and furrow irrigation are used.

Weeds are controlled by chemicals and by mechanical
and hand weedings. Both preemergence and contact
herbicides are used. Insects and fungi are controlled by
chemicals.

Wiiidbreaks are needed to protect vegetable crops in
areas exposed to strong winds.

Orchard Management
Bananas, papayas, and macadamia nuts are the most

commonly grown orchard crops in this area.
Bananas are relatively easy to grow but require good

management. New plants are generally started from
suckers removed from the parent plant. The Chinese and
Bluefleld varieties are the two most important commer
cial varieties. The time required to grow a crop is about
1 year, depending on climate, soil, and other factors.

Bananas require abundant moisture and good drain
age. Applications of trash mulch and shallow cultivation
help in controlling weeds. A complete fertilizer is needed
three or more times a year. The rate of application
depends on the soil, the amount of rainfall, and the size
of the plants. Yields are about 20,000 pounds per acre
per year.

Papayas grow well along the coastal plains and on
the uplands to an elevation of about 1,000 feet. The solo
papaya is the most common variety grown. The plants
are started from seeds, generally in seed flats, and are
then transferred to the field. Unlike other orchard crops,
papaya is a short-term crop. It begins to produce market
able fruit at the end of the first year and is normally
productive for about 3 years. After the third year, the
trees grow too tall and harvesting becomes difficult.

Soil preparation for papayas consists of plowing and
harrowing. On sloping soil where the erosion hazard is
severe, papaya plants are planted on the contour. A corn
p1 ete fertilizer, high in phosphorus, is applied at planting
time and at frequent intervals thereafter. If the amount
of rainfall is inadequate, the plants are irrigated by
sprinklers or furrows. Weeds are controlled by chemicals
or by machine or hand weeding. Insects and disease are
controlled by chemicals. Papaya trees are easily damaged
by wind, so windbreaks are needed in areas exposed to
tradewinds.

Macadamia trees grow at elevations that range from
sea level up to 2,500 feet. They grow best in areas where
the annual rainfall is 50 to 120 inches. Only grafted trees
of the best varieties should be planted. The three most
promising varieties are Kakea, Ikaika., and Keauhou.
They take about years to come into commercial produc
tion. Yields vary between 2,500 and 3,500 pounds per
acre per year, depending on the climate and the soil.

Herbicides are used to control weeds. A complete
fertilizer is applied 3 to S times a year. The rate and
frequency of applications vary, depending on the soil,
the amount of rainfall, and the size of the plants. Con
trol of anthracnose, nut borers, and rats are essential for
maximum production. Windbreaks are needed in areas
exposed to strong winds.

Capability Grouping
Capability grouping shows, in a general way, the suita

bility of soils for most kinds of crops. The groups are
made according to the limitations of the soils when used
for crops, the risk of damage when they are used, and the
way they respond to treatment. The grouping does not
take into account major and generally expensive land-
forming that would change slope, depth, or other charac
teristics of the soils, and does not take into consideration
possible but unlikely major reclamation projects.

Those familiar with the capability classification can
infer from it much about the behavior of soils when used
for other purposes, but this classification is not a substit.ute
for interpretations designed to show suitability and limi
tations of groups of soils for range, for forest trees, or for
engineering.

In this publication all kinds of soil are grouped at two
levels, the capability class and the subclass. The classifica
tion is designated in the “Guide to Mapping Units” for all
soils on the islands, both irrigated and nonirrigated soils.
The classification is described in the following paragraphs.

CAPAEILHY CLAssEs, the broadest groups, are designated
by Roman numerals I through VIII. The numerals indi
cate progressively greater limitations and, narrower
choices for practical use.

CAPABrIITY SUBCLASSES are soil groups within one class;
they are designated by adding a small letter, e, w, s, or a, to
the class numeral, for example, lie. The letter a shows that
the main limitation is risk of erosion unless close-growing
plant cover is maintained; w shows that water in or on the
soil interferes with plant growth or cultivation (in some
soils the wetness can be partly corrected by artificial drain
age) ; s shows that the soil is limited mainly because it is
shallow, droughty, or stony; and a, used in only some parts
of the United States, shows that the chief limitation is cli
mate that is too cold or too dry.

In class I there are no subclasses because the soils of
this class have few limitations. Class V can contain, at the
most, only the subclasses indicated by w, s, and a, because
the soils in class V are subject to little or no erosion, though
they have other limitations that restrict their use largely
to pasture or range, woodland, wildlife habitat, or
recreation.

‘Phie eight classes in the capability system and the sub
classes represented on the islands are defined as follows:

Class I soils have few limitations that restrict their use.
(No subclasses)

Class II soils have moderate limitations t.hat reduce the
choice of plants or that require moderate conservation
practices.

Subclass TIe soils are subject to moderate erosion if
they are cultivated and not protected. The soils are
30 to more than 60 inches deep and have slopes of
0 to 8 percent.

Subclass 11w soils have moderate limitations because
of excess water. The soils are poorly drained, are
subject to seasonal flooding, and have slopes of 0 to
2 percent.

Subclass IIs soils have moderate limitations of stoni
ness, unfavorable texture, shallowness, or low water-
holding capacity. The soils are more than 20 inches
deep and have slopes of 0 to 2 percent.
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Subclass TIc soils have moderate limitations because of
climate. The soils are slightly droughty because of
limited rainfall. They are well drained, are more
than 60 inche.s deep, and have slopes of 0 to 2
percent.

Class III soils have severe limitations that reduce the
choice of plants, require special conservation practices,
or both.

Subclass Ille soils are subject to severe erosion if they
are cultivated and not protected. In most places the
soils are more than 20 inches deep and have slopes
of 0 to 15 percent.

Subclass 111w soils have severe limitations because of
excess water. The soils are poorly drained or subject
to seepage, are more than 20 inches deep, and have
slopes of 0 to 12 percent.

Subclass Ills soils have severe limitations because of
stoniness, unfavorable texture, shallowness, or low
water-holding capacity. The soils are well drained,
are more than 20 inches deep, and have slopes of
0 to 8 percent.

Subclass IlIc soils have severe limitations because of
climate. These soils are droughty because of limited
rainfall. They are well drained to moderately wall
drained, are more than 36 inches deep, and have
slopes of 0 to 8 percent..

Class IV soils have very severe limitations that reduce the
choice of plants, require very careful management, or
both.

Subclass lYe soils are subject to severe erosion if they
are cultivated and not protected. The soils are well
drained to moderately well drained, are more than
20 inches deep, and have slopes of 0 to 25 percent..

Subclass IVw soils have very severe limitations be
cause of excess water. The soils are poorly drained
or very poorly drained or subject to seepage., are
more than 20 inches deep, and have slopes of 0 to
20 percent.

Subclass lYs soils have very severe soil limitations
because of stoniness, shallowness, unfavorable tex
ture, or low water-holding capacity. In places the
soils are stony. They are. well drained to excessively
drained, are more than 20 inches deep, and have
slopes of 0 to 20 percent.

Subclass lYe soils have very severe limitations be
cause of climate. These soils are very droughty be
cause of limited rainfall. They are well drained, are
more than 20 inches deep, and have slopes of 0 to
8 percent.

Class V soils are not likely to erode but have other limita
tions, impractical to remove, that limit their use largely
to pasture or range, woodland, or wildlife habitat.

Subclass Vw soils have very severe limitations because
of excess water. The. soils are poorly drained, are
more than 20 inches deep, and have slopes of 0 to
2 percent.

Class VI soils have severe limitations that make them gen
erally unsuited to cultivation and limit their use largely
to pasture or range, woodland, or wildlife habitat.

Subclass VIe soils are severely limited by the hazard
of erosion. The soils are well drained, are more than
20 inches deep, and have slopes of 6 to 40 percent.

Subclass VIw soils are severely limited by excess
water. The soils are poorly drained and have slopes
of 12 to 20 percent.

Subclass VIs soils have very severe limitations because
of stoniness or unfavorable texture. The soils are
very stony. very rocky, extremely stony, or ex
t.reinely rocky, and have slopes of 0 to 35 percent.

Subclass VIe soils have very severe limitations be
cause of climate. These soils are very droughty be
cause of limited rainfall. They are more than 36
inches deep and have slopes of 0 to 6 percent.

Class VII soils have very severe limitations that make
them unsuited to cultivation and that restrict their use
largely to pasture or range, woodland, or wildlife
habitat.

Subclass Vile soils are very severely limited by risk
of erosion. The soils are well drained to excessively
drained and have slopes that range from 0 t.o 100
percent.

Subclass VIIw soils are very severely limited by ex
cess water. The soils are on mountain summits or
within closed craters and are very poorly drained.
Slopes range from 0 to 20 percent..

Subclass Vhs soils have very severe soil limitations
because of unfavorable texture, or because they are
extremely rocky or stony. Also inelude.d are land
types that are steep, rocky, or stony.

Class VIII soils and landforms have limitations that pre
elude their use for commercial plant production and
restrict their use to recreation, wildlife habitat, or water
supply, or to esthetic purposes.

Subclass Ville soils are subject to very severe erosion
if the existing cover is removed. These are areas of
very steep, shallow, rough mountainous land.

Subclass VHIw soils are severely limited by excess
water, but may be used for wildlife habitat, water
shed protection, or recreation. These are areas of
marshes.

Subclass VilIs soils have very severe limitations that
restrict their use for wildlife habitat or recreation.
These are areas of cinderland, outcrops, or coastal
beaches.

Wildlife Production
ri1dlife production is an important land use on the

islands of Molokai, Lanai, Maui, and Kauai. It is a
primary land use on two-thirds of the island of Lanai and
a secondary land use on many of the pasturelands and
woodlands in the survey area. There are several public
shooting grounds on private and Stat.e lands that are
managed by the State Division of Fish and Game. In ad
dition there are other private lands that produce wildlife
for hunting by landowners and their guests.

Several species of big game animals and game birds
are available for hunting. The axis deer is the most
sought after big game animal. The deer occurs through
out the islands of Molokai and Lanai, from the dry low
lands to the rain forest of the uplands. The mouflon
sheep, introduced in 1956 on Lanai and Kauai, has re
cently become available for hunting. Antelope also has
been recently introduced and established on Lanai. Wild
goats are on all the islands, and wild pigs on all except.
Lanai.
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Game birds available for hunting are ring-necked
pheasants, California and Japanese quails, barred doves,
lace-necked doves. chuckar partridge, Indian grey fran
colins, and Indian black franeolins. These francolins are
recent introductions and have become established in a
short time. Another recently introduced game species, the
Rio Grande turkey, is not yet available for hunting.

l3ass and bluegill are stocked in some plantation reser
voirs. Rainbow trout is found in streams in the Kokee
area of Kauai.

Wildlife is usually compatible in woodland and pasture
and cnn be a secondary use of these lands. On soils that
are severely eroded, very stony, very rocky, or very steep,
wild life production can be an important land use. Such
land types have low potential for pasture and other uses
but have high potential for wildlife production.

Engineering Uses of the Soils
This section provides information of special interest to

engineers, contractors, farmers, and others who use soil
as structural material or as foundation material upon
which structures are built. Information is given in this
section about those properties of the soils tha.t affect con
struction and maintenance of roads and airports, pipes
lines, building foundations, water storage facilities,
erosion control structures, drainage systems, and sewage
disposal systems. Among the soil properties most im
portentS in engineering are permeability, shear strength,
shrink-swell potential, water-holding capacity, and
reaction.

Information concerning these and related soil prop
ties are furnished in tables 2, 3, and 4. The estimates and
interpretations of soil properties in these. tables can be
used in—

1. Planning and designing agricultural drainage sys
tems, farm ponds, irrigation systems, diversion
terraces, and other structures for controlling
water and conserving soils.

2. Selecting potential locations for highways, air
ports, pipelines, and underground cables.

3. Locating probable sources of sand, gravel, or rock
suitable for use as construction material.

4. Selecting potential industrial, commercial, resi
dential, and recreational areas.

None of the miscellaneous land types mapped in the
reconnaissance survey are included in tables 2 and 3, and
not all of the high- and medium-intensity surveys are in
cluded. Reliable estimates and interpretations of the
engineering properties of these land types cannot be given,
because features are variable and only limited investiga
tions and observations have been made.

With the use of the soil map for identification, the
engineering interpretations reported here can be useful
for many purposes. It should be emphasized that they
do not eliminate the need for sampling and testing at
the site of specific engmeering works involving heavy
loads or excavations deeper than the depths of layers
here reported. Even in these situations, the soil map is

‘HanAv G. C0L-LINs, irrigation engineer, and Huso P. Sxoeasw,
State conservation engineer, Soil Conservation Service, Honolulu,
assisted in the preparation of this section.

useful for planning more detailed field investigations and
for suggesting the kinds of problems that may be ex
pected. In any given mapping unit, there may be inclu
sions of other soils or land types that are too small to
delineate on the map or that are not within the objective
of the survey. These inclusions may account for varia
tions that affect engineering practices in such places.

Some of the terms used in this publication, have a spe
cial meaning to soil scientists and a different meaning to
engineers. The Glossary defines many such terms as they
are used in soil science.

Engineering classification systems

The two systems most commonly used in classifying
samples of soil horizons for engineering purposes are
the system used by the American Association of State
Highway Officials (AASHO) (P) and the Unified sys
tem developed by the Waterways Experiment Station,
Corps of Engineers, and now used by the United States
Department of Defense (18).

No AASHQ classification is shown in table 2 for soils
of the area surveyed, because the AASHO system has
limited value in classification of Hawaiian soils. Most
soils of this area are fine grained and fall within
AASHO groups A—6 or A—7. Hawaiian soils classified
in these groups do not exhibit the engineering proper
ties associated with these groups in soils of temperate
regions.

In table 2 the soil materials are classified according
to the Unified system. In this system, soil materials are
identified as coarse grained. (G- or S), fine grained
(M or C), and highly organic (0), antI symbols are used
to identify each group. For example, soils that consist
primarily of fine-grained material, either plastic or non-
plastic, are identified by the symbols ML or CL if the
liquid limit is low and by MI-I or OH if the liquid limit
is high. If the classification is borderline between two
groups, the symbols for both groups are given, joined
by a hyphen. An example of such a borderline classifica
tion is “ML—CL.”

In this survey area, engineering properties of soils
classified as ML, MH, and CL may be significantly
different in properties normally associated with these
groups in temperate regions. These soils exhibit a higher
shear strength and lower shrink-swell volume change
with change in moisture content. The difference in magni
tude of these properties is apparently related to the very
fine particle size, microstructure, and high aggregate
stability.

Estimated properties

Table 2 provides estimates of soil properties important
in engineering uses. The estimates are based on field
classification and descriptions, physical and chemical
tests of selected representative samples, test data from
comparable soils in adjacent areas, and on detailed ex
perience in working with the individual kind of soil in
the survey area.

The profile is described by soil layers that have signifi
cantly different engineering properties. The thicimess of
these layers and the depth from the surface are shown.



Cobbly sandy loam or sandy loam
Coarse sand

Silty clay

0—32 Muck
32—51 Clay

8—0 Peat
0-8 Clay
8—8k Ironstoneshect

83—60 Saprolite

0—39 Silt loam and loam
39—65 Gravelly loam

0—60 Silty clay loam
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Soil series and map symbols

SOIL SURVEY

TA BLE 2 .—Estimated
[Miscellaneous land types are not listed in this table, because the soil material is too

Depth to—

Bedrock

Depth
from

surfaceSeasonal
high

water table

Classification

Dominant USDA texture

Inches
0—14

14—55

0—58

AIae: AaB, AcA, AcB

Alaeloa: AeB, AeC, ALF, AM E3, AN E, AeE,
ALE3.

Alakai: rAAE

Amalu: rAMD, rAOD
For Olokui part of rAOD,

see Olokui series.

Dystrandepts
Mapped only with Tropohurnults.

Ewa: EaA, EaB. EaC, EmB, EsA, EsB, EtB,
EwA, EwB, EwC, EcA, EcB, EmS.

Haiku: HaB, HaC, HbB, HbC

Halawa: HID, HID3, HJE, HJF2

Haleiwa: HcB, HdC, HeA, HeB

Halii: HfB, HfC, HfD2, HfE2

Haliimaile: HgB, HgC, HhB, HhC, HkC2

Hamakuapoko: HI B, H1C, H1C2

Hana:
HKLD, HKMD

HKNC, HKOC

Hanalei: HmA, HnA, HriB, HoB, HpA, HrB

1{anamaulu: HsB, HsC, HsD, HsE,HtE,HuE_

Helemano: HLMG

Hihimaau: HMMF

Ilolomua: HvA, HvB, HvB3, HvC, HvC3

Ilonolua: HwC, HwD

Honoinaau: rHOD, rHF?
For Amalu part of rH R, see Amalu series.

Feet
>5

>5

>5

>5

>5

>5

>5

>

>5

>5

>5

>5

3—4

1. 5—3. 0

>5

>5

>5

>5

>5

>5

>5

Feet
>5

>5

(1)

(1)

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

0—5

>5

>5

>5

>5

>5

>5

0—45 Clay
45—66 Saprolite

0—58 Silty clay
58 Saprolitc.

0—65 Silty clay

0—60 Gravelly silty clay, silty clay loam, silty
clay, and clay loam.

0—65 Silty clay, clay

0—51 Silty clay

0—7

7—34
34

0—8
8—20

20

0—13
13—36

0—72

0—60

0—72

0—66

0—70

3—0
0—37

3 7—60

Very stony or extremely stony silty clay
loam.

Silty clay loam
Cinders over lava.

Silty clay; loam extremely stoay in places..
Cobbly silty clay
Lava.

Silty clay; peaty in places.
Silty clay loam

Silty clay and silty clay loam

Silty clay

Silty clay

Silt loam and silty clay loam

Silty clay

Peat
Silty clay
Cobblyloam

See footnotes at end of table.
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variable for reliable evaluations to be marie. Dashed

Permeability

lines indicate data arc not applicahiel

Available
water

eapacty
Reaction Shrink-swell potential

Corrosivity

Uncoated steel Concrete

Low
Low

Moderate

(2)

High

(2)

Moderate

Low

(2)

Low

Moderate

Low
Low

Moderate

Low
Moderate

High

High
High

High
High

High

Moderate
Low

Low

High
High

High

Classifica
tion—Con.

Unified

SM
GW

MH

Pt
CR

Pt
OH

MR

MH
SM or GM

ML or CL

MR
MR

MR

MR—CR

MR

ML-CL

MH

• OR or

MR

MH
MR

MH
• MH

MH

MH

MH

ML

MH

Pt
OH
MR

Inches per Izor Inches per inch of snil
2. 0—6. 3 0. 08—0. 12
6. 3—20. 0 0. 06—0. 08

2. 0—6. 3 0. 12—0. 14

6. 3—20. 0
0.06—0.20

6.3—20.0
0.06—0.63

<0.06
2.0—6.3

2. 0—0. 3 0. 14—0. 16
2. 0—6. 3 0. 08—0. 10

0. 63—2. 0 0. 10—0. 12

2. 0—6. 3 0. 11—0. 13
2. 0—6. 3 0. 10—0. 12

2. 0—6. 3 0. 12—0. 14

0. 63—2. 0 0. 13—0. 15

2. 0—6. 3 0. 10—0. 12

2. 0—6. 3 0. 08—0. 11

2. 0—6. 3 0. 12—0. 14

2. 0—6. 3 0. 10—0. 12

2. 0—6. 3 0. 12—0. 14

2. 0—6. 3 0. 08—0. 10
2. 0—6. 3 0. 08—0. 10

0. 63—2. 0 0. 16—0. 18
0. 63—2. 0 0. 16—0. 18

2. 0—6. 3 0. 13—0. 15

2. 0—6. 3 0. 11—0. 13

2. 0—6.3

0. 63—2. 0 0. 12—0. 14

2. 0—0. 3 0. 12—0. 14

6. 3-20. 0 0. 20-0. 30
2. 0—6. 3 I 0. 16—0. 18
2. 0—6. 3 0. 06—0. 08

Low.
Low.

Moderate.

High.
High.

High.
High.

High.

Low.
Low.

Low.

High.
High.

High.

Low.

High.

Moderate.

High.

Moderate.

Low.

vHcaue
6. 6—7. 3
7. 9—8. 4

5. 1—6. 0

3. 3—4. 0
4. 0—4. 5

3. 9—4. 2
4. 2—4. 5

4. 0—5. 0

6. 1—7. 3
6. 6—7. 3

6. 6—7. 3

4. 5—5. 0
4. 5—5. 0

4. 5—5. 5

6. 1—7. 3

4. 0—5. 0

5. 1—6. 0

4. 0—5. 5

5. 1—5. 5

5. 5—6. 5

6. 1—6. 5
6. 1—6. 5

4. 5-6. 5
6. 1—7. 3

4. 0—5. 5

6. 1—7. 3

4. 5—5. 0

4. 5—7. 3

5. 1—5. 5

3. 8—4. 5
3. 7—4. 5
4. 0—4. 5

Moderate Low

Low High

Low Moderate

Moderate High

2)

(2)

High

High

(2) High Low.
(2) High Low.

Moderate
Moderate

Low

Moderate

Low

Low

Moderate

(2)

(21

Low

High
High

High

Low

High

Low

High

High
High
High

Moderate.
Low.

High.

Low.

high.

Low.

Moderate.

High.
High.
High.
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Honouliuli: HxA, HxB

Hoolehua: HyB3, HzA, HzB, HzC, HzE

Hulun: HNUD, HNUE

Hydrandepts: rHT
For Tropaquods part of rH T, see Tropa

quods.

lao: laA, laB, IbB, bC, loB, IcC

To: [SD

Ioleau: loB, IcC, IoD2, IoE2

Jaucas:
JaC, JIB, JkB, IL

JcC

Kaena: KaB, KaC, KaeD, KanE, KauB,
KavC, KaoB, KaeC.

Kahana: KbB, KbC, KbD

Kahariui: KASD, KATD

Kailua: KBID

Kaimu: KCXD

Kaipoioi: KDIE, KDVE

Kalae: RoB, KcC, KcC3, KcD3, KcE3

Kalapa: KdD, KdE, KdF, KEHF

Kalaupapa: REID

Kalihi: Re

Kaloko: Kf, Kfa, Kib

Kamaole: KGKC, KGLC

Kaneohe: KgB, K2C, KHMC, KHME,
KHMF, KHOF.

Kanepuu: KhB, KhB2, RhC, KhC2

Kapan: KkB, KkC, KkD, KkE, RIG

Kapuhikani: KKTC

SOIL SURVEY

0—61

0—30
30—60

0—40

0-8
8—20

0—61

0—41
41—67

0—60

0—14
14

0—70

0—60

0—20
20

0—60

0—61

0—60

0—20
20—27

27

TABLE 2.—Estimated

Sand

Sand

Stony clay

Silty clay

Silty clay, clay, and ironstone fragments__ —

Saprolite

Silty clay and silty clay loam

Extremely stony peat
An lava.

Loam, siLt loam, and shIv clay- loam

Silty clay
Silt loam

Silty clay or clay

Silty clay loam and silt loam
Pahoehoe lava.

Clay

Clay and silty clay

Silty clay loam and very stony silty clay.. - -

Aa lava.

Silty clay or silty clay loam

Silty clay

Silty clay and clay loam

Extremely stony clay and clay
Soft weathered rock
Bedrock.

ClassificationDepth to—

Depth
fromSoil series and map symbols

Seaaonal surface
Dominant USDA textureBedrock high

water table

Inches
0—OS

0—15
15—64

0—16
16—18
18—60

3—0
0—37

37—60

0—60

0—30
30—39
39—45

0—61

0—60

0—60

0-54

Clay

Silty clav
Silty-clay

Silty clay
Ironstone sheet
Clay-loam

Peat
Silty clay loam and silty clay
Cobbly loam

Clay or silty clay; cobbly in places

Si1t loam, silty clay loam, and clay Ioam__
Cinders
Loam

Silty clay loam and silty clay

Fec]
>5

>5

1—13

>5

>5

>5

>5

>5

>5

>5

>5

>5

3. 5—5

2—5

>5

>5

>5

>5

>5

l(—2

>5

Feel
>5

>5’

(1)

>5

>5

>5

>5

>5

2—5

(3)

>5

>5

>5

>5

>5

>5

>5

>5

2—5

1—2

>5

>5

>5

>5

>5

See footnotes at eec] of table.
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properties—Contiiiued

Classifica- Corrosivitytion—Con.
Available

Permeability water Reaction Shrink-swell potential
capacity

Unified
Uncoated steel Concrete

CL

MH
MI-I

OH

MH

Pt
OH
MB

CL

MH

ML

MR

SP

SP

CH

TvIH

MR
ML or MU

OH or MR

Pt

OH or MR

MH
ML

51 I-I

ML

CII

CII

MIT-CR

“-Il-I

ML—M H

MB

CU
ML

Inches per hour
0. 20—0. 63

0. 63—2. 0
0. 63—2. 0

2. 0—6. 3
<0. 06

2. 0—6. 3

6. 3—20. 0
2. 0—6. 3
2. 0—6. 3

0. 20—0. 63

2. 0—6. 3
2. 0—6. 3
2. 0—6. 3

0. 06-0. 63

6. 3—20. 0

6. 3—20. 0

0. 06—0. 63

2. 0—6. 3

2. 0—6. 3
2. 0—6. 3

2. 0—6. 3

>20.0

2. 0—6. 3

2. 0—6. 3
2. 0—6. 3

2. 0—6. 3

0. 63—2. 0

0. 06—0. 20

0. 06—0. 63

0. 63—2. 0

2. 0—6. 3

0. 63—2. 0

2. 0—6. 3

0. 06—0. 20
0. 06—0. 20

High

Moderate
Low

(2)

Low

(2)

(2)

Low

Moderate

Low
Low
Low

Moderate

Low

Low

High

Moderate to low

Moderate
Low

(2)

Moderate

Moderate

Moderate
Low

Moderate

Low

High

1-ugh

Low

inches pr Inch ofsoil
0. 14—0. 16

0. 14—0. 16
0. 15—0. 17

0. 12—0. 14

0. 12—0. 14

0. 20—0. 30
0. 16—U. 18
0. 06—0. 08

0. 13—0. 15

0. 15—0. 17

0. 1.5—0. 17

0. 12—0. 14

0. 05—0. 07

0. 05—0. 07

0. 11—0. 13

0. 10—0. 12

0. 10—0. 12
0. 10—0. 12

0. 19—0. 21

0. 10—0. 15

0. 13—0. 15

0. 12—0. 14
0, 12—0. 14

0. 12—0. 14

0. 19—0. 21

0. 12—0. 14

0. 12—0. 14

0. 09—0. 11

0. 11—0. 13

0. 11—0. 13

0. 13—0. 15

0. 11—0. 13
0. 05—0. 07

pI’ value
6. 6—7. 8

3. 8—4. 5
6. 1—6. 5

5. 1—5. 5

4. 5—5. 0

3. 8—4. 5
3. 7—4. 5
4. 0—4. 5

6. 6—7. 3

6. 6—7. 8
7. 9—8. 4
7. 9—8. 4

4. 0—5. 0

6. 6—7. 8

7. 9—8. 4

6. 6—7. 3

4. .5—7. 3

4. 5—5. 0
4. 5—5. 0

4. 5—6. 0

6. 6—7. 3

6. 6—7. 8

5. 1—5. 5
5. 1—5. 5

4. 5—5. 0

6. 6—7. 3

6. 1—7. 3

6. 1—7. 8

6. 1—7. 8

5. 1—6. 5

6. 1—7. 3

4. 5—6. 0

7. 4—7. 8
7. 9—8. 4

Low

High
Low

High

High

High
High
High

Low

Low
Low
Low

High

Low

High

Low

Moderate to low.

High
High

High

Low

Low

High
High

High

Low

High

High

Low

Low.

High.
Low.

Moderate.

High.

High.
High.
High.

Low.

Low.
Low.
Low.

High.

Low.

High.

Low.

Moderate to low.

High.
High.

High.

Low.

Low.

Moderate.
Moderate.

High.

Low.

Low.

Moderate.

Low.

Moderate High Moderate.

Moderate

Low

High
Low

Low

High

Low
Low

Low.

Moderate.

Low.
Low.

4I4—I2I—72—11



0—63

0—9
9—18

18

0—70

0—66

0—33
33—55

0—42
42

0—48
48

0—44

0—38
38—60

0—20
20

0—60

0—32
32—60

0—54
54

0—47
47—74

0—12
12—6 0

0—31
31—60

0—42
42—5 1

51

Very stony silty clay loam; extremely stony

in places.
Aa lava.

Clay loam: stony or very stony in places__

Sandyloam

Clay and silty cia
Consolidated coral sand
Sand

Silty clay loam and clayloam; cobbly or very

stony in places.

Silt loam, loam, and fine sandy loam

Extremely stony silty clay loam
Silty clay
Aa lava.

Silty clay or clay; extremely stony in places_’

Silty clay

Silty clay loam
Stratified clay loam, silt loam, and sandy

loam.

Silty clay loam and silty clay
Saprolite

Siltloaniandclayloam
Cinders and tuff.

Clay or very stony clay

Silty clay loam
Silty clay loam; brittle pan

Stony silty clay
Bedrock.

Silty clay loam and loam

Silty clay
Clay loam with ironstone bands

Loam, silt loam, and silty clay loam
Bedrock.

Silty clay
Silty clay loam

Very gravelly clay loam
Hard and soft plinthite

Silty clay
Silty clay loam

Silty clay loam and silt loam

Cemented ash and cinders
Stratified silt loam and cinders
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ClassificationDepth to—

Depth
fromSoil series and map symbols

Seasonal surface
Dominant USDA textureBedrock high

water table

TABLE 2.—Estimated

Inc,es
0—27

27

0—22

2 2—54

0—34
34—39
39—57

0—62

Kaupo: KLUD, KLVD

Kawaibapai: RIA, KB, KIC, KaA, KIaB,
KIbC, KIcB.

Keaau: KmA, KmaB, KmbA

Keahua: KnB, KnC, KnaB, KnaC, KnaD,
KnbD, KncC, KnhC, KnsC.

Kealia: KMW

Keawakapu: KNXD

Kekaha: KoA, KoB, KobA, KOYE

Kemoo: KpB, KpC, KpD, KpE, KpF, KPZ.

Koele: KrB, KrC, KrD, KRL, KRX

Kokee: KSKE, KSKF

Koko: KsB, KsC, [<aD

Kokokahi: [<IC, KTKE

Kolekole: KuB, KuC, KuD

Koloa: KvB, KvC, KvD

Kolokolo: Kw, KUL

Koolau: KVSB, KVSE

Kula: KxC, KxD, KxaD, KxbE

Kunia: KyA, KyB, KyC

Kunuweia: KZC

Lahaina: LaA, LaB, LaB3, LaC, LaC3, LaD,
LaD3 LaE3.

Laumaia: LME, LMF, LNE

Feet
134-334

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

134-334

>5

>5

2—S

>5

>5

>5

3—5

Feet
>5

>5

134-3

>5

1-334

>5

>5

>5

>5

>5

(3)

>5

>5

>5

2—4

>5

>5

>5

>5

>5

See footnotes at end of table.
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properties—Continued

Classifica- I
Corrosivitytion—Con.

Available
Permeability water Reaction Shrink-swell potential

capacity
Unified Uncoated steel Concrete

.bChC8 per hour Inches per inch o.fsoe pH va’ue
CL 2. 0—6. 3 0. 10—0. 12 6. 1—7.3 Low Low Low.

CL 0. 63—2. 0 0. 08—0. 15 6. 6—7. 3 Moderate Low Low.
SM 2. 0—6. 3 0. 12—0. 14 6.6—7.3 Low Low Low.
CH 0. 06—0. 20 0. 12—0. 14 7. 4—7. S High High Low.

<0.

06
SP 6. 3—20. 0 7. 9—8.4 Low High Low.
ML—CL 0. 63—2. 0 0. 06—0. 12 6. 1—7. 3 Low Low Low.

ML or SM 2. 0—6.3 0.09—0.11 7.4—8.4 Low High High.
ML 0. 63—2. 0 0. 10—0. 12 6.6—7.3 Low Low Low.ML—CL 0. 63—2. 0 0. 14—0. 16 6. 6—7. 3 Moderate Low Low.

MH 0. 63—2. 0 0. 15—0. 17 7. 4—7. 3 Moderate Moderate Low.
MH 0. 63—6. 3 0. 10—0. 12 6. 1—7. 3 Moderate Moderate Low.
ML 2. 0—6. 3 0. 13—0. 15 4. 5—6. 0 Moderate Moderate Moderate.CL, ML or 2. 0—6. 3 0. 12—0. 14 5. 6—6. 5 Low Moderate Moderate.SM

MR 2. 0—6. 3 0. 15—0. 17 4. 5—5. 0 Moderate High High.MH 2. 0—6.3 4. 5—5. 0 Low High High.
ML 0. 63—2. 0 0. 16—0. 18 6.6—7.3 Low Low Low.

CH 0. 06—0. 63 0. 12—0. 14 6. 1—7. 4 High High Low.
ML 2. 0—6. 3 0. 09—0. 11 4. 0—5. 5 Moderate High High.ML 0. 63—2. 0 0. 10—0. 12 4. 5—6. 0 Low High High.
ML—MH 2. 0—6. 3 0. 10—0. 12 6. 1—7. 3 Moderate Low Low.

MH 0. 63—2.0 0. 12—0. 14 6. 6—7. 3 Moderate High Low.
MR—OH 6. 3—20. 0 0. 12—0. 14 4. 0—5. 0 Moderate High High.MU 0. 2—0.63 0. 12—0. 14 4. 5—5.0 Low High High.
ML 2.0-6. 3 0. 14—0. 16 6. 1—7. 3 Low Low Low.

ML—MH 0. 63—2. 0 0. 12—0. 14 4. 0—6. 5 Moderate Moderate High.ML 0.63—2.0 0. 14—0. 16 5. 6—6. 0 Low Low Moderate.
GC 2. 0—6. 3 4.5—5.0 Low High High.MH 2. 0—6. 3 4. 5—5. 0 Low High High.
CLML 0. 63—2. 0 0. 10—0. 12 5. 6—6. 5 Moderate Low Moderate.ML 0. 63—2. 0 0. 11—0. 13 5.6—6.5 Low Low Low.
MR—OH 2. 0—6. 3 0. 15—0. 17 6. 6—7. 8 Moderate Low Low.

<0.06

I
Low Low Low.



Lawai: LcB, [cC, LcD

Leilehua: LeB, LeC

Lihue: LhB, LhC, LhD, LhE2, [[B, LIC

Lolekaa: LoB, LoC, LoD, LoE, LoF

Lualualei: LuA, Luil, LvA, LvB, LPE

Mahana: MaC, MaD, MaD3, MaE, MaE3,
McC2, McD2, McE2, MBL.

Makaalae: MID, MJD, MWE

Makalapa: MdB, MdC, MdD

Makapiii: MeB, MoC, MeD, MeE

Makawao: MfB, MfC

Makawei: MgB, MgC, M5D, MgE2, MhB,
MIiC, MhD, MhE.

Makena: M XC

Makiki: M[cA,MIA

Mala: MmA, MmB

Mamma: MYD

Inches
0—60

0—75

0—SO

0—42
42—65

0—60

0—61

0—40
40

0—38
38

0—60

0—60

0—60

0—44
44

0—54

0—40
40—60

0—S
8—28

28

0— 19
19

0—15
15—153

15—60

0—16
16—50

0—15
15

0—72

0—52
52—60

0—60

Silty clay

Silty clay and clay

Silty clay; gravelly in placea

Silty clay
Loam

Clay

Silt loam and silty clay loam

Clay and silty clay
Aa lava.

Clay
Volcanic tufT.

Silty clay and clay loam

Silty clay

Silty clay loam and silt loam

Silt loam
Aa lava.

Clay loam; stony in places

Silty clay
Coralsand

Extremely stony muck
Aa lava and muck
Aa lava.

Silty clay loam
Hard coral.

Silty clay loam and silty clay
Pan
Silty clay

Clay loam, loam, or Sne sandy loam
Sand

Clay and clay loam
Sand

Silty elayloam

Silty clay loam, silt loam, and loam
Saprolite

Silty clay loam and silty clay

Silty clay loam and silty clay
Lava bedrock.
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i
ClsificationDepth to—

Depth
- fromSoil series and map syibols

Seasonal surface
Dominant USDA textureBedrock high

water table

TABLE 2 —Estimated

Peet
>5

>5

>5

>.5

>5

>5

2—4

1 4—3

>5

>5

>5

3/_5

1-5

>5

1-—2

1-1

>5

>5

>5

>5

3—5

>5

3—5

Fees
(3)

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

2—4

>5

>5

>5

>5

Mamala: MoC

Manana: MoB, MaC, MoD2, MpB, MpC,
MpD, MpD2, MpE.

Mokuleia:
Mr, Me, Ml, Mtb

Mta

Molokai: MuA, MuB, MuB3, MuC, MuC3,
MuD, MvD3.

Naiwa: NAC, NAC3

Niu: NcC, NcD, NcD2, NcE2

Niulii: NLE, NME 0—40
40

See footnotes at end of table.
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properties—Continued

Classiflea- I
tion—Con.

Available
Permeability water Reaction Shrink-swell potential

capacity
Unified

Corrosivity

Uncoated steel Concrete

MR

MH-CH

MR

MR
ML—MII

CH

MR

OH

OH

MM

MH

ML

ML

MIt

ML-MH
SF

Pt

CL-ML

MR

MR

CL or SM
SP

CR
SF

ML

ML
IvIH

ML-CL

High

High

Low

High
High

Moderate

High

High

Moderate

High

High

Low

Low

Moderate

Moderate
Moderate

High

Low

High_

High

Moderate
Low

Moderate
Low

Low

Iche, per hoC, Inche., per inch of soil pHuah&e
0. 63—6. 3 0. 14—0. 16 5. 1—6. 0

2. 0—6. 3 0. 10—0. 12 4. 0—4. 5

2. 0—6. 3 0. 13—0. 15 5. 1—7. 3

2. 0—6. 3 0. 10—0. 12 4. 0—5. 5
2. 0—6. 3 0. 11—0. 13 4. 0—4. 5

0. 06—0. 20 0. 11—0. 13 5. 6—7. 3

2. 0—6. 3 0. 11—0. 13 5. 6-6. 5

0. 63—2. 0 5. 1—6.5

0. 06—0. 20 0. 11—0. 13 7. 4—8. 4

2. 0—6. 3 0. 12—0. 14 4. 5—5. 5

2. 0—6. 3 0. 17—0. 19 5. 1—6. 5

0. 63—2. 0 0. 14—0. 16 6. 1—7. 3

2. 0—6. 3 0. 17—0. 19 7. 4—S. 4

2. 0—6. 3 0. 13—0. 15 5. 1—6. 0

0. 63—2. 0 0. 11—0. 13 6. 1—7. S
6. 3—20. 0 0. 06—0. 08 7. 4—7. S

<20. 0 0. 10—0. 12 5. 1—6. 0
<20.0

0. 63—2. 0 0. 16—0. 18 6. 6—7. 8

2. 0—6. 3 0. 09—0. 11 4. 5—5. 0
<0. 06

0. 63—2. 0 0. 10—0. 12 4. 0—5. 0

0. 63—6. 3 0. 10—0. 16 6. 6—7. 3
6. 3—20. 0 0. 06—0. 08 7. 9—8. 4

0. 06—0. 20 0. 12—0. 14 7. 4—7. 8
6. 3—20. 0 0. 06—0. 08 7. 4—7. 8

0. 63—2. 0 0. 11—0. 13 4. 0—7. 3

Moderate

Moderate

Moderate

Moderate
Low

High

Moderate

High

High

Low

Moderate

Low

Low

Moderate

Moderate
Low

High shrink, low sweIl

Low

Moderate-

Low

Moderate to low
Low

High
Low

Low

Moderate.

High.

Moderate.

Moderate.
High.

Low.

Moderate.

Moderate.

Low.

High.

Moderate.

Low.

Low.

Moderate.

Low.
Low.

Moderate.

Low.

High.

High.

Low.
Low.

Low.
Low.

LowS

High.2. 0—6. 3

0. 63—2. 0

0. 09—0. 11

0. 11—0. 13

4. 5—5. 5 Moderate High

6—7. 3 Moderate Low Low.

4.5—5. 0 Moderate HighMIt—OH 2. 0—6. 3 0, 17—0. 19 High.
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0—62

0—39
39—65

0—28
28—40

40

0—48
48—70

0—54

0—31
31—48

0—76

0—62

0—60

0—60

Classification

Dominant USDA texture

TABLE 2.—Estirnated

Clay

Clay and silty clay

Very stony silt loam and loam
Aa lava.

Silty clay
Saprolite

Siltloam
Bedrock.

Silty clay loam
Bedrock.

Organiematter
Silty clay loam
Ironstone sheet
Saprolite

Muck
Bedrock.

Silty clay loam and silty clay
Saprolite.

Silty clay and clay

Silty clay and clay

Stratified clay loam, very fine sandy loam,
silt loam, and silty clay loam; extremely
stony in places.

Silty clay and clay

Siltloam and loam
Gravelly loam

Clay
Silty clay loam
Basalt.

Silty clay
Gravelly silty clay

Clay and silty clay

Clay
Muck

Silty clay loam

Silty clay and silty clay loam

Silty clay loam and silty clay

Stratified clay loam, loam, loamy sand, fine
sandy loam, and silt loam; cobbly or
stony in places.

Sand
Cemented sand I

Depth t

Depth
fromSoil series and map symbols

Seasonal surface
Bedrock high

water table

lncMs
0—120

0—65

0—46
46—55

0—37
3 7—60

0—30
30

0—36
36

4—0
0—li

11— 114
l14—60

0—5
>5

0—40
40—50

0-60

0—60

0—60

Nohili: Nb

Nonopahu: NnC, NoC

Oanapuka: OAD,OED

Olelo: OFC

Oil: OID,OMBOME,OMF

Olinda: ONC, OND,ONE

Olokui: OOE

Opihikao: OPD

Paaiki: PGE, PGF

Paaloa: PaC, PbC

Paia: PcB, PcC, PcC2

Pakala: PdA, PdC, PHXC

Panaoa: PID, PrD2, PJD2

Pane: PXD

Papaa: PYD, PYE, PYF

Paumalu: PeB, PeC, PeD, PeE, PeF, PZ

Pauwela: PfB, PfC, PfD

Pearl Harbor: Ph

Pohakupu: PkB, PkC

Pooku: PIB, PID, PrnB, PmC, PmD, PmE.....

Pubi: PnA, PrtB, PoC, PoD, PoE

Pulehu: PoB, PoaB, PpA, PpB, PrA, PrB,
PsA, PtA, PtB, PuB, PvC.

Puuone: PZIJE

See footnotes at end of tabla

Feet
>5

>5

3>—5

>5

2—4

3—5

>5

<1

3—5

>5

>5

>5

>5

>5

3—5

>5

>5

>5

>5

>5

>5

>5

16-3

Feet
1¼—3

>5

>5

>5

>5

>5

(t)

>5

>5

>5

>5

>5

>5

>5

>5

>5

>5

1—4

>5

>5

>5

>5

>5 0—20
20—40
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propertie&—Continued

Classifica- Corrosivity
tion—Con.

Available
Permeability water Reaction Shrhak-sweil potential

capacity
Unified Uncoated steel Concrete

CH

CR

ML

MH
MH

MH-ML

MR-OH

Pt
MR-OH

MH

Pt

MH

MR

MH

CL and ML

CL

MH
SM or GM

CR
C-

MR
CL

MR

CII
Pt

MH

MH

MU

CL, SM or
ML

Iudes per fnch ofeoi
0. 12—0. 14

0. 10—0. 12

0. 08—0. 10

0. 10—0. 12

0. 12—0. 14

0. 13—0. 15

0. 20—0. 30
0. 12—0. 14

0. 20—0. 30

0. 17—0. 19

0. 10—0. 12

0. 13—0, 15

0. 08—0. 14

0. 09—0. 11

0. 14—0. 16
0. 08—0. 10

0. 10—0. 12
0. 11—0. 13

0. 10—0. 12
0. 07—0. 09

0. 10—0. 12

0. 10—0. 12
0. 16—0. 18

0. 12—0. 14

0. 10—0. 12

0. 09—0. 13

Iozche per hour
0. 20—0. 63

0. 20—0. 63

2. 0—6. 3

2. 0—6. 3
2. 0—6. 3

2. 0—6. 3

2. 0—6. 3

20. 0
2. 0—6. 3

<0. 06
0. 63—2. 0

6. 3—20. 0

2. 0—6. 3

2. 0—6. 3

0. 63—2. 0

0. 63—2. 0

0. 20—0. 63

2. 0—6. 3
2. 0—6. 3

0. 06—0. 20
0. 20—0. 63

2. 0—6. 3
2. 0—6. 3

2. 0—6. 3

<0. 06
<0. 06

2. 0—6. 3

2. 0—6. 3

2. 0—6. 3

0. 63—2. 0

6. 3—20. 0
<0. 06

p11 va’ue
4. 5—7. 8 High High Moderate.

7. 4—7. 8 High Moderate Low.

6. 6-7. 8 Low Low Low.

4. 5—5. 0 Moderate High High.
Low -

4. 5—6. 5 Low High High.

6. 1—6. 5 (2) High Low.

4. 0—4. 5 (2) High High.
4. 0—S. 0 Moderate High High.

Low High I-ugh.

5. 1—6. 5 High High Moderate.

4. 5—6. 0 Moderate High Moderate.

4. 5—S. 5 Low High High.

7. 4—7. 8 Low Low Low.

4. 5—6. 0 Low Low Moderate.

4. 5—7. 3 High Low to moderate Low to moder
ate.

6. 1—7.3 Moderate Moderate Low.
6. 6—7.3 Low Low Low.

6. 1—6. 5 High Moderate Low.
6. 1—6. 5 Moderate Moderate Low.

4. 5—6. 0 Moderate High High.
5. 5—6.0 Low High Moderate.

4. 0-5. 0 Low High High.

6. 6—8.4 High High High.
7. 4—7.8 High High High.

6. 1—6. 5 Moderate Moderate Low.

4. 0—6. 0 Low High High.

4. 5—6. 5 Moderate to low High Moderate.

6. 6—7. 8 Moderate to low Low Low.

SP 0. 06—0. 08 7.9—8.4 Low Low Low.



Puu Opae: PwC PwD, PwE--

Puu Pa: PZVE

Tantalus: TAE, TAF. TCC, TCE

Tropaquods: rTO

TaiJua: WkA, WkB, WIS,WIE,WmD,WnB_

Waiawa: WJF

Waihuna: WoA, WoB, WoC, WoD, WohB

raikane: WpB, WpC, WpE, WpF, WpF2,
Wpa E.

Waikapu: WrA, WrB, Wr63, WrC3

Waikomo: Ws, Wt, Wu

Wailuku: WvB, WvC, WwC

Wainee: WxB, WxC, WyB, WyC

Waipahu: WzA, WzB, WzC

Depth
from

surface

Inches
0—61

0—47
47

0—29

29

8—0
0.—I-’

11—11 3
113’—60

0—58
58

0—33
33

0—6
6—55

0—60

0—60

0—32
32

0—33

33

3—0
0—21

21

0—55

0—14
14

0—65

0—60

0—60

0—20
20

0—60

0—56

0—70

Dominant USDA texture

Silty clay loam and silty clay

Very stony silt loam
Aa lava.

Silty clay loam, silt loam, and very fine
sandy loam.

Cinders.

Peat
Clay and silty clayloarn

Ironstone sheet
Saprolite.

Silty clay
Saprolite.

Silt loam and clay loam
Cinders.

Loamy coarse sand
Cinders.

Silty clay loam

Silty clay

Silty clay
Bedrock.

Silty clay 1oam cobbly or stony in pla.ce&

Bedrock.

iVI-ucky peat
Silty clayloam
Saprolite.

Silty clay

Clay
Bedrock.

Clay and silty clay

Silty clay

Silty clay loam

Stony silty clay and silty clay loam
Bedrock.

Silty clay

Extremely stony silty clay

Silty clay
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ClassificationDepth to—

Soil series and map symbols
— Seasonal

high
water table

Bedrock

TABLE 2 .—Est’imated

Tropohumults: rTP
For Dystrandepts part of rTP, see Dystran

depts.

Ulupaiakua: ULD

Uma: UME, UMF, UFD

Uwala: UwB, UwC, UwC3

Wahiawa: WaA, WaB, WaC, WaD2

Wahikuli: WbB, WeB, WcC, WdB

Waiakoa: WeB, WeC, Wf B, WgB, WgC,
WhB, WhC, WID2.

Waialeale: rWAF

Fret
>5

13-4

1—3

>5

>5

2—3-

3—7

>5

14—3

1 —334

1—2

>5

34-134

>5

>5

>5

1-134

>5

>5

>5

Feet

>5

>5

>5

(1)

>5

>5

>5

>5

>5

>5

>5

(I)

>5

>5

>5

>5

>5

>5

>5

>5

>5

‘Soil is always wet.
2 High shrink potential: low swell potential.

Seep areas.
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propert’ie.s—Co ntinued

Classifica- Corrosivity
tiori—Con.

Available
Permeability water Reaction Shrink-swell potential

capacity
Unified Uncoated steel Concrete

High Moderate.

Low Low.

Moderate Low.

Low

Low

(2)

(2)

Moderate

Low

Moderate

Moderate

High
High

High

High

High.
High.

High.

High.

ML-MH

ML

MH—OH

Pt
OH or MH

OH

MH

MH

MH—OH

SM

ML

MR

Mb-CL

ML-CL

Pt
MR—OH
MR

MH—CH

CH

CH

MH

ML

MH

MH

ML-CL

CL

Inches per hcjur
2. 0—6. 3

2. 0—6. 3

2. 0—0. 3

6. 3—20. 0
0. 06—6. 3

<0.06
0. 63—6. 3

2. 0—6. 3

2. 0—6. 3

>20. 0

0. 63—2. 0

2. 0—6. 3

0. 63—2. 0

0. 63—2. 0

6. 3—20. 0
2. 0—6. 3

0. 63—2. 0

0. 20—2. 0

0. 20—Il 63

2. 0—6. 3

0. 63—2. 0

0. 63—2. 0

0. 03—2. 0

2. 0—6. 3

0. 20—2. 0

Inches per inch efcoO
0. 12—0. 14

0. 05—0. 07

0. 20—0. 30
0. 13—0. 14

0. 12—0. 14

0. 17—0. 19

0. 07—0. 10

0. 10—0. 12

0. 11—0. 13

0. 12—0. 14

0. 08—0. 15

0. 20—0. 30
0. 12—0. 14

0. 13—0. 15

0. 15—0. 17

0. 09—0. 11

0. 10—0. 12

0. 12—0. 14

0. 09—0. 11

0. 13-0. 15

0. 05—0. 07

0. 11—0. 13

p1-I value
4. 5—6. 0

5. 6—7, 3

6. 1—7. 3

3. 9—4. 5
4. 0—5. 0

4. 0—5. 0

4. 5—5. 5

6. 1—7. 8

7. 4—7. 8

4. 5—6. 0

5. 6-7. 3

7. 4—7. 8

6. 1—7. 3

3. 0—3. 5
4 0—4. 5

0. 1—7. 3

6. 1—7. 3

5. 1—7. 3

4. 5—4. 0

5. 1—7. 3

6. 6—7.8

5. 6—6. 5

6, 6—7. 3

6. 1—6. 5

Moderate Low.

Low Low Low.

Low Low Moderate to
high.

Low Low Moderate to low.

Low Low Low.

Low Low Low.

High
Moderate

Moderate

High

High
High

Moderate

Moderate

High.
High.

Low.

Low.

High Moderate Moderate.

Low

Low

Low

Low

Low

High

Low

Low

Low

Low

High.

Low.

Low.

Low.

Low.

High Low Low.

414—120—72—12
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TABLE 3 .—Engineering
Most of the miscellaneous land types are not listed

Suitability as a source of— Soil features affecting—

Soil series and map Farm ponds
symbols Topsoil Road fill Highway

location
Reservoir areas Embankments

Alne: AaB, AcA, AcB__

Alaeloa: AeB, AeC, AeE,
ALE3, ALF, AME3,
AN E.

Alakai: rAAE

Amalu: rAMD, rAOD...
For Olokui part of

rAOD, see Olokui
series.

Badland: BL, BM
For Mahana part of

B M see Mahana
series.

Blown-out land: BW..

Ewa:
EaA, EaB, EaC,

EmA, EmS, EsA,
Es B.

EcA EcB, EtB,
EwA, EwB, EwC.

Haiku: HaS, HaC,
HbB, HbC.

Halawa: HID, HJD3,
HJE, HJF2.

Haleiwa:
HoB, HeA, HeB

HdC

Surface 14 inches Good if soil binder Subject to flooding Coarse and very
is good; 14 to is added, in winter, coarse sand below
55 inches is a depth of 14
poor. inches.

Good Good Slopes as much as Slopes as much as
70 percent. 70 percent; mod

erately rapid
permeability.

Poor: always Poor: organic Organic material; Wetness; organic
wet, material; wetness. material; pervious

always wet. material.

Poor: peat and Poor: organic Organic material; Wetness; organic
clay; always material; al- wetness. material; pervious
wet. ways wet; ac- material.

cessibility is
difficult.

Fair: very low Good Slopes as much as Slopes as much as
fertility. 70 percent. 70 percent.

Fair: low fer- Good Erodible where Moderate pernlea
tility. embankments bility.

are exposed.

Good Good (3) Moderate permea
bility.

Good, except Good, except 3) Moderate permea
cobbly or cobbly or bility.
stony. stony.

Fair to a depth of Good () Moderately rapid
30 inches: permeability.
clayey; low
fertility.

Good Good Slopes as much Slopes as much
as 70 percent. as 70 percent;

moderately rapid
permeability.

Good Good Subject to Moderate permea
localized bility.
flooding.

Good, except Good, except (2) Moderate permea
stony. stony. bility.

Bandy material;
highly pervious
material.

Slopes as much as 70
percent.

(2)

Erodible: slopes
as much as 70
percent.

Erodible: high
compacted den
sity.

(3)

All features favor
able, except
eobbly or stony.

(4)

Slopes as much as
70 percent.

(3)

All features
favorable, except
stoniness.

See footootes at end of table.
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interpretcttions

in this table because the soil material is too variable]

169

Soil features affecting—Continued

Degree and kind of
Agricultural Irrigation Terraces and Grassed waterways Foundations for limitations for septic

drainage diversions low buildings tank filter fields

(2)

(3)

Very poorly
drained.

Poorly drained_ -

(2)

(2)

Low available water
capacity; high
water intake rate.

Moderate to severe
erosion hazard on
steep slopes.

(2)

(3)

Highly erodible;
slopes as macli as
70 percent.

Slow intake rate

Sandy substratum;
rapid permea-.
bility.

Slopes as much as
70 percent.

(2)

(2)

Slopes as much as
70 percent;
erodible.

Susceptible to
siltation.

(2) (3) (3)

Sandy substratum; Low shrink-swell Slight: rapid
excessively potential; low permeability.
drained; low compressibility;
available water coarse texture;
capacity. rapid permea

bility.

Slopes as much as Slopes as much as Slight on slopes of 3
70 percent. 70 percent. to 7 percent; mod

erate on slopes of 7
to 15 percent; severe
on slopes of more
than 15 percent.

(2) High compress- Severe: always wet.
ibility; organic
soil; wetness.

(2) High compressibil- Severe: always wet.
ity; wetness; or
ganic material.

Slopes as much as Slopes as much as Severe: slopes gen
70 percent; diffi- 70 percent. emily more than 10
cult to establish percent.
plants.

Low fertility; diffi- (3) Slight: moderate
cult to establish permeability.
plants.

Difficult to estab- (3) Slight: moderate
lish plants un- permeability; severe
less irrigated, where soil is mod

erately shallow.

Difficult to estab- (3) Slight: moderate
Lish plants unless permeability.
irrigated; cobbly
or stony.

Clayey; slopes as Slopes as much as Slight on slopes of not
much as 15 15 percent. more than 7 percent;
percent. moderate on slopes

of 7 to 15 percent.

Slopes as much as Slopes as much as Slight on slopes of 3 to
70 percent. 70 percent. 7 percent; moderate

on slopes of 7 to 15
percent; severe on
slopes of more than
15 percent.

Slight,exceptwhere
subject to local
flooding.

Stoniness Stoniness Slight: stoniness.

All features favor
able, except
cobbly or stony.

(2)

Slopes as much as
70 percent.

(2)

(3)

(2)

(2)

All features favor
able, except
cobbly or stony.

Clayey; moderately
rapid permea..
bility.

All features
favorable where
slopes are not
more than 20
percent.

(3)

(3) (3)__

(2) All features favor- Stoniness
able, except
stoniness.

(3)



TABLE 3 .—En.gineeri’ng

Suitability as a source of— Soil features affecting—

Soil series and map
symbols Farm ponds

Topsoil Road fill Highway
location

Reservoir areas Embankments

Haul: HfB, HfC, HfD2, Poor: low Good Slopes as much Moderately rapid (4)

Hf E2. fertility, as 40 percent. permeability;
slopes as much
as 40 percent.

Hallimaile: HgB, HgC, Good to a depth Good (3) Moderately rapid (3)

HhB, HhC, HkC2. of 40 inches; permeability.
fair from 40 to
60 inches; very
sticky.

Hamakuapoko: HIB, Fair: very Good (3) Moderately rapid Very sticky and very
HIC, HIC2; sticky and very permeability, plastic.

plastic; low
fertility.

Hana:
H K NC, H KOC Fair: dehydrates Poor: poor work- Slopes as much as Moderately rapid High seepage rate;

irreversibly; ability; low 15 percent; permeability; low compacted
low fertility, compacted high compressi- slopes as much as density; high

density; bility; low 15 percent; compressibility;
thixotropic. bearing cinders at a depth poor workability.

capacity, of l3- to 3 feet.

H K LD Fair: dehydrates Poor: poor work- Slopes as much as Moderately rapid High seepage rate;
irreversibly; ability; low 25 percent; permeability; low compacted
low fertility; compacted high comprcssi- slopes as much as density; high
stony. density; hility; low 25 percent; compressibility;

thixotropic; hearing capacity; cinders at a depth poor workability;
stony. stoniness, of 3 to 4 feet; stoniness.

stoniness.

H KMD Fair: dehydrates Poor: poorwork- Slopes as much as Moderately rapid High seepage rate;
irreversibly; ability; low 25 percent; permeability; low compacted
low fertility; compacted high compressi- slopes as much as density; high
stony, density; bility; low 25 percent; compressibility;

thixotropic; bearing capacity; cinders at a depth poor workability;
stony, stoniness, of 134 to 4 feet; stoniness.

stoniness.

Hanalei: HmA. HnA, Poor: always Poor: high water High water table; High water table; Wetness; fair
Ho B, Ho B, H pA, wet. table; always subject to subject to stability; subject
HrB. wet. flooding. flooding, to flooding.

Hanalnaulu:
HiS, HsC, HiD, Fair: low Good Slopes as much Slopes as much as Slopes as much as
Ha E, HI E. fertility, as 40 percent. 40 percent; 40 percent. See

moderately rapid also (4).

permeability.

HuE Fair: low Good, except Slopes as much as Slopes as much as Slopes as much as
fertility; bouldery. 35 percent; 35 percent; 35 percent;
bouldery. bouldery. moderately rapid bouldery. See

permeability; also (4).

bouldery.

See footnotes at end of table.
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interpretations—Oontinued

Soil features affecting—Continued

Degree and kind of
Agricultural Irrigation Terraces and Grassed waterways Fomdations for limitations for septic

drainage diversions low buildings tank filter fields

(2) (2) Low fertility; Low fertility; Slopes as much as Slight on slopes of 3 to
slopes as much slopes as much 40 percent. 8 percent; moderate
as 40 percent. as 40 percent. on slopes of 8 to 15

percent; severe on
slopes of more than
15 percent.

(2) Slopes as much as (3) (3) Ailfeatures favor- Slight on slopes of not
15 percent. able, except slopes more than 7 percent;

as much as 15 moderate on slopes of
percent. as much as 15 percent.

(2) Slopes as much as Very sticky and Very sticky and Moderate shrink- Slight on slopes of 3 to 7
15 percent. very plastic. very- plastic. swell potential; percent; moderate on

slopes as much as slopes of 7 to 15
15 percent. percent.

(2) (2) Poor workability Poor workability_ High shrinkage; low Slight on slopes of S to 7
bearing capacity; percent; moderateon
high compressi- slopes of 7 to 15
bility. percent.

(2) (2) Poor workability; Poor workability; High shrinkage; low Slight on slopes of 3 to 7
stoniness, stoniness, bearing capacity; percent; moderate on

high compressi- slopes of 7 to 15
bility; stoniness. percent; severe on

slopes of more than
15 percent.

(2) (2) Poor workability; Poor workability; High shrinkage; low Slight on slopes of 3 to 7
stoniness, stoniness, bearing capacity; percent; moderate on

high compressi- slopes of 7 to 15
bility; stoniness. percent; severe on

slopes of more than
15 percent.

High water (3) Wetness; high High water table; High water table; Severe: high water
table; water table; wetness. subject to table; subject to
moderate subject to flooding, flooding.
permeability; flooding.
subject to
flooding.

(2) All features All features Slopes as much as Slopes as much as Slight on slopes of 3
favorable, except favorable, except 40 percent. 40 percent. to 8 percent;
slopes as much as slopes as much as moderate on slopes
40 percent. 40 percent. of S to 15 percent;

severe on slopes of
more than 15
percent.

(2) All features All features Slopes as much as Slopes as much as Severe: slopes
favorable, except favorable, except 35 percent; 35 percent; generally more than
slopes as much as slopes as much as bouldery. bouldery. 15 percent;
35 percent; 35 percent; bouldery.
bouldery. bouldery.



TABLE 3.—Engineering

Suitability as a source of— Soil features affecting—

Soil series and map
—

symbols Farm ponds
Topsoil Road fill Highway

location
Reservoir areas Embankments

Helemané: H LMG Fair: 30 to 90 Fair: 30 to 90 Slopes of 30 to Moderately rapid Slopes of 30 to
percent slopes. percent slopes. 90 percent. permeability; 30 90 percent.

to 90 percent
slopes.

Hibimanu: H M M F Fair: slopes of 40 Fair: slopes of 40 Slopes of 40 to 70 Slopes of 40 to 70 Slopes of 40 to 70
to 70 percent; to 70 percent. percent. percent; percent. See
low fertility, moderately rapid also (4).

permeability.

I{olomua: HvA, HvB, Good Good Bedrock as Moderate per- Poor stability;HvB3, HvC, HvC3. shallow as 4 meability; bed- piping hazard.
feet in places, rock as shallow as

4 feet in places.

Honolua: HwC, Fair: low Good Slopes as much as Moderately rapid (1)

fertility. 25 percent. permeability;
slopes as much as
25 percent.

Honomanu: rHOD rH R Fair: dehydrates Poor: poor High cornpressi- Moderately rapid High seepage rate;
For Amalu part of irreversibly; workability; bility; low permeability; high compressi

rH R, see Amalu low fertility, high bearing slopes as much as bility; thizotropic.
series, compressibility; capacity; slopes 25 percent.

thixotropic; low as much as 25
compacted percent.
density.

Honouliuli: H xA, H x B..__ Fair: very sticky Poor: highly High shrink-swell Moderately slow per- High shrink-swell
and very plastic. plastic; poor potential; low meability; high potential; low

workability; shear strength. shrink-swell poten- shear strength.
high shrink- tial.
swell potential.

Hoolchua: HyB3, HzA, Good Good Slopes as much as Moderate permeabil- High compacted
HzB, HzC, HzE. 35 percent. ity;slopesasmuch density.

as 35 percent.

Hulua: H N UD, H N U F Poor: always wet; Poor: poor work- Slopes as much as Slopes as much as 70 Wetness; high
low fertility, ability; always 70 percent; wet- percent; ironstone organic-matter

wet. ness; seepage. layer at a depth content to a depth
of about 15 inches. of 15 inches; high

compressibility.

Hydrandepts: rHT Fair: dehydrates Poor: poor work- High compressi- Moderately rapid High seepage rate;
For Tropaquods part irreversibly; low ability; high bility; low bear- permeability; high cornpressi

of rHT, see Tropa- fertility, compressibility; ing capacity; slopes as much as bility.
quods. low compacted slopes as much 25 percent.

density. as 25 percent.

lao: IaA, laB, IbS, IbC, Fair: very sticky Fair: moderate Subject to local Moderately slow Moderate shrink
lcB, IcC. and very plastic. shrink-well p0- flooding, permeability; swell potential;

tential. moderate shrink- clayey.
swell potential.

lo: SD . Good to a depth Fair: unstable Slopes as much as Moderately rapid Unstable material;
of 20 inches; material. 25 percent; un- permeability; cm- high seepage rate;
variable below stable ran- ders at a depth of piping hazard.
20 inches. terial. 20 to 40 inches;

slopes as much as
25 percent.

See footnotee at end of table.
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nterpretcLtion$—Continued

Soil features affecting—Continued

Degree and kind of
Agricultural Irrigation Terraces and Grassed waterways Foundations for limitations for septic

drainage diversions low buildings’ tank filter fields

(2) Slopes of 30 to Slopes of 30 to
90 percent. 90 percent.

(2) (2) Slopes of 40 to 70
percent;
moderately rapid
permeability.

(2) Eroclible; slopes as Susceptible to silta
much as 15 tion.
percent.

(2) Slopes as much as 25 Slopes as much as 25
percent. percent; other

features favorable.

(2) (2) Many stones below
a depth of 3 feet;
poor workability;
low fertility.

Moderately slow Moderately slow Poor workability_ - - -

permeability, permeability.

(2) Slopes as much as 35 Ailfeaturesfavorable
percent. on slopes not more

than 20 percent.

Ironstone layer (2) (2)

at a depth of
about 15 in
ches; wetness.

(2) (2) Many stones below
a depth of 3 feet;
poor workability;
low fertility.

(2) Moderately slow Poor workability - - -

permeability.

(2) Slopes of 7 to 25 Unstable material;
percent; high cinders at a depth
available water of 20 to 40 inches.
capacity; mod
erately rapid
permeability.

Slopes of 30 to
90 percent.

Slopes of 40 to 70
percent.

Susceptible to silta
tion of channels;
difficult to estab
fish plants.

(3)

Poor workability;
low fertility.

Difficult to establish
plants; poor work
ability.

Difficult to establish
plants.

(3)

Poor workability;
low fertility.

Poor workability;
difficult to estab
lish plants.

Cinders at a depth
of 20 to 40 inches.

Slopes of 30 to
90 percent;
susceptible to
sliding.

Slopes of 40 to 70
percent;
susceptible to
sliding.

All features favor
able, except where
slopes are as much
as 15 percent.

Moderate shrink-
swell potential;
high shear
strength; slopes
as much as 25
percent.

High shrinkage;
high compressi
bility; low shear
strength.

Low shear strength;
high shrink-swell
potential.

Slopes as much as 35
percent.

Poorly drained;
slopes as much as
70 percent; low
shear strength.

High shrinkage; high
compressibility;
low shea” strength.

Moderate ahrink
swell potential.

Slopes as much as
25 percent; cin
ders at a depth of
20 to 40 inches.

Severe on slopes of 30
to 90 percent.

Severe on slopes of 40
to 70 percent.

Slight on slopes of 0 to
7 percent; moderate
on slopes of.7 to 15
percent.

Moderate on slopes of
7 to 15 percent;
severe on slopes of
more than 15
percent.

Moderate on slopes of
5 to 15 percent;
severe on slopes of
more than 15
percent.

Severe: moderately
slow permeability.

Slight on slopes of 0 to
7 percent; moderate
on slopes of 7 to 15
percent; severe on
slopes of more than
15 percent.

Severe: shallow to
ironstone layers;
steep and very steep
slopes; always wet.

Moderate on slopes of 5
to 15 percent; severe
on slopes of more
than 15 percent.

Severe: moderately
slow permeability.

Severe: slopes
generally more than
10 percent; rapid
permeability in sub
stratum.



TABLE 3 —Engineering

Suitability as a source of— Soil features affecting—

Soil series and map
symbols Farm ponds

Topsoil Road fill Highway
location

Reservoir areas Embankments

roleau: loB, bC, Fair: Good Slopes as much as Slopes as much as 35 (3)
IoD2, a E2. low fertility. 35 percent. percent; slow to

moderately slow
permeability.

Jaucas:
JaC, if B, JkB Poor: low Poor: unstable; Unstable slopes; Sandy pervious ma- Highly pervious;available highly erodible. erodible. terial. poor stability.

water capacity.

icC Poor: low Poor: unstable; Unstable slopes; Sandy pervious ma- Highly pervious;
available highly erodible; erodible; high terial; high water poor stability;
water capacity; high water water table. table. high water table.
saline, table.

JL Fair: low Good Erodible where Rapid permeability Erodible; high cornFor Blown-out fertility. embankments pacted density.part, see Blown- are exposed.
out land.

I(aena: Ka B, KaC, Poor: very Poor: very High shrink- Slow to moderately Poor workability;Kae B, KaeC, KaeD, sticky and very plastic; high swell poten- slow permeabil- high shrinkKan E, Kay 8, KavC. plastic, shrink-swell tial; seepage; ity; high shrink- swell potential;
potential; poor poor work- swell potential; poor compaction
workability; ability; slopes slopes as much as characteristics.
seepage. as much as 35 35 percent.

percent.

Kahana: Kb8, KbC, Good Good Slopes as much as Moderately rapid (3)
KbD. 25 percent. permeability;

slopes as much as
25 percent.

Kahanui: KASD, KATD Poor: very low Fair to good: Local seepage; Moderately rapid 4)
fertility, wet in winter, slopes as much permeability;

as 20 percent. slopes as much as
20 percent; local
seepage.

Kailua: K B D Fair: dehy- Poor: low shear Low hearing Moderately rapid Thixotropic; high
drates irrevers- strength; high capacity; high permeability; eompressibilit;ibly; low fer- compressibility; compressibility; slopes as much as poor workability;tility. poor work- poor work- 25 percent. Low compacted

ability; thixo- ability; slopes density.
tropic. as much as 25

percent.

ICaimu: KC XD Poor: extremely Good Fragmental Aa Fragmental Aa Fragmental An
stony; frag- lava; slopes as lava; very rapid lava; highly
mental Aa lava much as 25 permeability. pervious.
at a depth of
less than 8
inches.

See footnotes at end of table.
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interpretation.s—Continu ed

Soil features affecting—Continued

Degree and kind of

Agricultural Irrigation Terraces and Grassed waterways Foundations for limitations for septic

drainage diversions low buildings’ tank filter fields

Slopes as much as Severe: moderately
35 percent. slow to slow perme

ability.

(3) Slight: rapid
permeability.

High water tab1e_ Severe: high water
table.

() Slight: rapid
permeability.

(0 Moderate to severe Slopes as much as
erosion hazard 35 percent.
where slopes are
more than 20 per
cent; slow to mod
erately slow per
meability.

(2) Low available water Unstable embank-
capacity; rapid ments; sandy ma.-
intake rate. terial; rapid

permeability.

Rapid permea- Low available water Unstable embank
bility; high capacity; rapid ments; sandy ma-
water table, intake rate; high terial; rapid per-

water table. meability; high
water table.

(2) Slow intake rate Susceptible to
siltation.

Slow permea- Slow intake rate; Poor workability;
bility; seepage. poorly drained; poorly drained;

slow permeability, high shrink-swell
potential.

(2) Slopes as much as All features favor-
25 percent. able where slopes

are not more than
20 percent.

(2) (2) Slopes as much as
20 percent; sapro
lite at a depth of
24 to 36 inches.

(2) (2) Poor workability___

(2) Rapid intake rate; 2)

very low avail
able water
capacity.

Slopes as much as
35 percent.

Highly erodible;
low available
water capacity;
low fertility.

Highly erodihie;
low available
water capacity;
low fertility; high
water table.

Low fertility;
difficult to
establish plants.

Poorly drained;
poor workability.

Slopes as much as
25 percent.

Very low fertility___

Poor workability_ - - -

Extremely stony;
poor workability.

High shrink-swell
potential; poorly
drained; low
shear strength;
seepage.

High shear
strength; slopes
as much as 25
percent.

Local seepage;
slopes as much as
20 percent.

High shrinkage;
low shear
strength; high
compressibility;
slopes as much
as 25 percent.

Extremely stony;
high bearing
capacity; slopes
as much as 25
percent.

Severe: slow per
meability; seepage.

Slight on slopes of 0 to
7 percent; moderate
on slopes of 7 to 15
percent; severe on
slopes of more than
15 percent.

Slight on slopes of not
more than 5 percent;
severe on slopes of
more than 5 percent;
downslope seepage.

Slight on slopes of 0
to 5 percent; mod
erate on slopes of 5
to 10 percent;
severe on slopes of
more than 10 per
cent; moderately
rapid permeability.

Severe: lack of filter
material.
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Suitability as a source of— Soil features affecting—
Soil series and map

symbols Farm pondsTopsoil Road fill Highway
location

Reservoir areas Embankments

Kaipoioi:
KDIE Good

KDV Good, except
stony.

Kalae: KcB, KcC, Fair: low
KcC3, KcD3, KdE3. fertility.

Kalapa:
KdD, KdE, KdF Fair: low

fertility.

KEHP Fair: low
fertility; rocky.

Kalaupapa: KFID Poor: bedrock at
a depth of less
than 20 inches.

1<alihi: Re Poor: very
sticky and very
plastic; wet.

Kaloko: RI, Kin, Kfb__.. Poor: marl at a
depth of less
than 20 inches;
high clay
content.

1(amaole; KG KC, Poor: stony;
KG LC. less than 24

inches to frag
mental Aa lava.

Fair: high
organic-matter
content; low
compacted
density.

Fair: high
organic-matter
content: low
compacted
density;
rocky.

Good

Good

Good, except
rocky.

Poor: bedrock at
a depth of less
than 20 inches;
rocky.

Poor: high
shrink-swell
potential; poor
workability.

Poor: high
shrink-swell
potential; poor
workability.

Good, except
stony.

Slopes as much as Moderately rapid Low compacted
40 percent; permeability; density; high
moderate corn- slopes as much as organic-matter
pressibility; 40 percent. content.
unstable slopes.

Slopes as much as Moderately rapid Low compacted
40 percent; permeability; density; high
moderate corn- slopes as much as organic-matter
pressibility; 40 percent; content;
unstable rockiness, rockiness.
slopes;
rockiness.

Slopes as much as Moderately rapid (3)

40 percent. permeability;
slopes as much as
40 percent.

Slopes as much as Moderately rapid (4)

70 percent. permeability;
slopes as couch as
70 percent.

Slopes as much as Slopes as much as Rockiness. See
70 percent; 70 percent; mod- also (4).

rockiness. erately rapid
permeability;
rockiness.

Slopes as much as Bedrock at a depth Limited volume of
25 percent; of less than 20 material; piping
rockiness; inches; slopes as hazard; rockiness.
bedrock at a much as 25
depth of less percent; rockiness.
than 20 inches.

High shrink-swell High water table; High shrink-swell
potential; high shrink-swell potential; low
wetness; poor potential; slow shear strength;
workability. permeability, poor compaction

characteristics.

High shrink- Slow to moderately Clayey; high shrink-
swell potential; slow permeabil. swell potential;
wetness; poor ity; high shrink- poor compaction
workability, swell potential. characteristics;

low shear strength.

Fragmental Aa Fragmental Aa lava Limited volume of
lava at a depth at a depth of 16 material; rapid
of less than 24 to 24 inches; seepage rate;
inches; stoni- high seepage rate, stoniness.
ness.

See footnotes at end of table.
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Soil features affecting—Continued

.

Degree and kind of

Agricultural Irrigation Terraces and Grassed waterways Foundations for limitations for septic

drainage diversions low buildings 1 tank filter fields

(2)

(2)

(2)

(2)

(2)

(2)

Slow permea
bility; high
water table.

Slow to moder
ately slow
permeability;
high water
table.

(2)

Rapid intake rate;
slopes of 7 to 40
percent.

Rapid intake rate;
slopes of 7 to 40
percent; rockiness.

Slopes as much as
40 percent;
moderately rapid
permeability.

Slopes as much as
70 percent.

Slopes as much as
70 percent;
rockiness.

Bedrock at a depth
of less than 20
inches; rockiness.

Slow intake rate;
slow permeability.

Slow to moder
ately slow perme
ability.

Low available water
capacity; frag
mental Aa lava at
a depth of 10 to
24 inches; stoni
ness.

Slopes of 7 to 40
percent; erodible.

Slopes of 7 to 40
percent; erodible;
rockiness.

All features
favorable on
slopes of not
more than 20
percent.

All features
favorable on
slopes of not more
than 20 percent.

Slopes of 40 to 70
percent; rockiness.

Bedrock at a depth
of less than 20
inches; rockiness.

Poor workability;
wetness.

Poor workability;
wetness; marl
layer at shallow
depth.

Fragmental Aa lava
at a depth of less
than 24 inches;
stoniness.

Erodible; slopes as
much as 40
percent.

Erodible; slopes as
much as 40
percent; rockiness.

Slopes as much as
40 percent.

Slopes as much as
70 percent.

Slopes of 40 to 70
percent; rockiness.

Bedrock at a depth
of less than 20
inches; rockiness;
slopes as much as
25 percent.

Wetness; poor
workability.

Poor workability;
wetness; shallow
to marl.

Highly erodible;
fragmental Aa
lava at a depth of
less than 24
inches; stoniness;
difficult to es
tablish plants.

Slopes as much as
40 percent;
moderate com
pressibility; low
shear strength.

Slopes as much as
40 percent;
moderate com
pressibility; low
shear strength;
rockiness.

High shear
strength; slopes
as much as 40
lercent.

Moderate shrink-
swell potential;
high shear
strength; slopes as
much as 70
percent.

Slopes of 40 to 70
percent; rockiness.

Bedrock at a depth
of less than 20
inches; slopes as
much as 25
percent; rockiness.

High shrink-swell
potential; poor
drainage.

High shrink-swell
potential; wet
ness; low shear
strength.

Stoniness; frag
mental Aa lava
at a depth of less
than 24 inches.

Severe: slopes.
generally more than
10 percent.

Severe: slopes
generally more than
10 percent; rockiness.

Slight on slopes of 0 to
7 percent; moderate
on slopes of 7 to 15
percent; severe on
slopes of more than
15 percent.

Ivloderate on slopes of
S to 15 percent;
severe on slopes of
more than 15
percent.

Severe: slopes of 40
to 70 percent;
rockiness.

Severe: bedrock at a
depth of less than 20
inches.

Severe: slow permea
bility; poor drainage.

Severe: slow to
moderately slow
permeability; poorly
drained.

Severe: lack of filter
material.
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Soil series and map
symbols Farm ponds

Topsoil Road fill Highway
location

Reservoir areas Embankments

Kaneohe: KgB, KgC, Fair: low Good Slopes as much as Moderately rapid (4)
K H MC, K H M E, fertility. 65 percent. permeability;KH M F KHOF. slopes as much as

65 percent.

Kancipuu: KhS, KhB2, Good Good (3) Moderate permea- (3)KhC, KhC2. bility.

Kapaa: KkB, KkC, Poor: verylow Good Slopes as mtch as Slopes as much as (4)
KkD, Kk E, KG. fertility. 100 percent. 100 percent;

moderately rapid
permeability.

Kapuhikani: K KTC Poor: very Poor: very High shrink- High shrink-swell Clayey; high shrink-sticky and very plastic; high swelL potential; potential; slow swell potential;plastic; bedrock shrink-swell po- poor workabil- permeability; bed- poor compactionat a depth of 20 tential; poor ity; stoniness, rock at a depth of characteristics;to 36 inches; workability; 20 to 36 inches. stoniness.stony, stony.

Kaupo: K L UD, KLVD.._ Poor: stony; Good, except Stoniness; slopes Stoniness; slopes as Stoniness; limitedfragmental Aa stony. as much as 25 much as 25 per- volume of soillava at a depth percent. cent; fragmental material.of 20 to 40 Aa lava at a
inches. depth of 20 to 40

inches; high
seepage rate.

Kawaihapai:
KEA, KB, KIC, Good Good AlL features Moderate perme- (3)

KIcB. favorable, ability.
except occa
sional local
flooding.

K1bC, KIaA, KTaB Good, except Good, except All features Moderate perme- Stoninessstony. stony. favorable, ability; stoniness.
except occa
sional local
flooding;
stoniness.

Keaau: KmA, KrnaB, Poor: very Poor: very High shrink-swell High water table; Clayev; high shrinkKmbA. sticky and very plastic; high potential; high high shrink-swell swell potential;plastic, shrink-swell water table, potential; slow poor compaction
potential; poor permeability, characteristics.workability.

Keahua:
KnB, KnC, KnaB, Good, except Good, except Slopes as much as Moderate permea- (i)

KriaC, KnaD, cobbly in cobbly in 25 percent. bility; slopes asKncC, KnhC. places. places. much 25 percent:

KnbD, KnsC Good, except Good, except Slopes as much as Moderate permea- Stoninessstony. stony. 25 percent; bility; slopes as
stoniness, much as 25 per

cent; stoniness.

See footnotes at end of table.
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interpretations—Continued

Soil features affecting—Continued

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields

drainage diversions low buildings I

All features favor
able on slopes not
more than 20
percent.

Slopes as much as
65 percent.

(3) Difficult to estab—
Lish plants.

Slopes as much as
100 percent.

Poor workability;
stoniness; bed
rock at a depth of
20 to 36 inches.

Stoniness; frag—
mental Aa lava at
a depth of 20 to
40 inches.

Very low fertility;
slopes as much as
100 percent.

Poor workability;
stoniness; bed
rock at a depth of
20 to 36 inches;
difficult to
establish plants.

Stoniness; frag
mental Aa lava at
a depth of 20 to
40 inches.

(2) (2)

(2) Slopes as much as
15 percent.

(2) J (2)

(2) Slow intake rate;
stoniness.

(2) Fragmental Aa lava
at a depth of 20
to 40 inches;
stoniness.

(2) Slopes as much as
15 percent.

(2) Slopes as much as
15 percent;
stoniness.

Slow permea- Slow intake rate;
bility; high slow permeability.
water table.

(2) Slopes as much as
25 percent.

(2) Slopes as much as
25 percent;
stoniness.

Slopes as much as
65 percent.

Slopes as much as
15 percent.

Slopes as much as
100 percent.

High shrink-swell
potential; stoni
ness; bedrock at
a depth of 20 to
36 inches.

Stoniness; slopes as
much as 25 per
cent; fragmental
Aa lava at a
depth of 20 to 40
inches.

Slopes as much as
15 percent; high
shear strength.

Slopes as much as
15 percent; high
shear strength;
stoniness.

High shrink-swell
potential; high
water table; low
shear strength.

Slopes as much as
25 percent.

Slopes as much as
25 percent;
stoniness.

(3) (a)

Stoniness Stoniness

Slight on slopes of 3 to
8 percent; moderate
on slopes of 8 to 15
percent; severe on
slopes of more than
15 percent.

Slight on slopes of 3 to
7 percent; moderate
on slopes of 7 to 15
percent.

Slight on slopes of 3 to
8 percent; moderate
on slopes of 8 to 15
percent; severe on
slopes of more than
15 percent.

Severe: slow perme
ability.

Severe: lack of filter
material.

Slight on slopes of 0
to 7 percent;
moderate on slopes
of 7 to 15 percent.

Slight on slopes of 0
to 7 percent;
moderate on slopes
of 7 to 15 percent;
stoniness.

Severe: slow
permeability; high
water table.

Slight on slopes of 3
to 7 percent; moder
ate on slopes of 7 to
15 percent; severe on
slopes of more than
15 percent.

Moderate on slopes of 7
to L5 percent; severe
on slopes of more
than 15 percent..

Poor workability;
consolidated coral
sand at a depth
of 20 to 30 inches.

Susceptible to
siltation.

Susceptible to sil
tation; stoniness.

Poorly drained;
poor workability;
consolidated coral
sand at a depth
of 20 to 30 inches.

Susceptible to
siltation of chan
nels; difficult to
establish plants.

Susceptible to silta
tion of channels;
difficult to estab
lish plants;
stoniness.
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Suitability as a source of— Soil features affecting—
Soil series and map

symbols Farm pondsTopsoil Road fill Highway
location

Reservoir areas Embankments

TAELE 3 .—Engineerin.g

Kealia: KMW Poor: toxicealts;
high water
table.

Keawakapu: K N XD Poor: stony; 12
to 30 inches of
soil material.

Kekaha:
Ko A,

KOYE Good, except
stony.

Kemoo: KpB, KpC, Good
KpD, KpE, KpF, KPZ.

For Badland part of
KPZ, see Badland.

Koele:
KrB, KrC, KrD Good

KRX, KRL Good, except
For Badiand part of rocky.

KRL, see Bad-
land.

Kokee: KSKE, KSKF Fair: low
fertility.

Koko: KsB, KsC, KsD Good

Poor: high High water table;
water table. flooding hazard.

Fair: stony; Stoniness; slopes
limited volume as much as 25
of material. percent.

KoB, KobA Good Good ()

Good, except Extremely stony;
stony. slopes as much

as 35 percent.

Good Slopes as much as
70 percent.

Good Slopes as much as
25 percent.

Good, except Slopes as much
rocky. as 60 percent;

rockiness.

Good Slopes as ranch
as 70 percent.

Fair: unstable Erodible; slopes
slopes; erodible. as much as 25

percent; un
stable slopes.

High water table;
moderately rapid
permeability.

Fragmental An lava
at a depth of 12
to 30 inches:
moderate per
meability.

Moderate perme
ability.

Stoniness; slopes as
much as 35 per
cent.

Moderate to mod
erately rapid
permeability;
slopes as much as
70 percent.

Moderately rapid
permeability;
slopes as much as
25 percent.

Slopes as much as
60 percent;
rockiness.

Slopes as much as
70 percent;
moderately rapid
permeability.

Slopes as much as
25 percent;
moderate perme
ability; tuff or
cinders at a depth
of 20 to 50 inches.

Erodible: difficult
to vegetate;
piping hazard.

Limited volume of
material;
stoniness.

Stoniness

(3)

Pervious material
below a depth of
3 feet.

Rockiness

(4)

Low compacted
density; tuff or
cinders at a depth
of 20 to 50 inches;
subject to piping.

See footnotes at end of table.
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interpretations—Continued

Soil features affecting—Continued

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields
drainage diversions low buildings’

Low, wet areas; High water table; Subject to overflow High water table;
high water saline, from high tides; saline; difficult to
table; flooding high water table, establish plants.
hazard; saline.

(2) Shallow soil; stoni- Fragmental An lava Fragmental Aa lava
ness; slopes as at a depth of 12 at a depth of 12
much as 25 per- to 30 inches; to 30 inches;
percent. stoniness, stoniness; difficult

to establish plants.

(2) (3) (2) Difficult to estab
lish plants unless
irrigated.

(2) Stoniness: slopes as Stoniness: slopes as Stoniness: slopes as
much as 35 per- much as 35 per- much as 35 per
cent. cent. cent; difficult to

establish plants
unless irrigated.

(‘) Slopes as much as All features favor- Slopes as much as
70 percent. able on slopes of 70 percent.

not more than 20
percent.

(2) Slopes as much as (3) Difficult to
25 percent; establish plants
moderately rapid unless irrigated.
permeability.

(2) Rockiness; uneven Rockiness; uneven Rockiness; slopes
topography; topography; as much as 60
slopes as much slopes as much percent.
as 60 percent. as 60 percent.

cz) () Slopes as much as Slopes as much as
.

70 percent. 70 percent.

(2) Erodible; slopes as Erodible; tuff or Erodible; difficult
much as 25 per- cinders at a to establish
cent; moderate depth of 20 to plants unless
permeability. 50 inches; slopes irrigated.

as much as 25
percent.

High water table;
flooding hazard;
subeet to tidal
action.

Fragmental Aa lava
at a depth of 12
to 30 inches;
stoniness; slopes
as much as 25 per
cent.

(2)

Slopes as much as
35 percent;
stoniness.

Slopes as much as
70 percent; high
bearing strength.

Slopes as much as
25 percent.

Slopes as much as
60 percent;
rockiness.

Slopes as much as
70 percent; low
fertility.

Tuff or cinders at
a depth of 20
to 50 inches;
slopes as much
as 25 percent.

Severe: high water
table; subject to
tidal action.

Severe: lack of filter
material.

Slight: moderate
permeability.

Moderate on slopes of
0 to 10 percent;
severe on slopes of
more than 10 per
cent.

Slight on slopes of 2 to
6 percent; moderate
on slopes of 6 to 12
percent; severe on
slopes of more than
12 percent.

Slight on slopes of 3 to
7 percent; moderate
on slopes of 7 to 15
percent; severe on
slopes of more than
15 percent.

Slight on slopes of 3 to
7 percent; moderate
on slopes of 7 to 15
percent; severe on
slopes of more than
15 percent in other
than rocky areas.

Severe: slopes
generally more
than 10 percent.

Slight on slopes of 2
to 6 percent;
moderate on slopes
of 6 to 12 percent;
severe on slopes of
more than 12
percent.
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T.BLE 3 —Engineering

Suitability as a source of— Soil features affecting—

Soil series and map
symbols Farm ponds

Topsoil Road fill Highway
location

Reservoir areas Embankments

Poor: very
sticky and very
plastic.

Poor: very
sticky and \‘cry
plastic.

Poor: very plas
tic; wet; poor
workability;
high shrink-
swell
potential.

Poor: very plas
tic; wet; poor
workability;
high shrink-
swell potential;
stoniness.

Good Good

High shrink-swell
potential; poor
workability;
seepage.

High shrink-swell
potential; poor
workability;
seepage; slopes
as much as 35
percent; stoni
ness.

Slopes as much as
25 percent.

Bedrock at a
depth of 20
to 40 inches;
slopes as much
as 25 percent.

Subject to stream
overflow.

Kokokahi:
KtC

KTK E

Kolekole: Ku B, KuC,
Ku D.

Koloa: KyB, KvC, KvD Fair: soil mate
rial 20 to 40
inches deep
over bedrock;
stony.

Kolokolo:
Kw Fair: low fertil

ity.

KUL Fair: stony;low
fertility.

Koolnu: KVSB, KVSE_ Poor: always
wet; low fertil
ity.

Kula:
KxC, KxD, KxaD. Good

KsbE Good, except
rocky.

Kunia: KyA, KyB, KyC_ Good

Fair: 20 to 40
inches deep;
stony.

Good

High shrink-swell
potential; seep
age; slow to mod
erately slow per
meability.

High shrink-swell
potential; seep
age; slow to mod
erately slow per
meability; stoni
ness,

Slopes as much as
25 percent; mod
erate permea
bility.

Bedrock at a depth
of 20 to 40
inches; slopes as
much as 25 per
cent; moderately
rapid permeability.

Moderate perme
ability; subject to
stream overflow.

Moderate perme
bility; subject to
stream overflow;
stoniness.

Wetness; rapid per
meability to a
depth of 30 inches.

Moderately rapid
permeability;
slopes as much
as 20 percent.

Moderately rapid
permeability;
rockiness; slopes
as much as 40
percent.

Moderate permea
bility; slopes as
much as 15 per
cent.

Poor: stony Stoniness; sub
ject to stream
overflow.

Poor workability;
high shrink-swell
potential; poor
compaction
characteristics.

Poor workability;
high shrink-swell
potential; poor
compaction
characteristics;
stoniness.

Erodible

Bedrock at a depth
of 20 to 40
inches; high com
pacted density.

Stoniness. See
also (4).

Wetness; poor
workability;
poor compaction
characteristics.

Poor stability;
poor compaction
characteristics;
piping hazard.

Poor stability; poor
compaction
characteristics;
piping hazard;
rockiness.

(3)

Poor: low shear
strength;
always wet.

Fair: unstable
slopes; erodible.

Fair: unstable
slopes; credible;
rocky.

Wetness; low
shear strength;
poor work
ability.

Unstable slopes;
erodible;
slopes as much
as 20 percent.

Unstable slopes;
erodible; rocki
ness; slopes as
much as 40
percent.

Good ()

See footnotes at emid of table.
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interpretations—Continued

Soil features affecting—Continued

—

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields
drainage diversions low buildings I

Slow to moder
erately slow
permeability;
seepage.

Slow to moder
ately slow
permeability;
seepage;
stoniness.

(2)

(2)

Slow intake rate;
slow to moder
ately slow per
meability.

Slow intake rate;
slow to moder
ately slow perme
ability; slopes as
much as 35 per
cent; stoniness.

Thin panlike laycr
at a depth of 15
to 50 inches;
slopes as much as
25 percent.

Stoniness; slopes as
much as 25 per
cent; bedrock at a
depth of 20 to 40
inches.

High shrink-swell
potential; poor
workability.

High shrink-swell
potential; poor
workability;
slopes as much as
35 percent; stoni
ness.

Slopes as much as
25 percent; thin
panlike layer at a
depth of 15 to 50
inches.

Stoniness; slopes as
much as 25 per
cent; bedrock at a
depth of 20 to 40
inches.

(2) (2) Subject to stream
overflow.

Poor workability - - -

Poor workability;
slopes as much as
35 percent; stoni
ness.

Thin panlike layer
at a depth of 15
to 50 inches;
slopes as much as
25 percent.

Stoniness; bedrock
at a depth of 20 to
40 inches; slopes
as much as 25
percent.

Subject to stream
overflow and
siltation.

Subject to stream
overflow; stoni
ness.

Poor workability;
wetness.

Highly erodible;
susceptible to
siltation.

Highly erodible;
susceptible to sil
tation of channels;
rockiness; slopes
as much as 40
percent.

Slopes as much as
15 percent.

High shrink-swell
potential; low
shear strength;
seepage; suscept
ible to sliding.

High shrink—swell
potential; low
shear strength;
seepage; suscept
ible to sliding;
slopes as much as
35 percent;
stoniness.

Slopes as much as
25 percent.

Bedrock at a depth
of 20 to 40
inches; slopes as
much as 25 per
cent.

Subject to stream
overflow.

Subject to stream
overflow; stoni
ness.

Wetness; low shear
strength; high
compressibility.

Moderate compressi
bility; piping
hazard; slopes as
much as 20
percent.

Rockiness; slopes as
much as 40 per
cent.

Slopes as much as
15 percent.

Severe: slow and
moderately slow
permeability; seep
age.

Severe: slow to mod
erately slow perme
ability; seepage.

Slight on slopes of 1 to
6 percent; moderate
on slopes of 6 to 12
percent; severe on
slopes of more than
12 percent.

Severe: bedrock at a
depth of 20 to 40
inches.

Severe: subject to
stream overflow.

Severe: subject to
stream overflow;
stoniness.

Severe: poorly
drained.

Moderate on slopes of
4 to 12 percent;
severe on slopes o
more than 12
percent.

In other than rocky
areas, moderate on
slopes of 4 to 12
percent; severe on
slopes of more than
12 percent.

Slight on slopes of 0
to 8 percent; moder
ate on slopes of 8 to
15 percent.

High water
table; moder
ately slow
permeability
in substratum.

(2)

(2)

(2)

(2)

(2)

Moderately rapid
permeability;
erodible; slopes as
much as 20
percent.

Rockiness; slopes as
much as 40
percent.

Moderate perma
bility; slopes as
much as 15
Percent.

Subject to stream
overflow; stoni
ness.

Wetness; poor
workability.

Susceptible to soil
blowing and silta
tion; highly
erodible.

Susceptible to wind
erosion and silta
tion; highly erod
ible; rockiness;
slopes as much as
40 percent.

(3)
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Suitability as a source of— Soil features affecting—
Soil series and map

symbols Farm pondsTopsoil Road fill Highway
location

Reservoir areas Embankrnents

Kunuweia: KZC Poor: very low Fair to good: Slopes as much Moderately rapid (4)
fertility, wet in winter, as 15 percent. permeability.

Lahaina: LeA, LaB, Good Good Slopes as much Slopes as much as (3)
La 03, LaC, LaC3, LaD, as 40 percent. 40 percent; modLaD3, LaE3. erate permea

bility.

Laumaia:
LM E, LM F Good Fair: moderate Moderate corn- High seepage rate; Low compactedcompressibility; pressibility; slopes as much as density; highunstable slopes; moderate 70 percent. erodibility; subjectlow compacted bearing capac- topiping;unstable.density. ity; unstable;

slopes as much
as 70 percent.

L N E Good, except Fair: moderate Moderate corn- Stoniness; slopes as Low compactedstony. compressibility; pressibility; much as 40 per- density; highunstable slopes; moderate cent; high erodibifity; subjectlow compacted bearing capac- seepage rate. topiping;unstable;density; stony. ity; unstable stoniness.
slopes; slopes
as much as 40
percent;
stoniness,

Lawai: LaB, LcC, LcD. Fair: low Fair: subject to Subject to seep- Moderate to Poor workability.fertility. seepage. age; slopes as moderately rapid See also (4).
much as 25 permeability;
percent. slopes as much as

25 percent.
Leilehua: LeO, LeC Fair: low Good (3) Moderately rapid (4)

fertility, permeability.

Lihue: Lh B, LhC, LhD Good Good All features Moderately rapid Highshcarstrength;Lh E2, LI B LI C. favorable, permeability; high compacted
except slopes slopes as much as density.
n.e much as 40 40 percent.
percent.

Loleka.a: LoB, LoC, Fair: low Good All features Moderately rapid (4)LoD, La E, La F. fertility, favorable, permeability;
except slopes slopes as much as
as much as 70 70 percent.
percent.

See footnotes at end of table.
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interpretations—Continued

Soil features affecting—Continued

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields
drainage diversions low buildings 1

(2) (2) (3)

(2) Moderate permea- Slopes as much as
bility; slopes as 40 percent.
much as 40 per
cent.

(2) Slopes as much as Slopes as much as
70 percent. 70 percent;

highly erodible.

(2) Stoniness; slopes Highly erodihie;
as much as 40 stoniness; slopes
percent. as much as 40

percent.

Subject to Slopes as much as Poor workability;
seepage. 25 percent; sub- subject to seep

ject to seepage. age; slopes as
much as 25
percent.

(2) Moderately rapid (3)

permeability;
slopes as much
as 12 percent.

(2) Moderately rapid All features favor-
permeability; able where slopes
slopes as much as are not more than
40 percent. 20 percent.

(2) (2) Slopesasmuohas
‘TO percent.

Very low fertility - - Moderate bearing
capacity; slopes
as much as 15
percent.

Slopes as much as Slopes as much as
40 percent. 40 percent.

Highly erodible; Moderate hearing
slopes as much as capacity; mod-
70 percent. erate compressi

bility; slopes
as much as 70
percent.

Highly erodible; Moderate bearing
slopes as much as capacity; mod-
40 percent; erate compressi
stoniness. bility; stoniness;

slopes as much as
40 percent.

Poor workability; Subject to seepage;
slopes as much as slopes as much as
25 percent. 25 percent.

Slopes as much as Moderate shrink-
12 percent. swell potential;

high shea.r
strength; slopes
as much as 12
percent.

Slopes as much as 40 Slopes as much as 40
percent. percent; high

shear strength.

Slopes as much as Susceptible to
70 percent. sliding; slopes as

much as 70
percent.

i\’Ioderate: slopes
generally more than
5 percent.

Slight on slopes of 0
to 7 percent; moder
ate on slopes of 7 to
15 percent; severe on
slopes of more than
15 percent.

Severe: slopes
generally more than
10 percent.

Severe: slopes
generally more than
10 percent.

Severe: subject to
seepage; slopes as
much as 25 percent.

Slight on slopes of
O to 6 percent;
moderate on slopes
of 6 to 12 percent.

Slight on slopes of 0 to
8 percent; moderate
on slopes of S to 15
percent; severe on
slopes of more than 15
percent.

Slight on slopes of 3 to
8 percent; moderate
on slopes of S to 15
percent; severe on
slopes of more than 15
percent.
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Suitability as a source of— Soil features affecting—

Soil series and map
symbols Farm ponds

Topsoil Road fill Highway
location

Reservoir areas Embankments

Lualualei:
LuA, Lu B Poor: very Poor: very plas- Very plastic; High shrink-swell Lowshearstrength;

sticky and very tic; high shrink- high shrink- potential; slow very plastic; high
plastic, swell potential, swell potential. permeability. shrink-swell

potential.

LvA, Lv B, L P E Poor: very sticky Poor: very Very plastic; high High shrink-swell Low shearstrength;
and very plastic; plastic; high shrink-swell potential; slow very plastic; high
stony. shrink-swell potential; permeability, shrink-swell poten

potential; stony. stoniness; tial; stoniness.
slopes as much
as 35 percent.

Mahana: MaC MaD Fair: low Fair: erodihie; Slopes as much as Moderately rapid Poor stability;MaD3, MaE, MaE3, fertility, unstable on 35 percent. permeability; erodible;subjecttoMcC2, Mc02, McE2, steep slopes, slopes asmuch as piping.M B L. 35 percent.
For Badland part of

M BL, see Badland.

Makaalae:
M F D, M WE Poor: very Poor: very High shrink- 1-ugh shrink-swell High shrink-swell

sticky and very plastic; high swell potential; potential; slopes potential; poor
plastic. shrink-swell slopes as much as snuck as 40 workability;

potential. as 40 percent. percent; mod- limited volume
erate permea- of material.
bility.

M JD Poor: very Poor: very High shrink-swell High shrink-swell High shrink-swell
sticky and very plastic; high potential; slopes potential; slopes potential; poor
plastic; stony. shrink-swell as much as 25 as much as 25 workability;

potential; percent; percent; moderato limited volume of
stony. stoniness. permeability, material; stoniness.

Makalapa: Md B, Mdc, Poor: very Poor: very High shrink-swell High shrink-swell High shrink-swellMdD. sticky and very plastic; high potential; poor potential; slopes potential; low
plastic, shrink-swell workability; as much as 20 shear strength.

potential. slopes as much percent; slow
as 20 percent. permeability.

Makapili: MeB, MeC, Fair: low Good Ailfeatures favor- Moderately rapid (4)
MeD, Me E. fertility, able, except permeability;

slopes as much siopes as much
as 40 percent. as 40 percent.

Makawao: MfB, MfC.. Fair: low Fair to good: (3) Moderately rapid Moderate compress
fertility, fair compaction permeability. ibiity; moderate

characteristics, shear strength.

Makaweli: MgB, MgC, Good, except Good, except Slopes as much as Moderate permea- All features favorMgD, MgE2, Mh B, stony in places. stony in places. 35 percent. bility; slopes as able, except stonyMhC, MhD, MhE. much as 35 in places.
percent.

See footnotes at end of table.
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Soil features affecting—Continued

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank Siter fields

drainage diversions low buildings I

(‘) Slowintakerate;
high available
water capacity.

(2) Slow intake rate;
high available
water capacity;
slopes as much as
35 percent.

() Slopesasmuchas
35 percent;
era dible.

(2) Slopes as much as
40 percent; mod
erate permeabil
ity.

(2) Slopes as much as
25 percent;
stoniness.

(2) Slow intake rate;
slopes as much as
20 percent; high
available water
capacity.

(2) (2)

(2) High intake rate;
moderately rapid
permeability.

(2) Slopes as much as
35 percent; stony
in places.

Poor workability;
high shrink-swell
potential.

Pear workability;
high shrink-swell
potential; stoni
ness; slopes as
much as 35 per
cent.

Slopes as much as
35 percent;
erodible; sus
ceptible to
siltation.

Poor workability;
slopes as much as
40 percent.

Poor workability;
slopes as much as
25 percent;
stoniness.

Poor workability;
high shrink-swell
potential.

Slopes as much as
40 percent.

(3)

Susceptible to silta
tion; slopes as
much as 35 per
cent; stony in
places.

Poor workability;
difficult to estab
lish plants.

Poor workability;
difficult to estab
lish plants; stoni
ness; slopes as
much as 35 per
cent.

Slopes as much as
35 percent; sus
ceptible to silta
tion of channels.

Poor workability;
slopes as much as
40 percent.

Poor workability;
stoniness; slopes
as much as 25
percent.

Poor workability;
difficult to
establish plants.

Slopes as much as
40 percent; low
fertility.

Slopes as much as
15 percent; low
fertility.

Susceptible to silta
tion of channels;
difficult to estab
lish plants; stony
in places.

High shrink-swell
potential; low
shear strength.

High shrink-swell
potential; low
shear strength;
stoniness; suscep
tible to sliding on
slopes more than
15 percent.

Slopes as much as
35 percent.

High shrink-swell
potential; slopes
as much as 40
percent; low shear
strength.

High shrink-swell
potential; slopes
as much as 25
percent; stoniness.

High shrink-swell
potential; low
shear strength;
susceptible to
sliding where
slopes are more
than 15 percent.

Slopes as much as
40 percent.

Moderate shrink-
swell potential;
moderate shear
strength.

Slopes as much as
35 percent.

Severe: slow perme
ability.

Severe: slow perme
ability; slopes as
much as 35 percent.

Moderate on slopes of 6
to 12 percent; severe
on slopes of more
than 12 percent.

Severe: slopes gen
erally more than 10
percent.

Severe: slopes gen
erally more than 10
percent.

Severe: slow perme
ability.

Slight on slopes of 0 to
8 percent; moderate
on slopes of 8 to 15
percent; severe on
slopes of more than
15 percent.

Slight on slopes of 3 to
7 percent; moderate
on slopes of 7 to 15
percent.

Slight on slopes of 0 to
6 percent; moderate
on slopes of 6 to 12
percent; severe on
slopes of more than
12 percent.
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Suitability as a source of— Soil features affecting—

Soil series and map
Farm pondssymbols Topsoil Road fill Highway

location
Reservoir areas Embankments

TA]ILE 3 .—Engineering

Good, except
stony in places.

Fair: very sticky
arid very
plastic; stony
in places.

Fair: erodible;
unstable slopes;
stony in places.

Fair: very sticky
and very
plastic; moder
ate shrink-swell
potential; stony
in places.

Good Good

Makena: M XC

Makiki: MkA, MIA

Mala: MmA, MrnB

Malama: MYD

Mamala: MnC

Manana: MoB, MoC,
MoD2, MpB, MpC.
MpD, MpD2, MpE.

Mokulcia:
Mr, Ms, Mt. Mtb__

Mta

Erodible; unsta
ble slopes;
stoniness.

Very sticky and
very plastic;
moderate
shrink-swell
potential; stony
in places.

Subject to flood
ing on 0 to S
percent siopes.

Fragmental An
lava.

Coral at a depth
of less than 20
inches; stoni
ness.

Slopes as much
40 percent.

Loose sand at a
depth of 20
inches.

Moderately rapid
permeability.

Moderate shrink-
swell potential;
moderately
rapid perme
ability; stony in
places.

Subject to flooding
on 0 to S percent
slopes; moderate
permeability.

Very rapidly perme
able; fragmental
Aa lava.

Coral at a depth
of less than 20
inches; moderate
permeability.

Slopes as much as
40 percent; mod
erate permeability.

Rapid permeability
below a depth of
20 inches.

Poor: extremely
stony; less than
10 inches to
fragmental Aa
lava.

Poor: coral
below a depth
of 8 to 20
inches.

Good

Good to a depth
of 20 inches;
fair below 20
inches.

Fair: high water
table.

Good: frag
mental Aa lava
at a depth of
less than 10
inches.

Poor: less than
20 inches deep
over coral;
stony.

Good

Good to a depth
of 20 inches;
fair below 20
inches; un
stable; erodible.

Poor stability; poor
compaction
characteristics;
erodible; piping
hazard; stoniness
in places.

Moderate shrink-
swell potential;
fair compaction
characteristics;
stony in places.

(3)

Fragmental An lava
at a depth of less
than 10 inches.

Limited volume of
material; stoni
ness; coral at a
depth of less than
20 inches.

Slopes as much as
40 percent.

Unstable; erodible
material below a
depth of 20 inches;
subject to piping;
poor compaction
characteristics.

High water table;
unstable; erodible
material below a
depth of 20 inches;
poor compaction
characteristics.

Poor: high water High water table... High water table.. -

table.

See footnotes at end of table.
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interpretations—Continued

Soil features affecting—Continued

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank ifiter fields
drainage diversions low buildings’

(3) Complex slopes; Stoniness in places; Highly erodible; Stoniness in places;
stoniness; sos- complex slopes; stoniness in slopes as much as
ceptible to wind susceptible to places; suscept- 15 percent.
erosion; erodible. wind erosion; ible to siltation of

erodible. channels; difficult
to establish
plants; slopes as
much as 15
percent.

(2) (3) (2) (2) Moderate shrink-
swell potential;
moderate shear
strength; stony
in places.

(2) Slopes as much as Susceptible to Susceptible to Subject to flooding
7 percent; mod- siltation. siltation of chan- on 0 to 3 percent
erate perme- neis; difficult to slopes; high shear
ability, establish plants. strength.

(2) Very high intake Fragmental Aa Fragmental An Extremely stony;
rate; very low lava at a depth lava at a depth fragmental An
available water of less than 10 of less than 10 lava at a depth
capacity; cx- inches. inches. of less than 10
tremely stony. inches.

(‘) Coral at a depth of Coral at a depth of Coral at a depth of Coral at a depth of
less than 20 less than 20 less than 20 less than 20
inches; stoniness; inches; stoniness. inches; stoniness; inches; slopes as
slopes as much as slopes as much as much as 12 per-
12 percent. 12 percent; cent; stoniness.

difficult to estab
lish plants.

(2) Slopes as much as All features favor- Slopes as much as Slopes as much as
40 percent; thin able where slopes 40 percent. 40 percent; high
panlike layer at a are not more than shear strength.
depth of 15 to 50 20 percent.
inches.

(2) Rapid permeability Sand at a depth of Sand at a depth of Sand at a depth of
and low available less than 20 less than 20 less than 20
water capacity inches; credible inches; erodible inches; low shrink-
below a depth of below a depth of below a depth of swell potential
20 inches. 20 inches. 20 inches. below a depth of

20 inches.

Low, wet areas; High water table; High water table; Sand at a depth of High water table;
high water needs drainage, sand at a depth less than 20 sand at a depth
table, of less than 20 inches; high of less than 20

inches. water table. inches.

Moderate on slopes of
3 to 15 percent;
stoniness in places.

Slight: moderately
rapid permeability.

Slight, except where
subject to flooding.

Severe: lack of filter
material; may
pollute underground
Water.

Severe: coral at a
depth of less than
20 inches.

Slight on slopes of 2
to 8 percent; mod
erate on slopes of 8
to 15 percent;
severe on slopes of
more than 15 percent.

Slight: rapid perme
ability below a
depth of 20 inches.

Severe: poorly drained.
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TABLE 3.—Engineeriiig

Suitability as a source of— Soil features affecting—

Soil series and map Farm pondssymbols Topsoil Road fiji Highway
location

Reservoir arena Embankments

Fair: erodible;
unstable on
steep slopes.

Good

Poor: soft,
weathered rock
at a depth of
12 to 20 inches.

Fair: low fer
tility.

Good

Fair: low fer
tility.

Poor: very
sticky and very
plastic; 20 to
40 inches to
high—lime layer.

Poor: very stieky
and very plastic.

Poor: very-sticky
and very plas
tic; stony.

Molokai:
MuA, MuB, MuB3

MuC, MuC3, MuD.

MvD3

Naiwa: NAC, NAC3

Niu: NeC, NcD, NcD2,
NcE2.

Niulli: N L E, N M E..........

Nohili: Nh

Nonopahu:
NnC

NoC

Oanapuka: OAD, O’ED_.... Poor:

Poor: poor
workability;
low shear
strength; low
compacted den
sity.

Good Slopes as much
as 25 percent.

Slopes of 15 to
25 percent.

Slopes as much as
20 percent; un
stable on mod
erately steep
slopes; erodible.

Slopes as much as
35 percent.

Slopes as much as
30 percent; low
bearing capac
ity; high corn
pressibiitv.

High shrink-swell
potential;
poorly drained;
low shear
strength.

High shrink-swell
potential; low
shear strength.

High shrink-swell
potential; low
shear strength;
stoniness.

Slopes as much as
25 percent;
stoniness.

Poor: high
shrink-swell po
tential; poorly
drained; poor
workability;
highly plastic.

Slopes as much as
25 percent: mod
erate permeability.

Slopes of 15 to 25
percent; mod
erate permeability.

Moderately rapid
permeability;
slopes as much as
20 percent.

Slopes as much as
35 percent; mod
erate permea
bility.

High seepage rate - - -

High shrink-swell
potential; poorly
drained; mod
erately- slow
permeability.

High shrink-swell
potential; moder
ately slow perme
ability.

High shrink-swell
potential; moder
ately slow perme
ability.

Slopes as much as
25 percent; mod
erately rapid per
meability.

(3)

(3)

Poor stability; erod
ible; subject to
piping.

(3)

Low compacted den
sity; high com
pressibility; high
shrinkage.

High shrink-swell
potential; very
plastic; poor work
ability; low shear
strength.

High shrink-swell
potential; very
plastic; poor work
ability; low shear
strength.

High shrink-swell
potential; very
plastic; poor work
ability; low shear
strength; stoni
ness.

Poor compaction
characteristics;
piping hazard;
stoniness.

Poor: highly
plastic; high
shrink-swell po
tential; poor
workability.

Poor: highly
plastic; high
shrink-swell po
tential; poor
workability;
stony.

stony Fair: erodible;
unstable on
steep slopes;
slopes as much
as 25 percent;
stony.

See footnotee at en of table.
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interpretations—Continued

Soil features affecting—Continued

_______________________________________—

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields
drainage diversions low buildings I

(2)

(2)

(2)

(2)

(2)

Moderately
slow permea
bility; high
water table.

Moderately slow
perineabilty.

Moderately slow
permeability.

(2)

Slopes as much as
25 percent; mod
crate permeability.

Slopes of 15 to 25
percent; moderate
permeability.

Slopes as much as
20 percent; erod
ible.

Moderate perniea
bility; slopes as
much as 35 per
cent.

Slopes as much as
30 percent; mod
erately rapid
permeability.

Moderately slow
permeability;
high water table;
high available
water capacity.

Moderately slow
permeability;
slopes as much as
10 perceimt.

Moderately slow
permeability;
stoniness; slopes
as much as 12 per
cent.

Stoniness; slopes as
much as 25 per
cent; credible.

Slopes as much as
25 percent; sus
ceptible to silta
tion.

Slopes of 15 to 25
percent; suscepti
ble to siltation.

Slopes as much as
20 percent; erod
iblc; subeet to
siltation.

Slopes as much as
35 percent.

Slopes as much as
30 percent; poor
workability.

Poorly drained;
poor workability;
high shrink-swell
potential.

Poor workability;
high shrink-swell
potential.

Poor workability;
high shrink-swell
potential.

Stoniness; slopes as
much as 25 per
cent; crodible;
susceptible to sil
tation.

Susceptible to silta
tion of channels;
slopes as much
as 25 percent;
difficult to estab
lish plants.

Slopes of 15 to 25
percent; suscepti
ble to siltation of
channels; difficult
to establish plants.

Slopes as much as
20 percent; sus
ceptible to silta
tion of channels.

Slopes as much as
35 percent.

Slopes as much as
30 percent; poor
workability.

Poorly drained;
poor workability.

Poor workability;
high shrink-swell
potential.

Poor workability;
high shrink-swell
potential; atom—
ness.

Stoniness; slopes as
much as 25 per
cent; susceptible
to siltation of
channels; difficult
to establish plants.

Slopes as much as
25 percent.

Slopes of 15 to 25
percent.

Slopes as much as
20 percent.

Slopes as rnnch as
35 percent.

Low bearing capac
ity; high com
pressibility; sus
ceptible to sliding
on steep slopes;
slopes as much as
30 percent.

Poorly drained;
high shrink-swell
potential; low
shear strength.

High shrink-swelL
potential; low
shear strength;
moderately well
drained; slopes as
much as 10 per
cent.

High shrink-swell
potential; low
shear strength;
moderately well
drained; stoni
ness; slopes as
much as 12 per
cent.

Stoniness; slopes as
much, as 25 per
cent; moderate
compressibility.

Slight on slopes of 0
to 7 percent; mod
erate on slopes of 7
to 15 perCent;
severe oil slopes of
more than 1C percent.

Severe: 15 to 25
percent slopes.

Moderate: slopes
generally 7 to 15
percent.

SIoderate on slopes of
6 to 12 percent; se
vere on slopes of
more than 12 mer
cent.

Severe: slopes gen
erally more than 10
percent.

Severe: poorly
drained.

Severe: moderately
well drained; mod
erately slow perme
ability.

Severe: moderately
well drained; mod
erately slow perme
ability.

Severe: stoniness;
slopes generally more
than 10 percent.

414—129—12—IS
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TABLE 3 .—Engneerimg

Soil series and map
symbols

Suitability as a source of—

Topsoil Road fill

Soil features affecting—

Highway
location

Farm ponds

Reservoir areas Embankments

Olelo: 0 FC Fair: low fertil- Good: high Slopes as much as Slopes as much as
ity. shear strength; 15 percent; 15 percent: mod-

good compac- high bearing erately rapid per
tion character- capacity. meability.
istics.

Cli: OlD 0 M B, GM E, Fair: low fertility_ Fair: credible; Slopes as much as Slopes as much as
CM F. unstable on 70 percent. 70 percent; mod-

steep slopes. erately rapid per
meahility.

Olinda: C NC, 0 ND, Good Fair: high organic- Slopes as much as Slopes as much as
0 N E. matter content; 40 percent; low 40 percent; mod-

fair compaction shear strength; erat.ely rapid per-
characteristics, moderate corn- meabi]ity.

pressibility.

Olnkni: 00 E Poor: always wet; Poor: poor corn- Wetness; low bear- Wetness; high seep-
very low fertility.. paction. ing capacity; age rate.

subject to
seepage.

Opihikao: 0 PD - Poor: bedrock at Poor: organic ma- Bedrock at a depth Bedrock at a depth
a depth of less terial; bedrock at of less than of less than
than 10 inches; a depth of less 10 inches. 10 inches.
extremely rocky, than 10 inches.

Paaiki: PG E, PG F Fair: low fertil- Fair: unstable Slopes as much as Moderately rapid
ity. on steep slopes; 70 percent. permeability;

erodible. slopes as much
as 70 percent.

Paaloa: PaC, PbC Fair: low fcrtil- Good (3) Moderately rapid
lity. permeability;

slopes as much as
12 percent.

Pain: PcB, PcC, PcC2... Good Good Slopes as much as Moderate permea
15 percent. bility; slopes as

. much as 15 per
. cent.

Pakala:
PdA, PdC Good Good Subject to local Moderate perme

flooding, ability; slopes as
much as 10
percent.

PHXC Good, except Good, except Subject to local Moderate perme
stony. stony. flooding; ability;stoniness.

stoniness.

Fair: very Poor: highly High shrink- High shrink-swell
sticky and plastic; poor swell potential; potential; mod-
very plastic. workability; low shear erately slow

high shrink- strength; slopes permeability.
swell potentiaL as much as 20

percent.

Fair: low corn- Slopes as much as Slopes as much as
pacted density; 25 percent; 25 percent;
moderate corn- moderate corn- moderately rapid
pressibility. pressibility. permeability.

(I)

Poor stability;
poor compaction
characteristics;
credible; subject
to piping.

Low shear strength;
low compacted den
sity; moderate
compressibility.

Poor compaction
characteristics;
wetness; low
shear strength.

(2)

Poor stability; erod
ible; subject to
piping.

(4)

(3)

Erodible where
exposed.

Stoniness; credible
where exposed.

High shrink-swell
potential; low
shear strength;
poor workability.

Low compacted
density; moderate
shear strength.

Pamoa: PID,PID2,
PJD2.

Pane: PXD Good

See footnotes at end of table.
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interpretaioma—Cori tinued

Soil features affecting—Continued

Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields
drainage diversions low buildings I

(3) (2) (3) Slopes as much as Slopes as much as Moderate: slopes
15 percent. 15 percent; high generally more than

shear strength. 7 percent.

(2) Slopes as much as Slopes as much as Slopes as much as Slopes as much as Moderate on slopes of
70 percent; 70 percent; erodi- 70 percent; sue- 70 percent. 3 to 10 percent;
erodible. bic; susceptible to ceptible to silta- severe on slopes of

siltation. tion of ehanncls, more than 10 per
cent.

(2) Slopes as much as Slopes as much as 40 Slopes as much as 40 Slopes as much as Moderate on slopes of
40 percent; moder- percent; erodible. percent; erodible. 4opercent; moder- 4 to 12 percent;
erately rapid per- ate compressibil- severe on slopes of
meability. ity; low shear more than 12 per

strength. cent.

(2) (2) (2) 12) Low shear strength; Severe: always wet;
wetness; moderate poorly drained;
compressibility; subject to seepage.
subject to seepage.

(2) Bedrock at a depth () (7) Bedrock at a depth Severe: less than
of less than of less than 10 10 inches of soil ma-
10 inches; organic inches. tonal over bedrock.
material.

(2) Slopes as much as 5iopes as much as Slopes as much as Slopes as much as Severe: slopes gen
70 percent; mod- 70 percent; erod- 70 percent. 70 percent; sos- erally more than 10
erately rapid per- ible. ceptible to sliding percent.
meability. on steep slopes.

(2) Moderately rapid (3) Slopes as much as Slopes as much as Moderate: slopes
permeability; 12 percent. 12 percent. generally 5 to 10
slopes as much as percent.
12 percent.

(2) Moderatepermea- (2) Slopes as much as Slopes as much as Slight on slopes of 3
bility; slopes as 15 percent; diffi- 15 percent. to 7 percent; mod-
much as 15 per— cult to establish crate on slopes of
cent. plants. 7 to 15 percent.

(3) Slopes as much as (3) Difficult to establish Subjectto local Slight on slopes of Oto
10 percent; mod- plants; slopes as flooding; high 2 percent; moderate
crate permeability, much as 10 bearing capacity; on slopes of 2 to 10

percent. slopes as much percent.
as 10 pci-cent.

(2) Stoniness; slopes Stoniness Stoniness; difficult Stoniness; subject Moderate: slopes
as much as 12 to establish plants; to local flooding; generally more than
percent. slopes as much as slopes as much as 5 percent; stoniness.

12 percent. 12 percent.

(2) Slopes as much as High shrink-swell Poor workability; High shrink-swell Severe: moderately
20 percent; mod- potential; poor slopes as much as potential; low slow permeability in
crately slow workability. 20 percent; shear strength; subsoil; slopes
permeability, difficult to slopes as much as generally more than

establish plants. 20 percent. 10 percent.

(2) Slopes as much as Slopes as much as Slopes as much as Moderate compress- Severe: slopes
25 percent; mod- 25 percent. 25 percent. ibility; moderate generally more than
erately rapid shear strength; 10 percent.
permeability; slopes as much as
rapid intake rate. 25 percent.
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TABLE 3.—Engineering

Suitability as a source of— Soil features affecting—

Soil series and map Farm ponds
symbols Topsoil Road 1111 Highway —__________________

location
Reservoir areas Embankments

Papaa: PYD, P YE, PY F_ Poor: very Poor: very plas- Very plastic; high High shrink-swell Low shear strength;
sticky and very tic; high shrink- shrink-swell potential; slow very plastic; high
plastic. swell potential, potential; permeability; shrink-swell

slopes as much slopes as much as potential.
as 70 percent. 70 percent.

Paumalu: PeB, PeC,
PeD, PeE, PeF, PZ , Fair: low Good Slopesasmuchas Moderatelyrapid (4)

For Badland part fertility. 70 percent. permeability;
of PZ, see Bad- slopes as much as
land. 70 percent.

Pauwela: PfB, PfC, PfD Fair: low Good Slopesasmuchas Moderately rapid (4)

fertility. 25 percent. permeability;
slopes as much as
25 percent.

Pearl Harbor: Poor: wet; very Poor: very high shrink- Very poorly drained; High shrink-swell
sticky and very poorly drained; swellpotential; very slow perme— potential; very
plastic. lugh shrink- very poorly ability; high poorly drained;

swell potential; drained; low water table, poor workability.
poor work- hearing
ability, capacity.

Pohakupu: PkB, PkC. Good Good Slopes as much Moderately rapid (3)

as 15 percent. permeability;
siopes as much as
15 percent.

Pooku: FIB, PID, PmB, Poor: low Good Slopes as much Moderately rapid (4)

PmC, PmD, Pm E. fertility, as 40 percent. permeability;
slopes as much
as 40 percent.

Puhi: Pn A, Pn B, PnC, Fair; low fertility_. Good Slopes as much Moderately rapid High shear strength;
PnD, Pn E. as 40 percent. permeability; high compacted

slopes as much density.
as 40 percent.

Pulehu:
PoB, PpA, PpB, PrA, Good Good Subject to flood- Moderate perme- Good compaction

PrB, PsA, PtA, ing in low areas. ability; subject to characteristics;
Pt B, Pu B. to flooding in low high shear

areas, strength.

Pea B, PvC Good, except Good, except Subject to flood- Moderate perme- Good compaction
I stony, stony. ing in low areas. ability; subject to characteristics;

flooding in low high shear
I areas. strength;stoniness.

See footnotes at end of table.
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inlerpretations—-Contin ued

Soil features affecting—Continued

___________________

. Degree and kind of
limitations for septic

Agricultural Irrigation Terraces and Grassed waterways Foundations for tank filter fields
drainage diversions low buildings 1

2) Slow intake rate; Poor workability;
slopes as much as high shrink-swell
70 percent. potential; slopes

as much as 70
percent.

(2) Moderately rapid Slopes as much as
permeability; 70 percent.
slopes as much
as 70 percent.

(2) (2) Clayey;slopesas
much as 25 per
cent.

Very slow per- High water table; High water table;
meahility; very slow permea- high shrink-swell
high water bility. potential; poor
table, workability.

(2) Slopes as much as (3)

15 percent;
moderately rapid
permeability.

(2 (2 Slopes as much as
40 percent;
moderately rapid
permeability; low
fertility.

(2) Slopes as much as Slopes as much as
40 percent; 40 percent.
moderately rapid
permeability.

(2) Slopes as much as 7 Subject to stream
percent; meder- overflow in low
ate permeability, areas.

(2) Slopes as much as Subject to stream
12 percent; stoni- overflow in low
ness. areas; stoniness.

Peor workability;
slopes as much as
70 percent.

Slopes as much as
70 percent.

Clayey; slopes as
much as 25 per
cent.

High water table;
poor workability;
high shrink-swell
potential.

Slopes as much as
15 percent.

Slopes as much as
40 percent; low
fertility.

Slopes as much as
40 percent.

Slopes as much as 7
percent.

Slopes as much as
12 percent; stoni
ness.

High shrink-swell
potential; low
shear strength;
slopes as much as
70 percent; sus
ceptible to sliding
where slopes are
more than 15 per
cent.

Slopes as much as
70 percent; mod
erate shrink-swell
potential in surface
layer.

Slopes as much as
25 percent.

High water table;
high shrink—swell
potential; low
bearing capacity.

High shear strength;
slopes as much
as 1.5 PerCent.

Slopes as much as
40 percent.

Slopes as much as
40 percent.

High shear strength;
subject to flood
ing in low areas.

High shear strength;
subject to flood
ing in low areas;
stoniness.

Severe: slow perme
ability; slopes gener
ally more than 10
percent.

Slight on slopes of 3 to 8
percent; moderate on
slopes of 8 to 15 per
cent; sevcre on slopes
of more than 15
pei’cent.

Slight on slopes of 0 to 7
percent; moderate on
slopes of 7 to 15 per
cent: severe on slopes
of more than 15 per
cent.

Severe: very poorly
drained; very slow
permeability.

Slight on slopes of 0
to 8 percent;
moderate on slopes
of 8 to 15 percent.

Slight on slopes of 0
to 8 percent;
moderate on slopes
of 8 to 15 percent;
severe on slopes of
more than 15
percent.

Slight on slopes of 0
to 8 percent;
moderate on slopes
of 8 to 15 percent;
severe on slopes
of more than 15
percent.

Slight on slopes of 0 to
7 percent; moderate
in low areas; subject
to occasional flood
ing.

Slight on slopes of 0 to
7 percent; moderate
on slopes of 7 to 12
percent.
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TABLE 3.—Engineering

Suitability as a source of— Soil features affecting—

Soil series and map Farm ponds
symbols Topsoil Road fill Highway

location
Reservoir areas Ernbaiikntents

Puuone: PZ Ut Poor: low fcrtil- Poor: unstable Slopes as much as Slopes as much as 30 Sandy material;
icy; low avail- on slopes crud- 30 percent; un- percent; shallow rapidsoepagerate;
able water eapac- ible; cemented stable; erodihie. over cemented subject to piping;
icy; cemented sand below a sand; rapid porme- poor tabilitr.
sand below a depth of 20 to ability above and
depth of 20 to 40 inches. below cemented
40 inches. sand.

Puu Opae: PwC, PwD, Fair: low fcrtil- Good Slopes as much as Slopes as much as 40 (3)

Pw E. ity. 40 percent. percent; moder
ately rapid pernie
ability.

Putt Pa: PZVE Poor: stony; Fair: crodible; Slopes as much as Slopes as much as 40 Poor compaction;
limited soil unstable on 40 percent; stoni- percent; moder- piping hazard;
material, steep slopes; ness. ately rapid perme— stoniness.

slopes as much ability.
as 40 percent;
stony.

Tantalus: TAt, TA F, Fair to a depth of Fair: low corn- Slopes as much as Slopes as much as Low compacted
TCC. TCt. 15 inches: low pacted density; 70 percent; 70 percent; mod- density;

fertility. moderate corn- moderate corn- erately rapid per- fine cinders below
pressihility. pressibility; [ meability. a depth of 15 to

unstable on 36 inches.
steep slopes.

Tropaquepts: TR Poor: always Poor: always Wetness; poor 1-ugh water table; Poor workability;
wet. wet. workability, slow permeability, wetness.

Tropaquods: rTO Poor: always Poor: always Wetness; organic Wetness; organic (2)

wet. wet; accessibil- material, material.
ity is difficult.

Tropohumults: rTP (loud Good Slopes as much as Slopes as much as Slopes as much as
For Dystrandepta 90 percent. 90 percent; mod- 90 percent.

part of rTP, see erately rapid
J)ystrandepts. pcrrnemsbility.

Ulupalakua: U LD Good to a depth Fair: moderate Slopes as much as Slopes as much us Low compacted
of 24 inches; compressibility: 25 percent; 25 percent; mod— density; fine
poor below 24 low compacted moderate corn- erately rapid gravel-size cinders
inches. density. pressibility. permeability, at a depth of 24

to 40 inches.

Uma: U M E, U M F, Fair: low avail- Unstable on steep Slones as much as Very high seepage Unstable on slopes;
URD. able water slopes; erod- 70 percent; wi- rate; slopes as high erodibility;

capacity; erod- ible: moderate stable on steep much us 70 PCi’- poor compaction
ible; unstable compacted slopes; crod- cent, characteristics.
on Steel) s[opc.s. density. ible.

Uwala: UwB, UwC, Good Good Slopes as much as Slopes as mitch as 3)

UwC3. 15 percent. 15 percent;
moderate
permeability.

See footnotes at end of table.
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nterpre ta.tions—C on tin u ed

Soil features affecting—Continued

Agricultural
drainage

Irrigation Terraces and
diversions

Grassed waterways Foundations for
low buildings

Degree and kind of
limitations for sepbc

tank filter fields

(2) Rapid intake rate;
low available
water capacity;
slopes as much as
30 percent.

(2) Slopes as much as
40 percent,; mod
erately rapid per
meability.

(2) Stoniness; slopes as
much as 40 per
cent; crodible.

(2) Slopes as much as
70 percent; mod
erately rapid
permeability;
rapid intake rate.

Slow peimeahil- Poorly drained;
ity; high slow pCrIea—
water table. bility; high water

table.

(2) (2)

(2) Slopes as much as
90 percent.

(2) Slopes as much as
25 liereelit; mod
erately rapid
permeability;
rapid intake rate.

(2) Very high intake
rate; rapid iei
meabilitv; slopes
as much as 70
percent; erodible.

(2) Slopes as much as
15 percent; mod
erate perme
ability.

Sandy material;
credible; slopes as
much as 30 per
cent.

All features favor
able where slopes
are not more than
20 percent.

Stoniness; slopes as
much as 40 per
cent; erodible;
susceptible to
siltation.

Slopes as nmuch as
70 percent; fine
cinders below a
depth of 15 to 36
in ches.

Poor workability;
high water table.

(2)

(2)

Slopes as much as
25 percent; fine
gravel-size cinders
at a depth of 24
to 40 inches.

Slopes as much as
70 percent; erod
ihic; fine gravel-
size cinders at a
depth of less than
10 inches.

Slopes as munch as
15 percmmt; sus
ceptible to
siT tati on.

Erodible; slopes as
much as 30 per
cent; difficult to
establish plants.

Slopes as much as
40 percent.

Stoniness; slopes as
as much 40 per
cent; susceptible to
siltation; difficult
to establish
plants.

Slopes as munch as
70 percent; flue
cinders below a
depth of 15 to 36
inches.

Poorly drained;
high water table.

(2)

Slopes as much as
90 percent.

Slopes as much as
25 percent; fine
gravel-size cinders
at a depth of 24
to 40 inches.

Slopes as much as
70 percent; fine
gravel-size cinders
at a depth of less
than 10 inches;
difficult to
establish plants.

Susceptible to silta
tion of channels;
slopes as much as
15 percent; diffi
cult to establish
Pin) ts.

Slopes as munch as
30 percent; ce
mented sand at a
depth of 20 to 40
inches.

Slopes as much as
40 percent; high
shear strength.

Stoniness: slopes as
much as 40 per
cent; moderate
compressibility.

Moderate com
pressibility;
slopes as much as
70 percent;
susceptible to
sliding.

Slow permeability;
high water table;
low shear
strength.

Wetness; moderate
to high comnpres
Sibl1it3.

Slopes as much as
90 percent.

Moderate coin
pressihility; mod
erate shear
strength; slopes
as much as 25
percent.

Lnstahle on slopes;
erodibic; slopes
as much as 70
percent.

Slopes as much as
15 percent.

Severe: 20 to 40 in
ches to cemented
sand; slopes gener
ally more than 10
percent..

Moderate on slopes of
S to 15 perccimt;
severe on slopes of
more than 15 per
cent.

Severe: slopes gener
ally more than 10
percent; stoniness.

Severe: slopes gen
erally more than 10
percent; lack of
filter material.

Severe: high water
table.

Severe: always wet.

Severe: slopes more
than 30 percent.

Severe: slopes
generally more than
10 percent; lack of
filter material.

Severe: slopes more
than 15 percent;
lack of filter
material.

Slight on slopes of 2
to 7 pereemmt; mod-
orate on slopes of 7
to 15 percent.
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TABLE 3.—Engineering

Suitability as a source of— Soil features affecting—

Soil series and map Farm ponds
symbols Topsoil Road ff1 Highway

location
Reservoir areas Embankmeats

Wahiawa: WaA, WaB,
WaC, Wa02.

WbB, WcB

Tajakoa: We B, WeC
WfB, WgB, WgC,
WhB, WhC, WID2.

Walaleale: rWAF

Waialiia: WkA, WkB,
WIB, WIE, WmD,
Wn B.

Waiawa: WJ F

Waihuna: WoA, WoB,
WoC, WoD, WohB,

Waikane: WpB, WpC,
WpE, WpF, WpF2,
Wpa E.

Good Good Alifeatures favor- Moderately rapid (3)

able, except permeability;
where slopes are i slopes as much
as much as 25 as 25 percent.
percent.

Fair to good: Fair to good: Bedrock at a Moderate perme- Bedrock at a depth
stony in places; stony in places; depth of 20 to ability; bedrock of 20 to 40 inches;
bedrock at a bedrock at a 41) inches; at a depth of 20 stoniness in
depth of 20 to depth of ‘20 to slopes as much to 40 inches; places.
40 inches. 40 inches. as 15 percent. slopes as much

as 15 percent.

Good, except Good, except Bedrock at a Moderate perme- Poor stability;
eobbly or stony cobbly or stony depth of 20 to ability; bedrock piping hazard;
in places, in places. 40 inches; at a depth of 20 bedrock at. a

slopes as much to 40 inches. depth of 20 to 40
as 25 percent; inches.
cobbly or stony
in places.

Poor: always Poor: always Wetness; low Slopes of 30 to 70 Wetness; poor
wet; saprolit.e wet; low shear shear strength; percent; high compaction charac
below a depth strength; low slopes as much seepage rate. teristics; low
of 10 to 22 bearing as 70 percent. shear strength.
inches. capacity.

Fair: very sticky Poor: very Moderate shrink- Moderate permea- Moderate shrink-
and very sticky and very swell potential; bility; moderate swell potential;
plastic; stony plastic; mod— low shear shrink—swell low shear strength;
in places. erate shrink- strength; slopes potential; slopes stoniness in

swell potential; as much as 30 as much as 30 places.
stony in places. percent; stony percent.

in places. I

Very poor: very Very poor: very Slopes 30 to 80 (2) High shrink-swell
sticky and very sticky and very percent; bed- potential; limited
plastic; rocky; plastic; rocky; rock at a depth material; rocki
less than 20 bedrock at a of less than 20 ness; low shear
inches deep. depth of less inches; high strength.

than 20 inches. shrink-swell
potential; rocki
ness.

Poor: very Poor: high High shrink-swell High shrink-swell High shrink-swell
sticky and very shrink-swell potential; potential; slopes potential; clayey;
plastic, potential; very slopes as much as much as 25 low shear strength.

sticky and very as 25 percent; percent; moder
plastic. low shear ately slow

strength. permeability.

Fair: low fer- Good Slopes as much as Slopes as much as (4)

tilitv; stony in 70 percent; 70 percent; mod
places. stony in places. erately rapid

permeability.

Sec footnotes at end of table.
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intfrpretations—Continued

Soil features affccting—Continued

Agricultural
drainage

Irrigation Terraces and
diversions

Grassed waterways Foundations for
low buildings’

Degree and kind of
limitations for septic

tank filter fields

(2)

(2)

(2)

Wetness; sapro
lite at a
depth of 10
to 22 inches.

Moderate per
meability.

Moderately rapid
permeability;
slopes a.s much as
25 percent.

Moderate perine
ability; slopes as
much as 15 per
cent; stoniness in
places.

Erodible; slopes as
much as 25 per
cent; bedrock at a
depth of 20 to 40
inches.

(2)

Moderate perrnea
bility; slopes as
much as 30 per
cent; stoniness in.
places.

All features favor
able where slopes
are less than 20
lereen t.

Bedrock at a depth
of 20 to 40 inches;
stoniness in
places.

Susceptible to
siltation; bedrock
at a depth of 20 to
40 inches; cobbly
or stony in places.

Slopes of 30 to 70
percent; wetness.

Moderate shrink-
swell potential;
clavey; stoniness
in places.

Slopes as much as
25 percent.

Bedrock at a depth
of 20 to 40 inches;
slopes as much as
15 percent;
stoniness in
places.

Susceptible to
siltation of
channels; difficult
to establish
plants; slopes as
much as 25 per
cent; cobbly or
stony in places.

Slopes of 30 to 70
percent; wetness.

Slopes as much as
30 percent;
stoniness in
places.

Slopes as much as
25 percent; high
shear strength.

Bedrock at a depth
of 20 to 40 inches;
slopes as much as
15 percent;
stoniness in
places.

Slopes as much as
25 percent; bed
rock at a depth
of 20 to 40
inches.

Slopes of 30 to 70
percent; wetness;
low shear
strength; suscep
tible to sliding.

Moderate shrink-
swell potential;
low shear
strength; stoni
ness in places.

High shrink-swell
potential; suscep
tible to sliding;
slopes of 30 to 80
percent; rockiness;
low shear
strength.

High shrink-swell
potential; low
shear strength;
slopes as much as
2.5 percent.

Slopes as much as
70 percent.

(2 (2) (2) (2)

Slight on slopes of 0 to
8 percent; moderate
on slopes of 8 to 15
percent; severe on
slopes of more than
15 percent.

Severe: bedrock at a
depth of less than
40 inches.

Severe: bedrock at a
depth of 20 to 40
inches.

Severe: slopes 30 to
70 percent; always
wet; saprolite at a
depth of 10 to 22
inches.

Slight on slopes of 0 to
8 percent; moderate
permeability. Mod
erate on slopes of 8
to 15 percent;
severe on slopes of
more than 15 percent.

Severe: bedrock at a
depth of less than
20 inches; slopes of
30 to 80 percent.

Severe: moderately
slow permeability.

Slight on slopes of 3 to
8 percent; moderate
on slopes of 8 to 15
percent; severe on
slopes of more than
15 percent.

Slow intake rate;
slopes as much as
25 percent; mod
erately slow
permeability.

(2)

Moderately
slow permea
bility.

(2)

Clayey; high
shrink—swell
potential; slopes
as much as 25
percent.

All features favor
able where slopes
are less than 20
percent.

Clayey; slopes as
much as 25
percent.

Slopes as much as
70 percent.

414—129—72—-—-—-14
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TABLE 3 —Engineering

Suitability as a source of— Soil features affecting—

Soil series and map Farm ponds
symbols Topsoil Road fill Highway

_______________________

location
Reservoir areas Embankments

Waikapu: WrA, WrB, Good Good Slopes as much as Moderatepermea- (3)

Wr B3 WrC3. is percent. bility.

Waikomo: Ws, Wt, Wu_ Poor: bedrock at. Poor: bedrock at. Bedrock at a Bedrock at a Stoniness; rockiness;
a depth of less a depth of less depth of less depth of ices limited volume of
than 20 inches; than 20 inches; than 20 inches; than 20 inches; material; bedrock
stony and stony and stoniness and moderate permea- at a depth of less
rocky, rocky. rockiness. bility. than 20 inches.

Wailuku: WyB, WvC, Good Good -- Slopes as much as Slopes as much as (3)

WwC. 15 percent. 15 percent;
moderate permea
bility.

Wainee: Wx B, WxC, Poor: stony; Poor: stony; Stoniness; slopes Stoniness; slopes as Stoniness; limited
WyB, WyC. limited volume limited volume as much as 15 much as 15 volume of soil

of soil material, of soil material. Percent. percent; mod- material.
erately rapid
permeability.

Waipahu: WzA, WzB, Fair: sticky arid Poor; high High shrink- Moderately slow High shrink-swell
WzC, plastic. shrink—swell swell potential; permeability; potential: low

potential; poor low shear high shrink- shear strength.
workability; strength; swell potential.
low shear slopes as much
strength. as 12 percent.

Engineers and others should not apply specific values to the estimates given for bearing capacity of soils.
2 Praclice not applicable or not needed.
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ifl.teii1ettitwfl8—COfltiflU eel

Soil features affecting—Continued

Agricultural
drainage

Irrigation Terraces and
diversions

Degree and kind of
limitations for septic

tank filter fields

() 5iopos as much as Susceptible to
L5 percent siltation.
in odors Lu
periueahiit’.

(2) Bedrock at a depth Bedrock at a depth
of less than 20 of less than 20
inehe stoniness inches; stoniness
and rockiness, and rockiness.

(2) Moderate permcta- Slopes as much as
bility; slopes as 15 percent.
mitch as 15
pe’cet.

(2) Stoniness; slopes as Stoniness; slopes as
touch as 15 much as 15
percent. percent.

Moderately Moderately slow Clayey: slopes as
slow pcrn1ea— permeability; much as 12
bility. siopes as much as percent.

12 ei’eit.

Grassed waterways

Susceptible to
siltation of
channels;
difficult to
establish plants;
slopes as much as
15 p(ce1t,

Bedrock at a depth
of less than 20
inches; stoniness
and rockiness.

Slopes as much as
15 percent.

Ston ness; slopes as
much as 15
percent.

Difficult to
establish plants;
slopes as much as
12 percent.

Foundations for
low buildings

Slopes as much as
15 percent.

Bedrock at a depth
of less than 20
inches; stoniness
and rockiness.

Slopes as flinch as
15 percent.

Stoniness; slopes as
much as 15
percent.

Low shear strength;
high shrink
swell potential;
slopes as much as
12 percent.

Slight on slopes of 0 to
7 perceut; moderate
on slopes of 7 to 15
percent.

Severe: bedrock at a
depth of less than
20 inches.

Slight on slopes of 3 to
7 percent; moderate
on slopes of 8 to 15
iercetlt.

Slight on slopes of 3 to
7 percent; moderate
on slopes of 7 to 15
percent.

Severe: moderately
slow permeability
slopes as mitch as
12 percent.

All features favorable.
Under field conditions, it is difficult to reduce moisture content to that required for favorable compaction.
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TABLE 4.—Engineering test data
[Tests were performed by the Bureau of Public Roads]

Lualualet clay:
0.08 mile west of

entrance gate to
Lualualei Naval
Radio Station and
southwest along
fence, 100 feet
north toward radio
tower. Island of
Oahu.

I\’Iolokai silty clay loam:
One mile southwest

of Kualapuu in
block 4, 0.32 mile
northeast of
junction 47 and
east of highway 47.
Island of Molokai.

Naiwa iltv Clay loam:
1.45 miles north of

Waihec School, 0.2
mile west and 0.3
mile south on trail
up side of hill.
Island of Maui.

Wahiawa silty clay:
0.5 mile southeast of

Waipio. Island
of Oahu.

Tite TJSDi texture is the apparent field texture. By
standards of mechanical anaJysis, most soils described
in this survey are clay.

Permeability refers only to movement of water down
ward through undisturbed and uncompacted soil. It does
not include lateral seepage. The estimates are based on
soil structure, soil porosity, and data from a limited
number of permeability tests made on undisturbed cores.
Plowpans, surface crusts, and other properties resulting
from use of the soils were not considered.

Estimated available water capacity is an estimate of
the capacity of soils to hold water available for use by
most plants. It is commonly defined as the difference
between the amount of soil water at field, capacity and
the amoent at wilting point. It is commonly expressed
as inches of water per inch of soil. The estimates are
based on extensive laboratory tests, on field experience.,
and on soil properties.

Reaction is the degree of acidity or alkalinity of a
soil, expressed as a pH value. The pH value and relative
terms used to describe soil reaction are explained in the
Glossary.

Shrink-swell potential is an indication of the volume
change to be expected of the soil material with changes
in moisture content. A high shrink-swell potential mdi-

cates hazards to the maintenance of structures con
structed in, on, or with such materials. Generally, soils
classified CH have a high shrink-swell potential, and
those classified ML or SP have a low shrink-swell poten
tial. Many of the soils classified OH occur in high rain
fall areas and are continuously wet throughout the year.
These soils exhibit high shrinkage and low swell poten
tial when placed in a dry environment.

Corrosivity, as used here, indicates the potential danger
to uncoated metal or concrete structures through chemi
cal action that dissolves or weakens the structural mate
rial. Struct.ural material may corrode when buried in
soil, and a given material corrodes in some kinds of soil
more rapidly than in others. Extensive installations that
intersect soil boundaries or soil horizons are more likely
to be damaged by corrosion than are installations entirely
in one kind of soil or soil horizon.

Engineering interpretcrtions

Table 3 contains information useful to engineers and
others who plan to use soil material in construction of
highways, farm facilities, buildings, and sewage disposal
systems. Detrimental or undesirable features are empha
sized, but some of the important desirable features are

Soil name and location Parent
material

BPR
re

port
num
ber

Depth

Mechanical analysis

Percentage Percentage
passing sieve— smaller than—

No.
10

(2.0
mm.)

Classification

No.
40

(0.42
mm.)

No.
200

(0.074
mm.)

0.05
mm.

Liq- Pies
uid ticity

limit index

0.02
mm.

0.0051 0.002
mm. mm.

AASHO Unified

30
49

1III
CH

A—7—6 (20)
A—7—6(20)

Alluvium
from
basic
igneous
rock.

Basie
igneous
rock.

Basic
igneous
rock

Basic
igneous
rock.

544-

790
791

784
785

780
781

798
799

In.

1—10
22—30

0—11 100 100
37—03 100 97

0—4 100 98
14—26 100 99

0—16 100 98
32—60

97
98

89
80

92
97

9]
100

99
99

92
85

94
97

92

91
92

80
62

82
96

89
99

81
82

62
41

64
96

86
98

73
74

52
33

36
83

81
94

rem.
60
76

44
46

40
36

62
68

16 A—7—6(l1) ML—CL
16 A—7—5(12) ML

A-4(8)
A-4(8)

ML
ML

8
7

24
29

A—7—5(18) MR
A—7—5(20) S’III
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also listed. The ratings and other interpretations in this
table are based on estimated engineering properties shown
in table 2, on available test data, and on field experience.
Although the information applies only to the soil depths
indicated in table 2, it is reasonably reliable to a depth
of about 6 feet in most soils and several more for some.

The Jaucas and Puuone soils, the subsoil of the Moku
lain soils, Beaches, and Dune land are good sources of
calcareous sand. Crushed hard rock or coral is the best
source of gravel, but there are a few sources of gravel
adjacent to intermittent streams associated with Kawaiha
pci and Pulehu soils.

Topsoil is used to designate a fertile soil or soil ma
terial, ordinarily rich in organic-matter content, used as a
topdressing for lawns, gardens, and roadbanks. The rat
ings indicate suitability for such use. Soils that have low
inherent fertility are rated according to their response to
fertilization.

Road fill refers to material used to build embankments.
The ratings indicate performance of soil material moved
from borrow areas for these purposes.

Highway location is influenced by features of the un
disturbed soil that affect construction and maintenance
of highways. The soil features described, favorable as
well as unfavorable, are the principal ones that affect
location of highways.

Farm pond reservoir areas are affected mainly by loss
of water through seepage, and the soil features described
are those that influence such seepage.

Farm pond ernbankments serve as dams. The soil fea
tures given, of both subsoil and substratum, are those
important in the use of the soils for constructing
embankinents.

Agricultural drainage is affected by permeability, tex
ture, structure, depth to the water table, and other soil
properties that affect the installation and performance of
surface and subsurface drainage structures.

Irrigation is affected by texture, structure, permeabil
ity, available water capacity, slope, and other soil factors
that influence suitability for irrigation.

Foundations for low buildings are affected chiefly by
features of the undisturbed soil that influence the capacity
of the soil to support low buildings that have a normal
foundation load. Specific values of bearing strength arc
not given or implied.

Septic tank ifiter fields arc affected mainly by permea
bility, depth to the water table, susceptibility to flooding,
depth to bedrock, and slope. The degree and the princi
pal kinds of limitations are given.

Engineering test data

Table 4 shows the results of engineering tests per
formed by the Bureau of Public Roads on important soils
on the islands of Oahu, Maui, and Moiokai. The tshle
shows the specific location where samples were taken, the
depth to which sampling was done, and the results of tests
to determine particle-size distribution and other properties
significant in soil engineering.

Mechanical analysis shows the percentages, by weight,
of soil particles that pass sieves of specified sizes. Sand
and other coarser materials do not pass through the No.
200 sieve, but silt and clay do. Silt is that material larger

than 0.002 millimeter in diameter that passes through the
No. 200 sieve, and clay is that fraction smaller than 0.002
millimeter in diameter that passes through the No. 200
sieve. The clay fraction was determined by the hydrom
eter method.

Liquid limit and plasticity index mdicate the effect of
water on the strength and consistence of soil material.
As the moisture content of a clayey soil is increased from
a dry state, the material changes from a semisolid to a
plastic state. If the moisture content is further increased,
the material changes from a plastic to a liquid state.
The plastic limit is the moisture content at which the soil
material passes from semisolid to plastic. The Jiquid limit
is the moisture content at which the material changes
from plastic to liquid. The plasticity index is the numeri
cal difference between the liquid limit and the plastic
limit. It indicates the range of moisture content witlun
which a soil material is plastic.

Classification, Genesis, and
Morphology of the Soils5

In this survey 127 soil series are described. To under
stand why there should be so many, it is necessary to
picture the pattern of soils on the landscape and to
understand the similarities and differences among soils.
The pattern of soils is a result of the interaction of the
factors of soil genesis: climate, vegetation, parent ma
terial, relief, and drainage, over a period of time. The
similarities and differences among soils and the reasons
for them can be examined by classifying the soils into
groups.

Soils are classified according to their observable and
measurable properties. The properties chosen are pri
marily those that permit the grouping of soils that are
genetically similar. Soil classification enables us to under
stand the pattern of soils and the ways in which they
relate to each other.

The scheme of classification used in this survey was
adopted for general use by the National Cooperative
Soil Survey in 1965 and, supplemented in September 1968
(17). It replaces a system that was a.dopt.ed in 1938 and
later revised (15, 14). The system incorporates knowledge
gained through research over the last 25 years and is much
more precise and more complex than the older system. It
is under continual study. Readers interested in the. devel
opment of the system should refer to the latest litei-ature
available (12).

The cun’ent system of classification has six categories.
Beginning with t.he most inclusive, these categories are
the order, the suborder, the great group, the subgroup,
the family, and the series. The placement of some soil
series in the current system of classification, particularly
in families, may change as more precise information be
comes available.

Table 5 shows the classification of each soil series on
the islands by family, by subgroup and great group, and
by order, according to the current system. It also shows
one category—the great soil group—of the 1938 system.

‘fly L. 0. SwnmALE, associate director, Hawaii Agricultural
Eperinient Station, and professor of soil science, University of
Hawaii. and members of the Soil Survey Correlation Staff.
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TABLE 5.—Glass?fication of soil series by higher categories

Series Famill- Subgroup and Order Great. soil group
grea.t group (1938 classification)

Mae Medial, isohypertherinic Mollic Vitrandepts
Alaeloa Claycy, oxidic, isohypertherrnic_ - - Orthoxic Tropohumults - -

Alakai - - Clavev, kaolinitic, dysic, isomesic... Terric Troposaprists
Amalu Fine, mixed, acid, isomesie Histic Placaquepte
Ewa Fine, kaolinitie, isoh-pertherrnic idie Haplustolls
Haiku -. Clayey, ferritic, isothermic Humoxic Tropohurnuits -

Halawa Clavey, oxidic, isothermic Orthoxic Tropohumults_ - - -

Hajeiwa Fine, mixed, isohyperthermic Typic Haplustolls
Halii Clayey, ferritic, isothermie Typic Gihbsihumox
Haliiniaile Fiue, kaolinitic, isotherniie Ustoxic Humitropepte
Hamakuapoko - - Clayey, oxidic, isothermic -. Orhoxic Tropohumtilts_ -

Nana Thixotropic, isohyperthermic Typic Hydraiidcpts
Ilanalei Fine, mixed, uonacid, isohyper Typic Tropaquepts

thcrmic.
Hanamaulu Fine, oxidic, isohyperthermic Oxic llumitropepts
Helemano Clayey, kaolinitic, isohypcrthermic Tropeptic Haplustox
Hihimarni Fine, oxidie, isothermie (Jstoxic 1-lumitropepte
l{olomua Clayev, knolinitic, isohvpert.her— Typic Torrox

inic.
Honolua_.. Cinvey, oxidie, isothermic Huinoxic Tropohiunults_ - -

Honomanii Thixotropic, isothermic Typic Hydrandepts
llooouliuli Very-fine, kaolinit.ic, isohvpcr- Typic Chromusterts

thcrmic.
Hoolehua Fine, kaolinitic, isohypertliermic._. Aridic Haplustolls
i-Iulua Fine, oxidic, acid, isothcrmie Typic Placaquepts
lao Fine, kaolinitic, isohyperthermic __; Typic Ilaplustolls
Io Medial over cindery, isothermic_I Typic Eutrandepts
Toleau Clayey, oxidic, isohyperthermic - Orthoxic Tropohumults - - -

3aucas Carhonatic, isohyperthermic Typic Ustipsamments
Kaena 1ery-fioe, montmorillonitic, iso Typic Pelluderts

hvperthcrrnic.
Kahana Claycy, kaolinitie, isothermic Tropeptie Haplustox
Kahanui Clayey, ferritie, isothermie Petroferrie Acrohumox
Kailua Thixotropic, isothermic Typic Hydrandepta
Kaisnu Luic, isohyperthermic Typic Tropofolists
Kaipoioi Medial, isomesic Typic Dystrandepts
Kalae Clayey, oxidic, isothermic Typic Rhodustults
Kalapa Clayey, oxidie, isothermic Humoxic Tropohumults.. - - -

Kalaupapa Medial, isohyperthermie Lithie Eutrandepts
Kahhi Very-fine, kaolinitic, nonacid, Typic Tropaquepts

isohyperthermic.
Kaloko Fine, carbonatic, isohypertherxnic
Kamaole Clayey over fragmental, kao

linitic, isothermic.
Kaneohe Clayey, oxidic, isothermic Humoxic Tropohurnuits.. - Ultisols
Kanepuu Fine, oxidic, isothermic Oxic Paleustalfs Aifleols
Kapaa Clayey, gibbsitic, isotherinic Typic Gibbsihumox Oxisols
Kapuhikani Very-fine, montmorillonitie, iso Moilic Torrerts ‘,ertisols

hyperthermic.
Kaupo Fine-silty over fragmental, mixed, Pacbic Haplustolls I’Iollisols Humic Latosols.

isohypertbermie.
Kawaihapai Fine, mixed, isohyperthermic
Keaau Very-fine, inoutmorillonitie, non

acid, isohyperthermie.
Keahua Clayey knolinitic, isohyper Typic Torrox Oxisols Low-Humic Latosols.

thermic.
Kealia Coarse-loamy, mixed, isohyper Typic Salorthids Aridisois Solonehak.

thermic.
Keawakapu Clayey over fragmental, kao Aridic Haplustolls Moilisols Reddish Brown soils.

linitic, isohyperthermie.
Kekaha Very-fine, mixed, isohyperthermic... Cumulie Haplustoils
Kemoo Fine, oxidic, isothermie Oxic Rhodustalfs
Koele Fine, kaolinitic, isothermic Aridic Haplustoils
Kokee Clayey, oxidic, isomesic Humoxic Tropohumults - - -

Koko Medial, isohyperthermie Ustollic Eutrandepts
Kokokahi Very-fine, montmorillonitie, Udorthentic Peilusterts_ - - -

isoh yperthermic.
Kolekole Fine, oxidic, isothermic Ijatoxic Humitropepts
Koloa Clayey, kaolinitic, isohyper Tropeptic Eutrustox *

thermic, shallow.
Kolokolo Fine, mixed, isohyperthermie Fluventic Humitropepts........
Koolau Fine, kaolinitic, acid, isothermic.., Acne Tropaquepts

Incep1isols._ Alluvial soils.
Ultisols Humic Ferruginous Latosols.
Histosols. Bog soils.
Inceptisols flydrol Hnmic Latosols.
I,iollisols Low-Humic. Latosols.
L’ltisols Hurnic Ferruginous Latosols.
Ultisols Humic Ferruginous Latosols.
Mollisols Alluvial soils.
()xisols Humic Ferruginous Latosols.
In cciptisols Low—l-Iumic I atoso1s.
Ultisols Low—Huinic Latosols.
inceptisols.. - Humie Latosols.
Ineeptisols - - Alluvial soils.

Incoptisols - - Humic Latosols.
Oxiiols Low—Humic Latosols.
Incoptisoln.... - Humic Latosols.
Oxisols Low-Humic Latosols.

Ultisols IIi.unic Latosols.
inceptisols... - - Hdrol Humic Latosols.
Vertisols Gray Hydromorphic soils.

Mollisols Low-Humic Latosols.
Inceptisols - - Gray Hydromorphic soils.
Mollisols Alluvial soils.
Inceptisols Reddish Prairie soils.
Ultisols Humic Forruginous Latosols.
Entisols Regosols,
Vertisols Gray Hydromorphic soils.

Oxisols Low-Hnmic Latosols.
Oxisols Humic Ferruginous Latosols.
Inceptisols_. Hydrol Humic Latosols.
Ilistosols Lithosols.
Inceptisols_..... Latosolic Brown Forest soils.
Ultisols Humic Ferruginous Latosols.
Ultisols Humic Latosols.
Inceptisol&.. - -, Reddish Prairie soils.
Inceptisols. - - - Gray Hydromorphic soils.

Mollisols Gray Hydromorphic soils.
Mollisols Reddish Brown soils.

Humic Latosols.
Humic Ferruginous Latosols.
Humic FeiTuginous Latosols,
Dark Magnesium Clays.

Typic Haplaquolls
Aridic Haplustolls

Cumulic Haplustolls
Typic Tropaquepts

Mollisols
Inceptisols..._

Alluvial soils.
Gray Hydromorphic soils.

Moilisols Low-Humic Latosols.
Alfisols Humic Ferruginous Latosols.
Mollisols Alluvial soils.
Ultisols Humie Latosols.
Inceptisols__. Reddish Brown soils.
Vertisols Dark Magnesium Clays.

Inceptisols_ Hu.mic Ferruginous Latosols.
Oxisols * Low-Humic Latosols.

Irsceptisols____. Alluvial soils. -

Jnceptisols... - - Gray Hydromorphic soils.
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TABLE 5.—Classification of soil series by higher categories—Continued

Iula
Kunia
IOimrweia
Lahaina

Laumaia
Lawai

Leilehun
Li hue

Lolekaa
Lualualsi

Mahana
Makaalae

Makalapa

Makapili
Makawao
Makaweli

Makena

Makiki
IViala

Malama
Mamala

Manana
Mokuleia

Molokai

Naiwa
Niu

Niulil
Nohuli

Nonopahu

Oanapuka
Olelo
Oil
Olinda
Olokui
Opihikao
Paaiki
Paaloa
Paia
Pakala
Pamoa

Pane
Papan

Paumalu
Pauwela
Pearl Harbor

Medial, isothermie
Fine, kaolinitic, isot.hermic
Claycy, ferritic, isomesic
Clayey, kaolinitie, isohyper

thermic.
Medial, isornesie
Very-fine, oxidic, isohyper

thermic.
Clayey, oxidic, isotherm ic
Clayev, kaolinitic, isohyper

thermic.
Clayey, oxidie, isothermic
Very—fine, montmorillonitic,

isohypcrthermic.
Medial, isothermic
Cleyey-skeletal, mixed, isohyper

thermic.
Very—fine, montmorillonitie, iso—

hypertlicrinic.
Clayey, ferritic, isothermic
CIayey,oxidic, isothermic
Clayey, kaolinitic, isohvper—

thc,rmic.
Coare-loainy, ashy, isohyper

thermic.
Fine, mixed, isohyperthermic
Fine, kaolinitie, nonaeid, iso

hyperthermic.
1)ysic, isohypertherinic
Clayey, knolinitic, isohyper

thermi c.
Clayey, oxidic, isothermic
Sandy, carbonatic, isohvper

thermic.
Clayey, kaolinitie, isohyper

thermie.
Medial, isothermie
Clayey, kaolinitic, isohyper-.

thermic.
Thixotropic, isothermic
Fine, montmorillonitic (cal

careous), isohyperthermic.
licry-flne, kaolinitie, isohyper

thermie.
IVfediai, isohyperthermie
Clayey, oxidic, isothermie
Medial, isothermic
Medial, isomesic
Fine, mixed, acid, isomesic
Dysic, isohyperthermic
Medial, isothermic
Clayey, oxidle, isothcrmic
Fine, kaolinitic, isohyperthermic_.._
Fine, oxidic, isohyperthermic
Very-fine, kaulinitie, isohyperther

mie.
Medial, isothermie
Very-fine, montmorillonit.ie, iso

hyperthermie.
Clayey, oxidic, isothermic
Clayey, ferritic, isotherinic
Fine, inontmorillonitie, nonacid,

isohyperthermic.
Fine, oxidic, isohyperthermic
Clayey, ferritic, isotherinic
Clayey, oxidie, isohyperthermic_.. - -

Fine-loamy, mixed, isohyperther
mic.

Typic Emitrandepte
Ustoxic Humitropepts
Plinthic Acrorthox
Typic Torrox

Typic Dystrandepts
Oxic Humitropepts

Humoxic Tropohumults -

Tropeptic Eutrustox

I[umnoxic Tropohumults__
Typic Chrornusterts

Oxie Dystrandept.s
Ustie Humitropepts

Typic Chromusterts

Typic Acrohumox
Humoxic Tropohumults - - -

Typic Torrox

A ridic f{aplus tolls

Ustoilic Eutrandepts
Humoxic Tropohumults. - - -

Oxic Dystrandepts___..
Entie Dystrandepte
Typic PIacaquep....
Lithic Tropofolists_...._.....
Typic Dystrandepts
Elumoxic Tropohumults.. -

Typic Haplustoll
Fluventic Ustropepts__.
Torrertic HapIustolls___..__

Humoxie Tropohurnuits.. -

Humoxic Tropohumults _ -

Typic Tropaquepts

Ustoxic Humitropepts
Typic Acrohumox
Typic Umbriorthox
Cumulic Haplust oils

Typic Ustipsamments
Typic Rhodustults
Ustollic Eutrandepts
Typic Dystrandept......_

Inceptisols_.._ -

Inceptisols_ _ -

Oxisols___.... -

Oxisols

Ineeptiso1____
Inceptisols......_

Ultisols
Oxisols___...

Ultisols
Vertisols

Inceptisols__ -

Inceptisols___

Vert.isols

Oxisols
Ultisols
Oxisols

Inceptisols___
Ultisols
Inceptisols_ -- -

Iriceptisols__ - -

Inceptisols___
Histosols
Inceptisols___.
Ultisols....____
Mollisols
Ineeptisols____
Mollisols

Ultisois
Ultisols
Inceptisols_ -_ -

Inceptisols_._ -

Oxisols
Oxisols
Islollisols

Entisols
Ultisols
Inceptisols__ -

Inceptisols__
- I

Series Family Subgroup and Order
great group

Great soil group
(1938 classification)

Reddish Prairie soils.
Low-Humie Latosols.
Ilumic Ferruginous Latosols.
Lew-Humic Latosols.

Latosols Brown Forest soils.
Humnic Ferruginous Latosols.

Hurnie Ferruginous Latosols.
Low-Humie Lntosols.

Hurnie Latosols.
Dark Magnesium Clays.

Homic Ferruginous Latosols.
Humie Latosols.

Dark Magnesium Clays.

llumic Ferruginous Latosols.
Humnie Latosols.
Low-Humic Latosols.

Red Desert soils.Mollisols

Audic Ustic Iiumitropopts - Inceptisols___ - Low-l-Iumic Latosels.
Typic Torrifluvents ____.._ Entisols ___ Alluvial soils.

Typic Tropofolists___.__ Ilistosols__ Lithosols.
Lithic Haplustolls ________ Mollisols ___ Low-Hitmie Latosols.

Orthoxic Tropohimmults. __ Ultisols Humic Ferruginous Latosols.
Entic Haplustolls ______ Mollisols _____ Alluvial soils.

Typic Torrox Oxisols______ Low-Humic Latosols.

Oxic Dystrandepts Ineeptisots___ Ilumic Ferruginous Latosols.
Typic Torrox Oxisols Low-Huniic Latosols.

Hydric Dystrandepts__ Inceptisol&_.. Humic Latosols,
Cumulic Haplaquolis ...... Mollisols Gray Hydromorphic soils.

Entic Chromusterts Vertisols Dark Magnesium Clays.

Reddish Brown soils.
Humic Ferruginous Latosols.
Reddish Prairie soils.
Latosolic Brown Forest soils.
Gray Hydromorphic soils.
Lithosols.
Humic Latosols.
Humic Latosols.
Low-Ilumic Latosols.
Alluvial soils.
Low-Humic Latosols.

Typic Dystrandepts___ Inceptisols____ Reddish Prairie soils.
Udic Chromusterts __ Vertisols___ Dark Magnesium Clays.

Pohakupu
Pooku

Pulchu

Piuione .._____ Carbonatic, isohyperthermic
Pun Opae Clayey, oxidic, isothermic_______..
Puu Pa Medial over fragmental, isothermic
Tantalus _____ Medial over cindery, isothermic__ -

Humie Latosols.
Hurnie Ferruginous Latosols.
Gray Hydromorphic soils.

Humic Latosols.
Humic Ferruginous Latosols.
Humic Ferruginous Latosols.
Alluvial soils.

Regosols.
Ilumic Ferruginous Latosols.
Reddish Brown soils.
Latosoljc Brown Forest soils.
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TABLE 5.—Classification of soil series by higher categories—Continued

Ulupalakua
TJma
Uwala
Wa.hiawa
Wahikuli
Waiakoa
Waialeale
Waialua

Waiawa

Waihuna
Waikane
Waikapu
Waikomo
Wailuku
Waince

Waipahu

Mediai over cindery, isothernrie._ - -

Cindery, isomesie
Clayey, kaolinitic, isothermic
Clayey, kaolinitic, isothermic
Clayey, kaolinitic, isohyperthermic -

Fine, kaolinitic, isohyperthermic_ — -

Fine, oxidie, isomcsie
Very-fine, kaolinitic, isohyper

thernuc.
Clayey, montmorillonitic, isohyper

thermic.
Very-fine, kaolinitic, isothermic_ - -

Claycy, oxidic, isothermic
Clayey, kaolinitie, isohyperthcrmie
Clayey, mixed, isohyperthermic -

Clayey, kaolinitic, isohyperthcrmic_
Clayey-skcietal, kaolinitic, iso

hyperthermie.
Very-fine, kaolinitic, isohyper

thermic.

Typic Eutrandepts
Typic Vitrandepts
Typic Torrox
Tropeptic Eutrustox
Typic Torrox
Aridic Haplustolls
Histic Lithic Tropaquods - -

Typic Haplustolls

Typic Chromusterts
Humoxic Tropohumnlts_ - - -

Typic Torrox
Lithic Haplustolls
Tropeptic Haplustox
Aridic Haplustolls

Inceptisols___..
Inceptisols........
Oxisols
Oxisol”
Oxisols
IViollisols
Spodosols
iViollisols

ORDER.—There are 10 orders: Entisols, Vertisols.

Inceptisols, Aridisols, Mollisols, Spodosols, Alfisols, TJIti
sols, Oxisols, and 1-listosols. All are represented on the
islands.

An order represents the kind and the relative strength
of the soil-forming process. Although it does not corre
spond exactly with any other category in any other
classification system, each order is made up of certain
well-recognized groups of soils.

Entisols, for example, are recent soils and very steep
soils that lack distinctive horizons. T7ertisols are dark
colored, clayey soils that swell and soils formerly classi
fied as Tropical Black Earths. Incepti.sols are soils that
are on young but. not recent land surfaces and have
weakly developed horizons. Aridisois are soils that are
generally dry. Mollisols arc grassland soils, of subhumid
regions, that have a deep, dark-colored, well-structured
surface layer. Spodosols are Podzols and many hydro
morphic soils. Aifisols are timbered soils, other than Pod
zols, of subhumicl regions. £‘itisols are timbered soils,
other than Podzols, of humid regions. Oisois are very
strongly weathered soils and soils on very old tropical
landscapes. Histosols are organic soils.

Susoimun.—An order is so broad that the soils in it
have similar morphology but little or no genetic relation
ship. Criteria use.d to divide orders into suborders have
been chosen to produce categories of greater genetic
homogeneity. For example. most orders contain well-
drained soils and their associated poorly drained soils.
The criteria for suborders reflect the absence or presence
of wetness or differences in climate or vegetation.

GREAT Gnou.—Each suborder is divided into great
groups on the basis of imiformity in kind and sequence
of genatic horizons, on base saturation, or on properties
related to climate. Each gmat group, therefore, is uni
form in kind and arrangement of genetic horizons and
features, and each is within a relatively narrow range of
climate. Brief definitions of genetic horizons and such
teIns as “base saturation” are given in the Glossary.

Sunonour.—Each great group is divided into sub
groups, one representing the central (typic) concept of
the subgroup, and others, called intergrades, representing
soils that have mostly the properties of one great group
but also have one or more properties of another great
group, suborder, or order. For example, if soils in a great
group of the order Ultisols were considered to be inter-
grades toward the order Oxisols, they would be classified
in an Oxio subgroup of the great group.

A few subgroups differ from the central, or typic, con
cept in having soils that have distinctive properties but
indicate no intergradation toward other categories of the
system. For example, some soils in a great group of the
order Mollisols are subject to occasional flooding. Con
sequently, they accumulate soil material on the surface
and have a distinctively thicker topsoil than the soils in
the Typic subgroup. These aberrant soils would be classi
fied in a Uurnuiic subgroup.

Several subgroups, particularly in the orders Incepti
sols and Ultisols, correspond approximately to soil fami
lies according to the classification by Cline (5).

FAMTLY.—Families are established within a subgroup
on the basis of properties important to the growth of
plants or the behavior of soils when they are used for
engineering. Among the properties considered are tex
ture, mineral composition, reaction, soil temperature,
permeability, thickness of horizons, and consistence.

SErIEs.—The series has the narrowest range of char
acteristics of the categories in the classification system. It
is described fully in the section “How This Survey Was
Made.” Each soil series on the islands is described in de
tail in the section “Descriptions of the Soils.”

Classification of the Soils on the Islands
The following pages tell how the soil series represented

on the islands are classified by order aid suborder.

Series Family Subgroup and
great group

Order Great soil group
(1938 classification)

Lithic Vertic Haplustolls_ - - - Mollisols

Reddish Prairie soils.
Regosols.
Low—Humic Latosols.
Low-Humic Latosols.
Low-Humic Latosols.
Low-Humic Latosols.
Gray Hydromorphic soils.
Low-Humic Latosols.

Lithosols.

Low-Humic Latosols.
Humic Latosols.
Low-Humic Latosols.
Reddish Brown soils.
Low-Humic Latosols.
Low-Humie Latosols.

\Tertjsols
Ultisols
Oxisols
Mollisols
Oxisols
Ivlollisols

Torrertic Hapliistollc Mollisols Low-Humic Latosols,
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Entisols
Entisols are recent soils that have little or no horizon

development. The order includes almost all SO11S that are
but little changed from the parent material in which they
formed.

Two suborders of Entisols occur in I-Iawaii: Psarn
ments and Fluvents. The prefix P-sarnm, derived from the
0-reek word for sa:nd, indicates coarse texture. The prefix
Fluv is derived from the Latin word fluvius, meaning
ri’ver. It indicates the stratified nature of the soils. The
suffix c-nt indicates the name of the order Entisols.

PsAMMENTs

Jaueas and Puuone soils are classified as Psamments.
They formed in stabilized coral sand near beaches. They
show very little soil development.

Jaucas and Punone soils receive 10 to 40 inches of rain
fall annually and have a mean annual soil temperature of
about 75° F. They are sandy and excessively drained. The
vegetation consists of bermudagrass, kiawe, koa. haoie,
and lantana. The aecunmiation of organic matter accounts
for the dark color of the calcareous sand in the surface
soil. Because of the low rainfall, the high soil tempera
ture, and the sandy texture, these soils are generally dry
for 90 cumulative days or more, but -for less than 6
months. Therefore, Jaucas and Punone soils are placed in
the great group of Ustipsamments; the prefix Ust mdi
cates that the soils formed in a dry climate.

Jaucas and Puuone soils belong to the typic, or cen
tral, subgroup of this great group. Finally, they are
placed in the carbonatic, isohype.rthermic family. The
first term in the family name applies to the mineralogy
and the last to a mean annual soil temperature of more
than 71.6° F.

FLumN’rs

Mala soils are classified as Fluvents. They receive 10
to 25 inches of rainfall annualtv and have a mean annual
soil temperature of about 75° F. The A horizon is dark
reddish-brown silty clay, and the C horizon stratified
dark reddish-brown and very dark gray silty clay. The
organic-matter content decreases irregularly within the
profile. Because of low rainfall and high soil tempera
ture-, these. soils are dry for more than 6 months in most
years. Therefore, they belong in the typic, or central,
subgroup. They are placed in the fine, kaolinitic, nonacid,
isohyperthermic family of the Typic Torrifluvents be
cause of the silty clay control section, the tabular halloy
sitic mineralogy, the slightly acid to mildly alkaline
reaction, and the mean annual soil temperature of 74° F.

Vertisols
Vertisois are usually black or do k gray in color. They

are high in clay, have poor structure., and develop large
cracks when dry. The shrinking, cracking, and shearing
make these soils difficult to manage for farming and for
engineering and other nonfarm uses.

The order includes most of the Dark Magnesium soils
and some of the Gray Hydromorphic soils, as classified
by Cline (5).

In Hawaii, Vertisols occur along the coast in marine

alluvitun deposited when the sea stood much higher than
it does now and in colluvium that consisted of fine clays

and large stones. They occur on long fans that originate
in the mountains and spill out over the coastal plains.

Vertisols contain a large amount of very fine clay,
either the mineral montmorillonite or tabular halloysite.
The clay shrinks and swells with changes m water con
tent. The surface half inch of these soils is generally a
layer of hard granules, which are evidence of excessive
shrinkage of the clays in the sun’s heat. The granules
form a mineral mulch that protects the rest of the soil
from the sun. Beneath the mulch the soil has poo1 struc
ture and generally cracks into large, heavy clods. When
the soil is dry, the cracks open up and the surface soil
falls into them. When the soil is wet and swells, the
cracks close and the subsoil material is pushed toward
the surface. Thus, in the course. of many years, the soil
churns slowly over and over. Throughout the soil and
particularly deep down where churning does not occur,
there are aggregates and crystals of calcium carbonate, or
calcite, and of calcium sulfate, or gypsum. These minerals
are present because Vertisols occur in a dry or nearly
dry climate and there is little leaching.

Although the soils are black or dark tray in color, they
contain less organic matter than red sois do. The organic
matter associated with montmorillonite may be naturally
darker colored than that associated with the minerals in
red soils. I-{owever, Raymundo 6 has found that the clay,
silt, and sand fractions of these soils are gray in color,
even when the organic matter is removed completely.

Three suborders of Vert-isols occur in Hawaii: Tor
rerts, Uderts, and Usterts. Torrerts have cracks that
remain open throughout t.he year in most years or are
closed for less than 60 consecutive days at a period when
the soil temperature at a depth of 50 centimeters
(20 inches) is continuously more than 8° C. (46° F.).
The prefix Torr, derived from the Latin word for toi’r-id,
indicates that the soils are usually dry. Uclerts have
cracks that open and close more than once each year
but stay open for less than 90 cumulative days in most
years. The prefix Ud indicates that the soils are in a
humid climate. Usterts have cracks that open and close
more than once each year and stay open for more than
90 cumulative days during the year in most years, hut
are closed for at least 60 consecutive days at a time when
the soil temperature at. a depth of 50 centimeters (20
inches) is continuously above 8° C. (46° F.). The prefix
Ust, derived from the Latin word meaning lno’iit. inch
cate-s that summers are hot and dry. The suffix ert
indicates the name of the order Vertisols.

Toxmunrs

Kapuhikani soils belong in the suborder Torrerts. They
have deep, wide cracks that remain open throughout the
year. They receive 10 to 15 inches of rainfall annually.
The vegetation is sparse, and much of the surface is bare.
A horizon high in content of calcium carbonate occurs
at a depth of about 20 inches. Because of the dark-brown
color in the surface layer, Kapuhikani soils are classified
as Molhic Torrerts. They are dominated by montmoril
lonite clay minerals and have a mean annual soil tem
perature of 75° F. They are classified in the very-fine,

RAYMuND0, M. THE PROPERTIES OF THE BLACK EARTH or

HAWAII. 1965. [L’npub1ishe Ph.D. dissertation. Copy on dde Tjni
versity of Bawaii]
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montmorillonitic., isohyperthermic family of Mollic
Torrerts.

UDERTS
Kaena soils belong in the suborder TJderts. They are

gently slopmg to moderately steep and are on fans and
steej) colluvial slopes at an elevation of 50 to 150 feet.
The mean annual rainfall is between 30 and 45 inches.
The mean anmial soil temperature is 74° F. Kaena soils
are poorly draiiiecl. They are very sticky and very plas
tic and crack widely when dry. The cracks stay open for
less than 90 days each year. Kaena. soils have chromes
of less than 1.5 when moist and are classified in the great
group Pelluderts. They are Typic Pe.lluclerts because of
strongly mottled horizons. The. prefix Pe is derived
from a Greek word that. indicates low chrome. Because
of montmorillonit.e. clay minerals and a maim annual soil
temperature of 740, Kaena soils are classified in the
very-fine, mont morilloniti c, isohyperthermic family of
Typic Pci hiderts.

Ls’rERTS
Usterts that have chromas of 1.5 or more when moist

are in the Chromusterts great group. Wailnma, Honouli
uli, Liialuaiei, Makalapa, Nonopahu, and Papaa soils are
classified as Chromusterts.

Waihuna soils are nearly level or gently sloping to
moderately sloping and are in basins and on alluvial fans.
The elevation ranges from 400 to 2,000 feet. The annual
rainfall is 20 to 35 inches. Waihnna soils are very sticky
and very plastic. They are dominated by tabular hal
loysitic minerals and have a mean annual soil temperature
of 69° F. rfiiey are classified in the very-fine, kaolinitic,
isothermic family of Typic Chroinusterts.

Honouliuli soils are nearly level to gently sloping and
are on lowlands. They are very sticky and very plastic
and are dominated by tabular helloysitic minerals. They
have a mean annual soil temperature of 14° F. and 18 to
30 inches of annual rainfall. They are classified in the
very-fine, kaolinitic, isohyperthermic family of Typic
Chromusterts.

Lualualei and Maka.lapa soils are dominated by mont
morillonitic minerals and have a mean annual soil tem
perature of more than 11.6° F. They are gently sloping
and are on marine alluvium and associated colluvial fans
on the leeward side of t.he islands. They are classified in
the very-fine, mont,moriilonitic, isohyperthermic family
of Typic Chromusterts.

Nonopahu soils are classified as Entic Chromusterts
because they grade to Entisols. They have a color value
of more than 3.5 when moist.. Because they are domi
nated by tabular halloysitic minerals and have a mean
annual soil temperature of about 74° F., Nonopaliu soils
are classified in the very-fine, kaolinitic, isohyperthermic
family of Entic •hromusterts.

Papea soils are classified as Udic Chromusterts because
they contain more moisture than the Typic Chromusterts.
They have cracks that remain open from 90 to 150 cumu
lative days dnring the year. They are dominated by
montmorillonitic minerals and have a mean annual soil
temperature. of 730 F. They are classified in the very
fine, montmorillonitic., isohyperthe.rmic family of IJdHe
Chroinusterts.

Usterts that when moist have a chroma of less than
1.5 throughout. the uppermost 12 inches are in the Pel

insterts great. soil group. Kokokahi soils are classified as
Pellusterts. They have color values of more than 3.5 when
moist and have cracks that remain open for less than
150 cmnulatire (lays during the year. They are therefore
classified as Uclorthentic Pellusterts, that is, soils that
are moist (Udic) and are younger than typical. Koko
ka.hi soils are dominated by montrnorillonitic minerals
and have, a mean annual soil temperature of 74° F. They
are classified in the very-fine, mont.morillonitic, isohyper
tliermic family of Uciortlxentic Pellusterts.

ineeptisols
Inceptisols have weakly developed, natural soil hori

zons. Many of these soils are young but not recent. They
are commonly older than Entisols. For example, in a
river valley where. there is a flood plain and an older
terrace a few feet above the flood plain, Entmols are on
the flood plain and inceptisols generally on the older
terrace.

The name of the order is derived from the Latin
ineeptum, meaning bcgi’nninci. Recently, the order has
been extended to include nearly oil of the generally moist
soils that have been little affected by those soil-forming
processes that produce ma.rke.d horizons in the soil roffle.
Thus, the order includes nearly all soils developed an vol
canic ash and many strongly weathered soils in tropical
zones, including Hawaii, that have been developing for
many thousands of years but. do not have oxic, spodic, or
argHlic horizons.

Three suborders of Inceptisols occur in the State of
Hawaii: .A.ndepts, which developed in volcanic ash;
Aquepts, which show signs of wetness; and Tropepts,
which developed in tropical climates and well-drained
areas from strongly weathered alluvium or material
weathered from basic rocks.

ANDEPTS

Andepts hat-c a high content of ailophane or volcanic
ash, have bulk density of less than 0.85 grams per cubic
centimeter, and lack characteristics associated with wet
ness. The prefix And is derived from Andosols, which is
the name ordinarily applied to soils that developed in
volcanic ash. The suffix ept indicates the name of the
order Incept.isols. Andepts are divided into four great
groups: Vitrandepts, Eutrandepts, I)ystrandepts, and
Hydrandepts. These groups correspond with significant
differences in the soil properties that are associated with
differences in rainfall, temperature, and age.

IJma and Ama soils developed under sparse vegetation
in a semiarid climate. They are classified as Vitrandept.s.
The prefix Fit’,. taken from the Latin word for glass,
indicates that these soils are relatively unweatherecl vol
canic ash and show little profile development. Because of
low rainfall and sparse vegetation, they have high base
saturation and a lOW organic-matter content.

Urna soils have an A horizon of black loamy coarse
sand over black unweathered cinders. They have a
mean annual soil temperature of 56° F. They are there
fore classified in the cindery, isomesic family of Typic
Vitrandept.s.

Alae soils receive 12 to 20 inches of annual rainfall.
This amount is not enough to leach the bases and, there
fore, base saturation is greater than 50 percent. These
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soils have a moTile epipedon and are classified as Mollic
Vitrandepts Because of a dArk-brown A horizon and
a mean annual soil temperature of 74° F., Alae soils are
classified in the medial, isohypertliermic family of Mollic
Vi t.randepts.

Eutrandapts formed in volcanic ash in a semiarid
cliiriate. Because of the low rainfall, there has been little
leaching and base saturation is greater than 50 percent.
The prefix Ezi.tr is taken from the Greek word for
fertile. In comparison with the soils classified. as Vitran
depts, the soils in this great group show the effects of
higher rainfall and increased vegetation in their darker
colored, thicker surface layer and higher orgamc-ma.tter
content. ‘I’hey also have, a higher clay content and a
li iher cation exchange capact than Vitrandepta. Their
base saturation i.s somewhat lower but exceeds 50 percent
throughout the soil.

Kula, To. and Ulupalakuc soils on the island of Maui
are classified as Typic Eittrendepts. Kula soils have an
A horizon of clark reddish-brown loam that. has weak
s ructure. They have moderate structure in tILe upper
part of the 13 horizon and strong structure in the lower
part. Because they have a mean annual soil temperature
of 06° F., Kula soils are classified in the medial, iso
tl ierm i c family of Typic Eutrandepts.

To soils have a very dark-brown A horizon and a dark-
brown to dark reddish-brown B horizon that has weak
and inoclerat.e structure.. They are underlain by black
unweathered cinders at a depth of 90 to 40 inches. Ulupa
lakua soils have an A horizon of very dark-brown silt
loam and a B horizon of dark reddish-brown silt loam
and clay loam. They are underlain by black unweathered
cinders at a depth of 24 to 40 inches. Because To and
Ulupalakua soils are imder]ain by cinders and have a
mean annual soil temperature of between 05° and 69° F.,
they are classified in the medial over ciitdery, isothern’iic
family of Typic Eutrandepts.

The Kalaupapa soils on the island of Molokai are
classified in the subgroup Lithe Eutrandepts, which
indicates that they are Eutrandepts that are truncated
by hard rock and are shallow or are intermittent between
rock outcrops. They have a dark-brown, strong granular
A horizon and a dark yellowish-brown B horizon that
rests on hard pahoehoe lava at a depth of about 14 inches.
They have a mean annual soil temperature of 74° F. and
arc classified in the medial, isohyperthermic family of
Lithic, Eutrandepts.

Koko, Oanapuka. and Pun Pa soils formed under less
rainfall than the soils classified as Typic Eutrandepts.
They have a layer of soft, powdery, secondary lime and
therefore are classified in an Ustollic subgroup. The
prefix list, from the Latin word meaning burnt, indicates
that the soils developed in a dry climate and that there
is not enough rainfall to leach away entirely the calcium
carbonate from the profile. The suffix ol indicates that
the soils are considered intergrades to the Mollisol order.

Koko soils have an A horizon of dark reddish-brown
granular silt loam and a dark reddish-brown B horizon
that has weak to moderate structure. They occur on the
slopes of Diamond Head, Koko Head, and Koko Crater,
in a semiarid climate.

Oanapuka soils have an A horizon of very dark-brown
and very dark grayish-brown silt loam. The B horizon

is silt loam, has prismatic structure, and is weakly
alneary. These soils occur on Maui. Koko and Oanapuka
soils are weakly weathered and still contain much vol
canic ash. They have a mean annual soil temperature of
73° F. They are• classified in the medial, isohyperthermic
family of Ustollic. Eutrandept.s.

Puu i>a soils have a very dark-brown A horizon and
a very friable., massive C horizon. Because of a layer of
fragmental An. lava and a mean annual soil temperature
of 70° F., Pun Pa soils are classified in the medial over
fraainental, isothermic family of Ustol tic Eutrn.nclepts.

Andepts that. formed in a humid climate belong to
the l)ystrandepts great group. The prefix Dystr is taken
from the Greek word meaning infertile. Therefore,
l)vstrandepts are Anclepts that have low base sa( uration
because of higher rainfall and consequent leaching. r1lie,
receive more rainfall than Eutrandepts but less than
Hvclranclepts. Annual rainfall ranges from 40 to about
100 inches. The organic-matter content is high, but base
saturation is less than 50 percent.

Kaipoioi, Laumaia, Paaiki, Pane, and Tantalus are
well—drained soils that do not have thixotropic properties.
They are classified as Typic Dystra.ndept.s.

Kaipoioi soils have a black A horizon that has strong
structure and a silt. loam and silty clay loam 13 horizon.
Laumaia soils have a very clark-brown A horizon that
has moderate structure. The upper part of the B horizon
is dark-brown silt loam. These soils are underlain by a
weakl cemented sandy layer. Their mean annual soil
temperature is between 53° and 56° F. They are classified
in the medial. isomesic family of Typic Dystrandepts.

Paaiki and Pane soils occur at the lower elevations on
the island of Maui. Paaiki soils have a dark reddish-
brown, granular A horizon and a brown B horizon that
is silty clay loam in the upper Part and silty clay in the
lower part. Pane soils have a dark reddirk-brown A hori
zon that has strong granular structure and a dark
reddish-brown loamy B horizon that is weakly smeary.
Paaiki and Pane soils have a mean annual soil tempera
ture of between 60° and 66° F. They are classified in the
medial, isothermic family of Typic Dystra.ndepts.

Tantalus soils have a very dark-brown A horizon over
a dark reddish-brown very fine sandy loam B horizon.
They have weak structure, are very friable, and are
weakly weathered. Because these soils are underlain by
cinders and have a mean annual soil temperature of
70° F., they are classifie.d in the medial over cindery,
isothennic family of Typic Dystrandepts.

Olinda soils have an A horizon of dark reddish-brown
loam and a B horizon of silty clay loam that is weakly
srneary. They do not have an umbric epipedon and there
fore are not typic. They are classified as Entic Dystram
depts. They have a mean annual soil temperature of
57° F. and are classified in the medial, isomesic family
of Ent.ic Dvstrandepts.

Niulii soils are similar to the soils classified as Typic
Dystrandepts, but they have thiixotropic properties and
an umbrio epipedon. Thus, they are classified as Hydric
Dystrandepts to show that they intergrade t.o Hydran
depts. Niulii soils receive an average of 80 to 100 inches
of rainfall annually, and their mean annual soil tempera
ture is about 70° F. They have an A. horizon of dark-
brown silty clay loam that has strong structure and a
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B horizon, of dark-brown silty clay loam that is thixo
tropic. Niulii soils are classified in the thixotropic, iso
thermic family of Hydric Dystrandepts.

Mahana, Naiwa, and Oh soils formed in a. subhumid,
warm climate. They are strongly weathered and have
practically no reserves of bases. Base saturation is low.
i3ecausc of strong weathering, the surface soil contains
many oxides and the soils are similar to those in the
order Oxisols. Thus, they are placed in an Oxic subgroup
where the cation, exchange capacity is below 20 mull
equivalents per 100 grains of soil. The low cation ex
change capacity is caused by the high oxide content. in
the soil. Also, because of the strong weathering, the
subsoil contains no volcanic ash but contains, instead,
amorphous secondary minerals developed from the ash.

Mahana soils developed in old, strongly weathered
volcanic ash in a subhumid, warm climate. They are
nearly level to steep and are on uplands. Their A horizon
is firm, dusky-red silty clay loam that has strong struc
ture. It is underlain by dark-red silt loam that has weak
structure. The A horizon, contains an accumulation of
iron and titanium oxides, which appear as small, dark-
colored, shiny specks, and therefore has a much higher
bulk density than is usual for soils derived from volcanic
ash. The mean annual soil temperature is 670 F.

Naiwa soils have a dusky-red A horizon that has high
bulk density and a red and dark reddish-brown silt loam
B horizon that has weak to mode-rate structure. The A
horizon and the upper part of the B horizon are more
than 35 percent total iron oxides and more than 10 per
cent titanium oxide. The mean annual soil temperature
is 70° F.

011 soils have a dark-brown A horizon over a dark-
brown B horizon that has weak structure. They are
gently sloping to steep and are on dissected uplands.
They developed in volcanic ash over ba-sic igneous rock.

Because of a medial control section and a mean annual
soil temperature of between 67° and 70° F., Mahana,
Naiwa, and Oh soils are classified in. the medial, iso
thermic family of Oxic Dystrandepts.

Andepts containing clays that dehydrate irreversibly
into gravel-size aggregates are classified in the great
group Hydrandepts. The prefix Hyd-r is taken from the
Greek word meaning u’ater. Hydrandepts occur in the
wettest areas occupied by Andepts. They receive 80 to
more than 300 inches of rainfall annually. They are the
most strongly weathered of all the soils derived from
volcanic a-sb. The cation exchange capacity is high, but
base saturation is low. The organic-matter content is
high. The moisture held by the soil at 15 atmospheres of
tension often exceeds 200 percent. Water intake and
transmission through the soil are rapid.

Honornanu, Kailua, and Ha-na soils are classified as
Typic Hydrandepts. Honomanu soils have a very dark
grayish-brown 01 horizon, a very dark-brown and dark
yellowish-brown A horizon, a-nd a dark yellowish-brown
and brown B ho-rizon. These soils are strongly smeary
and dehydrate irreversibly into fine gravel-size agg-re
gates. Kailun soils have an A horizon of dark-brown
silty clay and -a B horizon of dark-brown and dark
reddish-brown silty clay. They are weakly or moderately
smeary and dehydrate irreversibly into fine gravel-size
aggregates. Because of thixotropic properties and a mean

annual soil temperature of between 62° and 70° F.,
Honoma.nu and Kailua soils are placed in the thixotropic,
isothermic family of Typic Hydrandepts.

Hana soils are similar to Honomanu and Kailua soils
but have a mean annual soil temperature of more than
71.6° F. They have a very dark-brown A horizon and a
dark-brown B horizon that is moderately smeary and
dehydrates irreversibly into gravel-size aggregates. Be
cause of a mean annual soil temperature of 73° F., Hana
soils are classified in the thixotropic, isohyperthermic
family of Typic Hydrande.pts.

AQUEPTS

Eight soil series -are classified in the suborder Aquepts.
The prefix Aqa, derived from the Latin word meaning
watev, indicates the effect of wetness in the formation of
these soils. Aquepts are mottled in the subsoil. The mot
tling indicates that the water table rises into the subsoil
and periodically causes waterlogging and loss of oxygen.
Consequently, the iron, which accounts largely for the
bright color in soils and is insoluble when -air is present,
becomes dissolved in water and either moves out of the
soil in drainage water or changes to gray or olive in color.

Ainalu, Hulua, and Olokui soils are classified in the
great group Placaquepts. The prefix Plac, taken ‘from the
Greek word plasi, indicates the presence of a thin pan.
Therefore, Piacaquepts are Aqnepts that have a thin
black to reddish, cemented pan, presumably cemented
with iron, that is called a placic horizon. Hulua and
Olokui soils are placed in the typic, or central, subgroup.

Huhua soils have a-n Al horizon of black gravelly silty
clay over an acid A2 horizon that is shallow over a
strongly cemented ironstone sheet. Elevations range from
400 to 2,400 feet. The annual rainfall is 100 to 200
inches. The mean annual soil temperature is about 66° F.
Hulua soils are placed in the fine, oxidic, acid, isothermic
family of Typic Placaquepts.

Olokui soils have an 0 horizon about 4 inches thick,
an acid A2g horizon of mottled silty clay loam, and an
ironstone sheet at a depth of about 12 inches. They occur
at elevations of 1,500 to 4,000 feet and receive 75 to 150
inches of rainfall ‘annually. The mean annual soil temper
ature is 58° F. Olokui soils are placed in the fine, mixed,
acid, isomesic family of Typic Pla-caquepts.

Ainalu soils are classified as Histic Placaquepts because
they have a histic epipedon. They have a black peat sur
face layer 5 to 15 inches thick, an acid, gray clay A2
horizon, and an ironstone sheet 8 to 15 inches below the
base of the peaty surface layer. They occur at elevations
of 2,000 to 5,500 feet. The annual rainfall is 75 to 400
inches. The mean annual soil temperature is about 58°
F. Amalu soils are placed in the fine, mixed, acid, isoinesic
family of Histic Placaquepts.

Aquepts that have -a difference of less than 9° F.
between the mean sunmier and mean winter temperatures
are placed in the great group Tropaquepts. The prefix
Trop means tropical.

Hanalel soils have a dark-gray to dark grayish-brown A
horizon and a mottled dark-gray or dark grayish-brown
silty clay loam B horizon. The water table is above a
depth of 26 inches most of the time. Because these soils
have a fine silty texture in the control section, have
mixed mineralogy, mostly kaolin and montmorillonite, are
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nonacid in the control section, and have a mean annual
temperature of 74° F., they are placed in the fine, mixed
nonacid, isohyperthermic family of Typic Tropaquepts.
Pearl Harbor soils differ from Hanalei soils in containing
a large amount of montmorillonite clay. They are there
fore classified in the fine, montmorillonitic, nonacid. iso
hyperthermic family of Typic Tropaquepts. Pearl Harbor
soils also have a layer of muck and peat that occurs at
too great a depth to be significant for purposes of
classification.

Keaau soils have an A horizon of very dark grayish-
brown clay and a mottled dark-brown B horizon. They
are. underlain by coral limestone. Because of the cla.yey
A horizon, the montmorillonitic mineralogy, a nonacid con
trol section, and a mean annual soil temperature of 73°
F.. Keaau soils are classified in the very-fine, mont
moril loni tic, nonacid, isohvperthermic family of Typic
Tropaquepts.

Kalihi soils have a dark-brown, clayey A horizon and
a. mottled very dark gray, very sticky and very plastic B
horizon. The pH ranges from 6.4 to 7 throughout the
solum. The dominant clay mineral is tabular hahloysite.
Kalihi soils are nearly level and occur on bottom land
at elevations of 50 to 100 feet. ‘They were formerly classi
fled as Gray Hydromorphic soils by Cline (.5). Because
of t.he clay texture, the tabular halloysitic mineralogy, a
nonacid control section, and a mean annual soil tempera
ture of 74° F., Kahihi soils are classified in the very-fine,
kaolinitic, nonacid, isohypertharmic family of Typic.
Tropaquepts.

Koolau soils are similar to Typic Tropaquepts but have
mottles of more than 2 chroma. This fact indicates that
they are slightly better drained. They are therefore
classified as Aeric Tropaque.pt.s. They are gently sloping
t.o steep and are on uplands at elevations ranging from
750 to 5,200 feet. The annual rainfall is 120 to 200
inches. Koolnu soils have a mottled light brownish-gray.
clayey Al horizon and a mottled gray to pale-yellow B
horizon that is very strongly acid. The mottling indicates
poor aeration. The soil material is very porous and is eas
ily penetrated by water. Because of the clay texture, the
tabular halloysitic mineralogy, an acid subsoil, and a
mean annual soil temperature of 64° F., Koolau soils are
classified in the fine, kaolinitic, acid, isothe.rrnic family
of Aeric Tropaquepts.

rTopE5

Tropepts are Inceptisols that have a difference of less
than 9° F. between the mean summer and mean winter
soil temperatures. They include soils in tropical areas
that are strongly weathered and have been developing for
thousands of years but do not have an oxic, spodic, or
argillic horizon. Tropepts are subdivided into two great
groups: Humitropepts and lJstropepts. The groupings
are based on differences in rainfall and temperature and
on the relative amounts of organic matter in a unit of
volmne of 1 meter (40 inches) square to a depth of 1
meter.

lvlakaalae, Maldki, Haliimaile, Hmhirnanu, Kohekole,
Kimia, Pohakupu, and Kolokolo soils are classified in
the great group Humitropepts because they have high
mean annual rainfall or high humus content. The prefix
Hum. derived from the Latin word hvimu.s. meaning earth,

indicates the presence of a relatively large amount of
organic matter. These soils occur on bottom lands, up
lands, and alluvial fans at elevations that range from
sea level to 12,000 feet. The mean annual rainfall ranges
from 35 to 150 inches but. is generally between 80 and
140 inches.

Hanamaulu and Lawai soils have higher mean annual
rainfall than most other Tropepts. They are always moist.
They have a base saturation of less than 50 percent and a
mean annual soil temperature of more than 71.6° F.
llanamaulu soils have a cation exchange capacity of less
than 20 milliequivalents per 100 grams of clay and are
therefore classified in an Oxic subgroup. They have a very
clark grayish-brown A horizon and moderate and strong
structure in the B2 horizon. Because the control section
is fine textured, Hanamaulu soils are classified in the fine,
oxidic, isohypert.hermic family of Oxid Humitropepts.
The Lawai soils are similar to the Hanainaulu soils ex
cept that they have a very fine texture in the control
section. Lawai soils are classified in the very-fine oxidic,
isohyperthermic family of Oxic Humitropepts.

lvfakaalae soils have a very dark brown A horizon that
has strong subangular blocky structure and a very dark
grayish-brown silty clay C horizon that is 35 to 70 per
cent coarse fragments. These soils are 24 to 48 inches
deep over fragmental An lava. They are dry in some
horizons for more than 90 cumulative days in most
years. They are therefore classified as Ustic Humitro
pepts. Makaalae soils have mixed mineralogy and a mean
annual soil temperature of about 73° F. They are classi
fied in the elayey-skeletal, mixed, isohyperther.mic family
of Ustic Humitropepts.

Makiki soils have a dry period similar to that of Ma
kaalae soils, but arc influenced by volcanic ash. They are
classified as Andic Ustic Hmnitropepts. They occur in
Manoa Valley and along the base of Punchbowl and
Round Top. Their subsoil is dark-brown clay loam of
moderate structure. It is underlain by volcanic ash and.
cinders. Because of the clay loam texture, the mixed clay
minerals, and a mean annual soil temperature of 73° F.,
Makiki soils are classified in the fine, mixed, isohyper
therinic family of Andic Ustic I-Iumitropepts.

Haliima.ile, Hihimanu, Kolekole, Kunia, and Pohakupu
soils are classified as Ustoxic Hunuitropeptu because they
are as dry as the soils classified as Ustic Humitropepts
and have a cation exchange capacity that is less than 24
milliequivadents per 100 grams of clay. Kolekole and
I{ihi.manu soils occur on the uplands of the island of Oahu
and on the very steep parts of the island of Ka.uai.

Kolekole soils have an A horizon of dark reddish-
brown silty clay loam that has high bulk density over
a subsoil that is similar in color and texture but has low
bulk density. The subsoil is underlain by very compact
older alluvium that is capped by a thin pauilike layer that
restricts root and water movement. Kolekole soils have
oxidic mineralogy and a mean annual soil temperature of
about 71° F. Hihimanu soils have an A horizon of dark-
brown silty clay loam and a dark-brown to reddish-brown
B horizon. They are similar to Kolekole soils. Both soils
are classified in the fine, oxidic, isothermic family of
Ustoxic Humit.ropepts.

Haliimaile and Kunia soils arc also similar to Kolekole
soils, but they have tabular kaolinitic mineralogy. The



212 SOIL SURVEY

A and B horizons are dark reddish-brown silty clay. The
mean annual soil temperature is 71° F. Because. of the
silty clay texture ansi tabular kaolinitic mineralogy,
these two soils are classified in the fine, knolinitic, iso
tiermic family of Ustoxie Ilurnitropept.s.

Pohakupii soils are similar to Kunia soils, but they
have oxidie mineraloy. rfllerefol.e they are classified in
the fine, oxidic. isohyperthermie. family of Ust.oxie
Humi tropepts.

Kolokolo soils occur on bottom lands along small and
large streams on the eastern and northern sides of the
island of Kauai. They are associated with Fluvents ansi
intergrade toward those soils. They have a very dark
brown, subangular blocky A horizon and a stratified C
horizon that. has an irregularly decreasing organic-matter
content. The mineralogy is mixed. The mean annual soil
temperature is about 73° F. Kolokolo soils are classified in
the fine, mixed. isohypertherniic family of Fluventic
Humit.ropepts.

Pakala soils are classified in the great group TJstro
pepts. They have the least mean annual rainfall of the
Tropept.s. The prefix l7st is from the Latin word ustnr.
meaning Zuo’nt. It indicates a dry climate. These soils
are dry for 90 cumulative days or more in most years;
they receive 25 to 40 inches of rainfall. They are nearly
level and occur on alluvial fans ansi flood plains. The A
horizon is dark reddish-brown clay loam. The C horizon
is stratified silty clay loam to si]t loani and has an irregu—
larJv decreasing organic-matter content. Pakala. soils
have a mean annual soil temperature of 74° F. Their cat
ion exchange capacity is less than 2$ milhiequivalents
per 100 grams of clay, and they are high in oxides. They
are placed in the fine, oxidic, isohypert.hermic family of
Fluventic Ustropepts.

Aridisols
Aridisols are prmiarily soils of dry places. They have

an ochric ep ipeslon and one or more additional diagnostic
horizons. The order includes most soils formerly called
Desert soils, Red Desert soils, Sierozems, Reddish I3rown
soils, and Solonchak soils (15). It also includes some of
the Regosois and Lit.hosols of dry climates and some
Brown soils and Solonetz soils.

The Aridisols that have, no argillic or natric horizon
bt have a salic. horizon ansi are saturated with water
within 40 inches of the surface for 1 month or more are
placed in the suborder Orthids. The suffix id indicates
the order Aridisols.

OxTinus
The only soil on the five islands in the Aridisol order

and Qrthid suborder is Kealia, silt loam. Within the sub
order, the Kealia soil is laced in the great group Sal
orthicis. The prefix &ti, derived from the Latin base for
salt, indicates that the soil is saline. Within this great
group, the Kealia soil is placed in the typic, or central,
subgroup.

The Kealia soil has a dark reddish-brown Asa horizon
over a stratified, dark reddish-brown and black Csa hori
zon. The stratified material was laid down by streams
along the coastal flats. This soil has a fluctuating salt
water table at a depth of 12 to 40 inches, and as a result,
is saline and poorly drained. The annual rainfall is 10
to 25 inches. The mean annual soil temperature is 5° F.

The. Keahia soil is classified in the. coarse-loamy, mixed,
isohypert.hermie family of Typic Salorthids.

Mollisois
Mollisols have a mollic epipedon that has I-ugh base

saturation and generally has moderate to strong granu
lar structure. The order includes most soils formerly clas
sifieci as Prairie soils, Chernozems, ansi Chestnut. soils
(15), and most. soils that have a dark-colored surface
layer and developed over limestone.. Mollisols generally
develop under grass vegetation where the grass is dense
enough to form a sod. A few developed nader seciges and
water-tolerant plants and under hardwood forest.

Two suborders of Molhisols occur in the State of
Hawaii: Aquolls ansi Ustol]s. Aquolls show signs of
wetness and, imless drained, are saturated with water for
1 month or more during most years. TTst.olls are dry soils
that have high base saturation. The prefix Ust. derived
from the Latin word us tus, meaning burnt, indicates that,
the soils developed in an area that has dry, hot summers.
The suffix oil indicates the name of the order Mollisols.

AQorJ.s
Nohihi and Kaloko soils are classified in the suborder

Aquolls because they are saturated with water at some
period during the year. Nohuli soils have a clayev A hori
zon; a slightly calcareous, clayey B2 horizon, or mollic
epipedon. more than 24 inches thick; and a strongly
calcareous, massive C horizon. The rainfall is 20 t.o 40
inches annually. The mean annual soil temperature is
about 75° F. Nohihi soils do not have a cluripan, a icat.ric.
horizon, a calcic horizon, or an argilhic horizon, and are
therefore classified a.s Haplaquolls. Ilapla is a prefix
meaning simple. Nohili soils are further classified in the
fIne, rnontmorillonitic (calcareou s), i sohyperthermic ‘fain
ily of Cumuhic Haplaquolls.

Kaloko soils are poorly drained and have mottles in
the mollic epipedon. They occur at elevations that range
from 0 to 20 feet. The annual rainfall is 20 to 25 incIses,
and the mean annual soil temperature is about 73° F.
These soils have clay over marl at a depth of 12 to 20
inches. They are classified in the fine, carbonatie, iso
hyperthermic family of Typic Ha.plaquolls.

Twenty-one soils have been classified in the suborder
Ustolls. This suborder includes soils that are dry for
90 cumulative days but not continuously dry for 60
consecutive days. They are further classified in the great
group Haplustolls (Hapia means .simpie) because they
do not have an argillic horizon, a calcic horizon, a dun-
pan, or a natric horizon.

Some soils previously classified as Low-Hurnic Lato
sols by Cline (5) are now classified in the suborder
Ustolls. The prefix Ust indicates that. the soils are often
dry and consequently have high base saturation.

Haleiwa, Tao, Paia, and Waialua soils are classified as
Typic Haplustolls. They are nearly level to moderately
sloping and occur on alluvial fans and uplands at eleva.
tions that range from sea level to 1,000 feet. The mean
annual rainfall is 25 to 60 inches.

Haleiwa soils have a dark-brown A horizon and a
weak subangular blocky B horizon that. is silty clay in
texture. Mineralogy is mixed. The mean annual soil
temperature is about 73° F. Haleiwa soils are classified
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in tim fine, mixed, isohyperthermic family of Typic
Haplustolls.

lao soils have a dark-brown, massive A horizon and a
very dark brown and dark-brown, suba.ngula.r blocky
B horizon. Both horizons are cmv iii texture. Pain soils
have a dark red dish—brown, granular and subangular
blocky A horizon and a clark reddish-brown clay B hori
zon. Both soils have tabular hafloysitic mineralogy and
a mean annual soil temperature of 73° or ‘74° F. Both are
classified in the fine, knolinitic, isohyperthermic family
0± Typic Haplustois.

Wajalus. soils have a dark reddish-brown, subangular
blocky A horizon and a subangular blocky B horizon.
Mineralogy is dominated b tabi’ilar lialloysite. The mean
annual soil temperature is about 73° F. These soils arc
classified in the very-fine, kaolinitic, isohyperthermic
family of Typic Haphistoils.

Aridic Haplustolls are Haplustolls that intergrade to
Ariclisols, that is, soils that ni-c usually dry. The mean
annual rainfall is generally between 10 and 25 inches
but can be a.s high as 35 niches. Ewa, Hooiehua, and
Wainkoc soils have a mean annual soil temperature of
more than 71.0° F. Their mineralogy is dominated by
tabular halloysite. Ewa soils have a clark reddish—brown
A horizon and a clark reddish-brown to dark—red B hori
zon. Hoolehua. soils have a dark reddish-brown A horizon
and a dark reddish-brown B horizon. Both horizons are
silty clay in texture. Waiakoa soils have a clark reddish—
brown A horizon and are 20 to 40 inches deep over bed
rock. All three soils are classified in the fine, kaolinit.ic,
isohyperthermic family of Aridic Haplustolls. Koele
soils differ mainly in having a mean annual soil tempera
ture of about 69° F. They are. classified in the fine, kao
linitic, isotliermic. family of Aridic Haplistolls.

Kamnole soils have a dark-brown and dark reddish
brown A. horizon and a dark reddish-brown B horizon
over fragmental An lava at a depth of 16 to 24 inches.
They have, a mean annual soil temperature of 69° F. and
are classified in the clayey over fragmental, kaoliiutic,
isotherinic family of Ariclic Hapiustolls. Keawakapu
soils differ from Kamaole soils mainly in having an
annual soil. temperature of more than 71.6° F. and are
classified in the. clayey over fragmental, kaolmitic, iso
hyperthermic family of Aridic Haplustolls.

Makena soils have a very dark brown and very dark
grayish-brown, mildly alkaline A horizon. The lower
part of the B horizon and the C horizon are dark
yellowish brown and contain a considerable amount of
volcanic ash. Some lime has accumulated in the Can
horizon as a result of low rainfall and limited leaching.
Makena soils have a mean annual soil temperature of
about 75° F. and receive 10 to 20 inches of annual rain
fall. They are classified in the coarse-loamy, ashy, iso
hyperthermic family of Aridic Haplustolls.

Wainee soils have dark recldish-brmvn A and B hori
zons. The control section is gravelly, cobbly, and stony
silty clay. The mineralogy is dominated by tabular
hallovsite. The mean annual soil temperature is about
75° F. Wainee soils are. classified in the clayey-skeletal,
kaol initic, isohyperthermic family of An die 1{aplnst.ohl s.

Kawaihapa.i, Kekaha, and Pulehu soils are. classified as
Cumuhic Haplustolls because they have a mollic epipedon
more than 20 inches thick and an irregularly decreasing

organic-matter content. Kawaihapai soils have a dark-
brown A horizon 22 inches thick over an unconformable
dark-brown, massive IIC horizon. The mean annual soil
temperature is about 74° F. The mineralogy is mixed.
Kawaiha.pai soils are classified in the fine, mixed, iso
livpertlie.rmic family of Cumulic Haplust.olls.

Kekaha soils have, a clark reddish-brown, granular and
subangiular blocky A horizon 21 inches thick and a dark
reddish-brown B horizon that is silty clay and clay in
texture. The mean annual soil temperature is about 74° F.
The mineralogy is mixed. Kekaha soils are classified in
the very-fine, mixed, isohyperthermic family of Cumulic
l’Taplustolls.

Pulehu soils have a clark-brown A horizon that is
21 inches thick and is clay loam in texture, and a strati
fied C horizon. The mineralogy is mixed. The mean
annual soil temperature is about 74° F. Pulehu soils are
classified in the fine-loamy, mixed, isohypertherimc fam
ily of Cnmulic llaplustolls.

Mokule.ia soils are classified as Entie Haplustolls
because they have a calcareous mollic epipedon and do
not have a cambic horizon. Mokuleia soils occur at eleva
tions that range from near sea level to about 100 feet
and receive 15 to 40 inches of rainfall annually. They
have a clark-colored A horizon and a loamy sand or sand
C horizon. The sand fraction is coral sand, Mokulein soils
are classified in the sandy, carbonat.ic, isohypertliermic
family of Entic Ha.plustolls.

‘Waikomo arid Mamala soils are classified a.s Lithie
Haplustohis because they are less than 20 inches deep
over bedrock. Waikomo soils have a very dark grayish-
brown silty clay A horizon. The B horizon is reddish
brown silty clay loam. These soils overlie pa.hoehoe lava.
They have mixed mineralogy and a mean annual soil
temperature of 74° F. They are classified in the clavey,
mixed, isohypertherinic family of Litluc Haplustol]s.

Mamala soils have coral limestone at a depth of 8 to
20 inches. rfhley are nearly level to gently sloping and
occur on coastal plains. The elevation ranges from sea
level to 100 feet. The annual rainfall is 18 to 25 inches,
and the mean annual soil tempei’atura is about 74° F.
Mamala soils are classified in the clayey, kaolinitic iso
hyperthrmic family of Lithic Haplustolls.

Kaupo soils are classified as Paciiic Haplustolls
(Fec/rio means tlcio/c)herause they have a mollic epipedon
more than 20 inches thick. The mollic epipedon is very
clark brown and very dark grayish brown. The organic-
matter content decreases gt’aclually to time fragmental An
lava, which is at a depth of 20 to 40 inches. The B horizon
is silty clay loam in texture and is more than 40 per
cent gravel and cobblestones. Katil:o mils have mixccl
mineralogy anti a mean annual soil temperature of
about 74° F. They are classified in the line-silty over
fragmental, mixed, isohperthermi c family of Pacliic
Haplustolls.

Haplust.olls that intergrade to rlort.erts that is, Verti
sols that are usually dry, are classified as Torrertic
Haplustolls. These soils are very sticky and very plastic
clays that crack when dry and remain open throughout
time year in most years. Pamon and Waipahu soils are
dominated by tabular halloysite mineralogy and have a
mean annual soil temperature greater than 71.6° F.
Pamoa soils have a solum of dark reddish-brown silty
clay to clay. They have a thin, strong, granular surface
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mulch and deep wide cracks when dry. Waipahu soils
have, a dark grayish-brown A horizon and a dark-brown
B horizon. They have prominent., very fine nodules of
manganese oxide throughout. Both soils are classified in
the very-fine, kaolinitic., isohyperthermic family of Tor
rertic Haplustolls.

Wai awe soils are classified as Lithic Vertic Haplustolls
because they are less than 20 inches deep over bedrock
and are very sticky and very plastic clays that crack
when dry. ‘Waiawa soils have a dark reddish-brown, ciayey
solum. They have montmorillonitie mineralogy and a
mean annua.l soil temperature of 74° F. They are placed
in the clayey, montmorillonitic, isohyperthermic family
of Lithe Vertic Haplust.olls.

Spodosols
Spodosols have a spodic horizon in which active amor

phous material consisting of organic matter and, in
places. aluminum have accumulated. Spodic horizons oc
cur only in humid environments. They form in soils that
have a. shallow, fluctuating, ground-water level, hut
ordinarily do not form in soils that are permanently
saturated.

Waialeaic soils belong in the suborder Aquods. The
prefix Aqa.. derived from the Latin word, for wate’, indi
cates that the soil has characteristics associated with
wetness. The suffix od indicates the order Spodosol.s.

AQuons
‘Within the suborder Aquods, Waialeale soils are pl.aced

in the great. group Tropaquods. The prefix Tro is t.aken
from the Greek word meaning tropicaZ. Tropaquods are
Aquods that occur in a tropica.l climate that has less
than 9° F. difference between the mean summer and
mean winter temperatures.

Waiale.a.le soils are classified as Histic Lithic Tropa
quods because they have a histic epipedon and are 9 to 22
inches deep over weathered rock. These soils have a thin
01 horizon over an albic horizon. The albie horizon over-
lies a strong-brown spodic horizon. Elevations range
from &500 to 4,800 feet. The annual rainfall ranges from
100 to 450 inches. The mean annual soil temperature is
about 57° F. ‘Waialeale soils are placed in the fine,
oxidic, isomesic family of Histic Lithic Tropaquods.

Alfisols
,Alfisols are generally moist and contain an argillic

horizon, that is, a subsoil horizon in which clay has ac
cumulated. This horizon of clay accumulation forms be
cause. clay particles are washed from upper horizons
and deposited in lower ones. Alfisols characteristically
have, a relatively low base saturation and a slightly to
medium acid. reaction in the surface layer and a relatively
high base saturation and slightly acid to neutral reaction
in the argillic horizon.

Alfisols are defined a.s soils that have an argillic horizon
in which base saturation is more than 35 percent, and
which, in moist climates, generally rests on calcareous
parent material. Alfisols develop either in calcareous
parent material in a humid climate or in strongly weath
ered parent material in a subhumid climate where the rain
does not penetrate deep enough into the soil to leach out
the exchangeable cations. In some subhumid areas, the

effectiveness of the rain in leaching the soil is reduced
by salt spray.

Only the suborder Ust.alfs is represented on the islands.

UsTALF5

Kanepuu and Kemoo soils are placed in the suborder
Ustalfs because some of their horizons are dry for more
than 90 cumulative days in most years, but are continu
ously moist in some part. for 90 or more consecutive days.

Kanepuu soils are classified as Paleustalfs because they
have an argillic horizon in which the clay distribution is
such that the percentage of clay does not decrease from
its maximum by as much as 20 percent of that maximum
to a depth of 60 inches. Also, throughout the major part
of the horizon, hues are 7.5YR or redder and values are
less than 4 moist and less than 5 dry. Kanepuu soils occur
at elevations of 1,500 to 2,000 feet and receive 20 to 25
inches of rainfall annually. The mean annual soil temper
ature is about 70° F. Kanepuu soils have a dark reddish-
brown, slightly acid to neutral solum. Their B horizon
is silty clay that has strong subangular blocky structure.
‘Within the great group Pa.leustalfs, Kanepuu soils are
placed in the Oxie subgroup because they have a cation
exchange capacity of less than 24 mihliequivalents per
100 grams of clay. Finally, this soil is classified in the
fine, oxidic, isothermic family of Oxc Paleustalfs.

Kemoo soils are placed in the great group Rhodustalfs
because they have an arg’illic horizon that has hues
redder than SYR and color values less than 4 moist and
no more than S dry. The A horizon is very dusky red to
dark reddish brown. The B horizon is dark reddish-
brown to dusky-red silty clay. The mean annual soil
temperature is 69° F. Kemoo soils are further classified
as Oxic R.hodustalfs because they have a cation exchange
capacity of less than 24 milhiequivalents per 100 grams
of clay, or because the cation retention from ammonium
chloride is less than 12 milliequivalents per 100 grams
of clay. Finally, these soils are placed in the fine, oxidic,
isothiermic family of Oxic Rhodustalfs.

Ultisols
Ultisols, like Alfisols, have an argillic horizon in the

subsoil. They formed either in a wetter climate than Aifi
sols or in more strongly weathered parent material.
Leaching has removed most of the exchangeable eations
from the soil profile. As a result, the soils are strongly
to extremely acid throughout. In contrast with ,Aifisois,
TJltisois have less than 35 percent base saturation in the
lower part of the argillic horizon.

The order includes most of the soils that were classified
as Humic Latosols and 1’{umic Ferruginous Latosols by
Cline (5).

Most of the Ultisols in Hawaii are classified in the
suborder Hnmults. which are those IJlt.iso]s that have 1.5
percent or more organic matter in the upper part of the
argillic horizon. Humults are further classified in the
grea.t group Tropohumults because of their tropical cli
mate. The difference between the mean summer and mean
winter temperatures is less than 9° F.

HUMULTS

Thirteen soil series a.re classified in the subgroup
Humoxi c Tropohumul t.s. These Tropohurnul ts have a
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cation exchange capacity of less than 24 milliequivaients
per 100 grams of clay and a mean annual soil tempera
ture below 71.6° F.

Haiku soils have a dark-brown A horizon that has
high hulk density anti a B horizon that contains gibbsite
nodules or sheets. They are gently sloping and are on
uplands at elevations that range from near sea level to
1,200 feet. The average annual rainfall is between 50 and
$0 inches. The mean amwal soil temperature is 70° F.
haiku soils arc ci ay and silty clay in texture and are
high in iron oxides. Pauwela soils are clayey and have
high balk density in the A horizon. They have a high
iron oxide content, a well-developed argillic horizon, and
a mean annual soil temperature of 70° F. Haiku and
Pauwela soils are classified in the clayey, ferritic, iso
t.hermic family of Humoxic Tropohumults.

Kokee soils have an A horizon of dark-brown silty
clay loam over a B horizon of strong-brown and, dark-
brown heavy silty clay loam and silty clay. They occur
at elevations of 3,400 to 4,200 feet. The average annual
rainfall is 00 to 70 inches. The mean annual soil
temperature is about 59° F. These soils are classified
in the clayey, oxiclic, isornesic family of Humoxic
T ropohumults.

I-Ionolua, Kalapa, Kaneohe, Leilehua, Loiekaa, Maka
woo, Olelo, Paaloa, Paurnalu, and Waikane soils occur at
elevations that range -from near sea level to 3,500 feet.
They have an average annual rainfall of between 40 and
101) inches. The mean annual soil temperature is between
63° and 71° F. All of these soils are silty clay or clay
in iexture in the upper part of the B horizon and are
high in iron oxides. They arc classified in the clayey,
oxicli c.. isothermic family of Humoxic Tropohumults.

Halawa, Harnakuapoko, Manana, Alaeioa, and Ioleau
soils are classified in the subgroup Orthoxic Tropo
liumults. This subgroup indicates that the soils are
‘I’ropohumults that have a cation exchange capacity
below 24 milliequivalents per 100 grains of clay and are
either dry in part of the profile for 60 consecutive das
or more, or the mean annual soil temperature is 72° F.
or higher.

ilalawa soils occur at elevations that range from 500
to 3,000 feet. The annual rainfall is 30 to 60 inches. The
mean annual soil temperature is 69° F. These soils have
a clark reddish-brown surface layer that has high bulk
density. The upper Part of this layer has strong struc
ture, but the lower part is structureless. The subsoil is
reddish brown and. dark reddish brown anti has strong
and moderate structure. Halawa soils are strongly acid
to very strongly acid and have a strongly developed
argillic horizon.

Hamakuapoko soils developed in residuum weathered
from basic igneous rock. They occur at, elevations of 500
to 1,200 feet. The annual rainfall is 40 to 60 inches. The
mean annual soil temperature is 71° F. Hamakuapoko
soils have an A horizon of dark-brown silty clay that
has high bulk density. The B horizon has nearly con
tinuous clay films on ped faces.

Manana soils developed in old alluvium and residuum
at elevations of 500 to 1,200 feet. The annual rainfall is
40 to 60 inches. The mean annual soil temperature is
about 70° F. These soils have a clark reddish-brown A
horizon that has moderate structure anti high bulk

density over a dusky-red and clark reddish-gray, firm
B horizon that has strong structure. A very compact
layer occurs at a depth of 15 to 50 inches. Manaiaa soils
are strongly acid throughout and have a strongly devel
oped argilhc horizon.

Halawa, Hamakuapoko, and Manana soils are silty
clay in texture and are high in iron oxides. Their mean
annual soil temperature is between 69° and 71° F. They
are, therefore, classified in the clayey, oxidic, isothermic
family of Orthoxic Tropohumul ts.

Alaeloa soils developed in material weathered from
basic igneous rock. They are at elevations of 100 to 1,750
fe.et. The average annual rainfall is 35 to 60 inches. The
mean annual soil temperature is about 72° F. The A hori
zon is dark reddish brown anti has strong structure. The
argillic horizon has strong structure anci continuous.
thick clay films in the lower part.

Ioleau soils also developed iii residuum from basic
igneous rock. They occur at elevations of 100 to 750 feet.
The average annual rainfall is 40 to 70 inches. The mean
annual soil temperature is 72° F. These soils have a
dark-brown A horizon over a compact, clayey B horizon.

Alaeloa. and Ioleau soils are both silty clay to silty clay
loam in texture, are high in iron oxides, and have a
mean annual soil temperature of more than 71.6° F. They
are classified in the clayey. oxide, isohyperthermic family
of Orthoxie Tropohitmul ts.

TJ5TULTS

Two soils are classified in the suborder Ustults. These
are Ultisols that are never saturated a-nd are dry for
90 cumulative days but. not continuously dry for 60 con
secutive days. They a.re further c-lassified in the great
group Rhodustults because they have a epipeclon that
when moist has a color value of less than 4 and an argillic
horizon that, when dry has a value of less than 5 in all
subhorizons.

Kalae and Pun Opae soils are classified in the sub
group Typic Rhodustults. Kalae soils developed in resid
uum antI old alluvium influenced by volcanic ash. They
occur at elevations that range from 750 to 2,200 feet.
The annual ramfall is 30 to 50 inches. The mean annual
soil temperature is 70° F. The A horizon is dark reddish
brown and has moderately high bulk density. The B hori
zon is red and dark-red silty clay that has strong sub-
angular blocky structure anti continuous clay films.

Pun Opae soils occur in climatic anti physiographio
positions similar to those of the Kalae soils. They have
a dusky-red A horizon and a reddish-brown silty clay
argillic horizon.

Kalae and Pun Opae soils are silty clay in texture, are
high in iron oxides, and have a mean annual temperature
of about 70° F. They are classified in the clayey, oxidic,
isothermic family of Typic Riodust.ults.

Oxisols
Oxisols are generally reddish in color and have a

rather featureless profile similar to that of the strongly
weathered, tropical Molilsols and Inceptisols, which they
closely resemble. In contrast with the Mollisols and
Inceptisols they have a low cation exchange capacity and
consist almost entirely of kaolin minerals and crystalline
oxides of silica, iron, aluminum, anti titanium, all of
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which are resistant to weathering. Oxisols characteris
tc.a11y occur in tropical regions where weathering is
intense.

The order includes many of the Low-Humic Latosols
and the Hiunic Ferruginous Latosols as classified by
Cline (5).

Most of tile Oxisols in. Hawaii developed on low
uplands in a semiarid to humid climate. They occur on
the older islands of Kauai, Oahu, Maui, Moiokai, and
Lanai where factors are favorable for nearly complete
weathering of primary minerals.

Four suhorders of Oxisols occur in Hawaii llumox,
Orthox, Tjstox, and Torrox. Humox soils have a relatively
high orgunic-matter content, a mean annual soil tempera
ture of less than 72° F., and less than 35 percent base
saturation in the Oxic horizon. The prefix Hum indicates
that the soils have a high organic-matter content. Orthox
soils have a mean annual soil temperature of more than
72° F. or lack enough organic carbon to qualify as
Hiunox. They are not dry for as long as 00 consecutive
days in all parts of the moisture control section. The
prefix Oi’th is derived from the Greek word meaning
true or common. Ustox soiJs are dry in some or all parts
of the moisture control section for more than 90 cumu
lative days in most ears, but are continuously moist in
some part for 90 consecutive days. The prefix Ust,
derived from the Latin word meaning hernt, indicates
a dry climate. Torrox soils are dry more than half the
time in most years. The prefix Torr. derived from the
Latin word meaning hot and dl’, indicates a hot, dry
climate. The suffix ow is derived from the order Oxisols.

Hvarox
Makapili, Pooku, Kahanni, I-Talii, and Kapaa soils are

classified in the, suborder Ilsimox. They occur in areas
where annua.l rainfall ranges from 60 to 200 inches. The.
high rainfall keeps the soils moist and accounts for the
abundant vegetative cover, the high organic-matter con
tent, and the strong structure in the A horizon. The base
saturation is less than 35 percent. The bases are leached
out of the soil and replaced by hydrogen cations. As a
result, fertility is low.

Makaiili and Pookii soils are placed in the great group
Acrohiimox. The prefix _4oc, devil-ed from the Greek
word alc’roa, indicates extreme weathering. Makapili and
Pooku soils are classified in the typic subgroup of
Acrohumox.

Makapihi soils have a brown A horizon that. has strong
structure and a very strongly acid B2 horizon. Pooku
soils have an A horizon of dark-brown silty clay that
coiit.a.ins ironstone-gibbsite concreti ons. Tb e 13 1 iorizon is
dark reddish brown. Because of cia.y loam or silty clay
texture in the control section, a. high iron oxide content,
and a mean annual soil temperature of 71° F., Makapili
and Pooku soils are classified in the c.lae, ferritic, iso
thermic family of Typic Acroh’umox.

Kahan’ni soils occur on uplands on the islands of Mob
kai and Lanai. They belong to the subgroup Petroferric
Acrohumox because they have a petroferric (ironstone)
contact within 50 inches of the surface. Kahanui soils
have an A horizon of dark-brown, gravelly silty clay
and a B horizon of dark yellowish-brown silty clay. The
A horizon is gravelly because it contains many ironstone
fragments. A discontinuous ironstone sheet occurs in the

B horizon. Because of clay texture in the control
section, a high iron oxide content, and a mean annual
soil temperature of 62° F., Kahanni soils are classified
in the clayey, ferritic, isothermic family of Petroferric
Acrohumox.

Haul and Kapaa soils are classified in the great group
Gibbsihuinox because they have cemented sheets or 20
percent or more gravel-size aggregates that. are 30 percent
or more gibbsite. They are in the typic subgroup.

Hahii soils receive 100 to 200 inches of rainfall annu
ally. Vegetation is abundant. The A horizon is very dark
grayish-brown gravelly silty clay loam, and the B hori
zon dark reddish-brown silty clay. The gravelly material
consists of hardened, smooth ironstone pebbles. Because
of silty clay texture in the control section, a high iron
oxide content, and a mean annual soil temperature of
about 71° F., Halii soils are classified in the clayey, fer.
ritic, isothermic family of Typic Gibbsihumox.

Kapaa soils receive 80 to 120 inches of rainfall. They
Ii ave weak structure throughout, lack smooth ironstone
pebbles, are less than 40 percent free iron oxides in the
control section, and have a mean anmial soil temperature
of 71° F. They are classified in. the clayey, gibbsitic,
isothermie family of Typic Gibbsihumox.

OnrHox
Kunuweia and Puhi soils belong in the suborder

Orthox. Puhi soils have a. mean annual soil temperature
of 72° F. or more and receive 40 to 150 inches of rainfall
annually. Kunuweia soils have less than 20 kilograms of
organic, carbon per square meter within the upper meter
(40 inches). Neither soil is dry below the surface 7 inches
for 60 consecutive days or more in most years, nor is
either saturated. Neither has phinthite that forms a con
tinuous phase within 12 inche.s of the surface if saturated
at thus depth.

Soils in the Orthox suborder that have a cation reten
tion capacity of 1 milliequivalent or less and contain no
gravel-size aggregates that are 30 percent or more gihb
site are placed in the great group Acrorthoxs. Soils in
this great group are extremely weathered. Kunuweia
soils have plinthite and, therefore, are classified as
Plintllic Acrort.hox. rfirey have a dark-brown, very grav
elly A horizon. The B horizon contains discontinuous
bands of plinthite. Because of clay loam texture in the
control section, ferritic mineralogy, and a mean annual
soil temperature of 58° F., Kunuweia soils are classi
fied in the clavev, ferritic, isomesie family of Phinthic
Acrorthox.

Puhi soils belong in the great group Umbriorthox.
They are wetter than Lih’ue soils but drier than Kapa.a
soils. They are 1.8 percent humus in all horizons to a
depth of 30 inches or more, have base saturation of less
t.ha.n 35 percent, have no sheets of gibbsite, and have a
cation retention of more than 1 milhiequivalent per 100
grains of clay. They are classified in the great group of
Umbriorthox, and in the typic subgroup. Puhi soils have
a silty clay loam control section, have more than 10
percent silicon dioxide in the whole soil, have no nodules
or sheets that are more than 30 percent gibbsite, and
have a mean annual temperature of 73° F. They are,
therefore, classified in the clayey, oxidic, isohyperthermic
family of Typic Umbriorthox.
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TonRox

Oxisols that are dry for more than half the time
(cumulative) in most years and have, a mean annual soil
temperature of 72° F. or more are placed in the suborder
Torrox. The prefix Torr indicates that these soils are
usually dry. Unless irrigated, they are too dry to culti
vate. They are probably relicts preserved from some
former pluvial period. The nine soil series in the suborder
Torrox are so similar that no subdivisions seem justified
at the great group or subgroup level. They are domi
nantly red in color, contain little organic matter, and
have relatively lugh base saturation. They are classified
as Typic Torrox.

Holom ua, Kealiua, Laiiaina, Makaweli. Molokai, Nm,
Uwala, Waikapu, and WTahiildiilj soils formed in residuum
and alluviiun derived from basic igneous rock. They are
gently sloping to very steep and occur on uplands and
alluvial fans where the rainfall is 15 to 40 inches
annually.

Holomua soils have a clark reddish-brown, granular
and subangular blocky A horizon and a dark reddish
brown silty clay loam B horizon.

T(ea.liua soils have, a clark reddish-brown, weak granu
lar A horizon cod a silty clay loam B horizon that has
nearly continuous pressure cutans in the lower part.

Lahaina soils have an A horizon of (lark reddish-brown
silty clay, a. dusky-re,d and dark reddish-brown B hori
zon, and black concretions throughout, the solum that.
effervesce with hydrogen peroxide.

Makawell soils have a dusky-red A horizon that has
weak structure anda dusky-red B horizon that has weak
prismatic structure.

Molokai. soils have a dark reddish-brown A horizon
that has weak granul a.r and subangular blocky structure
and is silty clay loam in texture. The B horizon is clark
reddish brown and has weak prismatic structure in the
upper part. These soils have black coneretions that effer
vesce with hydrogen peroxide.

Niu soils have a dark reddish-brown A horizon that is
silty clay loam in texture. and a ii horizon that. has nearly
continuous coatings on ped faces.

Waikapu soils have a dark reddish—brown, granular
and subangular blocky A horizon that is silty clay loam
in texture. The B horizon has subangular blocky struc
ture and contains common fine black concretions.

Waliikuhi soils are gently to moderately sloping and
occur on uplands on the island of Maui. They have an
A horizon that is silty clay in texture and a B horizon
that has patchy pressure cutans on ped faces.

Uwala soils have a dark reddish-brown A horizon that
has subangular blocky structure and a dark reddish-
brown B horizon that has pressure cutans in the lower
part.

All of these soils are clavev in the control section and
have mineralogy dominated by tabular halloysitu. All
but Uwala soils have a mean annual soil temperature of
more than 72° F. Therefore, all but IJwcla soils are
classified in the clayey, kaolinit.ic, isohyperthermic fain

ily of Typic Torrox. Uwala soils have a mean annual
soil temperature of about 70° F. They are classified in
the claycy, kaolinitic, isothermic family of Typic Torrox.

LTs’rox

Oxisols that are dry for 60 consecutive days or more
in most years and have a mean annual soil temperature
of 59° F. or more are placed in the suborder llstox. The
prefix Ust indicates a dry climate. Six soil series in this
suborder are represented on the islands. They are further
classified in the great groups Eutrustox and Ilaplustox
because they have a cation retention capacitY of more
than 1 inilhiequivalent per 100 grams of clay. Soils in the
Eut.rust.ox great group have base saturation of 50 per
cent or more in the oxic horizon. Those in the Haplustox
great group have base saturation of less than 50 percent
in the oxic horizon. The prefix Eutr, derived from the
Greek word eutropMc. indicates high base saturation.
The prefix Hapi, derived from the Greek word haplo’u.s,
inclioates minimum horizon.

Because these Eutrustox and Haplust.ox soils either
have no structure in the oxic horizon, or have an oxic hori
zon that extends to a depth of 50 inches or more, they
are classified as Tropept.ic Eutrustox and Tropeptic
Haplustox respectively.

Koloa, Lihue. and Wahiawa soils are classified as Tro
peptic Eutrustox. Koloa and Lihue soils have a mean
annual soil temperature of 59° F. or more and receive
40 t.o 60 inches of rainfall annually.

Koioa soils have a dark reddish-brown A horizon that
contains stones and a dark reddish-brown and dark-red
B horizon. They are 20 to 40 inches deep over pahoehoe
bedrock. Because they have silty clay texture in the con
trol section, tabular halloysitie mineralogy, a mean
annual soil temperature of 74° F., and are 20 to 40 inches
deep, Koloa soils are classified in the ciayey, kaolinitic,
isohyperthermic, shallow family of Tropeptic Eutrustox.

Lihue soils occur on low uplands on the island of
Kauai. They are similar to Koloa soils but. are very deal).
‘Fhey have an A horizon of dusky-red silty clay and a
dark reddish-brown to (lark-red, very compact B lion
zcin. Because they have clay texture in the control section,
tabular halloysitio inineraligy, and a mean annual soil
temperature of 73° F., Lihue soils are classified in the
clayey, kaolinit.ic., isohyperthermic family of Tropeptic
Eut.riistox.

Wahuawa soils occur on broad, smooth uplands on the
Wa.hiawa Plateau on the, island of Oahu. They have an
A horizon of very dusky red silty clay and a compact
B horizon that has moderate or strong structure. Mamiga
misc compounds are common throughout the soil. Because
of silty clay texture in the control section that is domi
nated by halloys’ite, and a mean annual soil temperature
of 71° F., ‘Waluawa soils are classified in the clayey,
kaolinitic, isothermic family of Tropeptic Eutrustox.

iielemano, Ka.hana., and Wailuku soils have basci satu
ration of less than 50 percent in some part. of the oxic
horizon. They receive 20 to 60 inches of rainfall.

Ilelemano soils formed in colluvium and alluvium
derived from basic igueous rocks. They occur on steep
side slopes of drainageways on the island of Oahu. They
hove an A horizon of clark reddish-brown silty clay and
a silty clay B horizon that has moderate structure.
Wailuku soils have an A horizon of dark-brown silty
clay loam and a very sticky and very plastic silty clay
B2 horizon. Both ITelemano and Wailuku soils are more
than 35 percent clay in the control section, have tabular
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halloysitic mineralogy, and have a mean annual soil tem
perature of more than 72° F. Therefore, they are classi
fied in the clayev, kaolinitic, isohyperthermic family of
Tropeptic Haplustox.

Kahanic soils have a clark reddish-brown A horizon
that ha.s moderate structure and a dark reddish-brown
silty clay B horizon that has continuous pressure faces
on peds. Because of a clayey control section that.
is dominated by tabular halloysite, and a mean annual
soil temperature of 70° F., Kahana soils are classified
in the clavey, kaolinitic, isothermic family of Tropeptic
Haplustox.

Histosols
The Histosols in Hawaii are placed in the suborciers

Fo]ists and Saprists.
Folists are organic soils that are never saturated with

water or are saturated for only a few days at a time.
They have a litter of leaves, twigs, and branches in
varying stages of decomposition, ranging from fresh
leaves to nearly completely hurnifled material. In addi
tion, they have a lithic contact less than 40 inches from
the surface, or fragmental material in which the inter
stices are filled with organic material, or both. They do
not have a mineral layer more than 4 inches thick above
a lithic contact, and the organic material is more than
twice the thickness of the mineral layer.

Saprists are bog soils that contain highly decomposed
organic material. They occur in closed depressions where
the ground water level tends to fluctuate within the soil
allowing periodic, aerobic decomposition. These. soi is have
the least amount of plant fiber, the highest bulk density

value, and the lowest water content at saturation of any
of the three basic kinds of organic material on a dry
weight basis.

Foniss

Kaimu, Malama, and Opihikao soils are classified in
the suborder Folists and. in the great group Tropofohists.
The prefix Trap is taken from the Greek word meaning
tropical. Kaimu and Mala.ma soils are further classified
as Typic Tropofolists because they have fragmental
material in which the interstices are filled with organic
material in half or more of each pedon.

Kaimu soils have a thin, very dark-brown 02 horizon
underlain by fragmental Aa lava. They are nonsrnea.ry.
Field moisture is less than 100 percenL Because of a
neutral p11 and a mean annual soil temperature of
73° F., Kairnu soils are classified as a member of the
euic, isohypertherinic family of Typic Tropofolists.

Malama soils have a thin, very dark-brown 02 horizon
underlain by fragmental Aa lava. They are weakly
smeary. Field moisture is 130 to 175 percent. These soils
have a pH of 5.4 and a mean annual soil temperature of
72° F. Therefore, they are classified as a member of the
dysic, isohypertliermic family of Typic Tropofolists.

Folists that are underlain by pahoeitoe lava within a
depth of 40 inches are classified as Lithic Tropofolists.
Opihikao soils are similar t.o the \talama soils but. are
underlain by pahoehoe lava bedrock within a depth of
20 inches. For this reason and also because they have a
p1-I of 5.4 and a mean annual soil temperature of 72° F.,
Opihilcao soils are classified in the clysic, isohyperthiermic
family of Lithic Tropofolists.

TABLE 6.—Chemical and
[Annlvset made by Soil Survey Laboratories, SCS, Lincoln, Nob., and Riverside Calif..

Moisture Reaction Extractable basesOr- Free Bulk retention Cation
I Dcp Ii genie iron den i

_____________________________

exchange
ear- trogen oxide ty capacity
ben (Fe,03) 1/3 15 1:5 1:5 (NH4OAc) Ca Mg Na K

atmos. atmos. (H,O) (KCL)

le. PcI. PCI. Pet. G./cc. Pet. Pet. p11 p11 Meq.!!OO m. Meq.500 Mea.jim Me7./1 Mc.!!%
I gm. em. qm. m.

0—7 :308)0263 35.5 1.10 34.7 25.5 5.1 4.1 15.9 0.0 0.6 0.1 0.37—132.79 .2321 34.2 1.13 30.4 24.4 5.0 4.01 14.3 .0 .6 .1 .213—18 LOS .161 31.5 1.12 44.2 38.4 4.9 4.1 15.5 .2 .8 .2 .1.18—28 1.78 .128 35.6 1.06 44.4 39.0 5.2 4.4 12.2 .6 .7 .4 .128—39 1.08 .080 22.9 1.10 40.4 33.2 5.1. 4.0 12.7 1.01 .8 i.o[ .139—62 .91 .059 19.9 1.10 43.2 33.5 5.0 4.0 12.0 .6 .2 .8 .162—70 .74 .045 19.2 36.2 24.9 4.9 4.0 12.4 .4 .3 .81 .1

0-6 2.30 .239 8.9: .75 63.5 43.8 4.8 3.91 33.0 12.5 14.4 .6 .26—10 1.96 .173 8.9 .96 62841.2 .3.3 4.1! 34.7 12.9 16.0 .5 .110—1:311.46 .133 9.2 1.01 57.4 39.5 6.5 5.2 30.7 12.2 15.5 .5. ()13—18 .84 .095 11.4 .87 63.3 42.8 6.6 .3I 35.7 12.6 17.2 1.01 .118—26; .54).067 15.3 .82 70.1 47.7 6.7 5.2 39.9 12.5 17.0 1.0) .1.26—36! .42... 13.7 .81 67.8 6.4 4.9 38.0 12.3 17.2 1.0 .11
0—15 .74.073 10.7.1.30 30.2 22.3 7.1 5.81 27.0 12.2 12.5! 1.4 .5!15—26 .21L031) 11.01.40 28.1 20.9 7.5 6.2! 24.9 12.5 11.5 1.9 .126—36 .20L029 11.3 1.48 27.7 21.5 8.0 701 25.5 17.0 11.3 2.1 .136—48 .08 10.91.49 27.6 21.6 8.2 7.51 25.3 17.4 10.9 2.3 .1.48—68 .021 11.0: 27.2 21.6 8.2 7.2 24.6 18.1 11.2 2.4 .1

Soil, sample number,
and location

Haiku clay:3
S62 Ha-4-2 (1—7),

Jet. 20c5408e N.,
long. 156d17!42e W.

Hanalei silty clay:
S62 Ha-2—1 (1—6),

lat. 22e1237. 8” N.,
long. 159°28’47” W.

Honouliuli clay:
S62 1{a—7—5 (1—5)

lat. 2lo2056! N.,
long. 158°02’23”W.

See footnotes at end of table.
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SArRIsTs
Saprists that, occur in a climate in which there is a

difference of less than 9° F. between the mean summer
and mean winter temperatures are classified in the great
group Troposaprists.

Alakai soils are on high ridges and in depressional
areas atop Mt. Waialeale on the island of Kauai. They
have a layer of decomposed debris and are underlain by
gray mottled massive clay. Because of this inorganic
layer, Alaka.i soils are placed in the subgroup Terric
Troposaprists. They have a clayey subsoil, mixed min
eralogy, a pH of less than 4.0, and a mean annual soil
temperature of 66° F. Therefore, they are placed
in the clayey, kaolinit.ic, dysic, isomesic family of Terric
Troposaprists.

Laboratory Analysis of Selected Soils
Table 6 gives analytical data for 19 representative soil

series in the survey area. All samples were collected from
carefully selected pits. Soil fragments larger than 1 inch
were discarded in the field. Fragments larger than
2 millimeters were discarded in the laboratory. Soil
samples were kept moist, but all capacity measurements
are reported on oven-dry basis.

The content of organic carbon was determined by the
Walkley-Black wet-combustion method (1 milliequiva
lent K2Cr2O7equivalent to 3.9 milligrams carbon) (9).

Total nitrogen was determined by the Kjeldahl method
modified by A.O.A.C. (3).

Free iron oxide was determined by dithionite-citrate

physical claa of sdscfed soils

extraction and orthophenanthroline colorimetry (.1),
modified by shaking overnight instead of heating.

Bulk density was determined from core samples oven
dried at 105° C. Two samples were taken at each 3-inc-h
increment to a depth of 60 nches. The report-ed values are
averages for the horizons.

Moisture retention was determined at m7 atmosphere
and 15 atmospheres using the Richards pressure mem
brane apparatus (10).

The pH was determined by glass electrode, using soil-
water and soil-potassium chloride ratios of 1: 5 for all
except lo and Waiakoa soils, for which the ratios
were 1:1 (9).

Cation exchange capacity was determined by direct
distillation of adsorbed ammonia after saturation with
ammonium acetate (9).

Extractable calcium, magnesium, sodium, and potas
sium were determined by extraction with neutral normal
ammonium acetate (9). Calcium and magnesium were
separated with alcohol and determined by EDTA titra
tion (4). Sodium and potassium were determined on
original extracts by using flame photometry (6).

Extractable aluminum was determined by extraction
with neutral normal potassium chloride and fluoride
titration (/9).

Extractable sulfate was determined by extraction with
neutral normal ammonium acetate and precipitation with
barium sulfate by using a modification of the method
devised by Richards (11).

Total analysis was determined by standard methods
used by the Hawaii Agricultural Experiment Station of
the University of Hawaii.

except as otherwise indicated in footnotes. Dashes indicate data ware not determined]

KC1 Total analysis 2

cx- NH4OAc Base
tract- cx- satura
able tractable tion
Al SO4 (NI-I4OAc) SiO, TiO, A1,O, Fe,O, MnO MgO CaO Na,O K20 P,05

51eq./!tX,m.

0. 5
.5
.4
.2
.8

1. 1
.8

Loss on H20
ignition

Meq./iOOçm. Pet. Pet.

1.7 6 15.9
1.6 6 16.0
1.3 8 12.8
1.4 15 10.3
2.0 23 17.1
4.4 14 15.8
4.1 13 15.7

0 82 33.4
0 85 33.4
0 92 34.3
0 86 32.1
0 77 30.8
0 80 30.2

.2 98 33.4

.6 100 32.1

.4 100 33.5

.5 100 30.7

.5 100 30.8

Pet.

11. 0
10. 7

7. 16
5. 05
4. 74
5. 15
4. 76

4. 09
4. 27
4. 10
4. 11
4. 15
3. 88

4.75
3.20
4.47
5.40
5. 07

Pet.

7. 22
10. 6
13. 8
20. 1
24. 8
27. 5
30. 4

19. 1
20. 0
20. 3
21. 0
20. 3
19. 8

21. 7
20. 5
19. 8
22. 4
22. 6

Pet.

43. 8
40. 9
38. 7
32. 0
25. 7
24. 1
22. 8

15. 9
16. 0
16. 1
18. 1
19. 5
21. 1

23. 7
25. 7
23. 1
21. 1
21. 2

Pet.

0. 14
11
06
08
11
11
14

10
09
12
10
09
11

79
.71

35
25
22

Pet.

0. 92
73
06
68
89

1. 48
1. 42

2. 94
2. 89
2. 84
2. 45
2. 90
2. 61

21
13
18

1. 41
1. 34

Pet.

0
0
0
0
0
0
0

1. 54
2. 08
2. 12
1. 69
1. 46
1. 5S

10
10
07
91

1. 33

Pet. Pet. Pet.

1.09 0.52 14,7
1.17 .49 14.8
.90 .52 16.0
.56 .45 16.7
.28 .35 16.5
.10 .38 16.1

0 .30 16.6

.14 .61 13.1

.14 .46 12.2

.09 .48 11.7

.13 .48 11.3

.08 .50 10.6

.09 .54 10.3

.04 .29 11.6

.03 .24 11.5

.04 .31 11.6

.04 .59 10.8

.04 .58 10.7

Pet.

0. 06
07

0
02

0
0
0

57
57
53
52
52
57

22
21
22
29
33

Pet.

.5. 42
4.85
9. 31
13. 3
9. 64
8. 66
7. 65

8. 66
8. 01
8. 03
8. 26
9. 34
9. 27

6. 01
5. 77
5. 67
6. 22
6. 27
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Soil, sample number,
and location

TABLE 6.—C’/temicat cind

Moisture Reaction : Extractable hcs
Or- Free retention Cation

Depth ganic Ni- iron Bulk exchange I,
car- trogcfl oxide densi- capacity I
hon (Fe2O) ty’ 1/3 15 1:5 1:5 (NH,OAc)’ Ca Mg Na K

atmos. atmos., (H,O) (KCL)

in. Pet. Pet. Pet. Gm/cc. Pet. Pet. p11 pu Mcq./tm qrn. Meq.JI

gm12.0 1.19 0.8
12.7 1.18 .7
12. 3 1. 19

. 6
11.9:1.24 .6
11.9 1.41 .6
12.6 1.49 .6

12.4 .S7 6.1
15.2 .88 4.2
1:3.7 .75 I .3
:3.1 .77 .9

15.2 .76 .2

23.7 1.25
26.7 1.54
32.5 1.53
28.6 1.25
16.6 1.12
11. 3 1. 15
7.4

oolehua silt clay: 0-9 1. 30 . 154
S153 14a—5—3 (1—6), I 9—IS 88 . 128

lat. 210og34 N., 15—21 . 44 . 085
long. 157°03’OS”W. : 21—27 . OS

27—49 . 06
49—64 . 12

lo silt loam: 0-9 5. St . 455
S65 Ha—4—22 (1—5) 9—16 2. 55 . 207

lat. 20°40’OO” N., 16—25 2. 58 . 201
long. 156°24’lO” W. 25—30 2. 02 . 010

30—39 .79 .072

Xalae silty clay: 0—9 3. 35 . 363
S63 Ha—S—I (1—7), 9—15 . 61 . 134

lat. 21d102Se N., 15—26 . 58 . 100
long. 157°02’37” W. 26—41 . 87 . 110

:
41—53 1. 52 . 112
53—62 1. 07 . 071
62—67 . 62 . 044

Kapaa silty clay:3 0—12 3. 92 . 217 34. 5 1. 1:3
S65 H—2—5 (1—6), 12—16 1. 46 . (165 33. 3 1. 07

lat. 2201’34” N., 16—25 1. 09 . 044 30. .5 1. 05
long. 159°23’SO’’ W. 25—36 . 64 . 023 26. 5 1. 12

36—49 . 46 . 019 24. 5 L 16
49—60 . 4$ . 019 24. 6

Keahua silty clay loam: 0—5 1. 09.138 12. 3 1. 12
S63 Ha—4—4 (1—6A, 5—10 1. 10 . 129 13. 9 1. 14

6B, 7), lat. 10—15 . 58 . 094 14. 2 1. 23
2049’56” N., long. 15—24 . 45 . 080 13. 9 1. 27
15623’50’ W. 24—33 . 2$ 12. 6 1. 35

33—48 . 17 9. 0 1. 32
48—62 . 23 6. 7 1. 25

0—11 3. 00 . 2:36 20. 4 . 94
Lawai silty clay:’ 11—22 1. 91 . 166 24. 2 . 93

SOS Ha—2—5 (1—5), 22—39 1. 18 . 106 24. 2 . 91
lat, 21c5S15 N., 39—58 . 83 . 773 26. 3 . 93
long. 159°30’21” W. 58—64 . 58 . 048 22. 2

Lihue silty clay: 0—6 2. 66 . 273 18. 6 . 96
S62 Ha—2—7 (1—6), 6—12 2. 00 . 213 18. 4 1. 03

lat. 21°59’06.7” N., 12—21 . 45 . 086 2.0. 6 1. 13
long. 159°21’SO” W. 21—27 . 37 21. 2 1. 21

I 27—48 .42 22. 6 1. 21
48—60 .44 23.2 1. 19

Lnaiualei clay: 0—1 . 66 . 082 10. 4 1. 29
862 Ha—7—1 (1—6), 1—10 . 42 . 060 10. 0 1. 40

lat. 21°25’lO” N., 10—22 . 21 . 054 10. 7 1. 54
long. 1,5S009Q0 Vs. 22-30 . 17 . 044 IC). 4 1. u

I 30—41) . 17 9. 4 1. .54
49—54 . 16 8.6 1.42

Mahana silty clay loam: 0—7 6. 15 . 413 31. 0 1. 22
865 Ha—2—2 (1—6), 7—11 5. IS . 289 . 27. 3 . 94

ml. 22°01’30” N., 11—20 5. 40 . 267 25. 6 . 73
long. 159°41’ll” W. 20—35 3. 78 . 198 17. 1 . 70

35—48 2. 04 . 109 16. 0 . 98
48—61 .94 .052 16.6

.6’

.6
1. 2
i. 3
.9
.3
.2

4’
9

.1

.1

.1

.1

Meq./ZCO Mq./tOO Meg/ice
,n. em. . gm

1.9 (hO 0.1
6.0 1.8 .1
7.8 1.8 .2
7.2 2.5 .2
5.2 2.9 .2
3.9 2.9 .1

3.5. 8 ‘ 11.7 .4
55.5 22.3 1.7
42.7 12.3 6.0
34.9 11.7 2.2
39.9 13.7 6.0

.5.6 2.2 .1
2.6 1.5 .1
3.3 3.1 .5
2.0 :3.1 .15
.7’ 1.6. .7
.5 1.1’ :1.1
.6 1.1 1.5

.4 .2
(4) .1
.1. .2

9

.1 .2

.1 .3

2.6 .2
2.7 .2
1.8 .1
1. 7 . 2
2.2 .5
2.8 2.0
3.2 2.6

.6 .1
1.0 .1
1.4 .2
1.4 .4
1.1 .7

4. 4
3. 3
1. 9
1, 5
1. 2
1. 7

29.2 21.4
26. 2 23. 0
26.1 22.4
24.2 21.7
24.]. 20.8
24.5 20.2

49.9 35.2
50. 0 , 38. 1
55. 7 43. 2
17.7 14.1
58.1 51.3

29.8 19,3
20.2 16.1
27.9 23.4
32.3 28.6
47.2 38.9
40.6 33.9
34. 7 28. 1

36. 3 30. 0
40. 1 35. 6
37.3 30.5
38. 4 32. 1
38.9 31.7
40.5 34.8

26.7 22.2
25.8 22.1
27.5 22.3
28. 9 22. 1
28.0 23.6
29.3 25.1

40.6 36.0’
63.6 48.6
64.9 51.3
68.1 51.7
55. 0 , 39. 7

‘46.1 33.8
46. 0 33. 6
30. 7 32. 3
38. 4 ‘ 33. 0
39.6 34.2
40.3 35.0

31.8 22.0
30.0 22.1
28.4 22.7
27.8 21.4
28.4 22.3
34.5 25.3

41.7 36.7
48.5 38.9
58.3 42.6
65.6 44.6
49.8 39.4
39.1 35.1

4. 0
5. 1
6. 6
6. 8
6. 8
6. 2

‘ 6. 7
7. 4

5 7. 4
‘ 7. 8

7. 5

6. 3
6. 5
6. 6
5. 4
4. 7
4, 5
4. 5

5. 0
.). 0

0. 0

:i. S
5. 3
5. 1’,

5.6
5. 7
6. 3
6. 4
6. 7
6. 7
6. 3

4. 3
4. 8
4. 9
4. 9
4. 8

.). )
5. 5
6. 3
6. 6
6. 6
6. 6

7. 1
7. 2
7. 2
6. 8
5. 6
5. 8

5.6
5.4
5. 2
4. 7
4. 9
5. 0

3. 5
4. 4
5. 6
5. 8
5. 8
5. 4

‘ 5. 8
6. 5

‘ 6.4
6. 4
6. 5

5. 3
5. 5
5. 0
4. 3
4. 0
3. 7
3.4

4. 5
5. 7
5. 7
5. 7
5.4
4. 9

4. 7
4. 8
5. 4
5. 6
ii. 8
5. 5
5.4

3. 8
4. 1
4. 1
3. 9
3. 8

5. 0
4.9
6.0
6. 2
6. 2
6. 2

5. 9
5. 4
5.4
5. 2
4. 9
5. 0

4. 7
4. 7
4. 8
4. 7
4. 6
4. 3

15. 6
14. 6
11. 2
10. 4
10. 1
9.8

61. 1
65. 5
63. 1
54. 3
56. 7

17. 6
7. 9

11. 7
14. $
21. 1
1.5. 6
13. 8

15. 9
3. 7
2. 6
1. 9
3. 7
6. 1

15. 6
14. 3
10. 2

8. 8
10. 2
14. 4
13. 7

15. (5
13. 7
15. Cl
15. 6
14. 1

19. 1
17. 3

7. 9
7. 3
7, 4
8. 3

34. 1
32. 9
32. 9
32. 1
29. 8
30. 6

27. 1
22. 6
19. 4
17. 3
15. 4
15. 5

.8
1. 0

6. 2
0. 4
5. 1
4. 2
4. 6
5. 1
4. 3

0
0
.8
.8
.7

6. 8
5. 3
3. 0
2. 7
3. 0
3. 6

17. 1
15. 1
14. 6
16. 0
73. 1
73. 8

6. 1
1.

0
0

9

.2
(4)

(1)

(4)

(4)

(4)

.1

.1

.1

.1

.1

.2 .8

.1 .3

.2’ .2

.1 .1

.2 .1

.4 .1

.8 1.4
1,3 .4
2.5 .2
3.9 .2
7.2 .2
8.4 .3

.2 1.0

.2 .4

.2 .2

.1 .1

.1 .1

.2 .1

15. 2
15. 1
13. 4
10. 5

9. 3
10. 7

2. 8
.6

(4)

(4)

.3
See footnotes at end of table.
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p1t.ysica data of selected soils—Continued

Ixl
tract
able
Al

NH4OAc
ex

tractable
804

Base
astura

tion
(NII4OAc) Si02 Na20 K02 P05 Loss OH

ignitioH
1120

Mq.Tk2gm. Me5.fIoo gm. Pet. Pet.

2.2 4.7 24 25.0
.2 1.9 59

1.0 93 25.8

1.4

100
1.5 88 26.8

1.7

76

0 88 25.5

0

100 25.4

0

97 24.2

0

92 38.2

0

100 27.3

.3

48 16.0

.3

61 15.7

.3

69 19.5
.2 1.5 47 20.3

1.6 2.8 18 19.7
2.2 3.3 19 21.3
2.4 2.4 25 25.6

.6 1.8 11 6.08
4.7 14 3.94
7.6 31 3.70

12.0

26 3.94
.1 4.4 32 6.48

11.6

24 11.6

.1 .1 61 28.3
0 () 66 28.8

. 1 69 28. 0

.

2 69 27. 7

.4

72 27.4

.

3 69 29. 2

.

3 74 28. 2

‘2.2 2.8 5 18.3
.6 2.1 9 17.3

1.2 2.3 10 18.2
3.6 4.5 17 20.9
4.9 6. 1 18

(4) .3 64 21.1

.

1 52 20.8

1.0

67 23.8
L -- .9 60 22.8
-_- .9 61 24. 2

.8

70 23. 1

. .9 100 28.5

.

1 97 29, 6

.

1 93 31. 8

1.3

95 31. 3

61.2

22. 0
.. 63.7 29. 1

.3 .2 37 16.1

.9 .2 10 14.2
1.0 0 4 14.9
.8 .7 1 19.1

1.3 .7 1 23.1
5.6 .7 5 26,6

‘I’otal analysis 2

Ti02 A1202 Fe20 MnO . S’IgO CaO

Pet. Pet. Pet. Pet. Pet. Pet.

4. 49 25. 8 19. 9 1. 43 1. 54 , 62

4. 37 26. 4 20. 4 1. 26 1. 68 . 70

3.98 27.4 19.6 .71 1.62 1.06

3. 60 18. 2 15. 6 . 28 4. 08 2. 20
3.70 18.4 16.4 .28 4. 06 2. 11
3. 78 18. 4 16. 3 . 23 3. 51 1. 66
3. 77 14. 8 14. 3 , 21 7. 32 7, 29
4. 05 19. 6 17. 9 . 20 4. 21 1. 25

10. 8 10. 9 40. 0 . 38 2. 33 (4)

11. 3 14. 2 44. 7 . 34 2. 10 (4)

6. 78 17. 9 35. 8 . 14 1. 13 (4)

3. 90 23. 4 27. 9 . 08 . 85 (4)

3.47 26.2 13.6 .08 . 58 0
4 01 29. 0 17. 0 . 14 . 82 0
3. 71 30. 6 13. 9 . 13 . 62 0

6. 71 21. 8 34. 2 . 05 . 28 (‘)
6. 39 24. 9 34. 7 . OS . 22 0
7. 19 25. 7 34. 5 . 07 . 07 0
6. 76 29. 8 31. 1 . 15 . 12 0
6. 84 28. 1 32. 0 . 14 . 10 0
7. 36 21. 7 32. 2 . 13 . 33 ()
5. 08 27. 9 20. 2 . 47 1. 15 . 02
5. 09 28. 0 20. 2 . 49 . 93 . 03
5. 03 28. 8 20. 9 . 45 1. 14 . 03
5. 23 29. 0 20. 9 . 36 1. 09 . 02
5. 26 28. 7 21. 0 . 32 1. 14 . 02
6. 42 24. 3 20. 7 . 28 1. 06 . 02
6. 09 25. 5 20. 3 . 26 1. 24 . 01

7. 90 22. 5 28. 9 . 07 . 74 0
5. 58 25. 0 28. 8 . 09 . 62 . 06
4. 30 26. 4 27. 8 . 10 . 60 0
3. 75 25. 4 26. 4 . 07 . 58 (4)

4, 20 28. 5 20. 8 1. 16 . 95 . 08
4. 00 29. 7 19. 9 1. 33 1. 04 (4)

4. 40 I 30. 7 21. 8 . 50 . 56 (4)

4. 75 29. 1 22. 9 . 23 . 62 (4)

5. 38 28. 0 24. 0 . 15 . 45 ()
.5. 75 27. 2 25. 5 . 12 . 07 (4)

7. 20 18. 0 24. 5 . 28 1. 40 1. 47
7. 08 19. 0 24. 1 . 31 1. 39 1. 60
7. 04 17. 8 24. 6 . 42 1. 47 . 58
7. 09 18. 3 24. 1 . 40 1. 61 . 32
5. 74 18. 6 22. 5 . 31 1. 47 2. 38
6. 06 18. 8 20. 6 . 35 1. 38 4. 05

6. 97 15. 2 35. 6 . 10 . 76 . 10
4. 74 19. 7 26. 4 . 03 . 47 ()
4. 12 20. 6 23. 4 . 05 . 46 (4)

3. 70 24. 1) 18. 2 . 07 . 36 (‘)
3. 41 26. 2 19. 1 . 07 . 44 . 04
2. 32 26. 6 21. 0 . 05 . 48 (1)

Pet.

0. 15

14

16

41
39
38

1. 71
28

07
05
07
05
04
03

0

03
03
03
03
03
03

18
16
16
17
1.5
15
17

07
07
04
04

18
16
21
19
18
15

21
26
27
35
41
45

04
04
04
03
03
04

Pet. Pet. Pet. Pet.

1. 09 2. 70 13. 1 4. .53

1. 05 2.42 11.8 4.40

1. 03 2. 98 11. 1 4. 40

. 50 . 65 16. 6 12. 9

. 34 . 60 14. 4 14. 9

. 19 . . 50 13. 0 18. 2

.39 .47 4.82 7.30

.11 .23 10.7 14.8

1.23 .85 12.0 5.81
1.34 .74 7.51 2.82
1.25 .90 10.8 6.19
.95 .85 13.9 8.07
.47 .83 17.0 12.9
.22 .55 16.6 10.2

0 .33 15.3 9.46

.25 .36 19.2 11.5

.10 .49 17.6 11.6

.06 .52 17.6 10.7

.06 .57 18.1 9.32

.06 .52 17.2 8.96

.06 .53 13.6 12.4

. 35 . 41 11. 6 4. 25

.30 .44 11.9 4.20

.29 .27 11.1 3.99

. 28 . 41 11. 0 4. 39

.20 .33 10.7 5.35

.05 .19 10.4 7.44

.06 .22 10.2 7.75

.99 .29 15.4 5.94

.78 .26 16.1 5.48

. 47 . 26 15. 5 6. 12

.28 .23 15.1 7.10

1. 11 . 56 17. 0 4. 20
1.11 .60 16.3 4.72
1. 09 . 32 13. 5 3. 78
1. 08 . 37 13. 2 3. 80
.78 .37 12.5 3.84
.51 .40 12.4 4.68

.07 .47 10.9 7.05

.07 .45 10.1 7.27

.05 .48 10.2 6.79

.06 .34 9.84 7.10

.04 .35 10.6 7.68

.06 .27 10.7 8.38

.36 .50 16.7 7.58

.28 .37 16.8 17.0

.23 .37 19.6 16.4

.11 .32 18.5 16.1

.07 .33 16.5 10.9

. 06 . 27 13. 4 I S. 14
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TABLE 6.—Chemical and

Moisture Reaction Extractable bases
Or- Frce retention I Cation

Soil, sample
number, Depth ganic Ii- iron Bulk

______________ ______________

exchange

_____________ _____________

and location car- trogen oxide densi- capacitY
hon (Fe203) ty’ 1/3 15 1:5 1:3 (NH4OAc) Ca Mg Na K

atmos. atmos. (H,O):(KCL)

j,, p, PcI. p,5. Gm/cc. Pci. Pct. pH p11 ,tfeg.flOQgrn.Meq.!i% .lfiq.jiOO Z4h./lOO Mis/IOU
gm. gm. gm. gm

Makapilisiltyclay: 0—12 4.90 .387 31.71.0i 41.5 31.8 5.9 4.3 21.0 1.5 2.3 0.3 0.3
S6311a—2—4(l—6), 12—14 2.60 .166 38.9 1.09 5.1 4.4 13.3 .5 .9 .2 .1

lat.22°13’14”N., 14—22 2.31 .147 40.2 1.00 39.2 34.8 5.1 4.5 14.2 .6 .8 .2 .1
long.159°28’46.9” 22—28 2.11 .118 43.2 1.13 40.4 33.7 5.3 4.9 12.3 .4 .8 .2 (4)

W. 28—44 .98 35.2 1.29 32.7 24.6 4.9 5.3 5.8 .4 .1 (4)

44—60 .78 38.6 1.19 34.4 30.1 4.5 4.8 3.7 .2 .1 (4)

Nohiliclay:’ 0—14 1.42 .142 8.3 1.09 44.6 34.9 8.7 7.4 40.7 29.3 28.0 1.7 .3
36311a—2--8(1—7), 14—22 .91 .102 10.2 1.08 42.2 33.6 8.5 7.3 44.8 22.8 24.6 2.0 .2

lat.2U22’42”N., 22—31 1.33 .128 4.9 .99 64.1 43.9 S.5 7.4 34.6 36.8 40.3 3.0 .3
long.159°45’18”W. 31—37 .39 .065 2.4 58.6 38.9 S.8 7.5 48.8 37.0 39.8 2.4 .2

37—46 .27 1.1 38.4 26.7 8.9. 7.6 28.2 83.5 27.9 1.4 .2
46—55 .17 .9 8.9 7.7 30.0 34.1 28.5 1.6 .2
55—60 .14 1.4 8,8: 7.5 42.4 40.2 35.4 3.0 .4

Paalonsiltyclay: 0—17 2.43 .166 25.9 1.27 32.4 26.4 4.8 4.4 14.2 2.0 .2 .2 .2
S65Ha—7--1(1—5), 17—25 .95 .045 20.0 1.29 30.5 25.5 4.7 4.4 7.6 0 0 .2 .1

1at.2136’02”N., 25—36 .75 .032 17.4 1.21 36.1 30.5 4.8 4.3 6.2 .2 (4) .2 .1
long.158°Ol’30” 36—45 .78 19.3 1.15 36.1 31.3 4.6 4.3 7.2 .7 .1 .2 .1
W. 45—60 .79 20.9 1.08 39.1 33.4 4.7 4.3 14.6 .8 .4 .4 .1

Panesiltloam: 0—8 8.87 .686 16.3 .70 64.6 41.0 6.2 5.4 53.7 17.5 6.3 .3 1.7
SO5Ha—4—23(l—6), 8—16 3.51 .299 14.3 .64 67.1 49.1 6.6 5.8 40.6 11.8 5.4 .4 1.8

lat.20c4930/N. 16—29 2.57 .211 14.2 .84 50.6 40.6 7.1 5.8 36.6 7.8 4.7 .7 .9
long.136018’40” 29—39 1.57 .133 10.7 .94 51.5 38.6 6.1 5.4 25.6 6.1 2.4 1.5 .5
W. 39—SI .86 .072 8.6 41.2 34.9 6.2 5.2 29.8 3.0 3.6 2.2 1.6

57—65 .29 5.1 38.6 28.7 6.2 5.2 20.3 .2 4.3 1.4 4.0

Puhisiltyclayloam: 0—9 4.39 .370 23.6 .91 46.3 34.2 5.9 4.9 19.8 2.2 2.0 .2 .8
S63Ha—2—2(1—6), 9—21 1.72 .140 28.0 .92 50.5 40.3 5.4 5.4 9.4 1.0 .6 .2 .2

lat.22°03’30”N., 21—30 1.27 .084 29.5 .98 49.2 42.2 .5.8 5.8 10.8 1.1 .6 .6 .1
long. 159°22’30” 80—39 .62 26.3 1.10 44.1 38.8 6.0 5.9 7.2 .9 .8 .9 .1
W. 39—48 .32 26.2 1.14 41.1 34.5 5.8 5.7 5.9 .9 .9 1.0 .1

48—60 .41 24.9 1.15 44.1 33.2 5.6 5.3 6.8 1.0 .8 1.3 .1

Waiakoasiltyclayloam: 0—2 1.59 .130 11.4 1.30 27.2 20.9 ‘6.1 55,3 16.0 7.8 4.0 .2 2.5
S6511a—4—2b(l—5), 2—8 .82 .066 10.7 1.21 25.6 19.4 ‘6.2 ‘5.2 14.7 6.6 3.1 .3 2.3

1at.2047’2O”N., 8—16 .80 .066 10.6 1.14 26.4 20.2 ‘6.1 ‘5,2 13.8 6.1 2.9 .5 .9
1ong.15624’30” 16—25 .57 .053 7.4 1.08 34.2 23.2 ‘6.6 ‘5.2 14.7 5.6 2.8 1.3 .2
W. 25—33 .28 5.1 40.6 23.3 ‘7.1 ‘5.8 19,2 8.2 3.9 2.5 .1

Waihunaclay:3 0—4 1.11 .132 13.0 34.3 26.6 5.0 4.0 20.0 8.9 3.7 .2 .6
S62Ha—3—1(1—6), 4—17 1.51 .168 13.0 35.6 28.9 4,5 3.6 22.8 6.4 2.4 .1 .5

1at.2049’39”N., 17—23 .40 .080 13.4 35.5 29.4 5.9 5.0 20.4 9.5 4.9 .2 1.3
long. 156°55’41” 23—37 .29 13.9 36.5 30.8 6.0 5.1 19.8 8.3 7.6 .4 1.0
W. 37—54 .16 14.2 36.9 31.4 4.7 3.6 18.0 3.6 7.8 .5 .3

54—64 .22 13.6 35.5 30.2 4.8 3.7 19.4 5.3 8.6 .5 .4

Bulk density and moisture retention values were determined by Hawaii Sugar Planters Association, Honolulu.
2 Total analysis was determined by hawaii Agricultural Experiment Station, Univ. of Hawaii, Honolulu.

Data is for the paired sample of the soil protile described in the section “Descriptions of the Soils.”
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physical data of selected soils—Continued

XCI Total analysis
ex- NH4OAc Base

tract- ex- satUra
able tractable tion I

Al SO4 (NH4OAc) Si05 Ti02 AI,O, Fe303 MnO MgO CaO Na,O K20 P205 Loss on H20
ignition

Meq./lOOqm. Meq./tOOm. Pet. Pet. Pet. Pct. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet.

0. 2 0. 6 21 10. 9 6. 59 22. 0 31. 8 0. 08 0. 64 0. 03 0. 09 1. 04 0. 57 20. 5 7. 14
. 2 1. 2 11
. 1 1. 6 12 7. 30 5. 56 18. 2 41. 8 . 05 . 36 () . 08 . 76 . 57 18. 0 9. 34

(‘) 2. 8 11 4. 14 5. 93 21. 8 40. 3 . 05 . 28 () . 07 . 56 . 54 18. 7 7. 56
(4) 9. 4 9 1. 88 5. 89 28. 5 37. 4 . 09 . 30 (4)

. 05 . 24 . 56 20. 2 5. 00
(4) 16. 2 8

.

2 100 33. 7 3. 50 18. 9 17.9 . 23 2. 68 1.78 . 28 - 18 .29 12. 1 8. 68

.2

100 33.7 3.55 20.5 19.6 .26 2.64 1.22 .30 .16 .29 11.2 7.16

.

4 100 34. 9 2. 82 16. 9 14. 2 .09 3. 48 3. 82 . 25 . 14 . 24 14. 3 9. 94

.

5 100

.3

100

0

100

.

6 100

. 8 . 3 18 19, 3 9. 52 21. 2 28. 3 . 09 . 80 (4)
. 11 1. 58 . 34 13. 9 5. 06

1. 8 1. 0 4 13. 1 5. 71 33. 2 24. 4 . 08 . 32 (4)
. 04 . 38 . 23 18. 9 3. 32

1. 3 13. 9 8 12. 5 5. 36 35. 4 23. 7 . 10 . 28 (4)
. 06 . 22 . 27 18. 9 3. 24

1. 2 3. 4 15 15. 5 5. 71 32. 6 24. 5 . 08 . 37 0 . 03 . 19 . 32 17. 6 3. 06
1. 2 1. 6 12 16. 4 5. 72 29. 8 27. 0 . 06 . 35 0 . 03 . 16 . 33 16. 7 3. 46

. 2 0 48 17. 3 3. 88 20. 2 17. 8 . 54 1. 16 . 63 . 08 . 59 . 95 23. 2 14. 1

0

23 16.9 3.67 24.9 16.0 .41 .94 .32 .06 .46 .74 17.8 18.2

0

38 17.5 3.06 25.7 16.3 .41 .98 .15 .06 .39 .76 16.5 18.4

0

41 20.4 3.22 26.8 16.6 .34 .92 .20 .22 .29 .61 15.3 15.5

.2

35 24.9 3.28 29.1 15.3 .30 1.16 .04 .13 .25 .49 14.3 11.2

.4

49

. 2 . 8 26 16. 4 4, 23 31. 2 28. 1 . 17 1. 92 (4)
. 10 . 71 . 60 12. 3 5. 81

. 1 2. 8 21 17. 4 4. 69 31. 9 32. 0 . 08 1. 52 (4)
. 08 . 50 . 49 80. 5 2. 55

1.6

22 20.8 5.40 21.1 32.5 .09 1.32 0 .10 .31 .54 11.4 5.70

3.

4 38 20. 3 5. 01 19. 5 31. 2 . 10 . 45 0 . 10 . 14 . 44 14. 6 7. 58

5.6

49 152 4.78 27.5 30.4 .09 .56 0 .12 .10 .48 15.8 5.33

7.

6 47 17. 4 4. 48 25. 5 30. 8 . 13 . 47 0 . 08 . 08 . 58 14. 7 5. 98

0

91 26. 8 5. 07 28. 7 20. 2 . 28 1. 22 . 27 . 14 . 33 . 37 12. 6 4. 38

0

84 26. 2 4. 96 29. 9 20. 1 . 28 1. 11 . 18 . 14 . 33 . 34 11. 9 4.72

0

7,5 26. 3 5. 36 29. 0 20. 8 . 28 1. 13 0 . 14 . 25 . 34 12. 3 4. 38

0

67 26.2 4.41 29. 6 20.4 .24 1.32 0 . 18 . 03 .44 12.4 5.24

0

76

. 2 1. 6 67 28. 7 3. 84 24. 7 21. 3 . 77 . 80 . 82 . 13 . 05 . 19 13. 2 6. 78
1. 9 1, 9 41 28. 5 3. 77 24. 0 21. 2 . 81 . 66 . 96 . 14 . 04 - 24 13. 9 7. 32

. 1 1. 2 78 28. 8 3. 66 22. 6 22. 6 1. 20 . 88 1. 20 . 12 . 04 . 22 12. 5 7. 04
(4) 1. 7 87 28. 6 3. 58 23. 4 22. 5 . 91 . 85 1. 17 . 08 . 06 . 22 11. S 7. 49

1. 4 3. 7 68 30. 2 3. 64 23. 1 22. 2 . 62 . 83 . 84 . 07 . 03 . 19 12. 0 7. 02
. 6 4. 6 76 30. 1 3. 91 23. 6 23. 2 . 42 . 66 . 49 . 06 . 04 . 17 11. .5 6. 71

Trace.
Determined in 1:1 ratio of soil to water and soil to potassium chloride.

414-129—72— 12
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General Nature of the Islands
This section contains general information about the

history of the islands, the geology and physiography, the
climate, the population, the transportation, the tourist
industry, and the farms and ranches.

History
Little is known about the Hawaiian Islands before

1778 when Captain James Cook first sighted Oahu and
Kauai. At the time of Cook’s visit, the islands were
divided into four kingdoms. Kamehameha, a chief, was
rising to power on the island of Hawaii. By 1810, he
had united all the islands into one kingdom.

Missionaries arrived from New England in 1820. They
transcribed the spoken Hawaiian language into writing,
translated hymns and parts of the Bible into Hawaiian,
and taught the natives to read and write.

In 1835, the sugar industry was established at Koloa,
Kaua.i. With increasing acreage and production, the need
for additional labor increased. In 1852, Chinese immi
grants arrived to work in the sugar fields. They were the
first, of a long list of immigrants, including Chinese, Jap
anese. Portugese, Koreans. Germans, and Filipinos.

The pineapple, industry was established near the turn
of the century in Wahiawa, Oahu.

Tn 1900, Hawaii became a territory of the United
States, and in 1959, it officially became the 50th State.

Geology and Physiography
The area surveyed consists of five of the eight major

islands in the State of Hawaii. These five islands form
a chain that extends in a northwest-southeast direction.
They are the summits of volcanic domes built up from
the ocean floor through countless eruptions. In general,
the volcanic activity moved from northwest to southeast.
Kauai, on the northwest, is therefore the oldest island
in the survey area, and the eastern part o Maui on the
southeast is the younest.

The islands formec primarily in thin-bedded pahoehoc
and Aa lava flows. The rocks ai’e mostly basaltic; the
basalt is about 50 percent silica. Andesitic rocks as well
as volcanic ash and cinders occur in a few places. Adja
cent to the ocean is a sthall amount of coral limestone
and coral sand.

The relief of the islands varies. The once smooth vol
canic domes have been weathered and eroded. The older
islands are deeply dissected; their surface is one of
ridges, valleys, and alluvial fans. In contrast, the eastern
part of Maui is relatively smooth, and the original shape
of the volcano is still apparent.

Climate
The climate of Hawaii is unusually pleasant for the

tropics. Its outstanding features are the remarkable dif
ferences in rainfall over short distances, the mild tem
peratures, and the persistence of the northeasterly trade
winds.

‘By SAUL Paics, regional climatologist, National Weatber
Service, U. S. Department of Commerce.

The major climatic influences in this region are the
latitude—the State lies well within the geographic
tropics; the surrounding ocean, which has a. moderating
influence on temperature; and the Pacific anticyclone,
from which the trade winds flow. Between about October
and April, storms that migrate eastward across the
Pacific north of Hawaii, or the storms that form nearby,
occasionally bring in spells of bad weather and wide
spread heavy rains.

The most. important influence on all the weather ele
ments is Hawaii’s topography. Elevations range from
sea level along the coastal plains to heights of about
5,170 feet on Kauai, 4,025 feet on Oahu, 10,025 feet on
Maui, 4,970 feet on Molokai, and 3,370 feet on Lanai.
More important than mere elevation, moreover, is the
ruggedness of the terrain, in which each valley bottom,
slope, and steep-sided ridge has its own local climate.

RAINFALL.—Over the open sea in the Hawaiian area,
rainfall averages between 25 and 30 inches a year. Yet
the State itself receives more than 10 times this amount
in some places, and less than half in others. Except for
Lanai, where maximum rainfall is about 50 inches, each
of the major islands has regions in which the mean
annual rainfall approaches or exceeds 300 inches. Mt.
Waialeale, on the island of Kauai. which has 486 inches
of rain a year and is known as the wettest spot on earth,
is only 15 miles from Barking Sands, which receives less
than 20 inches annually. Table 7 gives precipitation data
for six selected stations.

The principal cause of this remarkable variability is
the orographic, or mountain-caused, rain that forms
within the moist. air from trade winds as it ascends
and traverses the steep and high terrain of the islands.
The resulting rainfall distribution, in the mean, closely
resembles the topographic contours. The amount is
greatest over windward slopes and crests and is least
toward the leeward lowlands.

The lowlands obtain moisture chiefly from a few
winter storms, and only negligibly from trade-wind
showers. Thus, rainfall in the normally dry areas is
strongly seasonal. Summers are arid. Seasonal differences
are much smaller in the wetter areas, where rainfall is
derived from both the winter storms and the year-round,
trade-wind showers. For example, at Kaunakakai, a very
dry station where the mean annual rainfall 12.5 inches,
June and July together account on the average for less
than 1 percent of the annual rainfall; but in Wahiawa
where rainfall measures 50 inches a year, June and July
account for 10 percent, and in Kahana where it measures
240 inches a year, they account for 17 percent. No data
from the Kahana station are given in table 7.

The number of rainy days a year also varies widely
from place to place; the number is greatest in areas
where the mean annual rainfall is higher. Kaunakakai,
for example, receives 0.1 inch or more of rainfall on an
average of 15 days a year and 0.5 inch or more on only
6 days. In contrast, Wahiawa receives 0.1 inch or more
on an average of 81 days a year and 0.5 inch or more
on 25 days. Kahana receives 0.1 inch or more on an aver
age of 200 days a year and 0.5 inch or more on 65 days.

Another source of rainfall is the deep cumulus clouds
that build up over mountains and interiors on clear calm
afternoons. Although such convective showers may be



ISLANDS OF EAUAI, OAHU, MAUI, MOLOKAI, AND LANAI, STATE OF HAWAII 225

TABLE 7.—Precipitation data for selected stations
[Da.shes indicate no data available for specified amount of precipitation]

KTLAuEA FIELD 17, KAUAT No. 1135

[Period of record 193 1—67. Mean annual precipitation 93.14 inches]

Percent frequency of indicated amot

Month Mean
0.50 inch 0.51—1 1.01—3 3.01—5 5.0 1—10 10.01—20 More monthly

or less inch inches inches inches inches than 20
inches

Pci. Pet. Pet. Pet. Pet. Pet. Pet. In.
January 0 0 16 14 38 27 5 10. 09
February 0 0 7 22 51 14 5 8. 18
March 5 43 32 7 9.88
April 0 7 27 38 19 7 7.81
Ma3 0 11 5 70 7 5 7.59
June 0 22 35 35 5 0 5.05
July 0 5 27 59 7 0 6.71
August 0 3 16 65 16 0 7. 69
September 0 27 24 41 5 0 5. 28
October 0 5 24 46 22 0 7. 07
November 0 5 19 43 27 5 8. 28
December I 0 0 0 11 51 35 3 9. 51

KANEOHE (MAUXA), OAHu No. 781

[Period of record 1931—60. Mean annual precipitation 65.09 inches]

January 0 20 20 37 23 0 7.30
February 0 10 33 43 7 7 7.22
March 0 20 33 23 23 0 7.26
April 0 30 23 33 13 0 5.53
May 0 0 40 33 20 7 0 4.55
June 0 7 50 37 3 3 0 2.94
July 0 40 23 27 7 0 4.31
August 0 V 27 37 33 0 4.29
September V 0 43 27 27 0 0 3.81
October : 0 37 17 30 13 0 5. 75
November 0 30 20 43 7 0 5.28
December 0 10 27 V 47 17 0 6.85

V

V

V

V

WABIAwA, 0nu Np. 872
V

V V

V

[Period of record 1931—60. Mean annual preeiptation 51.5 inches

January 3 7 20 23 30 10 7 6.47
February 0 3 17 20 47 10 3 6.42
March V 0 0 23 36 20 17 3 6. 29
April V 0 3 57 23 13 0 3 3.57
May 7 7 60 17 10 0 0 2.40
June 0 .10 70 17 3 0 0 2.49VJVuIy 0 3 63 23 10 0 0 2.75
August. 3 3 47 20 27 0 0 3.59
September 7 . 3 . 73 17 0 0 0 2.24
October 3 3 57 13 10 13 0

V 4.15
November 3 3 27 27 30 10 0 4.84
December V 0 0 33 13 V 36 17 0 6.17

See footcotes at end of table.
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TABLE 7.—Precipitation datafor selected stations—Continued
WAIAwA, OAHU No. 836 1

[Period of record 1931—60. Mean annual precipitation 138.79 inches)

Percent frequency of indicated amount

Month Mean
0.50 inch 0.51—1 1.01—3 3.01—5 5.01—10 10.01—20 More monthly

. or less inch inches inches inches inches than 20
inches

Pct. Pet. Pct. PcI. PcI. PcI. PcI. In.
January 23 23 40 13 11.64
February 10 50 27 10 12.94
March 13 10 63 13 13.84
April 7 37 50 7 11.40
May 10 33 50 7 11.84
June 7 33 57 3 10.84
July 0 20 67 13 13.30
August 0 27 60 13 4.41
September 13 40 43 3 9.97
October 13 33 43 10 11. 02
November 13 27 53 7 12. 10
December 3 30 43 23 15.49

KAUNAKAXAI, MonoNAl No. 536

[Period of record 1933—62. Mean annual precipitation 12.5 inchesl

January 23 10 33 10 23 0 2.58
February 40 13 27 17 3 0 1.74
March 37 10 30 13 7 3 1.99
April 70 13 7 7 3 0 .74
May 77 7 13 3 0 0 .40
June 97 3 0 0 0 0 .03
July 97 0 3 0 0 0 .07
August 89 10 10 0 0 0 .22
September 83 13 3 0 0 0 . 14
October 63 3 20 7 7 0 1.22
November 50 10 27 7 3 3 1.57
December 30 20 30 13 7 0 1. 75

MAIrnAL0A, M0L0KAI No. 511

[Period of record 1933—62. Mean annual precipitation 27.84 inches]

January 7 13 33 10 27 10 4. 27
February 7 10 40 23 17 3 3. 08
March 3 20 27 33 10 7 3. 77
April 17 13 53 7 3 7 2. 31
May 10 43 37 10 0 0 1. 47
June 67 17 13 3 0 0 . 75
July 27 30 37 3 3 0 1.26
August 27 33 33 3 3 0 1.20
September 33 23 37 7 0 0 1. 11
October 23 10 50 7 3 7 2. 37
November 7 17 47 13 13 3 2. 75
December 0 7 43 30 20 0 3.50

I Percentage figures in column headed “3.01—5 inches” based on 5 inches or less of rainfall. Percentage figures in column headed “More
than 20 inches” based on 20.01 to 40 inches of rainfall.

Percentage figure based on more than 40 inches of rainfall.
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intense, they are usually too brief and localized to con
tribute significantly to the total water supply.

Hawaii’s heaviest rains are brought by winter storms.
Although the effects of terrain are not so obvious as in
trade-wind showers, large differences in rainfall over
small distances do occur, because of the toporaphy and
the path and structure of the rain clouds. ‘requently,
the most copious storm rains do not occur in localities
that have the greatest average rainfall; nor is it uncom
mon during such storms for relatively dry areas to
receive within a single day, or even a few hours, half
or more of their mean annual rainfall. For example,
downtown Honoluhi has an average yearly rainfall of
only 24 inches, but it has received more than 17 inches
in a single day.

Intensities of 2 inches of rain an hour are not infre
quent, and even the dry regions on Oahu have an average
recurrence interval of only 5 years or less. In many of
the farming areas, hourly intensities of 2.5 inches can be
expected, and over the island as a whole, 3 inches an
hour is by no means rare. Hawaii’s heaviest rain was
the more than 40 inches recorded at Kilauea Plantation,
Kauai, in a 24-hour period in January 1956. Of this,
6 inches fell in 30 minutes and more than 11 inches in a
single hour. Flash flooding is a recurrent problem and
results in frequent damage to fields, crops, and other
property.

Another important, but often neglected, source of
water is that directly extracted from passing clouds by
vegetation and by the soil in areas where an elevation of
2,500 feet or more brings them into the cloud belt. For
example, at Lanaihale, the contribution of what is locally
called “fog drip” to soil moisture appears to be about
equal to that of rainfall.

At the opposite extreme, neither is drought uncommon
in Hawaii, although it rarely affects more than part of
even a single island at one time. Drought occurs when
either the winter storms or the trade winds fail. If the
winter storms fail, the leeward areas, which receive little
rain from trade winds, are hardest hit. A dry winter
between two normally dry summers can have very serious
consequences. The failure of the trades most affects
mountain and upland regions, inclndin many of the
sources of irrigation water. The probability of serious
drought somewhere in Hawaii during any given 10-year
period exceeds 90 percent.

TEMrEnTunx.—Me.an annual temperatures in Hawaii
vary between about 72° and 75° F., near sea level,
decrease by about 30 for each 1,000 feet of elevation, and
tend to be higher in sunny dry areas. They are higher,
for example, in the leeward lowlands, than in those areas
that are cloudier, wetter, and more directly exposed to
the trades. The average annual temperature at Mountain
View, Hawaii (1,530 feet) is 67°; at Halea.kala Branch
Experiment Station (2,100 feet) 66°; at Kula Sanato
rium (3,004 feet), 64°; a.t Hawaii National Park (3,971
feet) 61°; at Haleakala Ranger Station (7,030 feet) 54°;
and at Mauna Loa Observatory (11,150 feet), 45°.
Table 8 gives the average daily maximum and minimum
temperature at six selected stations.

The average difference between daily high and low
temperatures is between 10° and 20°; the higher readings
occur in areas that are lower, drier, and less open to
the wind. For example, on Oahu the daily range is 19°

at Ewa Plantation, 13° at Kahuku, and only 8° at
Makapuu Point. Lanai City, under its orographic cloud
cap, is kept cooler during the day and warmer at night
than Lanai Airport, which is less than 4 miles away, and
the city has a mean daily range of 13° as compared with
17° at the airport.

August and September are the warmest months of the
year, and January and February are the coolest. The
seasonal range of temperature is only 6° to 8°, which is
far below the daily range. Hence, throughout the State,
the temperature varies more in the course of an average
day than it does from season to season. In addition, the
average nighttime temperature during most of the year
is below the average temperature of the coolest months.

Almost everywhere at low elevations, the highest tem
peratures of the year are in the low 90’s and the lowest
temperatures near 50°. The warmest days are usually
during Kona weather, when the trade winds, which come
from cooler latitudes, fail and air stagnates over the
heated islands.

As an example of the role of afternoon cloudiness in
holding down the maximum temperatures, Maunaloa, at
an elevation of 1,100 feet in dry West Moiokai, has
registered 90° or above in May through November, and
96° in September, while Lanai City only a few hundred
feet higher, but shielded from the afternoon sun by an
orographic cloud cap, has had no temperature higher
than 88°.

WIND.—The prevailing wind throughout the year is
the east-northeasterly trade. The trades vary greatly in
frequency they are virtually absent for long periods at
some times and blow for weeks on end at others. On the
average, however, the trade winds are more persistent in
summer than in winter. At Honolulu they range from a
rnnimum of about 45 percent in January to a maximum
of more than 90 percent in July, for an annual frequency
of about 70 percent.

In well-exposed areas, the trades average somewhat
under 15 miles an hour. They are slightly stronger in
summer than in winter. A speed of 31 miles an hour is
exceeded only about 2 percent of the time by the trades
and 3 percent by winds from other directions.

The strongest and most damaging winds are not orcli
narily the trade winds but the winds that accompany
winter storms and the infrequent hurricanes. High winds
are most likely between November and March and blow
from almost any direction. The strongest of recent years
was a gust of 103 miles an hour at Kilauea Point, Kauai,
in August 199, during Hurricane DOT, but gusts ex
ceeding 80 miles an hour have occurred twice at Hono
lulu Airport since 1951 and occasionally elsewhere.

The effect of topography on the local wind is varied
and profound, ranging from a complete sheltering from
winds from certain directions to defiections and accelera
tions, that is, through passes and narrow valleys arid
over crests, that can transform a moderate wind into a
strong and gusty one. Thus, the Hoolehua plains, the
windward side of west Molokai, and the north end of
Lanai are subject to severe wind erosion and occasional
crop damage by strong trades funnelling between the
highlands of east and west Molokai or through the chan
nel between Molokai and Lanai. At Molokai Airport, in
the central saddle, winds exceed 15 miles an hour nearly
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TABLE 8.—Average daily marirnum and minimum temperatures at selected stations
KILAUEA FIELD 17, KAUAI No. 1135

60 percent of the time during the entire year, and more
than 75 percent of the time during the summer months.

In contrast, the Kona coast of Hawaii Island is so
completely sheltered by the mountains to the east that
the trades are never experienced near sea level, and local
land and sea breezes constitute the prevailing winds.

CLOUD CovER.—On sunny trade wind days, all but
Hawaii’s tallest mountains are typically capped by cumu
lus clouds tha.t overhang and shadow the slopes and
coastal plains. The bases rest upon the crest. These clouds
form within the moist marine air ascending the topo
graphic barriers and dissipate again as the air descends
to the lee. Hence, clouds are more frequent and extensive
over windward coasts and mountains than over leeward
plains and shores. At Honolulu Airport, which receives
22 inches of rainfall annually and is well to the lee of
the Koolaus, skies are clear (sky cover is three-tenths or
less) about 26 percent of the time, and cloudy (sky cover
is eight-tenths or more) about 28 percent of the time. In
contrast, Lihue Airport, on Kauai’s windward coast, is
clear 14 percent of the time and cloudy 40 percent.

These are seasonal and diurnal variations in cloudiness.
In all months of the year, probably because of solar
heating, clouds tend to be more abundant during the day
than at night. Widespread persistent cloudiness is princi
pally a phenomena of large-scale winter storms. Presum

ably for this reason, skies are cloudy more often in winter
than in summer. At Honolulu, for example, skies are
cloudy on 29 percent of January days but on only 16
percent of July days. The heaviest overcast, however,
seldom lasts for more than a day or two within a few
intervals of blue sky and sunshine.

RELATIvE HunuITY.—Relative humidity varies con
siderably with time and place. In general, it is higher
at night than in the afternoon and higher in rainier,
cooler localities than in wanner, drier ones. As the trades
reach Hawaii from cooler latitudes, the humidity is by
no means as high as the. tropical locale and surrounding
ocean might imply. At Lihue, a windward station, the
humidity ranges from about 79 percent in January to
75 percent in July, and from about 82 percent. at 2 a.m.
to 67 percent at 2, p.m. By comparison, the values at
Honolulu Airport, on the leeward coast, average 70 per
cent in January, 68 percent in July, 74 percent at 2 a.m.,
and 58 percent at 2 p.m.

HURRI0ANEs.—Hurricanes are relatively infrequent and
mild in Hawaii. Before 1950, there were no authenticated
reports of hurricanes in the Hawaiian area. Four storms
have occurred there since then, and a number of others
have approached the State, but not closely enough to
affect the weather appreciably. The most damaging
hurricane to strike Hawaii—DOT, in August 1959—di

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

°F. F. F. °F. F. °F. F. F. F. F. °F. F.

75. 6 74. 9 75 5 76. 4 78. 2 80. 3 80. 9 81. 9 81. 9 80. 2 78. 2 75. 7
60. 5 59. 7 01. 3 62. 8 64. 8 67. 0 68. 1 68. 8 68. 0 06. 5 65. 6 63. 0

KANEOHE (MAuKA), OAHU No. 781

77. 4 77. 2 77. 3 78. 2 79. 6 81. 5 82. 0 82. 4 82. 8 81. 9 80. 0 77.
64. 9 64. 8 65. 1 66. 7 68. 2 69. 7 70. 7 71. 2 70. 3 69. 7 08. 2 66.

WHEELER FIELD, OAnu No. 810

75. 9 76. 0 76. 1 76. 6 79. 0 81. 0 81. 7 82. 4 82. 6 81. 7 78. 8 76. 3
60. 0 60. 0 60. 9 62. 3 63. 9 65. 7 67. 0 67. 4 66. 6 65. 6 63. 9 62. 2

KAILUA, MAUI No. 446

75. 5 74. 7 75. 1 75. 7 76. 4 78. I 79. 0 79. 4 80. 4 79. 8 77. 5 75. 0
61. .5 61. 1 61. 5 62. 8 64. 2 65. 6 66. 5 67. 1 66. 7 65. 8 64. 0 62. 9

LABAINA, MAUI No. 361

80. 7 80. 6 80. 7 82. 6 84. 0 85. 8 87. 1 87. 4 87. 1 86. 5 84. 6 82. 3
61. 8 61. 9 62. 0 63. 2 64. 8 66. 4 67. 6 68. 1 67. 4 66. 8 65. 3 63. 4

MAUNAL0A, MOL0KAX No. 511

9
2

77. 1
60. 5

76. 8
60. 7

77. 3
61. 2

77. 6 79. 9 82. 8 83. 5
61. 9 63. 6 65. 2 65. 8

84. 6
66. 7

84. 3
66. 2

82. 7
65. 6

79. 9
63. 8

77. 6
61. 9
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approximately $6 million in damage, largely on Kauai.
About $1.5 million of this amount was damage to
sugarcune.

TORNAUOES.—A nmnber of funnel clouds occur over
or near the State during an average year, but most either
fail to reach the ground or remain at sea as waterspouts.
Only rarely does a small tornado, usually much weaker
than its mainland counterpart, cause even slight damage.
By far the most destructive tornado of recent years was
the one that roared through the small plantation town
of Kaumakani, Kauai, in the early morning of Decem
ber 17, 1967. The damage to houses, sugarcane, and other
crops amounted to $300,000.

HAIL.—On the average, hail falls several times a year
somewhere in the State, but it is only a quarter inch or
less in diameter and thus does little damage. At times,
however, leafy crops have been severely battered. Hail
occurs most frequently between October and April, but
it has been reported in every month but July. Falls
usually cover only a square mile or less; only on occasion
are they more widespread.

Population
The population of the State of Hawaii in 1968 was

824,574. The island of Oahu, which makes up only 9.3
percent of the State, had a population of more than
683,796. Kauai had 24,757, Maui 41,490, Molokai 5,867,
and Lanai 2,431. Hawaii and Niihau, neither of which is
in the survey area, had populations of 65,941 and 292
respectively.

Transportation
Jet aircraft has reduced flight time across the Pacific

from the continental United States, reduced fares, and
increased visitor travel. Travel between the islands is by
air. Two scheduled airlines provide jet service between
major airports on each island.

Modern containerized cargo ships make regular calls
to and from the mainland and the Orient. Intrastate
cargo shipment is by scheduled barge service.

Modern highways link major destination areas on
all the islands. Scheduled bus service is available in
Honolulu.

Visitor Industry
Accommodating visitors continues to be one of Ha

waii’s most rapidly growing industries. Today, it exceeds
sugar and pineapple as the top source of income for the
State.

Farming and Ranching
The economy of Hawaii depends heavily on farming

and ranching. Because of a wide range of soils and of
climate, which is hot arid in some coastal areas to humid
tropical and temperate in mountain regions, Hawaii
produces a variety of crops. The sugar and pineapple
industries have long been the dominant factors in the
Hawaiian economy. Diversified crops, such as vegetables,
melons, fruits, and taro, are grown mainly for local

consumption. Cattle ranching is the principal livestock
industry. More than half the food consumed in Hawaii
is produced locally.

SUGARcANE

Sugarcane is grown on highly mechanized plantations.
There are three plantations on Maui, four on Oahu, and
eight on Kauai. The acreage totals about 131,000. All the
sugarcane is irrigated except at higher elevations where
rainfall is sufficient. The cane is processed into raw sugar
at sugar mills on the plantation. The raw sugar is
shipped to Crockett, Calif., where it is made into refined
Sugar.

The sugar workers are employed the year around. They
are the highest paid of any in the sugar-producing areas.

Mechanization and technica.l developments have led
to sgrnficant advances in land preparation, harvesting,
fertilization, and weed control. The plantations average
more than 11 tons of sugar per acre—the highest yield
in the world.

PINEAPPLE

Pineapple is grown on all the islands in the survey
area. Like sugarcane, it is grown mostly on highly mecha
nized plantations. There are two plantations on Molokai
and Oahu, and one each on Maui, Lanai, and Kauai.
There are also some independent growers on Maui and
Kauai. The acreage totals about 69,000. The pineapple
industry is the primary source of income on Molokai and
Lanai.

Pineapple requires little water. It can be grown with
out irrigation in areas where rainfall is as lo* as 20
inches. If water is available, however, areas that receive
less than 30 inches of rainfall are generally irrigated.
Pineapple is an important crop on Molokai and Lanai,
both of which have low rainfall and a limited supply of
irrigation water. Sugarcane and other crops that require
abundant water cannot be grown.

The peak harvesting season is in summer. Seasonal
workers, mostly high school and university students, are
hired to work in the fields and canneries.

DIVERSIFIED Cuors

Diversified crops, mainly tomatoes, cucumbers, head
cabbage, lettuce, green peppers, snap beans, bananas, and
papayas, are commercially produced on all islands except
Lanai. Many other crops including specialty crops, such
as gingerroot and taro, are grown also.

Diversified crops are grown mainly in the Kula and
Kihei areas of Maui, the Waianae and Waimanalo areas
of Oahu, the Hanalei, Wailua, and Hanapepe areas of
Kauai, and the southern coast of Molokai. Most farms
are family farms and are less than 10 acres in size. The
growing season is year around, and the farms are inten
sively cultivated.

The largest market for the crops is on Oahu. Yet the
farming areas on Oahii are decreasing because of urbani
zation. Farms on the neighbor islands have become
increasingly important in meeting the islands’ produce
needs.

CA’rmE

There are cattle ranches on all islands except Lanai.
Most of these ranches occupy areas that are steep, stony,



230 SOIL SURVEY

or otherwise unsuitable for cultivation. The ranches
range in size from less than 100 acres to more than
50,000 acres. They are operated on a• part-time basis.
Herefords are the most commonly raised beef cattle;
others are Santa Gertrudis, Black Angus, and Charolaise.
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Glossary
Aa lava. Highly basaltic lava flows typified by a rough jagged

surface.
Aggregate, soil. Many fine particles held in a single mass or cluster.

Natural soil aggregates such as crumbs, blocks, or prisms, are
called peds. Clods are aggregates produced by tiulage or
logging.

Alluvium. Soil material, such as sand, silt, or clay, that has been
deposited on land by streams.

Available water capacity. The capacity of a Soil to hold water in
a form available to plants. Amount of moisture held in soil
between field capacity, or about one-third atmosphere of ten
sion, and the wilting coefficient, or about 15 atmospheres of
tension.

Base saturation. The degree to which material that has base
eXchange properties is saturated with exchangeable cations
other than hydrogen, expressed as a percentage of the cation-
exchange capacity.

Clay. As a soil separate, the mineral soil particles less than 0.002
millimeter in diameter. As a soil textural class, soil material
that is 40 percent or more clay, less than 45 percent sand, and
less than 40 percent silt

Colluvium. Soil material, rock fragments, or both, moved by creep,
slide, or local wash and deposited at the base of steep slopes.

Consistence, soil. The feel of the soil and the ease with which a
1ump can be crushed by the fingers. Terms commonly used to
describe consistence are—

Loose.—Noncoherent when dry or moist; does not hold together
in a mass.

Slightly hard.—When dry, Soil is slightly resistant to pressure
but can be broken between thumb and forefinger.

Hard.—Wlien dry, moderately resistant to pressure; can be
broken with difficulty between thumb and forefinger.

Friaale.—Wben moist, crushes easily under gentle pressure be.
tween thumb and forefinger and can be pressed together into
a lump.

Firm.—When moist, crushes under moderate pressure between
thumb and forefinger, but resistance is distinctly noticeable.

Sticlcy.—When wet, adheres to other material and tends to stretch
somewhat and pull apart, rather than to pull free.

P7.astic.—’When wet, readily deformed by moderate pressure but
can be pressed into a lump; will form a “wire” when rolled
between thumb and forefinger.

Weakly srneary.—tinder strong pressure, the soil material
changes suddenly to fluid, the fingers skid, and the soil
smears. After the soil smears, there is little or no evidence
of free water on the fingers.

Moaerately .sm.earp.—Under moderate to strong pressure, the
soil material changes suddenly to fluid, the fingers skid,
and the soil smears and is slippery. After the soil smears,
there is evidence of free water on the fingers.

Strongly smearU.—TJnder moderate pressure, the soil material
changes suddenly to fluid, the fingers skid, and the soil
smears ‘and is very slippery. After the soil smears, free water
is easily seen on the fingers.

Erosion. The wearing away of the land surface by wind (sand
blast), running water, and other geological agents.

Flood plain. Nearly level land, consisting of stream sediments,
that borders a stream ‘and is subject to flooding unless protected
artificially.

Gravel. A mass of rounded or angular fragments up to 3 inches
in diameter.

Horizon, soil. A layer of soil, approximately iaralle1 to the sur
face, that has distinct characteristics produced by soil-forming
processes. These are the major horizons:

0 lzorizon.—Tbe layer of organic matter on the surface of a
mineral soil. This layer consists of decaying plant residues.

A horizon—The mineral horizon at the surface or just below an
O horizon. This horizon is the one in which living organisms
are most active and therefore is marked by the accumulation
of humns. The horizon may have lost one or more of soluble
salts, clay, and sesquloxideg (iron and aluminum oxides).

B lzorizon.—The mineral horizon below an A horizon. The B
borizn is in part a layer of change from the overlying A
to the underlying C horizon. The B horizon Also has dis
tinctive characteristics caused (1) by accumulation of clay,
sesquioxides, humus, or some combination of these; (2) by
prismatic or blocky structure; (3) by redder or stronger
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colors than the A horizon; or (4) by some combination of
these. Combined A and B horizons are usually called the
solum, or true soil. If a soil lacks a B horizon, the A horizon
alone is the solum.

C horiron.—The weathered rock material immediately beneath
the solum. In most soils this material is presumed to be
like that from which the overlying horizons formed. If the
material is knowa to be different from that in the solum, a
Roman numeral precedes the letter C.

R lcorizon.—Consofldated rock beneath the soil. The rock usually
underlies a C horizon but may be immediately beneath an
A or B horizon.

florizon, soil diagnostic. Combinations of specific soil character
istics that indicate certain classes of soils. Those that occur at
the surface are called epipedons, those below the surface,
diagnostic subsurface horizons.

Aibic li.or•Izon.—A residual concentration of quartz and other
primary minerals of gray to white colors.

Argillic horizon—Au accumulation of illuvial silicate clay. If
the layer has an appreciable amount of exchangeable sodium
and prismatic or columnar structure, it is called a natric
horizon.

Gaicto horizon.—An accumulation of appreciable amounts of
calcium carbonate.

Cambic korieon.—A layer in which changes have been sufficient
(1) to give rise to structure, (2) to liberate free iron oxide,
(3) to form silicate clay minerals, (4) to obliterate most
evidence of original rock structure, or (5) some combination
of these. Illuviation of iron, humus, or clay is not sufficient
to qualify horizon as argillic or spodic.

Hs tic epipedon.—A thin, less than 30 centimeters, organic layer
(peat or muck) that is normally saturated with water.

Moilic epipedon.—A thick, dark-colored surface layer that is
much like the surface layer of soils that formed under grass.
This layer may have moderate to strong structure, a base
saturation of 50 percent or more, and calcium as the domi
nant metallic cation.

Natrio lwrizon.—A special kind of argillic horizon that has
prismatic or columnar structure, generally columnar, and
15 percent saturation with sodium. If the C’ horizon also
has more than 15 percent sodium, the n’atric horizon must
have more magnesium plus sodium than calcium plus
hydrogen.

Ochrcc epipedon.—A surface horizon that contains some organic
matter but is too light colored or too thin to meet the re
quirements of other kinds of epipedons.

Uric koriaon.—A residual concentration of lattice clays and free
sesquloxides that has very low cation exchange capacity.

Petrocalcie hen-iron—A continuous indurated ealcic horizon
cemented with carbonates of calcium and in places with
magnesium.

Spodic horiron.—.An accumulation of illuvial humus and alumi
num or iron in amorphous forms.

Duripan.—A horizon indurated with silicon dioxide, generally
opal, to the extent that dry fragments will not slake in
water.

Miscellaneous land type. A mapping unit for areas of land that
have little or no natural soil; or that are too nearly inaccessible
for orderly examination; or that occur where, for other rea
sons, it is not feasible t classify the soil.

Mottled. Irregularly marked with spots of different colors that
vary in number and size. Mottling in soils usually indicates poor
aeration and lack of drainage. Descriptive terms are as follows:
Abundance—few, common, and many; size—fine, medium,
and coarse; and contrast—faint, distinct, and prominent. The
size measurements are these: fine, less than 5 millimeters
(about 0.2 inch) in diameter along the greatest dimension:
med,iarn., ranging from 5 millimeters to 15 millimeters (about
0.2 to 0.6 inch) in diameter along the greatest dimension;
and coarse, more than 15 millimeters (about 0.6 inch) in
diameter along the greatest dimension.

Natural soil drainage. Refers to the conditions of frequency and
duration of periods of saturation of partial saturation that
existed during the development of the soil, as opposed to
altered drainage, which is commonly the result of artificial
drainage or irrigation but may be caused by the sudden deepen.
ing of channels or the blocking of drainage outlets. Seven dif
ferent classes of natural soil drainage are recognized.

Emvcessivciy drained soils are commonly very porous and rapidly
permeable and have a low available water capacity.
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Somewhat excesslvely drained soils are also very permeable
and are free from mottling throughout their profile.

WeZl-dra4ned soils are nearly free from mottling and are com
monly of intermediate texture.

Moderately well drained soils commonly have a slowly permeable
layer in or immediately beneath the solum. They bays uni
form color in the A and upper B horizons and have mottling
in the lower B and the 0 horizons.

Imperfectly or somewhat poorly drained soils are wet for signifi
cant periods but not all the time, and Podzolic soils com
monly have mottlings below a depth of 6 to 16 inches, in
the lower A horizon and in the B and 0 horizons.

Poorly drained soils are wet for long periods and are light gray
and generally mottled from the surface downward, although
mottling may be absent or nearly so in some soils.

Very poorly droAneel soils are wet nearly all the time. They
have a dark-gray or black surface layer and are gray or light
gray, with or without mottling, in the deeper parts of the
profile.

Pahoehoe lava. Massive, impermeable basaltic lava flows typified
by a smooth, billowy, or ropy surface.

Parent material (soil). The horizon of weathered rock or partly
weathered soil material from which soil has formed; horizon
C in the soil profile.

Permeability, soil The capacity of a soil horizon to transmit air
or water. Terms used to describe permeability are as follows:
very slow, slow, moderately slow, nwderate, moderately rapid,
rapid, and vary rapid.

Plinthite. The sesquioxide-rich, humus-poor, highly weathered mix
ture of clay with quartz and other dilutents that commonly
shows as red mottles, usually in platy, polygonal, or reticulate
patterns. Plinthite changes irreversibly to hardpan or to
irregular aggregates on repeated wetting ‘and drying, or it is
the hardened relicts of the soft, red mottles. It is a form of tile
material that has been called laterite.

Profile, soil. A vertical section of the soil through all its horizons
and extending into the parent material.

Reaction, soiL The degree of acidity or alkalinity of a soil, ex
pressed in pH values. A soil that tests to pH 7.0 is precisely
neutral in reaction because it is neither acid nor alkaline. An
acid, or “sour,” soil is one that gives an acid reaction; an
alkaline soil is one that is alkaline in reaction. In words, the
degrees of acidity or alkalinity are expressed thus:

Extremely acid__ Mlldlly alkailne..___
Very strongly Moderately

acid 4.5 to 5.0 alkaline 7.9 to 8.4
Strongly acid..___ 5.1 to 5.5 Strongly alkaline_ 8.5 to 9.0
Medium acid_ 5.6 to 6.0 Very strongly 9.1 and
Slightly acid.___ 6.1 to 6.5 alkaline higher
Neutral 6.6 to 7.3

Saline soil. A soil that contains soluble salts in amounts that im
pair growth of plants but that does not contain excess ex
changeable sodium.

Sand. Individual rock or mineral fragments in soils having diam
eters ranging from 0.05 millimeter to 2.0 millimeters. Most
sand grains consiSt of quartz, but they may be any mineral
composition. The textural class name of any soil that contains
85 percent or more sand and not more than 10 percent c-lay.

Saprolite. Thoroughly decomposed, earthy, untransported rock.
Series, soil. A group of soils developed from a particular type of

parent material and having genetic horizons that, except for
texture of the surface layer, are similar in differentiating
characteristics and in arrangement in the profile.

Silt. Individual mineral particles in a soil that range in diameter
from the upper limit of clay (0.002 millimeter) to the lower
limit of very fine sand (0.05 millimeter). Soil of the silt tex
tural class is 80 percent or more silt and less than 12 percent
clay.

Soil. A natural, three-dimensional body on the earth’s surface that
supports plants and that has properties resulting from the
integrated effect of elimaaete and living matter acting on earthy
parent material, as conditioned by relief over periods of time.

Solum. The upper part of a soil profile, above the parent material,
in which the processes of soil formation are active. The solum
in mature soil includes the A and B horizons. Generally, the
characteristics of the material in these horizons are unlike

pH
Below 4.5

pH
7.4 to 7.8
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those of the underlying material. The living rootand other
plant and animgl life charaCteristic of the Soil are largely
confined to the solum.

Structure, soil. The arrangement of primary soil particles into
compound particles or clusters that are separated from ad
joining aggregates and have properties unlike those of an
equal mass of unaggregated primary soil particles. The prin
cipal forms of soil structure are—piety (laminated), prismatic
(vertical anis of aggregates longer than horizontal), columnar
(rrisms with rounded tops), blocky (angular or subangular),
and granular. .Structurcless soils are (1) single grain (each
grain by itself, as in dune sand) or (2) massive (the particles
adhering together without any regular cleavage, as in many
claypans and hardpans).

Subsoil. Technically, the B horizon; roughly, the part of the solum
below plow depth.

Substratum. Technically the part of the soil below the solum.
Surface soil. The soil ordinarily moved in tillage, or its equivalent

in uncultivated soil, about 5 to 8 inches in thickness. The
ploved layer.

Terrace (geological). An old alluvial plain, ordinarily fiat or un
dulating, bordering a river, lake, or the sea. Stream terraces
are frequently called second bottoms, as contrasted to fibbd
plains, and are seldom subject to overflow. Martha terraces
were depositedliy the sea and ale generally wide.

Texture, soil. The relative proportions of sand, silt, and clay par
ticles in a mass of soil. The basic textural classes, in order of
increasing proportion of fine particles, are saint, loamy sand,
sandy loam, loam, silt loam, silt, sandy clay loam, ela-y loam.,
silty clay loam, sandy clay, silty clay, and clay, The sand,
loamy sand, and sandy loam classes may. be further divided
by specifying ‘coarse,” “fine,” or “very fine.”

Water table. The highest part of the soil or underlying•rockmaterial
that is wholly satuiated with water. In some places an upper,
or perched, water table may be separated from a lOwer one by
a dry zone.



GUIDE TO MAPPING UNITS

For a full description of a mapping unit, read both the description of the mapping Unit and that of the soil
series to which the mapping unit belongs. An explanation of capability classification begins on page 153.
Other information is given in tables as follows:

Acreage and extent, table 1, page 15. Use of the soils in engineering, table 2, page
156, table 3, page 168, table 4, page 202.

HIGH- AND MEDIUM- INTENSITY SURVEY

Capability Sugarcane Pineapple Pasture Woodland
classification group group group group

Irri- Non
gated irri

Dc- gated
Map scribed

symbol Mapping unit on page Symbol Symbol No. Page No. Page No. Page No. Page

AaB Alae sandy loam, 3 to 7 percent
slopes 26 IVs VIs 1 136 1 143

AcA Alae cobbly sandy loam, 0 to 3
percent slopes 14 IVs VIs 1 136 1 143

Act Alae cobbi>’ sandy loam, 3 to 7 per
cent slopes 26 IVs VIs 1 136 1 143

AeB Alaeloa silty clay, 3 to 7 percent
slopes 26 lIe lIe 5 140 6 145 5 150

AeC Alacina silty clay, 7 to 15 percent
slopes 26 IlIe lIle 6 140 6 145 5 150

AcE Alaeloa silty clay, 15 to 35 per
cent slopes 26 VIe 6 140 6 145 5 150

EaA twa Silty clay loam, 0 to 3 percent
slopes

- 30 I IVc 1 136 1 137 2 144
taB Ewa silty clay loam, 3 to 6 percent

slopes 29 lIe IVc 1 136 2 138 2 144
EaC Ewa silty clay loam, 6 to 12 percent

slopes 30 IlIe lye 1 136 3 139 2 144
EcA twa cobbly silty clay loam, 0 to 3

percent slopes 30 Its IVS 1 136 2 144
EcB Ewa cobbly silty clay loam, 3 to 7

percent slopes 30 lIe IVs 1 136 -- 2 144
EmA Baa silty clay loam, moderately

shallow, 0 to 2 percent slopes---- 30 us IVs 1 136 1 137 2 144
taB Ewa silty clay loam, moderately

shallow, 2 to 6 percent Slopes---- 30 lIe IVs 1 236 2 138 2 144
UsA Ewa silty clay, 0 to 3 percent

slopes 30 1 IVc 1 136 1 137 2 144
list twa silty clay, 3 to 7 percent

slopes 30 lIe IVc 1 136 2 138 2 144
EtB twa cobbly silty clay, 5 to 7

percent slopes 30 lIe IVs 1 136 2 138 2 144
twA twa stony silty clay, 0 to 2

percent slopes 30 Us IVs 1 136 2 144
Eat twa stony silty clay, 2 to 6

percent slopes 30 lIe IVs 1 136 2 144
EwC Ewa stony silty clay 6 to 12

percent slopes 31 Ills IVe 1 136 144
Fd Fill land Si ---- --- --

HaB Haiku silty clay, 3 to 7 percent
slopes 32 lIe lIe 5 140 8 145 7 151

HaC Haiku silty clay, 7 to 15 percent
slopes 32 Ills IlIe —— -—- 6 140 8 145 7 151

HbB Haiku clay, 3 to 7 percent slopes--- 32 lIe lie -- --- 5 140 8 145 7 151
J-lbC Haiku clay, 7 to 15 percent slopes-- 32 Ills Ille -- --- 6 140 8 145 7 151
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HcB Haleiwa silty clay loam, 0 to 10
percent slopes 34 IlIe life J 136 3 144 1 149

HdC Haleiwa very stony silty clay loam,
0 to 15 percent slopes 34 VIs VIa 3 144 1 149

HeA Haleiwa silty clay, 0 to 2 percent
slopes lIe IlIc 1 136 3 144 1 149

DaB Haleiwa silty clay, 2 to 6 percent
slopes 34 lIe IlIc 1 136 3 144 1 149

HfB Halil gravelly silty clay, 3 to 8
percent slopes 34 IVs 2 136 7 141 10 146 9 151

HfC Halii gravelly silty clay, 8 to 15
percent slopes 35 IVe 2 136 8 141 10 146 9 151

Hf02 Halii gravelly silty clay, 15 to
25 percent slopes, eroded 35 IVe 2 136 10 146 9 151

HfE2 Halii gravelly silty clay, 25 to
40 percent slopes, eroded 35 VIe 10 146 9 151

HgB Haliimaile silty clay loam, 3 to 7
percent slopes 36 lIe lIe 1 136 5 140 3 144 1 149

HgC Haliimaile silty clay loam, 7 to 15
percent slopes 36 file IlIe 1 136 6 140 3 144 1 149

FthB [Ialiimaile silty clay, 3 to 7 per
cent slopes 35 lie lie 1 136 S 140 3 144 1 149

HhC Haliimaile silty clay, 7 to 15
percent slopes 36 lila fIle 1 136 6 140 3 144 1 149

HkC2 Haliimaile gravelly silty clay, 7
to 15 percent slopes, eroded 36 IVe IVe 1 136 6 140 3 144 1 149

FI1B Hamakuapoko silty clay, 3 to 7 per
cent slopes 36 lIe lIe S 140 6 145 5 150

HIC Hamakuapoko silty clay, 7 to 15
percent slopes 37 IlIe IlIe 6 140 6 145 5 150

[-11C2 Hamakuapoko silty clay, 7 to 15
percent slopes 37 lye IVe 6 140 6 145 S 150

DmA Hanalei silty clay loam, 0 to 2
percent slopes 38 11w 11w 3 137 7 145 4 149

DnA Hanalei silty clay, 0 to 2 percent
slopes 38 11w 11w 3 137 7 145 4 149

HnB Hanalei silty clay, 2 to 6 percent
slopes 38 11w 11w 3 137 145 4 149

NoB Hanalei stony silty clay, 2 to 6
percent slopes 38 11w 11w 3 137 -- 7 145 4 149

HpA Hanalei peaty silty clay loam, 0
to 2 percent slopes 38 lVw IVw 3 137 7 145 4 149

HrB Hanalei silty clay, deep water
table, 0 to 6 percent slopes 38 11w 11w 3 137 7 145 4 149

NaB Hanamaulu silty clay, 3 to 8 percent
slopes 39 lIe lie 2 136 8 145 7 151

I-IsC Hanainaulu silty clay, 8 to 15
percent slopes 39 lIle lIle 2 136 8 145 7 151

HsD Hanamaulu silty clay, 15 to 25
percent slopes 39 lye iVe 2 136 8 145 7 151

HsE Hanamaulu silty clay, 25 to 40
percent slopes 39 VIe 8 145 7 151

1-lIE Hanamaulu stony silty clay, 10 to
35 percent slopes 39 VIe 8 145 7 151

HuE Hanamaulu bouldery silty clay,
10 to 35 percent slopes 39 VIe 8 14.5 7 151
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KaeB Kaena stony clay, 2 to 6 percent
Slopes 50 111w IVw 4 137 7 145 4 149

XaeC Kaena stony clay, 6 to 12 percent
slopes 49 111w IVw 4 137 7 145 4 149

KaeD Kaena stony clay, 12 to 20 percent
slopes 50 IVw VIw 4 137 7 145 4 149

KanE Kaena very stony clay, 10 to 35
percent slopes 50 VIs 7 145 4 149

KavB Kaena clay, brown variant, 1 to 6
percent slopes 50 111w IVw 3 137 7 145 4 149

KavC Kaena clay, brown variant, 6 to 12
percent slopes 50 111w IVw 3 137 7 145 4 149

KbB Kahana silty clay, 3 to 7 percent
slopes 51 lIe lie 5 140 3 144 1 149

KbC Kahana silty clay, 7 to 15 percent
slopes 50 IlIe IlIe 6 140 3 144 1 149

KbD Kahana silty clay, 15 to 25 per
cent slopes 51 IVe IVe 6 140 3 144 1 149

KcB Kalae silty clay, 2 to 7 percent
slopes 54 lIe Ilic S 140 6 145 5 150

KcC Kalae silty clay, 7 to 15 percent
slopes 55 IlIe Ille 6 140 6 145 5 150

KcC3 Kalae silty clay, 5 to 15 percent
slopes, severely eroded 55 IVe IVe 6 140 6 145 5 150

KcD3 Kalae silty clay, 15 to 25 percent
slopes, severely eroded 55 VIe VIe 6 145 5 150

KcE3 Kalae silty clay, 25 to 40 percent
slopes, severely eroded 55 VIe 6 145 5 150

KdD Kalapa silty clay, 8 to 20 percent
slopes 56 IVe IVe 2 136 8 145 7 151

KdE Kalapa silty clay, 20 to 40 percent
slopes 56 VIe 8 145 7 151

KdF Kalapa silty clay, 40 to 70 percent
slopes 55 --— Vile 8 145 14 152

Ke Kalihi clay 57 111w iVw 3 137 7 145 4 149
Kf Kaloko clay loam 58 111w Vw 3 137 7 145 --

Kfa Kaloko clay 58 111w Vw 3 137 7 145 --

Kfb Kaloko clay, noncalcareous
variant 58 111w Vw 3 137 7 145

KgB Kaneohe silty clay, 3 to 8 percent
Slopes 59 lIe 8 145 7 151

KgC Kaneohe silty clay, S to 15 percent
slopes 60 IlIe 8 145 151

KhB Kanepuu silty clay, 3 to 7 percent
slopes 60 lIe IlIc 3 144

KhB2 Kanepuu silty clay, 3 to 7 percent
slopes, eroded 61 lIe IlIc 144

KhC Kanepuu silty clay, 7 to 15 per
cent slopes 61 IlIe IlIe 3 144

KhC2 Kanepuu silty clay, 7 to 15 per
cent slopes, eroded 61 lIle IVe 3 144

KkB Kapaa silty clay, 3 to 8 percent
slopes 61 Ills 2 136 7 141 10 146 9 151

KkC Kapaa silty clay, S to 15 percent
slopes 62 IlIe 2 136 8 141 10 146 9 151
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XkD Kapaa silty clay, 15 to 25 percent
slopes 62 IVe 2 136 8 141 10 146 9 151

KkE Kapaa silty clay, 25 to 40 percent
slopes 62 VIe 10 146 9 151

X1A Kawaihapai clay loam, 0 to 2 per
cent slopes 64 I lIc 1 136 144 1 149

KiD Kawaihapai clay loam, 2 to 6 per
cent slopes 64 lIe lIe 1 136 144 1 149

K1C Kawaihapai clay loam, 6 to 15 per
cent slopes 64 IlIe Ille 1 136 3 144 1 149

XlaA Kawaihapai stony clay loam, 0 to 2
percent lopes 64 us ITs 1 136 3 144 1 149

flaB Xawaihapai stony clay loam, 2 to 6
percent slopes 64 lIe lIe 1 136 144 1 149

KlbC Kawaihapai very stony clay loam,
0 to 15 percent slopes 64 VIa 144 1 149

K1cB Kawaihapai silty clay loam, 2 to
7 percent slopes 64 lIe lIe 136 3 144 1 149

KinA Keaau clay, 0 to 2 percent slopes-- 65 111w Vw 137 7 145 4 149
KmaB Keaau stony clay, 2 to 6 percent

slopes 65 111w Vw 137 7 145 4 149
KmbA Keaau clay, saline, 0 to 2 percent

slopes 65 VIw
-- 7 145 4 149

KnB Keahua silty clay loam, 3 to 7
percent slopes 65 lIe IVc 1 136 2 138 2 144

KnC Keahua silty clay loam, 7 to 15
percent slopes 66 IlIe lye 1 136 3 139 2 144

KnaB Keahua cobbly silty clay loam,
3 to 7 percent slopes 66 lIe IVs 1 136 2 144

KnaC Keahua cobbly silty clay loam,
7 to 15 percent slopes 66 TIle IVe 1 136 2 144

KnaD Keahua cobbly silty clay loam,
15 to 25 percent slopes 66 IVe IVe 1 136 2 144

KnbD Keahua very stony silty clay loam,
7 to 25 percent slopes 66 VIs 2 144

KncC Keahua silty clay, 7 to 15 percent
slopes 66 IlIe IVe 1 136 3 139 2 144

KnhC Keahua cobbly silty clay, 7 to
15 percent slopes 66 lIle IVe 1 136 2 144

KnsC Keahua stony silty clay, 7 to
15 percent slopes 67 TIle IVe 1 136 2 144

KoA Kekaha silty clay, 0 to 2 percent
sloes 68 I IVc 1 136 2 144 4 149

K0B Kekaha silty clay, 2 to 6 percent
slopes 69 lIe IVc 1 136 2 144 4 149

KobA Kekaha clay, 0 to 2 percent
slopes 69 I lye 1 136 2 144 4 149

KpB Kemoo silty clay, 2 to 6 percent
slopes 70 lIe 1 136 5 140 5 145 S 150

KpC Kemoo silty clay, 6 to 12 percent
slopes 70 IlIe 1 136 6 140 5 145 5 150

KpD Kemoo silty clay, 12 to 20 percent
slopes 69 IVe 1 136 6 140 5 145 5 150

KpE Kemoo silty clay, 20 to 35 percent
slopes 70 VIe -— ——— 5 145 5 150
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KpF Xemoo silty clay, 35 to 70 per
cent slopes 70 VIle 5 145 15 152

KrB Koele silty clay loam, 3 to 7
percent slopes 70 lie IlIc 2 138 3 144

KrC Koele silty clay loam, 7 to 15
percent slopes 71 TIle IlIe 3 139 3 144

KrD Koele silty clay loam, 15 to 25
percent slopes 71 IVe IVe 3 139 3 144

KsB Koko silt loam, 2 to 6 percent
slopes 72 lIe VIc 2 144

K5C Koko silt loam, 6 to 12 percent
slopes 73 IlIe VIe 2 144

K5D Koko silt loam, 12 to 25 percent
slopes 73 IVe VIe 2 144

KtC Kokokahi clay, 6 to 12 percent
slopes 73 VIe 3 144

KuB Kolekole silty clay loam, 1 to 6
percent slopes 73 lIe TIle 1 136 S 140 6 145 6 150

KuC Kolekole silty clay loam, 6 to 12
percent slopes 74 IlIe TIle 1 136 6 140 6 145 6 150.

KuD Kolekole silty clay loam, 12 to 25
percent slopes 74 IVe IVe 1 136 6 140 6 145 6 150

KvB Koioa stony silty clay, 3 to 8
percent slopes 74 lIe IVe 1 136 5 145 S 150

KvC Koloa stony silty clay, 8 to 15
percent slopes 75 IlIe IVe 1 136 145 5 150

KvD Koloa stony silty clay, 15 to 25
percent slopes 75 IVe lye 1 136 --- 5 145 5 150

Kw Kolokolo clay loam 75 11w 11w --- 8 145 7 151
KxC Kula loam, 4 to 12 percent slopes 77 IlIe TIle --- 4 144 2 149
KxD Kula loam, 12 to 20 percent

slopes 77 IVe IVe 4 144 2 149
KxaD Kula cobbly loam, 12 to 20 per

cent slopes 76 IVe IVe 4 144 2 149
KxbE Kula very rocky loam, 12 to 40

percent slopes 77 VIs 4 144 2 149
KyA Kunia silty clay, 0 to 3 percent

slopes 77 I IlIc 1 136 1 137 3 144 1 149
KyB Kunia silty clay, 3 to 8 percent

slopes 78 lIe IlIc 1 136 2 138 3 144 1 149
KyC Kunia silty clay, 8 to 15 percent

slopes 78 IlIe IlIe 1 136 3 139 3 144 1 149
LaA Lahaina silty clay, 0 to 3 percent

slopes 79 I IlIc 1 136 1 137 3 144 1 149
LaB Lahaina silty clay, 3 to 7 percent

slopes 78 lIe IIIc 1 136 2 138 3 144 1 149
LaB3 Lahaina silty clay, 3 to 7 percent

slopes, severely eroded 79 lIle IVe 1 136 2 138 3 144 1 149
LaG Lahaina silty :clay, 7 to 15 per

cent slopes 79 IlIe IlIe 1 136 3 139 3 144 1 149
LaC3 Lahaina silty clay, 7 to 15 per

cent slopes, severely eroded 79 IVe IVe 1 136 3 139 3 144 1 149
LaD Lahaina silty clay, 15 to 25 per-

cent slopes 79 IVe IVe 1 136 3 139 3 144 1 149
LaD3 Lahaina silty clay, l5.to 25 per

cent slopes, severely eroded 79 VIe VIe 3 144 1 149
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LaE3 Lahaina silty clay, 25 to 40 per
cent slopes, severely eroded---- 79 VIe VIe -— --- 3 144 1 149LcB Lawai silty clay, 0 to 8 percent
slopes 81 111w 2 136 8 145 7 151LcC Lawai silty clay, 8 to 15 percent
slopes 81 lIle 2 136 8 145 7 151LcD Lawai silty clay, 15 to 25 percent
slopes 81 IVe 2 136 8 145 7 151LeE Leilehua silty clay, 2 to 6 per
cent slopes 81 lIe lIe 2 136 5 140 8 145 7 151LeC Leilehua silty clay, 6 to 12 per
cent slopes 82 IlIe IlIe 2 136 6 140 8 145 7 151LhB Lihue silty clay, 0 to 8 percent
slopes 82 lIe lIe 1 136 5 140 5 145 S 150LhC Lihue silty clay, 8 to 15 per—
cent slopes 83 lIle lIle 1 136 6 140 5 145 5 150LhD Lihue silty clay, 15 to 25 per
cent slopes 83 IVe IVe 1 136 6 140 5 145 5 150LhE2 Lihue silty clay, 25 to 40 per
cent slopes, eroded 83 VIe -- 5 145 5 150L1B Lihue gravelly silty clay, 0 to
8 percent slopes 83 lIe lIe 1 136 5 140 5 145 5 150L1C Lihue gravelly silty clay, 8 to
15 percent slopes 83 tIle IlIe 1 136 6 140 5 145 5 150LoB Lolekaa silty clay, 3 to 8 per
cent slopes 83 lIe 8 145 7 151LoC Lolekaa Silty clay, 8 to 15 per
cent slopes 84 IlIe 8 145 I 7 151LoU Loiekaa silty clay, 15 to 25 per
cent slopes 84 IVe 8 145 7 151L0E Lolekaa silty clay, 25 to 40 per
cent slopes 84 VIe 8 145 7 151LoP Lolekaa silty clay, 40 to 70 per
cent slopes 84 VIle 8 145 14 152LuA Lualualei clay, 0 to 2 percent
slopes 84 Ills VIa 4 137 2 144 4 149LuB Lualualei clay, 2 to 6 percent
slopes 85 IlIe VIs 4 137 2 144 4 149LvP, Lualualei stony clay, 0 to 2
percent slopes 85 Ills VIs 4 137 2 144 4 149LvB Lualualel stony clay, 2 tq 6
percent slopes 85 lIle VIs 4 137 2 144 4 149MaC Mahana silt loam, 6 to 12 percent
slopes 85 lIle IVe 1 136 6 140 6 145 5 150MaD Mahana silt loam, 12 to 20 per
cent slopes 86 IVe IVe 1 136 6 140 6 145 5 iSOMaD3 Mahana silt loam, 12 to 20 per
cent slopes, severely eroded---- 86 IVe VIe 1 136 6 140 6 145 5 150MaE Mahana silt loam, 20 to 35 per
cent slopes 86 VIe -— --- 6 145 5 150MaE3 Mahana silt loam, 20 to 35 per
cent slopes, severely eroded--- 86 VIe --

--- 6 145 5 150McC2 Mahana silty clay loam, 6 to 12
percent slopes, eroded 86 IlIe IVe 1 136 6 140 6 145 5 isoMcD2 Mahana silty clay loam, 12 to 20
percent slopes, eroded 86 IVe IVe 1 136 6 140 6 145 5 150
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McE2 Mahana silty clay loam, 20 to 35
percent slopes, eroded 86 VIe 6 145 5 15014dB Nakalapa clay, 2 to 6 percent
slopes 87 Ills 4 137 3 144}4dC Makalapa clay, 6 to 12 percent
slopes 88 IVe 4 137 3 144}4dD Makalapa clay, 12 to 20 percent
slopes 88 IVe 4 137 3 144MeB Makapili silty clay, 0 to 8 per
cent slopes 88 lIe lIe 10 146 9 151NeC Makapili silty clay, 8 to 15 per
cent slopes 89 IlIe IlIe 10 146 9 151MeD Makapili silty clay, 15 to 25 per
cent slopes 89 IVe IVe 10 146 9 151MeE Makapili silty clay, 25 to 40 per
cent slopes 89 VIe 10 146 9 151MfB ?1akawao si1t clay, 3 to 7 per
cent slojies 89 lIe S 140 8 145 7 151MfC Makawao silty clay, 7 to 15 per
cent slopes 90 IlIe 6 140 8 145 7 151MgB Makaweli silty cia)’ loam, 0 to 6
percent slopes 90 lIe IVe 1 136 2 144MgC Makaweli silty clay loam, 6 to 12
percent slones 90 IlIe IVe 1 136 2 144 --MgD Makaweli silty clay loam, 12 to 20
percent slopes 90 IVe IVe 1 136 144 --Mg52 )4akaweli silty clay loam, 20 to 35
percent slopes, eroded 90 VIe 2 144MhB Makaweli stony silty clay loam, 0
to 6 percent slopes 90 lIe IVs 1 136 2 144MhC Makaweli stony silty cia)’ loam, 6
to 12 percent slopes 91 IlIe lYe 1 136 2 144WhO Makaweli stonysilty clay loam, 12
to 20 percent slopes 91 IVe IVe 1 136 2 144MhE Makawelistony silty clay loam, 20
to 35 percent slopes 91 VIe 2 144MkA Makiki clay loam, 0 to 2 percent
slopes 91 lIft

M1A Makiki stony clay loam, 0 to 3
percent slopes 92 Ills

MmA Hala silty clay, 0 to 3 percent
slopes 92 I. VIc 1 143MmB Mala silty clay, 3 to 7 percent
slopes 93 lIe VIc 1 143MIIC Mamala stony silty clay loam, 0
to 12 percent slopes 93 Ills VIs 1 136 2 144MoB Manana silty clay loam, 2 to 6
percent slopes 94 lIe IlIe 1 136 5 140 6 145 6 150WoC Manana silty clay loam, 6 to 12
percent slopes 94 TIle IVe 1 136 6 140 6 145 6 150MoD2 Manana silty clay loam, 12 to 25
percent slopes, eroded 94 VIe VIe 1 136 6 145 6 150MpB Manana silty clay, 3 to 8 percent
slopes 94 lIe lIe 1 136 5 140 6 145 6 150MpG Manana silty clay, S to 15 percent
slopes 95 IlIe IlIe 1 136 6 140 6 145 6 150
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MpD Manana silty clay, 15 to 25 per
cent slopes 95 IVe IVe 1 136 6 140 6 145 6 150MpD2 Manana silty clay, 12 to 25 per
cent slopes, eroded 95 VIe VIe 1 136 6 145 6 150MpE Manana silty clay, 25 to 40 per
Cent slopes 95 --- VIe

--- 6 145 6 150Mr Mokuleia fine sandy loam 95 Ills TVs 1 136 --- 3 144 --Ms Mokuieia loam 96 us VIs 1 136 --- 3 144 --Mt Mokuleia clay loam 95 Ils VIs 1 136 --- 3 144 --Nta Mokuleia clay loam, poorly
drained variant 96 111w 111w 3 137 3 144Ntb Mokuleia clay 95 Ills VIs 1 136 3 144NiA Molokai silty clay loam, 0 to 3
percent slopes 96 I IVc 1 136 1 137 2 144NuB Molokai silty clay loam, .3 to 7
percent slopesL 96 lIe IVc 1 136 2 138 2 144MuB3 Molokai silty clay loam, 3 to 7
percent slopes, severely
eroded 97 lIlt IVe 1 136 2 138 2 144MuC Nolokai silty clay loam, 7 to 15
percent slopes 97 IlIe IVe 1 136 3 139 2 144

MuC3 Molokai silty clay loam, 7 to 15
percent slopes, severely
eroded 97 IVe VIe 3 139 2 144MOD Molokai silty clay loam, 15 to 25
percent slopes 97 IVe IVe 1 136 3 139 2 144MvD3 Molokai silty clay loam, shallow
variant, 15 to 25 percent
slopes, severely eroded 97 VIe VIe 2 144NcC Niu silty clay loam, 6 tO 12
percent slopes 9S Ille IlIe 1 136 3 144 1 149NcD Niu silty clay loam, 12 to 20
percent slopes 9S IVe iVe 1 136 3 144 1 149Nc02 Niu silt>’ clay loam, 6 to 20
percent slopes, eroded 98 IVe 1 136 3 144 1 149NcE2 Niu silty clay loam, 20 to 35
percent slopes, eroded 98 --- Vie -— --- 3 144 1 149Nh Nohili clay 99 111w Vw 3 137 7 145 --NnC Nonopahu clay, 2 to 10 percent
slopes 100 IlIe VIe 4 137 2 144

NoC Nonopahu stony clay, 2 to 12
percent slopes 101 lIlt VIe 4 137 2 144OlD Cli loam,12 to 20 percent
slopes 103 IVe IVe 6 145 5 150PaC Paaloa silty clay, 3 to 12 per
cent slopes 106 IlIe 136 8 145 7 151PbC Paaloa clay, 2 to 12 percent
slopes 106 lIle 2 136 8 145 7 151PcB Pala silty clay, 3 to 7 percent
slopes 107 lIe IlIc 1 136 144 -—PcC Paia silty clay, 7 to 15 percent
slopes 107 IlIe Ills 1 136 3 144 --PcC2 Paia silt>’ clay, 7 to 15 percent
slopes, eroded 107 IVe IVe 1 136 3 144

PdA Pakala clay loam, 0 to 2 percent
slopes 107 I IVc 1 136 2 144 4 149
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PdC Pakala clay’ loam, 2 to 10 per-
cent slopes 108 lIe IVe 1. 136 2 144 4 149

PeR Paumalu silty clay’, 3 to8 per
cent slopes 111 lIe lIe 8 145 7 131

PeG PaunLalu silty clay, 8 to 15 per
cent slopes ill Ille IlIe 8 145 7 151

PeD Paumalu silty clay’, 15 to 25 per
cent slopes 110 lye IVe 8 145 7 151

PeE Paumalu silty clay, 25 to 40 per
cent slopes 111 VIe VIe 8 145 7 151

PeP Paumalu silty clay, 40 to 70 per
cent slopes ill VIle 8 145 14 152

PfB Pauwela clay, 3 to 7 percent
slopes 111 lIe 7 141 8 145 7 151

PfC Pauwela clay, 7 to 15 percent
slopes 112 lIle 8 141 8 143 7 151

PfD Pauwela clay, 15 to 25 percent
slopes 112 ——— IVe 8 141 8 145 7 151

Ph Pearl Harbor clay 112 IVw IVw -- --- 7 145 4 149
PkB Pohakupu silty clay loam, 0 to S

percent slopes 113 lIe IlIe 1 136 6 145 S 150
PkC Pohakupu silt>’ clay loam, 8 to 15

percent slopes 113 lIle 1 136 6 145 5 130
PIB Pooku silt>’ clay loam, 3 to 8

percent slopes 114 Ills 2 136 10 146 9 151
PID Pooku silty clay loam, 8 to 25

percent slopes 114 IVe 2 136 10 146 9 151
PmB Pooku silt>’ clay, 0 to 8 per

cent slopes 114 Ills 2 136 —— 146 9 151
PmC Pooku silty clay, 8 to 15 per

cent slopes 114 lIle 2 136 10 146 9 151
PmD Pooku silty clay, 15 to 25 per

cent slopes 114 IVe 2 136 -— 10 146 9 151
PinE Pooku silty clay, 25 to 40 per

cent slopes 114 VIe 10 146 9 151
PnA Puhi silty clay loam, 0 to 3

percent slopes 115 us us 1 136 4 139 8 145 7 151
PnB Puhi silty clay loam, S to 8

percent slopes 115 lIe lIe 1 136 5 140 8 145 7 151
PnC Puhi silty clay loam, 8 to 15

percent slopes 115 IlIe IlIe 1 136 6 140 8 145 7 151
PnD Puhi silty clay loam, 15 to 25

percent slopes 115 IVe IVe 1 136 6 140 8 145 7 151
PnE Puhi silty clay loam, 25 to 40

percent slopes 115 VIe 8 145 7 151PoB Pulehu sandy loam, 2 to 6 percent
slopes 116 IlIe VIs 1 136 2 144

PoaB Pulehu stony sandy loam, 0 to 7
percent slopes 117 IlIe VIs 1 136 2 144

PpA Pulehu silt loam, 0 to 3 percent
slopes 116 1 IVe 1 136 2 144

PpB Pulehu silt loam, 3 to 7 percent
slopes 116 lIe IVe 1 136 2 144

PrA Pulehu cobbly silt loam, 0 to 3
percent slopes 116 115 1Vs 1 136 2 144
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PrB Pulehu cobbly silt loam, 3 to 7
percent slopes 116 He IVs 1 136 2 144PsA Pulehu clay loam, 0 to 3 per
cent slopes 115 1 IVc 1 136 -- 2 144PtA Pulehu cobbly clay loam, 0 to 3
percent slopes 116 us IX’s 1 136 2 144PtB Pulehu cobbly clay loam, 3 to 7
percent slopes 116 lIe IVs 1 136 2 144PuB Pulehu stony clay loam, 2 to 6
percent slopes 116 lIe IVs 1 136 -- 2 144PvC Pulehu very stony clay loam, 0
to 12 percent slopes 116 IVs 1 136 -- 2 144PwC Puu Opae silty clay loam, 8 to
15 percent slopes 117 TIle lIle 6 145 5 150PwD Puu Opse silty clay loam, 15 to
25 percent slopes 118 IVe IVe 6 145 5 150PWE Puu Opae silty clay loam, 25 to
40 percent slopes 118 VIe 6 145 S 150UwB Uwala silty clay loam, 2 to 7
percent slopes 123 lIe IVc 2 138 2 144UwC Uu’ala silty clay loan, 7 to 15
percent slopes 124 TIle iVe 3 139 2 144UwC3 Uwala silty clay loam, 7 to 15
percent slopes, severely
eroded 124 lye IVe 3 139 2 144IYaA Wahiawa silty clay, 0 to 3 per
cent slopes 124 I TIc 1 136 4 139 5 145 5 150NaB Wahiawa silty clay, 3 to 8 per
cent slopes 125 lIe lIe 1 136 5 140 5 145 5 150WaC Wahiawa Silty clay, 8 to 15 per
cent slopes 125 IlIe TIle 1 136 6 140 5 145 5 150WaD2 Wahiawa silty clay, 15 to 25 per
cent slopes, eroded 125 IVe 1 136 6 140 5 145 5 150WbB Wahikuli silty clay, 3 to 7 per
cent slopes 125 lIe IVs 1 136 3 144WcB Wahikuli stony silty clay, 3 to 7
percent slopes 126 lIe IVs 1 136 3 144WcC Wahikuli stony silty clay, 7 to
15 percent slopes 126 TIle IVe 1 136 3 144WdB Wahikuli very stony silty clay,
3 to 7 percent slopes 126 IVs VIs 1 136 3 144WeB Waiakoa silty clay loam, 3 to 7
percent slopes 127 lIe VIs 1 136 1 143WeC Waiakoa silty clay loam, 7 to 15
percent slopes 127 IlIe Vie 1 136 1 143WfB Waiakoa cobbly silty clay loam,
3 to 7 percent slopes 127 lIe VIe 1 136 1 143WgB Naiakoa very stony silty clay
loam, 3 to 7 percent slopes---- 126 IVs VIs 1 136 1 143WgC Waiakoa very stony silty clay
loan, 7 to 15 percent slopes-- 127 IVs VIs 1 136 1 143WhB Waiakoa extremely stony silty
clay loam, 3 to 7 percent
Slopes 127 Vhs 143
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WhC Waiakoa extremely stony silty clay
loam, 7 to 15 percent slopes 127 --- VHs 1 143

WkA Waialua silty clay, 0 to 3 per
cent slopes 128 I lIlt 4 137 3 144 1 149

WkB lVaialua silty clay, 3 to 8 per
cent slopes 128 lIe IlIc 4 137 144 1 149W1B Waialua stony silty clay, 3 to S
percent slopes 128 file Ills 4 137 144 1 149

W1E Waialua stony silty clay, 12 to
30 percent slopes 129 IVe 3 144 1 1494nO Waialua very stony silty clay,
12 to 20 percent slopes 129 VIs 3 144 1 149WnB Waialua clay, 2 to 6 percent
slopes 129 lIe lIlt 4 137 3 144 1 149NoA Waihuna clay, 0 to 3 percent
slopes 129 ITs Ills 1 137 3 144

boB Waihuna clay, 3 to 7 percent
slopes 130 lIe Ills 2 138 3 144

NoC Waihuna clay, 7 to 15 percent
slopes 130 Ille TIle 3 139 3 144

NoD Naihuna clay, 15 to 25 percent
slopes 130 IVe IVe 3 139 3 144

WohB IVaihuna gravelly clay, 3 to 7
percent slopes 130 lIe Ills 2 138 3 144

WpB Waikane silty clay, 3 to 8 per
cent slopes 131 lIe lIe 8 145 7 151WpC Waikane silty clay, 8 to 15 per
cent slopes 131 lIle file 8 145 7 1.51WpE Waikane silty clay, 25 to 40 per
cent slopes 130 VIe 8 145 7 151WpF Waikane silty clay, 40 to 70 per-
cent slopes 131 VIle 8 145 14 152WpF2 Waikane silty clay, 40 to 70 per
cent slopes, eroded 131 VIle 8 145 14 152WpaE Waikane stony silty clay, 15 to
30 percent slopes 131 VIe 8 145 7 151NrA Waikapu silty clay loam, 0 to 3
percent slopes 131 IVc 1 137 2 144

WrB Waikapu silty clay loam, 3 to 7
percent slopes 132. lie IVc 2 138 2 144

Wr83 Waikapu silty clay loam, 3 to 7
percent slopes, severely
eroded 132 IlIe Pie 2 138 2 144WrC3 Waikapu silty clay loani, 7 to 15
percent slopes, severely
eroded 132 IVe IVe 3 139 2 144 --Ws Waikomo stony silty clay 132 IVs \‘Is 1 136 -—- S 145 13 152Wt Waikomo very rocky silty clay 133 VIs VIs

--- 5 145 13 152Wu Waikomo extremely rocky silty
clay 133 Vhs 5 145 13 152WvB Mailuku silty clay, 3 to 7 per
cent slopes 133 lIe IlIc 1 136 3 144 1 149NyC Mailuku silty clay, 7 to 15 per
cent slopes 133 lIle IlIe 1 136 —- 3 144 1 149MwC Wailuku cobbly silty clay, 7 to
15 percent slopes 133 lIle lIle 1 136 -- --- 3 144 1 149



GUIDE TO MAPPING UNITS--Continued

Capability Sugarcane Pineapple Pasture Woodland
classification group group grouP group

Irri- Non
gated irri

Ge-
gated

__________

Nap scribed
symbol 4apping unit on page Symbol Symbol No. Page No. Page No. Page No. Page

WxB Wainee very stony silty clay, 3 to
7 percent slopes 134 lVs VIs 1 136 -- 1 143 --WxC Wainee very stony silty clay, 7 to
15 percent slopes 134 IVs VIs 1 136 1 1431iyB Wain’ee extremely stony silty clay,
3 to 7 percent slopes 134 VIs VIs 1 143NyC Wainee extremely stony silty clay,
7 to 15 percent slopes 134 VIs VIs 1 143WZA Waipahu silty clay, 0 to 2 per
cent slopes 134 I IVc 1 136 3 144WzB Waipahu silty clay, 2 to 6 per
cent slopes 135 lIe IVc 1 136 3 144WzC Waipahu silty clay, 6. to 12 per
cent slopes 135 IlIe IVe 1 136 3 144

LOW-INTENSITY SURVEY

ALE3 Alaeloa silty clay, 15 to 35 per
cent slopes, severely eroded 27 VIle 6 145 5 150ALP Alaeloa silty clay, 40 to 70 per
cent slopes 26 VIle 6 145 15 152AME3 .Alaeloa stony silty clay, 15 to 35
percent slopes, severely
eroded 27 VIle 6 145 5 150AND Alaeloa stony silty clay, overwash,
15 to 35 percent slopes 27 VIe 6 145 S 150BE Badland 28 VItle --FM Badland-Mahana, complex 28

Badland
- VIlle --

Mahana
-- VIe 6 145 5 150BS Beaches 28 VIliw --

BW Blown-out land 28 VIle --

CO Colluvial land 29 VIle
--- 15 152CR Coral outcrop 29 X’IIIs --DL Duneland 29 VIlle --

FL Fill land, mixed 31 --- --

GL Gullied land 31 VIle --

HID Halawa silty clay, 3 to 25 per
cent slopes 32 IVe IVe 6 145 5 150HID3 Halawa silty clay, 3 to 25 per
cent slopes, severely eroded 33 VIe VIe 6 145 S 150HJE Halawa silt loam, 20 to 35 per
cent slopes 33 VIe 6 145 5 150HJF2 Halawa silt loam, 35 to 70 per
cent slopes, eroded 33 VIle 6 145 15 152HKLD Hana very stony silty clay loam,
3 to 25 percent slopes 37 VIs 11 147 8 151HKMD 1-lana extremely stony silty clay
loam, 3 to 25 percent slopes---— 37 VIs 11 147 8 151}IXNC 1-lana silty clay loam, moderately
deep variant, 3 to 15 percent
slopes 37 IlIe 11 147 8 151
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HKOC Hana extremely stony silty clay
loam, moderately deep variant,
3 to 15 percent slopes 37 VIa 9 146 8 151HLMG Helemano silt)’ clay, 30 to 90
percent slopes 40 VIle 3 144 15 152HMMF Hihimanu silty clay loam, 40 to
70 percent slopes 40 VIle 8 245 14 152HNIJD Hulua gravelly silty clay loan,
3 to 25 percent slopes 46 VIe 16 152HNUF Hulua gravelly silty clay loam,
25 to 70 percent slopes 45 VIle 16 152ISD lo silt loam, 7 to 25 percent
slopes 47 IVe 4 144 2 149JL Jaucas-Blown-otit land complex 49 VIe 1 143 --KASD Kahanui silty clay, 3 to 20 per
cent slopes 52 VIe 8 145 12 152KATD Kahanui gravelly silty clay, 3 to
20 percent slopes 51 VIe 8 145 12 152KBID Kailua silty clay, 3 to 25 per
cent slopes 53 IVe 11 147 S 151KCXD •Kaimu extremely stony peat, 7 to
25 percent slopes 53 VIs 5 145 3 149KDIE Kaipoioi loam, 7 to 40 percent
slopes 54 VIe 13 148 11 151KDVE Kaipoioi very rocky loam, 7 to 40
percent slopes 54 VIs 13 148 11 151KEHF Kalapa very rocky silty clay, 40
to 70 percent slopes 56 Vhs 8 145 14 152XFID Kalaupapa very rocky silty clay
loam, 3 to 25 percent slopes 56 Vhs 5 145 13 152KGKC Kainaole verystony silt loam, 3
to 15 percent slopes 59 VIs 3 144

KGLC Kamaole extremely stony silt
loam, 3 to 15 pecent slopes---— 59 VIs 3 144

KHMC Kaneohe silty clay loam, 5 to 15
percent slopes 60 hIle 8 145 7 151XHME Kaneohe silty clay loam, 15 to 30
percent slopes 60 VIe 8 145 7 151KHMF Kaneohe silty clay loam, 30 to 65
percent slopes 60 VIle 8 145 14 152KHOF Kaneohe silty clay, 30to 63 per
cent slopes 60 VIle

-- --— 8 145 14 152KIG Kapaa silty clay, 40 to 100 per
cent slopes 62 VIle -— —-— 10 146 24 152KKTC Kapuhikani extremely stony clay,
3 to 15 percent slopes 62 Vhs

--— 1 143
KLUD Kaupo very stony silty clay loam,

3 tO 25 percent slopes 63 Vhs
--- 3 144 1 149KLVD Kaupo extremely stony silty clay,

3 to 25 percent slopes 63 Vhs --
--- 3 144 1 149)G4W Kealia silt loam 67 VIIw -—
--- 1 143 ——KNXD Keawakapu extremely stony silty

clay loam, 3 to 25 percent
slopes 68 Vis

-- --- 1 143
KOYE Kekaha extremely stony silty clay

loa!n, 0 to 35 percent slopes--- 69 Vhs -— --- 2 144 4 149
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KPZ Kemoo-Badland complex
Kemoo
Badland

KRL Koele-Badland complex
Koele
Badland

KRX Koele rocky complex
KSKE Kokee silty clay loam, 0 to 35

percent slopes
KSKF Kokee silty clay loam, 35 to 70

percent slopes
KTKE Kokokahi very stony clay, 0 to 35

percent slopes
KUL Kolokolo extremely stony clay

loam
KVSB Koolau silty clay, 0 to 8 per

cent slopes
KVSE Koolau silty clay, 8 to 30 per

cent slopes
KZC Kunuweia very gravelly clay loam,

0 to 15 percent slopes
LME Laumaia baa, 7 to 40 percent

slopes
LMF Laumala loam, 40 to 70 percent

slopes
LNE Laumaia extremely stony loam, 7

to 40 percent slopes -

LPE Lualualei extremely stony clay,
3 to 35 percent slopes

MBL Mahana-Badland complex -

Mahana
Badland

MID Makaalae silty clay, 7 to 25 per
cent slopes

MJD Makaalae extremely stony silty
clay, 7 to 25 percent slopes---

MISS Makaalae clay, 7 to 40 percent
slopes

MXC Makena loam, stony complex, 3 to
15 percent Slopes

Makena
Stony land

NYD Malama extremely stony muck, 3 to
25 percent slopes

MZ Marsh
NAC Naiwa silty clay loam, 3 to 20

percent slopes
NAC3 Naiwa silty clay loam, 7 to 15

percent slopes, severely
eroded

NLS Niulii silty clay loam, 7 to 30
percent slcpes

NME Niulii silty clay loam, medium
textured variant, 7 to 30 per
cent slopes

-

De
scribed
on page
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71

No. Page

5 150

10 151

10 151

7 151

16 152

16 152

71

72

73

75

76

76

78

80

80

80

85
86

87

87

87

91

93
95

15212

11 151

11 151

11 151

4 149

150

7 151

1517

7 151

97

98

99

8 151

5 150

S 150

8 151

99 8 1S1
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OAD Oanapuka very stony silt loam,
7 to 25 percent slopes 101 VIa 2 144OED Oanapuka extremely stony silt
loam, 7 to 25 percent slopes— 101 Vhs 2 144

OFC Olelo silty clay, 3 to 15 per
cent slopes 101 IlIe 8 145 7 1510MB 011 silt loam, 3 to 10 percent
slopes 103 IVe 6 145 5 150DM5 Oh silt loam, 10 to 30 percent
slopes 102 VIe 6 145 5 150OMF 011 silt loam, 30 to 70 percent
slopes 103 VIle 6 145 15 152ONC Olinda loam, 4 to 12 percent
slopes 103 IlIe 12 147 10 151OND Olinda loam, 12 to 20 percent
slopes

— 103 lye 12 147 10 151ONE Olinda loam, 20 to 40 percent
slopes 104 VIe 12 147 10 151OOE Olokui silty clay loam, 3 to 30
percent slopes 104 VIIw 16 152OPD Opihikao extremely rocky muck, 3
to 25 percent slopes 105 VIs 9 146 --PGE Paaiki loam, 6 to 35 percent
slopes 105 VIe 12 147 10 151PGF Paaiki loam, 35 to 70 percent
slopes 106 VIle 12 147 10 151PFIXC Pakala extremely stony sandy clay
loam, 0 to 12 percent slopes 108 Vhs 2 144 4 149PlO Pamoa silty clay, 5 to 20 percent
slopes 108 IVe 3 144P102 Pamoa silty clay, 5 to 20 percent
slopes, eroded 109 VIe 3 144PJD2 Pamoa stony silty clay, 5 to 20
percent slopes, eroded 109 VIe 3 144PXD Pane silt loam, 7 to 25 percent
slopes 109 IVe 5 145 3 149PYD Papaa clay, 6 to 20 percent
slopes 110 IVe 144 1 149PYB Papaa clay, 20 to 35 percent
slopes 110 VIe 3 144 1 149PYF Papaa clay, 35 to 70 percent
slopes 110 VIle 3 144 1 149PZ Paumalu-Badland complex 111

Paurnalu VIle 8 145 7 151Badland Ville --

PZ[JE Puuone sand, 7 to 30 percent
slopes 117 VIle 1 143PZVE Puu Pa very stony silt loam, 7 to
40 percent slopes 118 Vhs 2 144TAE Tantalus silt loam, 15 to 40
percent slopes 121 VIe 9 146 8 151TAP Tantalus silt loam, 40 to 70
percent slopes 121 VIle 9 146 8 151TCC Tantalus silty clay loam, 8 to 15
percent slopes 121 fIle 9 146 8 151
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TCE Tantalus silty clay loam, IS to 40
percent Slopes 121 Vie

-- 9 146 8 151TR Tropaquepts 121 IVw -- --

ULD lilupalakua silt loam, 7 to 25 per
cent slopes 122 lYe 5 145 3 149UME Dma loamy coarse sand, IS to 40
percent slopes 123 \‘Is 4 144 11 151UMP Dma loamy coarse sand, 40 to 70
percent slopes 125 Vhs 4 144 11 151URD lJma rocky loamy coarse sand, 7 to
25 percent slopes 123 VIs 4 144 11 151WID2 Waiakoa extremely stony silty clay
loam, 3 to 25 percent slopes,
eroded 127 Vhs 1 143kJF Waiawa extremely rocky clay, 30
to 80 percent slopes 129 Vhs 2 144

RECONNAISSANCE SURVEY

rAAE Alakai mucky peat, 0 to 30 per
cent slopes 27 VIle 16 152

rAND Amalu peaty silty clay, 3 to 20
percent slopes 28 VIle 16 152

rAOD Amalu-Olokui association, 3 to 20
percent slopes 28

Amalu
-— Vile

--- 16 152
Olokui

—— yule -—

——— 16 152
rCI Cinder land 29 VIlls --

rHOD Honomanu silty clay, 5 to 25 per
cent slopes 43 IVe 11 147 8 151

ri-IR Honomanu-Amalu association 43
Hononianu

-- lYe 8 151
Amalu

-- VIIw
--

riflE F{ydrandepts-Tropaquods
association 46

Hydrandepts
-- Vile --- --

Tropaquods -- VIle --- --

rLW Lava flows, Aa 80 VilIs --- --

rRH Riverwash 118 VIlla --- -—

rRK Rock land 119 Vhs ---
--

rRO Rock outcrop 119 VIlls ---
--

rRR Rough broken land 119 VIle --- --

rRS Rough broken and stony land 119 Vhs --- --

rRT Rough mountainous land 119 VIlle --- --

rRU Rubble land 119 VIlls --- --

rSL Sandy alluvial land 119 VIle --- --

rSM Stony alluvial land 120 Vhs --- --

rSN Stony blown-out land 120 Vhs --- --

rSO Stony cooluvial land 129 \lhIs --- --

rST Stony land 129 \‘hls ---
--

rSY Stony steep land 121 Vhs --- --

rTO Tropaquods 121 Vhlw --- --

rTP Tropohurnults-Dystrandepts
association 122 VIle
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rVS Very stony land 124 VIIs --

rVT2 Very stony land, eroded 124 VHs --

rWAF Waialeale mucky silty clay loam,
30 to 70 percent slopes 127 VIle

-- 16 152
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orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual’s income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-941 0, or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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Subject: Trip Report — Soil investigation for HC&S Field 921
1. Verify existing soils information
2. Classification of soil pedons

To: Mae Nakahata
HC&S
Maui, Hawaii

CC: Tony Rolfes, USDA-NRCS, Asst. Director for Soil Science and Natural Resource Assessments
Ranae Ganske, USDA-NRCS, Maui District Conservationist

Purpose for Soil Investigation
On November 18, 2013, Michael Kolman and Carl Hashimoto, NRCS Soil Conservation Technician, met
with Mae Nakahata and Kyle Onaga of HC&S. The purpose of the meeting was to discuss soil mapping
deficiencies that have been observed in field 921 compared to the published 1972 Soil Survey of Island of
Maui, Hawaii. Through Mae Nakahata, HC&S requested that the NRCS soils staff verify existing soils
information and to classify the soil pedons located within the field. From November 19-20, I
photographed, described, and classified seven soil pits and made three additional auger hole
observations in the field. All documentation will be made available.

Observations for Field 921
I. Geomorphology and Soils
According to Geology of Hawaii (Stearns and MaCDonald,1942), field 921 is in a dune field that trends
north to south on the Isthmus of Maui Island. The dune deposit consists of calcareous sand that can be
cemented. Color infrared (CIR) photographs, from 1990, show that in the field the sand dune had been
breached by two dry stream channels from West Maui. Pulehu Stream channel also breaches the sand
dune along the west side of field 921.

Field 921 is about 143 acres in total area. The published 1972 Soil Survey of Island of Maui, Hawaii
shows the field to be composed of about 107 acres of JaC- Jaucas sand, 0 to 15 percent slopes; 30 acres
of PZUE- Puuone sand, 7 to 30 percent slopes; and 6 acres of PrB- Pulehu cobbly silt loam, 3 to 7
percent slopes. The composition of the field is not accurate and I present the deficiencies below in the
Soil Data section.

II. Soils Data
On November 19-20, I photographed, described, and classified seven soil pits (see attached map of field
921 and Pedon Description Report) and made three additional auger hole observations in the field. I
measured slopes that ranged from 0 to 4 percent. I was not able to discern how the published soil survey
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lines represent the landform or soil types as the measured slope was quite different. Slope phases for soil
map units should represent the range of slopes found on the landform to aid soil survey users in making
informed land use decisions.

I also observed alluvial deposits in and on the dune field. I noted this as recent alluvium from West Maui
Mountain. The recent alluvium is characterized by fine and coarse loamy soil textures with and without
rounded cobbles and gravels. I also observed a paleosol (relict soil) about 1 to 1.5 meters below the
surface in four of the seven soil pits. The paleosol, made from old alluvium from West Maui Mountain, is
under the dune field and is a relict landform with clayey or fine-silty soils. The soils in this field show a
high degree of variability as compared to the published soil maps and data. It is my opinion that the
composition of soil map units should be described as a complex of soil components rather than a single
soil component. Accurately defined soil map unit composition would also help users to make informed
land use decisions.

The current standard for soil classification is Keys to Soil Taxonomy, 11th Edition, 2010. Upon review of
the official soil series description (OSD) of Puuone, it occurred to me that the soil order is incorrectly
classified as Entisols. The presence of calcite in the soil has produced calcic and petrocalcic horizons
which are diagnostic features not found in Entisols. The Puuone OSD and soil series classification needs
to be updated to current standards and to reflect the true genesis of the soil.

It may also be necessary to propose a new soil series to replace the Jaucas soil as mollic epipedons and
calcic horizons were observed in the JaC map unit. These diagnostic features are not found in Entisols
which Jaucas is classified as. More observations in this map unit may reveal this to be a new soil series.

I must point out that I was impressed that HC&S uses conservation management practices in field 921.
The soil conservation practices I observed were mulching, no till, and drip irrigation. In my experience, I
have found that these particular practices improve soil health, reduce wind and water erosion, and help to
manage irrigation more efficiently.

Conclusions
As a result of the data collected during this site investigation and a review of the existing soil data, I
propose that the Puuone soil series needs to be reclassified to the current taxonomic standard; that a
new soil series may need to replace the Jaucas component on Maui; and map units PZUE and JaC,
which have single components, need to be updated so that the composition and slope phases of the map
units are more accurately defined for the intended land use. The soil map units in this field showed more
variability than the published soil survey and should be described as a complex of soils.

The reclassification of Puuone and updating of the components in map units JaC and PZUE are proposed
soil survey update projects for the MLRA Soil Survey Office. Once the projects are approved by the
MLRA management team, in 2014, we can begin updating this data and correct the observed and noted
deficiencies.

Submitted by:

Michael Kolman
Soil Scientist
MLRA Soil Survey Leader

Attachments:

1. Map of Field 921 with GPS points
2. Pedon Description Report, HC&S field 921, 12/18/13
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Soil Pit 1
PEDON DESCRIPTION

Description Date: 11/19/2013
Describer: Mike Kolman

User Site ID: 20l3H198000l
User Pedon ID: 2013111980001

Soil Name as Correlated: Jaucas
laxon Kind as Correlated: family
Correlated Classification: Sandy, mixed, semiactive, isohyperthermic Aridic Argiustolls

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory
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Location Information:

State: Hawaii
County: Maui
Soil Survey Area: M1980 —— Island of Maui, Hawaii

Location Description: HC&S field 921; Pit 1; PP 319, Pic 70
Latitude: 20 degrees 50 minutes 25.00 seconds north
Longitude: 156 degrees 29 minutes 0.60 seconds west
Datum: WGS84

Geomorphic Setting: on summit of dune
Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Crop cover
Parent Material: eolian sands over alluvium
Ksat Class Upper: high
Ksat Class Lower: moderately low
Particle Size Control Section: 25 to 100 cm.
Diagnostic Features: mollic epipedon 0 to 35 cm.

cambic horizon 61 to 87 cm.
abrupt textural change 102 to 152 cm.
argillic horizon 102 to 152 cm.
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Apl——0 to 5 centimeters; sandy loam, very dark grayish brown (1OYR 3/2), moist; weak very fine
granular structure, and weak fine subangular blocky structure; friable, slightly hard, nonsticky,
nonplastic; common fine roots and common medium roots; many very fine interstitial pores; 5 percent
2— to 75—millimeter unspecified fragments; ; clear smooth boundary.

Ap2——5 to 15 centimeters; sandy loam, very dark grayish brown (1OYR 3/2), moist; moderate medium
subangular blocky structure; friable, slightly hard, nonsticky, nonplastic; common fine roots; many
very fine interstitial pores; 2 percent 2- to 75—millimeter unspecified fragments; ; clear smooth
boundary.

Bwl——15 to 35 centimeters; loamy sand, very dark grayish brown (1OYR 3/2) , moist; moderate coarse
subangular blocky structure; friable, slightly hard, nonsticky, nonplastic; common fine roots; many
very fine interstitial pores; 2— to 75—millimeter unspecified fragments; ; abrupt wavy boundary.

Cl——35 to 61 centimeters; cobbly sand, dark yellowish brown (1OYR 3/4), moist; weak medium
subangular blocky structure; loose, loose, nonsticky, nonplastic; common fine roots; common very
fine interstitial pores; 75— to 250—millimeter unspecified fragments and 2— to 75—millimeter
unspecified fragments; ; abrupt wavy boundary.

Bw2——61 to 87 centimeters; sandy loam, dark brown (7.5yR 3/3), moist; moderate fine subangular
blocky structure; friable, slightly hard, slightly sticky, slightly plastic; common fine roots;
common very fine tubular pores; ; abrupt smooth boundary.

C2—-87 to 102 centimeters; loamy sand, dark brown (lOyR 3/3), moist; weak very fine subangular
blocky structure; loose, loose, nonsticky, nonplastic; common very fine tubular pores; ; abrupt
smooth boundary.

2Bt——102 to 152 centimeters; silty clay loam, dark brown (7.5YR 3/2), moist; moderate medium
subangular blocky structure; friable, slightly hard, moderately sticky, moderately plastic; common
very fine tubular pores;
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Description Date: 11/19/2013
Describer: Mike Kolman

User Site ID: 2013H1980002
User Pedon ID: 2013M1980002

Soil Mame as Correlated: Jaucas
Taxon Kind as Correlated: family
Correlated Classification: Sandy over loamy, carbonatic over mixed, semiactive, isohyperthermic Calcidic
Peleustolls

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory

Location Information:
State: Hawaii
County: Maui
Soil Survey Area: H1980 —— Island of Maui, Hawaii
Location Description: MC&S field 921; Pit 2; HP 320
Latitude: 20 degrees SO minutes 12.50 seconds north
Longitude: 156 degrees 28 minutes 56.30 seconds west
Datum: WG584
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Soil Pit 2
PEDOM DESCRIPTIOM
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Geomorphic Setting: on beckslope of dune
Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Crop cover
Parent Material: eolian sands over alluvium
Surface Fragments: 2.0 percent 2— to 75—millimeter
Ksat Class Upper: high
Esat Class Lower: moderately low
Particle Size Control Section: 25 to 100 cm.
Diagnostic Features: mollic epipedon 0 to 31 cm.

calcic horizon 31 to 89 cm.
argillic horizon 89 to 150 cm.
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Apl——0 to 6 centimeters; sandy loam, dark brown (7.5Th 3/2), moist; weak very fine granular
structure, and weak medium subengular blocky structure; friable, slightly hard, nonsticky, slightly
plastic; common fine roots and common medium roots; many very fine interstitial pores; 2 percent 2—
to 75—millimeter unspecified fragments; moderately alkaline, pM 8.1, pM meter; ; clear smooth
boundary.

Ap2——6 to 31 centimeters; sandy loam, very dark brown (7.5YR 2.5/2), moist; moderate fine
subangular blocky structure; friable, slightly hard, slightly sticky, slightly plastic; common fine
roots; many very fine tubular pores; 5 percent 2— to 75—millimeter unspecified fragments;
moderately alkaline, pM 7.9, pM meter; ; clear wavy boundary.

Sk——31 to 87 centimeters; sand, strong brown (7.5Th 4/6), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; common medium roots; many very fine interstitial
pores; 2 percent fine yellow (10Th 7/6) carbonate, finely dissemineted lining pores; 75— to
250—millimeter unspecified fragments and 2— to 75—millimeter unspecified fragments; moderately
alkaline, pH 8.1, pH meter; ; abrupt smooth boundary.

Ekk——87 to 89 centimeters; cemented material, light gray (10Th 7/2), moist; structureless massive
structure; extremely firm, extremely hard, nonsticky, nonplastic; 100 percent coarse prominent
platy very strongly cemented yellow (10Th 7/6) carbonate beds with sharp boundaries at top of
horizon; very strongly alkaline, pH 9.1, pH meter; ; abrupt smooth boundary.

2Bt——89 to 152 centimeters; silty clay loam, dark brown (7.5YR 3/3), moist; strong medium
subangular blocky structure; firm, hard, moderately sticky, moderately plastic; common very fine
tubular pores; moderately alkaline, pH 8.0, pH meter;



Description Date: ll/l9/2D13
Describer: Mike Kolman

User Site ID: 2Ol3MI980003
User Padon ID: 2O13HI980003

0 (

Soil Mame as Correlated: Puuone
Taxon Kind as Correlated: family
Correlated Classification: Sandy, carbonatic, isohyperthermic Calcic Petrocalcids

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory
Location Information:

State: Mawaii
County: Maui
Soil Survey Area: H198D —— Island of Maui, Hawaii
Location Description: HC&S field 921; Pit 3; WP 324; Pic 72
Latitude: 20 degrees 50 minutes 21.70 seconds north
Longitude: 156 degrees 29 minutes 6.60 seconds west
Datum: WGSS4

Soil Pit 3
PEDOM DESCRIPTIOM

Geomorphic Setting: on shoulder of dune
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Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Shrub cover
Parent Material: eolian sands
Ksat Class Upper: high
Ksat Class Lower: moderately high
Particle Size Control Section: 25 to 100 cm.
Diagnostic Features: ochric epipedon 0 to 21 cm.

calcic horizon 21 to 75 cm.
petrocalcic horizon 75 to 115 cm.
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Apl——0 to 8 centimeters; loamy sand, and brown (1OYR 4/3), moist; weak medium subangular blocky

structure parts to weak very fine granular structure; very friable, soft, nonsticky, nonplastic;

many fine roots; many fine interstitial pores; 2 percent 75— to 250—millimeter unspecified

fragments and 2 percent 2— to 75—millimeter unspecified fragments; moderately alkaline, pH 8.4, pH

meter; ; clear smooth boundary.

Ap2——8 to 21 centimeters; loamy sand, dark yellowish brown (1OYR 4/4), moist; weak fine subangular

blocky structure; very friable, soft, nonsticky, nonplastic; common very fine roots; many very fine

interstitial pores; 2 percent 2— to 75—millimeter unspecified fragments; moderately alkaline, pH

8.3, pH meter; ; clear wavy boundary.

Bkl——21 to 45 centimeters; sand, yellowish brown (1OYR 5/41, moist; structureless single grain

structure; very friable, soft, nonsticky, nonplastic; many very fine interstitial pores; 5 percent

very fine distinct irregular weakly cemented yellow (1OYR 7/6) carbonate concretions with clear

boundaries lining pores; moderately alkaline, pH 8.4, pH meter; ; abrupt smooth boundary.

Rk2——45 to 75 centimeters; sand, yellowish brown (1OYR 5/4), moist; structureless massive

structure; friable, slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 10

percent very fine distinct irregular weakly cemented yellow (1OYR 7/6) carbonate concretions with

clear boundaries lining pores; moderately alkaline, pH 8.4, pH meter; ; diffuse smooth boundary.

Bkm——75 to 115 centimeters; sand, yellowish brown (1OYR 5/4), moist; structureless massive

structure; friable, slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 20

percent coarse distinct platy strongly cemented yellow (bYE 7/6) carbonate messes with sharp

boundaries throughout; very strongly alkaline, pH 9.1, pH meter; ; diffuse smooth boundary.

Bk3——115 to 152 centimeters; sand, dark yellowish brown (bYE 4/4), moist; structureless massive

structure; friable, slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 10

percent vary fine faint irregular weakly cemented yellowish brown (bYE 5/6) carbonate masses with

diffuse boundaries lining pores; 2 percent 2— to 75-millimeter unspecified fragments; moderately

alkaline, pH 8.4, pH meter;

.1



Description Date: 11/19/2013
Describer: Mike Kolman

User Site ID: 2013H1960004
User Pedon ID: 2013141980004

Soil Name as Correlated: Puuone
Taxon Kind as Correlated: family
Correlated Classification: Sandy, carbonatic, isohyperthermic Calcic Petrocalcids

Pedon Type: correlates to named soil

Pedon Purpose: soil survey inventory
Location Information:

State: Hawaii
County: Maui
Soil Survey Area: H1980 —— Island of Maui, Hawaii

Location Description: HC&S field 921; Pit 4; WP 321; Pic 73&74

Latitude: 20 degrees 50 minutes 20.60 seconds north

Longitude: 156 degrees 29 minutes 7.00 seconds west

Datum: WGS84

Geomorphic Setting: on backsiope of dune

Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Shrub cover
Parent Material: eolian sands
Ksat Class Upper: high
Ksat Class Lower: moderately high
Particle Size Control Section: 25 to 100 cm.

Diagnostic Features: ochric epipedon
calcic horizon

Soil pit 4
PEDON DESCRIPTION

0 to 20 cm.
20 to 30 cm.
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petrocalcic horizon 30 to 45 cm.
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Apl——0 to 5 centimeters; loamy sand, and brown )1OYR 4/3), moist; weak medium granular structure
parts to structureless single grain structure; very friable, soft, nonsticky, nonplastic; many fine
roots; many very fine interstitial pores; 2 percent 2— to 75—millimeter unspecified fragments;
moderately alkaline, pH 8.4, pH meter;

Ap2——5 to 20 centimeters; loamy sand, dark yellowish brown I1OYR 4/4), moist; weak medium
subanguler blocky structure parts to structureless single grain structure; very friable, soft,
nonsticky, nonplastic; common very fine roots; many vary fine interstitial pores; 2 percent 2— to
75—millimeter unspecified fragments; moderately alkaline, pH 8.3, pH meter;

Rk——20 to 30 centimeters; sand, yellowish brown )1OYR 5/4), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; common very fine roots; common very fine
interstitial pores; 5 percent very fine distinct irregular weakly cemented yellow I1OYR 7/6)
carbonate concrations with clear boundaries lining pores; moderately alkaline, pH 8.4, pH mater;

45 centimeters; sand, yellowish brown )1OYR 5/4), moist; structureless massive
extremely firm, vary rigid, nonsticky, nonplastic; common very fine interstitial pores;
coarse distinct platy strongly cemented yellow )1OYR 7/6) carbonate masses with sharp
throughout; vary strongly alkaline, pH 9.1, pH mater;

2C1——45 to 57 centimeters; loamy sand, dark yellowish brown )1OYR 4/4), moist; weak medium
subangular blocky structure parts to structureless single grain structure; very friable, soft,
nonsticky, nonplastic; many vary fine interstitial pores; 10 percent vary fine faint irregular
weakly cemented yellowish brown )1OYR 5/6) carbonate masses with diffuse boundaries lining pores; 2
percent 2— to 75—millimeter unspecified fragments; modarataly alkaline, pH 8.4, pH metar;

2C2——57 to 90 centimeters; sand, yellowish brown )1OYR 5/4), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; many very fina interstitial pores; moderately
alkaline, pH 8.4, pH mater;

2C3——90 to 102 centimeters; loamy sand, dark yellowish brown )1OYR 4/4), moist; weak medium
subangular blocky structure parts to structureless single grain structure; very friable, soft,
nonsticky, nonplastic; many vary fine interstitial pores; 2 percent 2— to 75—millimeter unspecified
fragments; moderately alkaline, pH 8.4, pH meter;

2C4——102 to 152 centimeters; sand, yellowish brown )1OYR 5/4), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; many vary fine interstitial pores; moderately
alkaline, pH 8.4, pH meter;
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Description Date: 11/20/2013
Describer: Mike Kolman

User Site ID: 2013111980005
User Pedon ID: 2013111980005

Soil Name as Correlated: Puuone
Taxon Kind as Correlated: family
Correlated Classification: Sandy over loamy, carbonatic over mixed, semiactive, isohyperthermic Calcic
Petrocalcids

Padon Type: correlates to named soil
Padon Purpose: soil survey inventory

Location Information:
State: Mawaii
County: Maui
Soil Survey Area: 111980 —— Island of Maui, Hawaii
Location Description: HCaS field 921; Pit 5; WP 323; Pic 79&80
Latitude: 20 degrees 50 minutes 16.70 seconds north
Longitude: 156 degrees 29 minutes 7.20 seconds west
Datum: WG584

Geomorphic Setting: on backslope of dune
Upslope Shape: convex Cross Slope Shape: linear

Soil Pit 5
PEDON DESCRIPTION



0
Primary Earth Cover: Shrub cover
Parent Material: eolian aanda over alluvium
Ksat Class Upper: high
Ksat Class Lower: moderately low
Particle Size Control Section: 25 to 100 cm.
Diagnostic Features: ochric epipedon

calcic horizon
petrocalcic horizon
argillic horizon

0 to 27 cm.
27 to 34 cm.
34 to 44 cm.
100 to 162 cm.

C
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Apl——0 to 7 centimeters; loamy sand, and brown (1OYR 4/3), moist; week fine granular structure
parts to structureless single grain structure; very friable, soft, nonsticky, nonpiastic; common
fine roots; many very fine interstitial pores; 5 percent 2— to 75—millimeter unspecified fragments;
moderately alkaline, pM 8.4, pM meter; ; clear smooth boundary.
Ap2——7 to 27 centimeters; sand, brown )1OYR 4/3), moist; weak fine granular scructure parts to
structureless single grain structure; very friable, soft, nonsticky, nonpiastic; common very fine
roots; many very fine interstitial pores; 5 percent 2— to 75—millimeter unspecified fragments;
moderately alkaline, p1-I 8.3, pH meter; ; clear wavy boundary.

Ek——27 to 34 centimeters; sand, yellowish brown )1OYR 5/6), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; common very fine roots; common very fine
interstitial pores; 5 percent very fine distinct irregular weakly cemented yellow (1OYR 7/6)
carbonate concretions with clear boundaries lining pores; 2 percent 2— to 75—millimeter unspecified
fragments; moderately alkaline, pM 8.4, pM meter; ; clear wavy boundary.

Bkxs——34 to 44 centimeters; cemented material, brownish yellow (1OYR 6/6), moist; structureless
massive structure; rigid, rigid, nonsticky, nonplastic; common very fine interstitial pores; 20
percent coarse distinct platy strongly cemented yellow (1OYR 7/6) carbonate masses with sharp
boundaries throughout; 2 percent 2— to 75—millimeter unspecified fragments; very strongly alkaline,
pH 9.1, pH meter; ; abrupt smooth boundary.

2C1——44 to 65 centimeters; sand, brown (1OYR 4/3), moist; structureless massive structure; loose,
loose, nonsticky, nonplastic; many very fine interstitial pores; 10 percent 2— to 75—millimeter
unspecified fragments; moderately alkaline, pM 8.4, pH meter; ; diffuse wavy boundary.

2C2---65 to 84 centimeters; sand, brown (101K 4/3), moist; structureless single grain structure;
firm, slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 2 percent 2— to
75—millimeter unspecified fragments; ; abrupt smooth boundary.

3Ah——84 to 100 centimeters; loam, black (7.51K 2.5/1), moist; moderate medium platy structure;
firm, slightly hard, slightly sticky, slightly plastic; common very fine tubular and common very
fine interstitial pores; ; clear smooth boundary.

3Stl—-lOO to 110 centimeters; silty clay loam, very dark brown (7.51K 2.5/3), moist; moderate
medium platy structure; firm, slightly hard, slightly sticky, slightly plastic; common very fine
tubular and common very fine interstitial pores; ; clear smooth boundary.

3Bt2——110 to 117 centimeters; loam, black (7.5YR 2.5/1), moist; moderate medium platy structure;
firm, slightly hard, slightly sticky, slightly plastic; common very fine tubular and common very
fine interstitial pores; ; clear smooth boundary.

3St3——ll7 to 162 centimeters; silty clay loam, very dark brown (7.51K 2.5/3), moist; moderate
medium platy structure; firm, slightly hard, slightly sticky, slightly plastic; common very fine
tubular and common very fine interstitial pores;



Description Date: 11/20/2013
Describer: Mike Kolman

User Site ID: 2D13H1980006
User Pedon ID: 2013141980006

Soil Name as Correlated: Jaucas
Tsxon Kind as Correlated: family
Correlated Classification: Carbonstic, isohyperthermic Ustic Torripsanunents

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory

Location Information:
State: Hawaii
County: Maui
Soil Survey Area: 141980 —— Island of Maui, Hawaii
Location Description: HC&S field 921; pit 6; WP 327; pic 76—77—78
Latitude: 20 degrees 50 minutes 12.40 seconds north
Longitude: 156 degrees 29 minutes 5.90 seconds west
Datum: WGS84

• •e•

Soil pit 6
PEDOH DESCRIPTION

Geomorphic Setting: on bsckslope of dune
Upslope Shape: convex Cross Slope Shape: linear



Primary Earth Cover: Grass/herbeceous cover
Ksat Class Upper: high
Ksat Class Lower: moderately high
Parent Material: eolian sands over alluvium
Particle Size Control Section: 25 to 100 cm.
Diagnostic Features: ochric epipedon
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Apl——0 to 10 centimeters; loamy sand, brown )1OYR 4/3), moist; weak fine granular structure parts
to single grain structure; very friable, soft, nonsticky, nonplastic; many fine roots and common
medium roots; many very fine interstitial pores; 2 percent 2— to 75—millimeter unspecified
fragments; ; clear smooth boundary.

Ap2——l0 to 28 centimeters; send, brown (lOYR 4/3), moist; single grain structure, and weak fine
subangular blocky structure; very friable, soft, nonsticky, nonplestic; common very fine roots;
many very fine interstitial pores; 2— to 75—millimeter unspecified fragments; ; clear smooth
boundary.

Cl——28 to 60 centimeters; sand, yellowish brown (1OYR 5/4), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; many very fine interstitial pores; ; clear wavy
boundary.

C2——60 to 80 centimeters; sand, dark yellowish brown )1OYR 3/4), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; many very fine interstitial pores; ; abrupt wavy
boundary.

2Ab——80 to 87 centimeters; loam, dark brown (7.5YR 3/2), moist; strong medium piety structure;
firm, slightly hard, slightly sticky, moderately plastic; common fine roots; common very fine
interstitial and common very fine tubular pores; ; abrupt wavy boundary.

3C——87 to 152 centimeters; sand, 50 percent yellowish brown (byE 5/4) and 40 percent brown (bYE
4/3) and 10 percent very dark grayish brown (1OYR 3/2), moist; structureless single grain
structure; loose, loose, nonsticky, nonplastic; many very fine interstitial pores;

0 0
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Description Date: 11/20/2013
Describer: Mike Kolman

User Site ID: 2013H1980007
User Pedon ID: 2013H1980007

Soil Name as Correlated: Puuone
Taxon Kind as Correlated: family
Correlated Classification: Sandy—skeletal, carbonatic, isohyperthermic Typic Petrocalcids

Pedon Type: correlates to named soil
Pedofl Purpose: soil survey inventory

Location Information:
State: Hawaii
County: Maui
Soil Survey Area: H1980 —— Island of Maui, Hawaii
Location Description: HC&S field 921; pit 9; wp 325; pic 81—82
Latitude: 20 degrees 50 minutes 15.40 seconds north
Longitude: 156 degrees 29 minutes 11.80 seconds west
Datum: WGS84

Soil Pit 7
PEDON DESCRIPTION



C
Geomorphic Setting: on footslope of dune
Upsiope Shape: convex Cross Slope Shape: linear

0

Primary Earth Cover: Crop cover
Ksat Claaa Upper: high
Kaat Class Lower: moderately low
Parent Material: eolian sends over alluvium
Surface Fragments: 2.0 percent 2— to 75—millimeter
Particle Size Control Section: 25 to 100 cm.
Diagnostic Features: ochric epipedon

cambic horizon
petrocalcic horizon
calcic horizon
argillic horizon

0 to 20 cm.
34 to 75 cm.
75 to 100 cm.
100 to 140 cm.
140 to 162 cm.
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Ap——0 to 20 centimeters; sand, brown (1OYR 4/3), moist; single grain structure, and weak medium
subangular blocky structure; very friable, soft, nonsticky, nonplestic; common very fine roots;
many very fine interstitial pores; 2 percent 2— to 75—millimeter unspecified fragments and 10
percent 75— to 250—millimeter unspecified fragments; moderately alkaline, pH 8.1, pH meter; ; clear
smooth boundary.

2Ab——20 to 34 centimeters; cobbly sandy loam, very dark brown (1OYR 2/2(, moist; moderate medium
platy structure; friable, slightly herd, slightly sticky, slightly plastic; many fine roots; many
very fine interstitial and common very fine tubular pores; 15 percent 75— to 250—millimeter
unspecified fragments and 15 percent 2— to 75—millimeter unspecified fragments; moderately
alkaline, pH 7.9, pH meter; ; clear wavy boundary.

2Bwl——34 to 45 centimeters; extremely cobbly loamy send, very dark grayish brown (1OYR 3/2), moist;
moderate medium subangular blocky structure; friable, slightly herd, nonsticky, nonplastic; many
fine roots; many very fine interstitial pores; 75— to 250—millimeter unspecified fragments and 2—
to 75—millimeter unspecified fragments; moderately alkaline, pH 8.1, pH meter; ; abrupt smooth
boundary.

2Bw2——45 to 75 centimeters; extremely cobbly loamy sand, very dark grayish brown (1OYR 3/2), moist;
structureless single grain structure; loose, loose, nonsticky, nonplestic; common fine roots; many
very fine interstitial pores; 75— to 250—millimeter unspecified fragments end 2— to 75—millimeter
unspecified fragments; moderately alkaline, pH 8.1, pH meter; ; abrupt smooth boundary.

2Bkm——75 to 100 centimeters; cemented material, yellowish brown (1OYR 5/6), moist; structureless
massive structure; extremely firm, extremely herd, nonsticky, nonplestic; common very fine
interstitial pores; 100 percent coarse prominent plety very strongly cemented yellow (1OYR 7/6)
carbonate beds with sharp boundaries at top of horizon; 30 percent 2— to 75—millimeter unspecified
fragments and 40 percent 75— to 250—millimeter unspecified fragments; very strongly alkaline, pH
9.1, pH meter; ; abrupt smooth boundary.

2Bk——l00 to 140 centimeters; send, yellowish brown (1OYR 5/6(, moist; structureless massive
structure; loose, loose, nonsticky, nonplastic; common very fine interstitial pores; 75— to
250—millimeter unspecified fragments end 2— to 75—millimeter unspecified fragments; moderately
alkaline, pH 8.1, pH meter; ; abrupt smooth boundary.

3Bt——140 to 152 centimeters; silty clay, dark reddish brown (SYR 3/3), moist; strong medium
subengular blocky structure; firm, herd, moderately sticky, moderately plastic; common very fine
tubular pores; moderately alkaline, pH 8.0, pH meter;
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The following 3 pedon descriptions were done on auger holes. No photographs are included.

USDA - NATURAL RESOURCES CONSERVATION SERVICE
PEDON DESCRIPTION

Description Date: 11/20/2013
Describer: Nike Roman

User Site ID: 2013NI980008
User Pedon ID: 2013N1980008

Soil Nsme as Correlsted: Puuone
Taxon Kind as Correlsted: family
Correlated Classification: Sandy, carbonatic, isohyperthermic Calcic Petrocalcids

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory

Location Information:
State: Nawaii
County: Maui
Soil Survey Area: H1980 —— Island of Maui, Hawaii
Location Description: NC&S field 921; Bermudagrsss and very young sugar cane.
Latitude: 20 degrees SO minutes 0.10 seconds north
Longitude: 156 degrees 29 minutes 10.70 seconds west
Datum: WGS84

Geomorphic Setting: on backslope of dune
Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Crop cover
Parent Material: eolien sends
Rsst Class Upper: high
Rsat Class Lower: moderately high
Particle Size Control Section: 25 to 100 cm.
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Apl——0 to 20 centimeters; sand, brown (1OYR 4/3), moist; ; very friable, soft, nonsticky,
nonplastic; moderately alkaline, pH 8.4, pH meter; ; clear smooth boundary.

Ap2——20 to 40 centimeters; sand, dark yellowish brown )1OYR 4/4), moist; ; very friable, soft,
nonsticky, nonplastic; common very fine roots; many very fine interstitial pores; moderately
alkaline, pH 8.3, pH meter; ; clear wavy boundary.

Bk——40 to 90 centimeters; sand, yellowish brown )1OYR 5/4), moist; ; very friable, soft, nonsticky,
nonplastic; many very fine interstitial pores; 5 percent very fine distinct irregular weakly
cemented yellow )1OYR 7/6) carbonate concretions with clear boundaries lining pores; moderately
alkaline, pN 8.4, pH meter; ; abrupt smooth boundary.

Bkm——90 to 100 centimeters; cemented material, yellowish brown (1OYR 5/4), moist; ; friable,
slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 20 percent coarse distinct
platy strongly cemented yellow )1OYR 7/6) carbonate masses with sharp boundaries throughout; very
strongly alkaline, pH 9.1, pH meter; ; diffuse smooth boundary.
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USDA - NATURAL RESOURCES CONSERVATION SERVICE

PEDON DESCRIPTION

Description Date: 11/20/2013
Describer: Mike Kolman

User Site ID: 2013N198D0D9
User Pedon ID: 2D13H198DD09

Soil Nane as Correlated: Puuone
Taxon Rind as Correlated: faieily
Correlated Classification: Sandy, carbonatic, isohyperthermic Calcic Petrocalcids

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory

Location Information:
State: Hawaii
County: Maui
Soil Survey Area: N198D —— Island of Maui, Hawaii
Location Description: NC&S field 921; Bermudagrass and vecy young sugar cane.
Latitude: 20 degrees SD minutes lO.DD seconds north
Longitude: 156 degrees 29 minutes 12.90 seconds west
Datum: WGS84

Geomorphic Setting: on backslope of dune
Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Crop cover
Parent Material: eolian sands
Ksat Class Upper: high
Ksat Class Lower: moderately high
Particle Size Control Section: 25 Co 100 cm.
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Ap——0 to 28 centimeters; loamy sand, and brown (1OYR 4/3), moist; ; very friable, soft, nonsticky,
nonplastic; moderately alkaline, pH 8.4, pH meter; ; clear smooth boundary.

Bk——28 to 56 centimeters; sand, yellowish brown (1DYR 5/4), moist; ; very friable, soft, nonsticky,
nonplastic; many very fine interstitial pores; 5 percent very fine distinct irregular weakly
cemented yellow (1OYR 7/6) carbonate concretions with clear boundaries lining pores; moderately
alkaline, pH 8.4, pH meter; ; abrupt smooth boundary.

Bkm——56 to 100 centimeters; cemented material, yellowish brown (1OYR 5/4), moist; ; friable,
slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 20 percent coarse distinct
platy strongly cemented yellow (1OYR 7/6) carbonate masses with sharp boundaries throughout; very
strongly alkaline, pH 9.1, pH meter; ; diffuse smooth boundary.
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USDA - NATURAL RESOURCES CONSERVATION SERVICE

PEDON DESCRIPTION

Description Date: 11/20/2013
Describer: Mike Kolman

User Site ID: 2013MI980010
User Pedon ID: 2013MI980010

Soil Name as Correlated: Puuone
Taxon Kind as Correlated: family
Correlated Classification: Sandy, carbonatic, isohyperthermic Calcic Petrocalcids

Pedon Type: correlates to named soil
Pedon Purpose: soil survey inventory

Location Information:
State: Nawaii
County: Maui
Soil Survey Area: MI980 —— Island of Maui, Nawaii
Location Description: HC&S field 921; very young sugar cane.
Latitude: 20 degrees 50 minutes 13.10 seconds north
Longitude: 156 degrees 29 minutes 14.70 seconds west
Datum: WG584

Geomorphic Setting: on backslope of dune
Upslope Shape: convex Cross Slope Shape: linear

Primary Earth Cover: Crop cover
Parent Material: eolian sands
Ksat Class Upper: high
Ksat Class Lower: moderately high
Particle Sise Control Section: 25 to 100 cm.
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Ap—-0 to 35 centimeters; loamy sand, and brown (1OYR 4/3), moist; ; very friable, soft, nonsticky,
nonplastic; moderately alkaline, pH 8.4, pH meter; ; clear smooth boundary.

Bkl——35 to 56 centimeters; sand, dark yellowish brown (1OYR 4/4), moist; ; very friable, soft,
nonsticky, nonpiastic; common very fine roots; many very fine interstitial pores; moderately
alkaline, pH 8.3, pH meter; ; clear wavy boundary.

Bk2——56 to 71 centimeters; sand, yellowish brown (1OYR 5/4), moist; ; very friable, soft,
nonsticky, nonplastic; many very fine interstitial pores; 5 percent very fine distinct irregular
weakly cemented yellow (1OYR 7/6) carbonate concretions with clear boundaries lining pores;
moderately alkaline, pH 8.4, pH meter; ; abrupt smooth boundary.

Bkm——71 to 100 centimeters; cemented material, yellowish brown (1OYR 5/4), moist; ; friable,
slightly hard, nonsticky, nonplastic; many very fine interstitial pores; 20 percent coarse distinct
platy strongly cemented yellow (1OYR 7/6) carbonate masses with sharp boundaries throughout; very
strongly alkaline, pH 9.1, pH meter; ; diffuse smooth boundary.
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2009 2010 2011 2012

Hoopoi Seed Fields
Total gal/year 3,418,788,336.64 2,867,502,458.94 2,351,507,531.57 2,400,289,917.00
acres 1,445.00 1,445.00 1,445.00 1,445.00
average gal/ac/yr 2,365,943.49 1,984,430.77 1,627,340.85 1,661,100.29
gal/ac/day 6,482.04 5,436.80 4,458.47 4,550.96

Fields 921 & 922
Total gal/year 657,641,443.00 512,387,630.00 467,786,684.00 406,179,246.00
acres 301.60 301.60 301.60 301.60
average gal/ac/yr 2,180,508.76 1,698,897.98 1,551,016.86 1,346,748.16
gal/ac/day 5,974.00 4,654.52 4,249.36 3,689.72

Hoopoi Seed Fields Minus Fields 921 & 922
Total gal/year 2,761,146,893.64 2,355,114,828.94 1,883,720,847.57 1,994,110,671.00
acres 1,143.40 1,143.40 1,143.40 1,143.40
average gal/ac/yr 2,414,856.48 2,059,747.10 1,647,473.19 1,744,018.43
gal/ac/day 6,616.05 5,643.14 4,513.63 4,778.13

Exhibit E-R29


