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1.0 Introduction

General Overview

The hydrologic unit of Kauaula is located in West Maui, on the the southwest flank of Puu Kukui
Mountain which forms the western part of the Hawaiian island of Maui (Figure 1-3 and 1-4). It covers an
area of 8.317 square miles from the sea to 5,220 feet in elevation with a mean basin elevation of 2,220
feet and a mean basin slope of 75.4 percent (Figure 1-5). The longest flow path in Kauaula is 6.47 miles
in length, traversing in a westernly direction from its headwaters to the ocean. Seventy-three percent of
the basin has a slope greater than 30 percent. Kauaula Stream is composed of one main stem and two
headwater tributaries, with additional intermittent tributaries that flow in response to rainfall-runoff.
Dike-impounded groundwater discharge supports perennial flow in the upper reaches of Kauaula Stream
and mauka to makai flow is estimated to occur at least 95 percent of the time if no surface water
diversions were in place. Basin mean annual precipitation is 81.4 inches. The town of Lahaina straddles
the Kauaula hydrologic Unit and the Kahoma hydrologic unit, with a 2010 census population of 7028
people (U.S. Census Bureau Office of Planning 2011). The population figure does not account for
residents living outside of the hydrologic unit who may rely on water from within the unit but it does
include properties that receive water from outside of the unit (such as from Launiupoko hydrologic unit).
Two state highways exists in the region, and a number of private roads but access to large areas of mauka
land is limited by steep terrain and few roads (Figure 1-6). There is one registered diversion and a ditch
system that carries non-potable water to small scale commercial agriculture and agrigultural-zoned farm
lots. At the higher elevation, the main Kauaula diversion provides gravidy-fed water to Kamehamea
Schools’ owned land, generates hydropower, and then supplies water for irrigation of agricultural lots at
lower elevations. There is at least one unregistered diversion suppling an auwai with water for loi on
kuleana lands.

Current Instream Flow Standard

The current interim instream flow standard (IFS) for Kauaula Stream was established by way of Hawaii
Administrative Rules (HAR) §13-169-44, which, in pertinent part, reads as follows:

Interim instream flow standard for West Maui. The Interim Instream Flow Standard for all
streams on West Maui, as adopted by the commission on water resource management on June 15,
1988, shall be that amount of water flowing in each stream on the effective date of this standard,
and as that flow may naturally vary throughout the year and from year to year without further
amounts of water being diverted offstream through new or expanded diversions, and under the
stream conditions existing on the effective date of the standard.

The current interim IFS became effective on December 31, 1988. Streamflow was not measured on that
date; therefore, the current interim IFS is not a measurable value.

Instream Flow Standards

Under the State Water Code (Code), Chapter 174C, Hawaii Revised Statutes (HRS), the Commission on
Water Resource Management (Commission) has the responsibility of establishing IFS on a stream-by-
stream basis whenever necessary to protect the public interest in the waters of the State. Early in its
history, the Commission recognized the complexity of establishing IFS for the State’s estimated 376
perennial streams and instead set interim [FS at “status quo” levels. These interim IFS were defined as
the amount of water flowing in each stream (with consideration for the natural variability in stream flow
and conditions) at the time the administrative rules governing them were adopted in 1988 and 1989.



The Hawaii Supreme Court, upon reviewing the Waiahole Ditch Contested Case Decision and Order, held
that such “status quo” interim IFS were not adequate to protect streams and required the Commission to
take immediate steps to assess stream flow characteristics and develop quantitative interim IFS for
affected Windward Oahu streams, as well as other streams statewide. The Hawaii Supreme Court also
emphasized that “instream flow standards serve as the primary mechanism by which the Commission is to
discharge its duty to protect and promote the entire range of public trust purposes dependent upon
instream flows.”

To the casual observer, IFS may appear relatively simple to establish upon a basic review of the Code
provisions. However, the complex nature of IFS becomes apparent upon further review of the individual
components that comprise surface water hydrology, instream uses, noninstream uses, and their
interrelationships. The Commission has the distinct responsibility of weighing competing uses for a
limited resource in a legal realm that is continuing to evolve. The following illustration (Figure 1-1) was
developed to illustrate the wide range of information, in relation to hydrology, instream uses, and
noninstream uses that should be addressed in conducting a comprehensive IFS assessment.

Figure 1-1. Information to consider in setting measurable instream flow standards.
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Interim Instream Flow Standard Process

The Code provides for a process to amend an interim IFS in order to protect the public interest pending the
establishment of a permanent IFS. The Code, at §174C-71(2), describes this process including the role of the
Commission to “weigh the importance of the present or potential instream values with the importance of the
present or potential uses of water for noninstream purposes, including the economic impact of restricting such
uses.”

Economic Impacts

Recognizing the complexity of establishing measurable IFS, while cognizant of the Hawaii Supreme Court’s
mandate to designate interim IFS based on best available information under the Waiahole Combined
Contested Case, the Commission at its December 13, 2006 meeting authorized staff to initiate and conduct



public fact gathering. Under this adopted process (reflected in the left column of Figure 1-2), the
Commission staff will conduct a preliminary inventory of best available information upon receipt of a
petition to amend an existing interim IFS. The Commission staff shall then seek agency review and
comments on the compiled information (compiled in an Instream Flow Standard Assessment Report) in
conjunction with issuing a public notice for a public fact gathering meeting. Shortly thereafter (generally
within 30 days), the Commission staff will conduct a public fact gathering meeting in, or near, the hydrologic
unit of interest.

Figure 1-2. Simplified representation of the interim instream flow standard and permanent instream flow standard processes.
Keys steps of the adopted interim IFS process are depicted in the left column by the boxes drawn with dotted lines.

Interim Instream Flow Standards (IIFS) Instream Flow Standards (IFS)

CWRM Receives or Initiates a Petition to
Amend the Existing IIFS (Status Quo)

v v

CWRM Staff Conducts an Inventory of CWRM Staff Conducts an Inventory of
Best Available Information (BAI) Best Available Information (BAI)

R Vo v

Notice of Intent

v

Staff Issues a Public Notice and Seek Agency Review
Conducts a Public Fact Gathering Meeting and Comments

oo V. {

CWRM Initiates Proceedings to Set IFS

NOT REQUIRED
BY STATUTE

Staff Compiles and Staff Compiles and Evaluates
Incorporates New Information New Information
A 4 ¢
Staff Prepares a Staff Prepares a
Recommendation for IIFS Amendment Recommendation for Proposed IFS, Issues a
for Action at a CWRM Meeting Public Notice, and Holds a Public Hearing
> CWRM Action <

Instream Flow Standard Assessment Report

The Instream Flow Standard Assessment Report (IFSAR) is a compilation of the hydrology, instream uses,
and noninstream uses related to a specific stream and its respective surface water hydrologic unit. The report
is organized in much the same way as the elements of IFS are depicted in Figure 1-1. The purpose of the
IFSAR is to present the best available information for a given hydrologic unit. This information is used to
determine the interim IFS recommendations, which is compiled as a separate report. The IFSAR is intended
to act as a living document that should be updated and revised as necessary, thus also serving as a stand-alone
document in the event that the Commission receives a subsequent petition solely for the respective hydrologic
unit.
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Each report begins with an introduction of the subject hydrologic unit and the current IFS status. Section 2.0
is comprised of the various hydrologic unit characteristics that, both directly and indirectly, impact surface
water resources. Section 3.0 contains a summary of available hydrologic information, while Sections 4.0
through 12.0 summarize the best available information for the nine instream uses as defined by the Code.
Noninstream uses are summarized in Section 13.0. Maps are provided at the end of each section to help
illustrate information presented within the section’s text or tables. Finally, Section 14.0 provides a
comprehensive listing of cited references and is intended to offer readers the opportunity to review IFSAR
references in further detail.

An important component of the IFSAR and the interim IFS process is the Compilation of Public Review
Comments (CPRC). The CPRC serves as a supporting document containing the oral and written comments
that are submitted as part of the initial public review process. Comments referred to within the IFSAR will
identify both the section and page number where the original comment can be located in the CPRC. For
example, a reference to ““8.0-3” indicates the third page of comments in Section 8.0 of the CPRC.

Following the preparation of the IFSAR and initial agency and public review, information may be added
to the IFSAR at any time. Dates of revision will be reflected as such. Future review of the IFSAR, by
agencies and the public, will only be sought when a new petition to amend the interim (or permanent)
instream flow standard is pending. Recommendations for IFS amendments are prepared separately as a
stand-alone document. Thus, the IFSAR acts solely as a compendium of best available information and
may be revised further without the need for subsequent public review following its initial preparation.

Surface Water Hydrologic Units

Early efforts to update the Commission’s Water Resource Protection Plan (WRPP) highlighted the need
for surface water hydrologic units to delineate and codify Hawaii’s surface water resources. Surface
water hydrologic units served as an important first-step towards improving the organization and
management of surface water information that the Commission collects and maintains, including
diversions, stream channel alterations, and water use.

In developing the surface water hydrologic units, the Commission staff reviewed various reports to arrive
at a coding system that could meet the requirements for organizing and managing surface water
information in a database environment, and could be easily understood by the general public and other
agencies. For all intents and purposes, surface water hydrologic units are synonymous with watershed
areas. Though Commission staff recognized that while instream uses may generally fall within a true
surface drainage area, noninstream uses tend to be land-based and therefore may not always fall within
the same drainage area.

In June 2005, the Commission adopted the report on surface water hydrologic units and authorized staff
to implement its use in the development of information databases in support of establishing IFS (State of
Hawaii, Commission on Water Resource Management, 2005a). The result is a surface water hydrologic
unit code that is a unique combination of four digits. This code appears on the cover of each IFSAR
above the hydrologic unit name.

Surface Water Definitions
Listed below are the most commonly referenced surface water terms as defined by the Code.
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Agricultural use. The use of water for the growing, processing, and treating of crops, livestock, aquatic
plants and animals, and ornamental flowers and similar foliage.

Channel alteration. (1) To obstruct, diminish, destroy, modify, or relocate a stream channel; (2) To change
the direction of flow of water in a stream channel; (3) To place any material or structures in a stream
channel; and (4) To remove any material or structures from a stream channel.

Continuous flowing water. A sufficient flow of water that could provide for migration and movement of fish,
and includes those reaches of streams which, in their natural state, normally go dry seasonally at the
location of the proposed alteration.

Domestic use. Any use of water for individual personal needs and for household purposes such as drinking,
bathing, heating, cooking, noncommercial gardening, and sanitation.

Ground water. Any water found beneath the surface of the earth, whether in perched supply, dike-confined,
flowing, or percolating in underground channels or streams, under artesian pressure or not, or
otherwise.

Hydrologic unit. A surface drainage area or a ground water basin or a combination of the two.

Impoundment. Any lake, reservoir, pond, or other containment of surface water occupying a bed or
depression in the earth's surface and having a discernible shoreline.

Instream Flow Standard. A quantity of flow of water or depth of water which is required to be present at a
specific location in a stream system at certain specified times of the year to protect fishery, wildlife,
recreational, aesthetic, scenic, and other beneficial instream uses.

Instream use. Beneficial uses of stream water for significant purposes which are located in the stream and
which are achieved by leaving the water in the stream. Instream uses include, but are not limited to:
(1) Maintenance of fish and wildlife habitats;

(2) Outdoor recreational activities;

(3) Maintenance of ecosystems such as estuaries, wetlands, and stream vegetation;

(4) Aesthetic values such as waterfalls and scenic waterways;

(5) Navigation;

(6) Instream hydropower generation;

(7) Maintenance of water quality;

(8) The conveyance of irrigation and domestic water supplies to downstream points of diversion; and
(9) The protection of traditional and customary Hawaiian rights.

Interim instream flow standard. A temporary instream flow standard of immediate applicability, adopted by
the Commission without the necessity of a public hearing, and terminating upon the establishment of
an instream flow standard.

Municipal use. The domestic, industrial, and commercial use of water through public services available to
persons of a county for the promotion and protection of their health, comfort, and safety, for the
protection of property from fire, and for the purposes listed under the term "domestic use."

Noninstream use. The use of stream water that is diverted or removed from its stream channel and includes
the use of stream water outside of the channel for domestic, agricultural, and industrial purposes.

Reasonable-beneficial use. The use of water in such a quantity as is necessary for economic and efficient
utilization, for a purpose, and in a manner which is both reasonable and consistent with the state and
county land use plans and the public interest.

Stream. Any river, creek, slough, or natural watercourse in which water usually flows in a defined bed or
channel. It is not essential that the flowing be uniform or uninterrupted. The fact that some parts of
the bed or channel have been dredged or improved does not prevent the watercourse from being a
stream.

Stream channel. A natural or artificial watercourse with a definite bed and banks which periodically or
continuously contains flowing water. The channel referred to is that which exists at the present time,
regardless of where the channel may have been located at any time in the past.

Stream diversion. The act of removing water from a stream into a channel, pipeline, or other conduit.

Stream reach. A segment of a stream channel having a defined upstream and downstream point.
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Stream system. The aggregate of water features comprising or associated with a stream, including the
stream itself and its tributaries, headwaters, ponds, wetlands, and estuary.

Surface water. Both contained surface water--that is, water upon the surface of the earth in bounds created
naturally or artificially including, but not limited to, streams, other watercourses, lakes, reservoirs,
and coastal waters subject to state jurisdiction--and diffused surface water--that is, water occurring
upon the surface of the ground other than in contained water bodies. Water from natural springs is
surface water when it exits from the spring onto the earth’s surface.

Sustainable yield. The maximum rate at which water may be withdrawn from a water source without
impairing the utility or quality of the water source as determined by the Commission.

Time of withdrawal or diversion. In view of the nature, manner, and purposes of a reasonable and beneficial
use of water, the most accurate method of describing the time when the water is withdrawn or
diverted, including description in terms of hours, days, weeks, months, or physical, operational, or
other conditions.

Watercourse. A stream and any canal, ditch, or other artificial watercourse in which water usually flows in
a defined bed or channel. It is not essential that the flowing be uniform or uninterrupted.
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Figure 1-3. Quickbird satellite imagery of the Kauaula hydrologic unit and streams in southwest Maui, Hawaii. (Source: U.S.
Geological Survey, 1996; State of Hawaii, Commission on Water Resource Management, 2015c¢; State of Hawaii, Division of
Aquatic Resources, 2005)

-14 -



Figure 1-4. Elevation range of the Kauaula hydrologic unit. (Source: State of Hawaii, Office of Planning, 2004e; U.S. Geological
Survey, 2001)
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Figure 1-5. USGS topographic map of the Kauaula hydrologic unit. (Source: State of Hawaii, Planning Department, 2004)
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Figure 1-6. Major and minor roads for the Kauaula hydrologic unit. (Source: State of Hawaii, Office of Planning 2015)
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2.0 Unit Characteristics

Geology

Kauaula is on the southern flanks of Puu Kukui, the West Maui volcano (Figure 2-2). There were three
separate volcanic phases in West Maui (Stearns and Macdonald 1942). The first phase called the
Wailuku Volcanic Series, makes up about 97% of the volume of the volcano, and consists of thin
pahoehoe and aa flows of tholeiitic olivine basalt with minor plagioclase basalt as thick as 1700 meters
(Table 2-1). The summit of this shield building phase eventually collapsed to form a caldera about 3.2
km across, with horizontal post-caldera lava flows. The Honolua Volcanic Series, the second phase, is
dominated by alkali rocks that formed an incomplete cap to the volcano ranging from single flows less
than 10 m thick to several flows as thick as 230 m on the northeastern slopes (Macdonald and abbott
1970). Occasionally viscuous trachytic magma formed domes with steeply sloping flow planes,
especially in the Kahoma and Launiupoko areas. Many dike and vent formations were produced in the
Honolua Series although due to the lack of well-developed rift zones, their distribution is somewhat
irregular. The Honolua Series finished about 500 kya, followed by a brief third phase of activity which
included four small eruptions occurring on the southwestern slope forming the Lahaina Volcanic Series.
These lava flows were all silica undersaturated basanitoids or basanites. The rapid erioson and valley
incision of West Maui has produced broad alluvial fans with unconsolidated dunes of lithified to semi-
lithified calcareous sand on the Eastern slopes. The generalized geology of the Kauaula hydrologic unit is
depicted in Figure 2-2.

Table 2-1 Area and percentage of surface geologic features for Kauaula hydrologic unit. (Source: Sherrod

et al, 2007)
Name Rock Type Area Percent
(mi?) (%)
Wailuku Volcanics Intrusive rocks, Caldera complex, Dike complex,
5.5275 66.2
Pahoehoe and Aa lava flows
Older alluvium Lithified sand and gravel 1.6914 20.3
Alluvium Sand and Gravel 0.7466 8.9
Honolua Volcanics Pahochoe and Aa, Conglomerate 0.3863 4.6

Soils

The U.S. Department of Agriculture’s Natural Resources Conservation Service (formerly known as the
Soil Conservation Service) divides soils into hydrologic soil groups (A, B, C, and D) according to the rate
at which infiltration (intake of water) occurs when the soil is wet. The higher the infiltration rate, the
faster the water is absorbed into the ground and the less there is to flow as surface runoff. Group A soils
have the highest infiltration rates; group D soils have the lowest. In the Kauaula hydrologic unit, soils are
largely dominated by Wainee soils and rough mountainous lands, with 43.3% of soils in Group B, 6.3%
of soils in Group C and 40.5% of soils in Group D (Table 2-2). Most of the unit consists of soils in Group
B, silty loam or loam with moderate infiltration rates, or Group D, clay loam, silty clay loam, or clay,
with high runoff potential. The less sloping tops of ridges and interfluves (regions of higher land between
valleys in the same hydrologic unit) are poorly drained but still support moderate infiltration. The
lowlands are composed of well-drained clay and rough broken land — very steep land broken by numerous
intermittent drainage channels (Figure 2-3). The numerous gulches and mountainsides have slopes of 40
to 70 percent, leading to high rates of slopewash. Runoff is rapid in these soils and geologic erosion is
active. The soils of rough broken land are not uniform. The clay is moderately permeable with slow to
medium runoff and a slight to moderate erosion hazard (U.S. Department of Agriculture, Soil
Conservation Service, 1972).
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Table 2-2. Area and percentage of soil types for the Kauaula hydrologic unit.

Map Unit Description Area (mi?) Percent (%)
WxB, WxC, WyB, WyC Wainee 2.6238 31.42%
RT Rough mountainous land 2.4723 29.61%
rSM Stony alluvial land 0.8214 9.84%
rRO Rock outcrop 0.6052 7.25%
EaA Ewa 0.5645 6.76%
rRR Rough broken land 0.4511 5.40%
rRK Rock land 0.3013 3.61%
PpA, PtB Pulehu 0.2195 2.63%
LaD Lahaina 0.2038 2.44%
OFC Olelo 0.0772 0.92%
Y Water 0.0102 0.12%

The Wainee soils are deep, extremely stony silty clay, well drained, and weathered from basic igneous
rock on alluvial fans of 3-15 percent slope (U. S. Department of Agriculture, Natural Resources
Conservation Service, Conservation Engineering Division, 1986). These soils are excellent for
agriculture. The center of the hydrologic unit consists of rough broken and rough mountainous soils
while alluvium (riverwash) dominates the lower reaches (Figure 2-3).

Rainfall

The West Maui Mountains are the driving force affecting the distribution of rainfall in Kauaula with
rainfall affected by both the orographic' effect and the rain shadow effect (Figure 2-1). Orographic
precipitation occurs when the prevailing northeasterly trade winds lift warm air up the windward side of
the mountains into higher elevations where cooler temperatures persist. As moist air cools, water
condenses and the air mass releases precipitation. As a result, frequent and heavy rainfall is observed at
the windward mountain slopes. The temperature inversion zone typically extends from 6,560 feet to
7,874 feet. This region is influenced by a layer of moist air below and dry air above, making climate
extremely variable (Giambelluca and Nullet, 1992). The fog drip zone occurs below the elevation where
cloud height is restricted by the temperature inversion, where temperature increases with elevation (Sholl
et al., 2002). Fog drip is a result of cloud-water droplets impacting vegetation (Scholl et al, 2002) and can
contribute significantly to ground water recharge. Above the inversion zone, the air is dry and the sky is
frequently clear (absence of clouds) with high solar radiation, creating an arid atmosphere with little
rainfall.

A majority of the mountains in Hawaii peak in the fog drip zone, where cloud-water is intercepted by
vegetation. In such cases, air passes over the mountains, warming and drying while descending the
leeward mountain slopes. Precipitation on Puu Kukui is influenced by its position relative to the trade
winds. The highest position lies in the cloudy layer below the trade wind inversion resulting in peak
rainfall for the region. Mean annual rainfall on Puu Kukui measured by the USGS (station 380.0) and
Maui Land & Pineapple since 1928 is about 362 inches. The fog drip zone on the windward side of
islands extends from the cloud base level at 1,970 feet to the lower limit of the most frequent temperature
inversion base height at 6,560 feet (Giambelluca and Nullet, 1992). The steep gradient around the island
forces moisture-laden air to rapidly rise in elevation (over 3,000 feet) in a short distance, resulting in a
rapid release of rainfall in one location. Finally, the relatively round, conical shape of the West Maui
Mountains exposes all sides of the peak to wind and moisture.

! Orographic refers to influences of mountains and mountain ranges on airflow, but also used to describe effects on
other meteorological quantities such as temperature, humidity, or precipitation distribution.
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The Kauaula hydrologic unit is situated on the leeward flank of the West Maui Mountains and as such
receives less orographic rainfall than windward slopes and is impacted by the rain shadow effect. Wind
will blow rainfall over the interfluve from east/northeast facing hydrologic units, contributing to higher
rainfall in the upper elevations (Figure 2-4). The high spatial variability in rainfall is evident by the large
variation in mean annual rainfall across the hydrologic unit. For the whole hydrologic unit, mean annual
rainfall averages just 81.4 inches. Above 2000 ft, rainfall is highest during the months of December and
January, where the mean monthly rainfall is 13.1 inches and 13.8 inches, respectively. Irregular
southernly Kona storm systems may produce localized intense rainfall on southeast facing slopes.

Figure 2-1. Orographic precipitation in the presence of mountains higher than 6,000 feet.

Currently, fog drip data for leeward slopes are non-existant. Shade (1999) used the monthly fog drip to
rainfall ratios for the windward slopes of Mauna Loa on the island of Hawaii (Table 2-3) to calculate fog
drip contribution to the water-budget in windward east Maui. The fog drip to rainfall ratios were
estimated using: 1) the fog drip zone boundaries for east Maui (Giambelluca and Nullet, 1991); and 2) an
illustration that shows the relationship between fog drip and rainfall for the windward slopes of Mauna
Loa, island of Hawaii (Juvik and Nullet, 1995). This method was used to determine the contribution of
fog drip in the Kauaula hydrologic unit, which is calculated by multiplying the ratios with the monthly
rainfall values (Giambelluca et al, 2013). Calculations show that approximately 32 percent of Kauaula
lies in the fog drip zone based on elevation. The total contribution from fog drip to the water budget
based on percent of fog drig from monthly rainfall is about 33%, assuming the same ratios apply to
leeward slopes (Table 2-3).
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Table 2-3. Fog drip to rainfall ratios for the windward slopes of Mauna Loa on the island of Hawaii and approximate
contributions to the Kauaula Hydrologic Unit based on an elevation range of 2000-5220 ft.

Month Ratio (%) Rai’\rﬁlgallln(in) Cont(rilr?)u“on
January 13 13.8 1.8
February 13 11.2 1.5
March 13 13.7 1.8
April 27 12.7 34
May 27 8.8 2.4
June 27 9.8 2.6
July 67 9.9 6.6
August 67 10.6 7.1
September 67 6.8 4.6
October 40 8.5 3.4
November 40 12.0 4.8
December 27 13.1 3.5

Solar Radiation

Solar radiation is the sun’s energy that arrives at the Earth’s surface after considerable amounts have been
absorbed by water vapor and gases in the Earth’s atmosphere. The amount of solar radiation to reach the
surface in a given area is dependent in part upon latitude and the sun’s declination angle (angle from the
sun to the equator), which is a function of the time of year. Hawaii’s trade winds and the temperature
inversion layer greatly affect solar radiation levels, the primary heat source for evaporation. High
mountain ranges block moist trade-wind air flow and keep moisture beneath the inversion layer (Lau and
Mink, 2006). As a result, windward slopes tend to be shaded by clouds and protected from solar
radiation, while dry leeward areas receive a greater amount of solar radiation and thus have higher levels
of evaporation. In Kauaula, average annual solar radiation is 199.3 W/m? per day with a range of 159.9 —
227.4 W/m? per day (Figure 2-5). It is greatest at the coast and decreases toward the uplands, where
cloud cover is more of an influence (Giambelluca et al. 2014).

Evaporation

Evaporation is the loss of water to the atmosphere from soil surfaces and open water bodies (e.g. streams
and lakes). Evaporation from plant surfaces (e.g. leaves, stems, flowers) is termed transpiration.
Together, these two processes are commonly referred to as evapotranspiration, and it can significantly
affect water yield because it determines the amount of rainfall lost to the atmosphere. On a global scale,
the amount of water that evaporates is about the same as the amount of water that falls on Earth as
precipitation. However, more water evaporates from the ocean whereas on land, rainfall often exceeds
evaporation. The rate of evaporation is dependent on many climatic factors including solar radiation,
albedo?, rainfall, humidity, wind speed, surface temperature, and sensible heat advection®. Higher
evaporation rates are generally associated with greater net radiation, high wind speed and surface
temperature, and lower humidity.

2 Albedo is the proportion of solar radiation that is reflected from the Earth, clouds, and atmosphere without heating
the receiving surface.
3 Sensible heat advection refers to the transfer of heat energy that causes the rise and fall in the air temperature.
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A common approach to estimating evaporation is to employ a relationship between potential evaporation
and the available water in the watershed. Potential evaporation is the maximum rate of evaporation if
water is not a limiting factor, and it is often measured with evaporation pans. In Hawaii, pan evaporation
measurements were generally made in the lower elevations of the drier leeward slopes where sugarcane
was grown. These data have been compiled and mapped by Ekern and Chang (1985). Most of the
drainage basins in Hawaii are characterized by a relatively large portion of the rainfall leaving the basin
as evaporation and the rest as streamflow (Ekern and Chang, 1985). Based on the available pan
evaporation data for Hawaii, evaporation generally decreases with increasing elevation below the
temperature inversion* and the cloud layer (Figure 2-6). At low elevations near the coast, pan
evaporation rates are influenced by sensible heat advection from the ocean (Nullet, 1987). Pan
evaporation rates are enhanced in the winter by positive heat advection from the ocean, and the opposite
occurs in the summer when pan evaporation rates are diminished by negative heat advection
(Giambelluca and Nullet, 1992). With increasing distance from the windward coasts, positive heat
advection from dry land surfaces becomes an important factor in determining the evaporative demand on
the landscape (Nullet, 1987). Shade (1999, Fig. 9) estimated pan evaporation rates of 30 inches per year
below 2,000 feet elevation to 90 inches per year near the coast. Within the cloud layer, evaporation rates
are particularly low due to the low radiation and high humidity caused by fog drip. Pan evaporation rates
dropped below 30 inches per year in this area as reported in Shade (1999, Fig. 9). Near the average
height of the temperature inversion, evaporation rates are highly variable as they are mainly influenced by
the movement of dry air from above and moist air from below (Nullet and Giambelluca, 1990). Above
the inversion, clear sky and high solar radiation at the summit causes increased evaporation, with pan
evaporation rates of about 50 to 70 inches per year (Shade, 1999, Fig. 9). For example, Ekern and Chang
(1985) reported evaporation increased to 50 percent more than surface oceanic rates near the Mauna Kea
crest on the island of Hawaii. Potential annual evapotranspiration in the Kauaula hydrologic unit (Figure
2-6) averages 99.3 inches per year and ranges from 56.0 to 227.8 inches per year (Giambelluca et al.
2014).

Land Use

The Hawaii Land Use Commission (LUC) was established under the State Land Use Law (Chapter 205,
Hawaii Revised Statutes) enacted in 1961. Prior to the LUC, the development of scattered subdivisions
resulted in the loss of prime agricultural land that was being converted for residential use, while creating
problems for public services trying to meet the demands of dispersed communities. The purpose of the
law and the LUC is to preserve and protect Hawaii’s lands while ensuring that lands are used for the
purposes they are best suited. Land use is classified into four broad categories: 1) agricultural; 2)
conservation; 3) rural; and 4) urban.

Land use classification is an important component of examining the benefits of protecting instream uses
and the appropriateness of surface water use for noninstream uses. While some may argue that land use,
in general, should be based upon the availability of surface and ground water resources, land use
classification continues to serve as a valuable tool for long-range planning purposes.

As 0f 2014, the LUC designated 43.3 percent of the land in Kauaula as conservation and 47.2 percent as
agricultural, and 9.4 percent as urban (State of Hawaii, Office of Planning, 2015d). The conservation
district is located in the upper part of the hydrologic unit, whereas the agricultural district lies in the
middle and the urban district is in the lowest part of the hydrologic unit (Figure 2-7).

4 Temperature inversion is when temperature increases with elevation.
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Land Cover

Land cover for the hydrologic unit of Kauaula is represented by two separate 30-meter Landsat satellite
datasets. One of the datasets, developed by the Coastal Change Analysis Program (C-CAP), provides a
general overview of the land cover types in Kauaula, e.g. forest, grassland, shrub land, with minor
developed areas, cultivated areas, and bare land (Table 2-4, Figure 2-8). The second is developed by the
Hawaii Gap Analysis Program (HI-GAP), which mapped the National Vegetation Classification System
(NVCS) associations for each type of vegetation, creating a more comprehensive land cover dataset
(Table 2-5, Figure 2-7).

Based on the two land cover classification systems, the land cover of Kauaula consists mainly of scrub
and forested areas. Over half of the hydrologic unit is made up of alien forest, grassland or shrubland.
There is some native dry cliff vegetation, shrubland and sparse ohia spread throughout the upper slopes.
A mixture of alien and ohia forests and uluhe shrub lands can be found at intermediate slopes. Alien
grasslands and cultivated cropland cover a majority of the lower altitudes near the coast with very little
urban or industrial developments.

Table 2-4. C-CAP land cover classes and area distribution in Kauaula hydrologic unit. (Source: National Oceanographic and
Atmospheric Agency, 2015)

Land Cover Description Area (mi?)  Percent of Unit
Grassland Natural and managed herbaceous cover 2.386 28.6
Everarcen Forest Areas where more than 67% of the trees remain green throughout
& the year 2212 26.5
Scrub/Shrub Areas dominated by woody vegetation less than 6 meters in height 2.162 25.9
Low Intensity Developed Constructed surface with substantial amounts of vegetated surface 0.437 5.2
Medium Intensity Developed Areas with a mixture of constructed materials and substantial
Y p amounts of vegetation 0.297 3.6
Areas mostly managed grasses or low-lying vegetation planted for
Developed Open Space recreation, erosion control, or aesthetic purposes 0.271 32
Bare Land Bare soil, gravel, or other earthen material with little or no
vegetation 0.247 3.0
. . Contains significant land area covered by concrete, asphalt and
High Intensity Developed other constructed materials with less than 20% vegetation 0.158 1.9
Cultivated Crops Areas intensely managed for the production of annual crops 0.113 1.4
Open Water 0.041 0.5
Palustrine Emergent Wetland Includes tidal and nontidal wetlands dpmmated by persistent
emergent vascular plants, mosses or lichens 0.030 0.4

The land cover maps (Figures 2-6, 2-9) provide a general representation of the land cover types in
Kauaula. Given that the scale of the maps is relatively large, they may not capture the smaller cultivated
lands or other vegetation occupying smaller parcels of land. Land cover types may also have changed
slightly since the year when the maps were published. Community members have reported lands
cultivated with tropical flowers, dryland (and some wetland) taro, sweet potato, banana, and papaya,
primarily in the lower-middle portions of the hydrologic unit. Along the coast, a number of typical native
and alien species have been reported. Some of those native species include ulei, naupaka kahakai, akia,

lau’we, and hala.
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Table 2-5. HI-GAP land cover classes and area distribution in Kauaula hydrologic unit. (Source: HI-GAP, 2005)

Land Cover Area (mi?) Percent of Unit
Alien Shrubland 3.443 41.2
Native Wet Cliff Vegetation 0.891 10.7
Alien Grassland 0.799 9.6
Alien Forest 0.684 8.2
Developed, Low Intensity 0.653 7.8
Uncharacterized Forest 0.514 6.2
Uncharacterized Shrubland 0.301 3.6
Cultivated Cropland 0.266 3.2
Closed Ohia Forest 0.250 3.0
Open Ohia Forest 0.145 1.7
Developed, High Intensity 0.122 1.5
Uluhe Shrubland 0.074 0.9
Native Dry Cliff Vegetation 0.068 0.8
Uncharacterized Open-Sparse Vegetation 0.057 0.7
Native Shrubland / Sparse Ohia (native shrubs) 0.039 0.5
Very Sparse Vegetation to Unvegetated 0.038 0.5
Open Water 0.008 0.1
Undefined 0.002 0.02

Flood

Floods usually occur following prolonged or heavy rainfall associated with tropical storms or hurricanes.
The magnitude of a flood depends on topography, ground cover, and soil conditions. Rain falling on
areas with steep slopes and soil saturated from previous rainfall events tends to produce severe floods in
low-lying areas. Four types of floods exist in Hawaii. Stream or river flooding occurs when the water
level in a stream rises into the flood plain. A 100-year flood refers to the probability of a given
magnitude flood occuring once in a hundred years, or 1 percent chance of happening in a given year.
Flash floods occur within a few hours after a rainfall event, or they can be caused by breaching of a flood
safety structure such as a dam. Flash flooding is common in Hawaii because the small drainage basins
often have a short response time, typically less than an hour, from peak rainfall to peak streamflow. They
are powerful and dangerous in that they can develop quickly and carry rocks, mud, and all the debris in
their path down to the coast, causing water quality problems in the near-shore waters. Some floods can
even trigger massive landslides, blocking off the entire stream channel. Sheet flooding occurs when
runoff builds up on previously saturated ground, flowing from the high mountain slopes to the sea in a
shallow sheet (Pacific Disaster Center, 2007). Coastal flooding is the inundation of coastal land areas
from excessive sea level rise associated with strong winds or a tsunami.

Peak floods in Kauaula were monitored by USGS for 47 years (1960-2008) at USGS station 16643300.
The 2-, 5-, 10-, 50-, and 100-year flood magnitudes in Kauaula at this station are calculated as 321, 627,
910, 1820, and 2360 cfs. The Federal Emergency Management Agency (FEMA) developed maps that
identify the flood-risk areas in an effort to mitigate life and property losses associated with flooding
events. Based on these maps, FEMA identified most of the Kauaula hydrologic unit as flood-risk zone X,
outside of the the 1% annual chance of flood. There is a small region along the coastline in Kauaula
where the flood risk is considered zone AE or VE, with the potential for shallow flooding of 1-3 feet
annually or areas, but there are no areas with greater than a 0.2% chance (Figure 2-10).
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Drought

Drought is generally defined as a shortage of water supply that usually results from lower than normal
rainfall over an extended period of time, though it can also result from human activities that increase
water demand (Giambelluca et al., 1991). The National Drought Mitigation Center (State of Hawaii,
Commission on Water Resource Management, 2005b) uses two types of drought definitions —
conceptual and operational. Conceptual definitions help people understand the general concept of
drought. Operational definitions describe the onset and severity of a drought, and they are helpful in
planning for drought mitigation efforts. The four operational definitions of drought are meteorological,
agricultural, hydrological, and socioeconomic. Meteorological drought describes the departure of rainfall
from normal based on meteorological measurements and understanding of the regional climatology.
Agricultural drought occurs when not enough water is available to meet the water demands of a crop.
Hydrological drought refers to declining surface and ground water levels. Lastly, socioeconomic drought
occurs when water shortage affects the general public.

Impacts of drought are complex and can be categorized into three sectors: water supply; agriculture and
commerce; and environment, public health, and safety sectors (State of Hawaii, Commission on Water
Resource Management, 2005b). The water supply sector encompasses urban and rural drinking water
systems that are affected when a drought depletes ground water supplies due to reduced recharge from
rainfall. The agriculture and commerce sector includes the reduction of crop yield and livestock sizes due
to insufficient water supply for crop irrigation and maintenance of ground cover for grazing. The
environmental, public health, and safety sector focuses on wildfires that are both detrimental to the forest
ecosystem and hazardous to the public. It also includes the impact of desiccating streams, such as the
reduction of instream habitats for native species.

Droughts have affected the islands throughout Hawaii’s recorded history. The most severe events of the
recent past years are associated with the El Nifio phenomenon. In January 1998, the National Weather
Service’s network of 73 rain gauges throughout the State did not record a single above-normal rainfall,
with 36 rain gauges recording less than 25 percent of normal rainfall (State of Hawaii, Commission on
Water Resource Management, 2005b). The most recent drought occurred in 2000-2002, affecting all
islands, especially the southeastern end of the State.

Table 2-6. Drought risk areas for Maui. (Source: University of Hawaii, 2003)

[Drought classifications of moderate, severe, and extreme have SPI values -1.00 to -1.49, -1.50 to -1.99, and -2.00 or less, respectively]
Drought Classification (based on 12-month SPI)

Sector
Moderate Severe Extreme
Kula, Kahului, Wailuku,
Water Supply Hana, Lahaina Kula, Hana Kula
Agriculture and Commerce -- -- --
Environment, Public Health and Safety Kula Kula Kula

With Hawaii’s limited water resources and growing water demands, droughts will continue to adversely
affect the environment, economy, and the residents of the State. Aggressive planning is necessary to
make wise decisions regarding the allocation of water at the present time, and conserving water resources
for generations to come. The Hawaii Drought Plan was established in 2000 in an effort to mitigate the
long-term effects of drought. One of the projects that supplemented the plan was a drought risk and
vulnerability assessment of the State, conducted by researchers at the University of Hawaii (2003). In this
project, drought risk areas were determined based on rainfall variation in relation to water source,
irrigated area, ground water yield, stream density, land form, drainage condition, and land use. Fifteen
years of historical rainfall data were used. The Standardized Precipitation Index (SPI) was used as the
drought index because of its ability to assess a range of rainfall conditions in Hawaii. It quantifies rainfall
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deficit for different time periods, i.e. 3 months and 12 months. Results of the study for Maui are
summarized in Table 2-6. Based on the 12-month SPI, the Kula and 