C-107

Prepared in cooperation with the Office of Hawaiian Affairs, State of Hawai‘i

Water Use in Wetland Kalo Cultivation in Hawaiÿi

Open-File Report 2007–1157

U.S. Department of the Interior
U.S. Geological Survey

C-108

COVER
Kalo or taro (Colocasia esculenta (L.) Schott) typically in Hawai‘i is grown in wetland patches (lo‘i)
directly irrigated with water from rivers or streams. Nearly 300 forms of Hawaiian kalo have been
recorded. As a food source it was so important that it was referred to simply as ‘ai, which means
food in Hawaiian. Practically the entire plant is edible.
Photo by Chiu W. Yeung, U.S. Geological Survey.

Water Use in Wetland Kalo
Cultivation in Hawaiÿi
By Stephen B. Gingerich, Chiu W. Yeung, Tracy-Joy N. Ibarra, and
John A. Engott

Prepared in cooperation with the
Office of Hawaiian Affairs, State of Hawai‘i

Open-File Report 2007–1157

U.S. Department of the Interior
U.S. Geological Survey

U.S. Department of the Interior
DIRK KEMPTHORNE, Secretary
U.S. Geological Survey
Mark D. Myers, Director

U.S. Geological Survey, Reston, Virginia: 2007

For product and ordering information:
World Wide Web: http://www.usgs.gov/pubprod
Telephone: 1-888-ASK-USGS
For more information on the USGS--the Federal source for science about the Earth, its natural
and living resources, natural hazards, and the environment:
World Wide Web: http://www.usgs.gov
Telephone: 1-888-ASK-USGS

Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
Although this report is in the public domain, permission must be secured from the individual
copyright owners to reproduce any copyrighted materials contained within this report.

Suggested citation:
Gingerich, S.B., Yeung, C.W., Ibarra, T.N., and Engott, J.A., 2007, Water use in wetland kalo cultivation in Hawai‘i: U.S. Geological Survey Open-File Report 2007-1157, 68 p.

iii

Contents
Abstract...........................................................................................................................1
Introduction . ...................................................................................................................1
Site Selection...........................................................................................................3
Acknowledgments....................................................................................................4
Discharge, Water-Temperature, and Area Data-Collection Methods...............................4
Discharge Measurements........................................................................................5
Water-Temperature Measurements..........................................................................5
Area Measurements.................................................................................................5
Discharge and Water-Temperature Data.........................................................................6
Kaua‘i ......................................................................................................................7
O‘ahu ....................................................................................................................25
Maui ....................................................................................................................43
Hawai‘i....................................................................................................................59
Summary.......................................................................................................................59
References Cited...........................................................................................................59

Figures
1. General movement of irrigation water in a lo‘i kalo............................................2
2. Location of significant areas of kalo cultivation, State of Hawai‘i.......................4
3. Flow measured by U.S. Geological Survey staff in loÿi kalo ÿauwai with (A)
an acoustic Doppler velocimeter and (B) the volumetric method.......................5
4. Thermistor and PVC housing used for collecting temperature
measurements...................................................................................................6
5. Wai‘oli lo‘i complex, Island of Kaua‘i................................................................10
6. Water temperature in Wai‘oli lo‘i complex, Island of Kaua‘i..............................11
7. Daily pattern of water temperature in Wai‘oli lo‘i complex,
Island of Kaua‘i................................................................................................15
8. Hanalei lo‘i complex, Island of Kaua‘i..............................................................19
9. Water temperature in Hanalei lo‘i complex, Island of Kaua‘i............................20
10. Daily pattern of water temperature in Hanalei lo‘i complex,
Island of Kaua‘i................................................................................................21
11. Makaweli lo‘i complex, Island of Kaua‘i............................................................22
12. Water temperature in Makaweli lo‘i complex, Island of Kaua‘i.........................23
13. Daily pattern of water temperature in Makaweli lo‘i complex, Island of
Kaua‘i...............................................................................................................24

iv

14. Waiähole lo‘i complexes, Island of O‘ahu.........................................................28
15. Water temperature in Waiähole lo‘i complexes, Island of O‘ahu......................29
16. Daily pattern of water temperature in Waiähole lo‘i complexes, Island of
O‘ahu...............................................................................................................32
17. Waihe‘e lo‘i complex, Island of O‘ahu..............................................................35
18. Water temperature in Waihe‘e lo‘i complexes, Island of O‘ahu........................36
18. Continued........................................................................................................37
19. Daily pattern of water temperature in Waihe‘e lo‘i complex,
Island of O‘ahu.................................................................................................38
20. Hale‘iwa lo‘i complex, Island of O‘ahu.............................................................40
21. Water temperature in Hale‘iwa lo‘i complexes, Island of O‘ahu.......................41
22. Daily pattern of water temperature in Hale‘iwa lo‘i complex, Island of
O‘ahu...............................................................................................................42
23. Waihe‘e lo‘i complexes, Island of Maui............................................................46
24. Water temperature in Waihe‘e lo‘i complexes, Island of Maui..........................47
25. Daily pattern of water temperature in Waihe‘e lo‘i complexes, Island of
Maui.................................................................................................................48
26. Wailua (Lakini) lo‘i complex, Island of Maui.....................................................49
27. Water temperature in Wailua (Lakini) lo‘i complex, Island of Maui...................50
28. Daily pattern of water temperature in Wailua (Lakini) lo‘i complex, Island of
Maui.................................................................................................................51
29. Wailua lo‘i complex, Island of Maui..................................................................52
30. Water temperature in Wailua lo‘i complex, Island of Maui................................53
31. Daily pattern of water temperature in Wailua lo‘i complex, Island of Maui.......53
32. Wailua (Waikani) lo‘i complex, Island of Maui..................................................54
33. Water temperature in Wailua (Waikani) lo‘i complex, Island of Maui...............55
34. Daily pattern of water temperature in Wailua (Waikani) lo‘i complex, Island
of Maui.............................................................................................................56
35. Ke‘anae lo‘i complex, Island of Maui................................................................57
36. Water temperature in Ke‘anae lo‘i complex, Island of Maui.............................58
37. Daily pattern of water temperature in Ke‘anae lo‘i complex, Island of Maui....58
38. Waipi‘o (A) lo‘i complex, Island of Hawai‘i........................................................62
39. Waipi‘o (B) lo‘i complex, Island of Hawai‘i........................................................63
40. Water temperature in Waipi‘o (A) lo‘i complex, Island of Hawai‘i.....................64
41. Daily pattern of water temperature in Waipi‘o (A) lo‘i complex, Island of
Hawai‘i.............................................................................................................65
42. Water temperature in Waipi‘o (B) lo‘i complex, Island of Hawai‘i.....................66
43. Daily pattern of water temperature in Waipi‘o (B) lo‘i complex, Island of
Hawai‘i.............................................................................................................67



Tables
1. Selected temperature conversions. . .................................................................6
2. Summary of discharge measurements and areas for selected lo‘i
complexes, Island of Kaua‘i...............................................................................8
3. Water-temperature statistics based on measurements collected at
15-minute intervals for lo‘i complexes on the Island of Kaua‘i ..........................9
4. Summary of discharge measurements and areas for selected lo‘i
complexes, Island of O‘ahu ...........................................................................26
5. Water-temperature statistics based on measurements collected at
15-minute intervals for lo‘i complexes on the Island of O‘ahu..........................27
6. Summary of discharge measurements and areas for selected lo‘i
complexes, Island of Maui................................................................................44
7. Water-temperature statistics based on measurements collected at
15-minute intervals for lo‘i complexes on the Island of Maui. . ........................45
8. Summary of discharge measurements and areas for selected lo‘i
complexes, Island of Hawai‘i............................................................................60
9. Water-temperature statistics based on measurements collected at
15-minute intervals for lo‘i complexes on the Island of Hawai‘i. ......................61
10. Summary of water use calculated for lo‘i and lo‘i complexes by island,
State of Hawai‘i...............................................................................................68

vi

Conversion Factors
Multiply
acre

By
Area
4,047

To obtain
square meter (m2)

Volume
million gallons (Mgal)
million gallons per day (Mgal/d)

3,785
Flow rate
0.04381

cubic meter (m3)
cubic meter per second (m3/s)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as
follows:
°F=(1.8×°C)+32
Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as
follows:
°C=(°F-32)/1.8
Vertical coordinate information is referenced to mean sea level.
Horizontal coordinate information is referenced to the North American Datum of 1983
(NAD 83).

Water Use in Wetland Kalo Cultivation in Hawaiÿi
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Abstract
Ten cultivation areas (8 windward, 2 leeward)
were selected for a kalo water-use study, primarily
on the basis of the diversity of environmental and
agricultural conditions under which wetland kalo is
grown and landowner permission and availability.
Flow and water-temperature data were collected
at the lo‘i complex level and at the individual lo‘i
level. To ensure that flow and temperature data
collected at different lo‘i reflect similar irrigation
conditions (continuous flooding of the mature crop),
only lo‘i with crops near the harvesting stage were
selected for water-temperature data collection. The
water need for kalo cultivation varies depending
on the crop stage. In this study, data were collected
during the dry season (June - October), when water
requirements for cooling kalo approach upper
limits. Flow measurements generally were made
during the warmest part of the day, and temperature
measurements were made every 15 minutes at each
site for about a 2-month period.
Flow and temperature data were collected from
kalo cultivation areas on four islands—Kaua‘i,
O‘ahu, Maui, and Hawai‘i. The average inflow
value for the 19 lo‘i complexes measured in this
study is 260,000 gallons per acre per day, and the
median inflow value is 150,000 gallons per acre per
day. The average inflow value for the 17 windward
sites is 270,000 gallons per acre per day, and the
median inflow value is 150,000 gallons per acre per
day. The average inflow value for the two leeward
sites is 150,000 gallons per acre per day. The average inflow value measured for six individual lo‘i is
350,000 gallons per acre per day, and the median
inflow value is 270,000 gallons per acre per day.
The average inflow value for the five windward
lo‘i is 370,000 gallons per acre per day, and the
median inflow value is 320,000 gallons per acre
per day. The inflow value for the one leeward lo‘i is
210,000 gallons per acre per day. These inflow values are consistent with previously reported values
for inflow and are significantly higher than values
generally estimated for water consumption during

kalo cultivation. These measurements of inflow are
important for future considerations of water-use
requirements for successful kalo cultivation.
Of the 17 loÿi complexes where water inflow
temperature was measured, only 3 had inflow
temperatures that rose above 27°C, the threshold
temperature above which wetland kalo is more
susceptible to fungi and associated rotting diseases.
The coldest mean inflow temperature was 20.0°C
and the warmest inflow temperature was 24.9°C.
All 15 of the sites where outflow temperatures were
measured had some temperatures greater than 27°C.
Outflow temperatures exceeded 27°C between 2.5
percent and about 40 percent of the time. Mean outflow temperatures ranged from 23.0°C to 26.7°C.

Introduction
Wetland kalo or taro (Colocasia esculenta (L.)
Schott) is a vital part of the cultural and agricultural traditions of native Hawaiians. In some locations in Hawai‘i, significant competition between
instream and offstream uses for limited surfacewater resources has led to litigation about rights to
water for kalo cultivation and other uses. Appurtenant water rights of kuleana (private land awards
to commoners) and kalo lands are preserved under
the State Water Code, Hawai‘i Revised Statutes Ch.
174C. Although irrigation flows for kalo cultivation have been measured with varying degrees of
scientific accuracy, there is disagreement regarding
the amount of water used and needed for successful
kalo cultivation, with water temperature recognized
as a critical factor. Most studies have focused on the
amount of water consumed rather than the amount
needed to flow through the irrigation system for
successful kalo cultivation. In 2002, the Office of
Hawaiian Affairs, State of Hawai‘i, cosponsored the
“No Ka Lo‘i Conference” at the Kamakaküokalani
Center for Hawaiian Studies, University of Hawai‘i
at Mänoa. One of the outcomes of the conference
was kalo farmers’ expressed desire to document
current water use and to protect and enhance kalo

  

cultivation. The study documented in this report was
pursued to help fulfill the priorities identified during
that conference.
Wetland kalo is cultivated throughout Hawai‘i
in groups of shallow, watery terraces and pondfields, which native Hawaiians call lo‘i kalo (fig.1).
In this report, lo‘i refers to an individual pondfield
and lo‘i complex refers to a group of lo‘i. Wetland
cultivation is the primary and preferred source for
kalo corms (food-bearing underground stem), which
are processed into poi, a popular Hawaiian staple
food. Wetland kalo requires cool water flowing
over its roots to ensure the health and productivity
of the crop. Irrigation, therefore, needs to provide
more water than just what is consumed in the lo‘i
through evaporation from open water, transpiration
through the kalo leaves, and percolation through
the lo‘i bottom and sides. Irrigation flow must be
controlled to provide enough cold water to keep the
lo‘i adequately cool throughout the growing cycle.
Water-temperature management in individual lo‘i is
recognized as a water-management priority. Water

temperature is generally considered the most critical physical factor in kalo cultivation water use, but
rarely is it systematically measured or analyzed.
Various studies suggest that it is best to keep lo‘i
water temperatures at about 25oC (77oF) or lower
(Reppun v. Board of Water Supply, 1982; Penn,
1997). In general, a higher irrigation rate should
dampen water heating and lower irrigation outflow
temperature (Penn, 1997).
In cooperation with the Office of Hawaiian Affairs, State of Hawai‘i, the U.S. Geological Survey (USGS) undertook an investigation to
evaluate current water use for commercial wetland
kalo cultivation in Hawai‘i. The objectives of this
2-year study are (1) to document current water use
for selected lo‘i complexes of various sizes on the
islands of Kaua‘i, O‘ahu, Maui, and Hawai‘i; and
(2) to monitor the variation in inflow and outflow water temperatures of selected lo‘i and lo‘i
complexes. Water-use and water-temperature data
collected as part of this study provides baseline
information on wetland kalo irrigation practices

Solar heating
Transpiration

Inflow of
cold water
from ‘auwai

Evaporation

Percolation
through sides

Outflow
of solarheated
water

Percolation through bottom

Figure 1. General movement of irrigation water in a lo‘i kalo.
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for a variety of geographic settings in the Hawaiian
Islands.
The ‘auwai, or irrigation ditch system, constructed at each lo‘i complex transports water from
streams to flood each lo‘i. The design of the ‘auwai
and lo‘i complexes varies from place to place, and
from simple to complicated. An example of a simple
lo‘i complex design is where an ‘auwai supplies
water to a lo‘i and flow is returned directly back
to the stream. An example of a more complicated
design exists in Ke‘anae, Maui, where an ‘auwai
distributes water to multiple lo‘i staggered along
the ‘auwai, and most lo‘i throughflow is returned to
the ‘auwai and mixed for reuse in downstream lo‘i
irrigation. Flow is ultimately released to the ocean
at various locations around the Ke‘anae Peninsula
and is too diffuse to accurately measure.
The most rigorous documented measurements
of water used for wetland kalo cultivation were
made in the 1930s at Hanapëpë, Kaua‘i, by the University of Hawai‘i and McBryde Sugar Company
(Miles, 1931). Various water uses were measured
including percolation in the lo‘i and ‘auwai, transpiration, and evaporation. The highlighted results
of 50,000 to 80,000 gallons per acre per day (gad)
represent net loss or consumption (the difference
between the amount of water flowing into a lo‘i
complex and the amount flowing out) in the lo‘i
and the researchers recognized “that a considerably greater amount would have to be diverted in
order to successfully grow taro [kalo] with proper
circulation of water.” This statement is based on
inflow measurements that ranged from 290,000
to 1,100,000 gad (Penn, 1997). The results of this
Hanapëpë study were used by the Hawai‘i courts
to determine the water rights in connection with
the various lands involved in the case. This was the
last time that a final court decision was reached on
this water rights issue. Some of the most frequently
relied on flow-rate measurements were made by
Watson (1964) and were presented as evidence in
several seminal water-rights cases (Reppun v. Board
of Water Supply, 1982; State of Hawaiÿi, 2000).
Watson reported kalo water requirements of 40,000
gad, a figure also arrived at through a net loss determination. No consideration was given to the amount
of throughflow needed to meet the cooling requirements of the lo‘i. Penn (1997) reinterpreted Watson’s findings to suggest that throughflow results
for that study would be 100,000 to 250,000 gad. At
Hanalei, Kaua‘i, the U.S. Forest Service measured
average inflow rates to a lo‘i complex of 87,500 gad
and estimated consumptive use for 220 acres in kalo
production to be about 23,600 gad (Berg and others,
1997).
3

Site Selection
Twenty-eight geographic areas with significant
kalo cultivation on the islands of Kaua‘i, O‘ahu,
Moloka‘i, Maui, and Hawai‘i were initially identified (fig. 2). Each of the islands can be divided into
two primary physiographic zones, windward and
leeward, which relate to the exposure of these areas
to the northeasterly trade winds and orographic
rainfall. In general, windward areas receive higher
rainfall than leeward areas. Twenty-one of the identified kalo cultivation areas receive rainfall consistent with the windward sides of the islands and
seven cultivation areas receive rainfall consistent
with the leeward sides of their respective islands.
Of these areas, 10 were selected for this study (8
windward, 2 leeward), primarily on the basis of the
diversity of environmental and agricultural conditions under which wetland kalo is grown and on the
basis of landowner availability. In some areas, more
than one complex was studied. Final site selection
was made in consultation with the Office of Hawaiian Affairs, State of Hawai‘i, Onipa‘a Nä Hui Kalo,
and the State of Hawai‘i Department of Health.
The USGS collected flow and water-temperature data at the loÿi complex level and at the lo‘i
level. Data collection was designed to measure
and document the amount of water being used by
kalo farmers in a variety of geographic areas. The
study was not designed to measure the consumption of water during kalo growth, but rather the
throughflow of water used in loÿi complexes where
commercial cultivation generally is viable. For
consistency in site selection, lo‘i with crops near
harvesting stage were selected for the lo‘i watertemperature data collection. Farmers stagger planting dates to obtain year-round production. Due to
differences in water availability and irrigation-system configuration, irrigation practices vary. Farmers generally allocate a greater amount of water to
lo‘i with crops at harvesting stage and less water
to lo‘i with crops at earlier stages to maximize the
use of limited water resources. The selection of lo‘i
with crops at harvesting stage ensured that flow and
temperature data collected at different lo‘i reflect
similar irrigation conditions (continuous flooding
of the mature crop). During field visits, farmers
were interviewed about their irrigation practices
and about their perceptions of their water supply.
In general, most farmers believed that their supply
of irrigation water was insufficient for proper kalo
cultivation.
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Discharge, Water-Temperature,
and Area Data-Collection
Methods
Data collection was done during the dry season (June–October) when water requirements for
cooling kalo are higher. In general, surface-water
temperatures in the Hawaiian Islands begin to rise
in April and remain elevated through September,
mainly due to increased solar heating (Brasher and
others, 2004; Gingerich and Wolff, 2005; Oki and
others, 2006). Flow measurements generally were
made during the warmest part of the day; temperature measurements were made every 15 minutes at
each site for about a two-month period.
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Discharge Measurements

(A)

Measurements of the amount of water flowing into or out of the lo‘i complexes were made by
using current-meter, volumetric-flow, or portable
Parshall flume methods. Where channel conditions in the ÿauwai permitted (for example, straight
channels, non-turbulent flow, and relatively greater
flow volumes), current-meter measurements were
made. In the current-meter method, observations of
width, depth, and velocity are collected at intervals
in a cross section of the channel while the measurer
wades in the channel (Rantz and others, 1982).
Velocity measurements were made by using an
acoustic Doppler velocimeter attached to a top-setting wading rod (fig. 3). Volumetric measurements
were made where channel conditions did not permit
current-meter measurements, where flow volumes
were relatively low, or where volumetric measurements were more convenient than current-meter
measurements. Volumetric measurements were
made by repeated timed fillings of a calibrated
five-gallon bucket and averaging the results (fig. 3).
Typically, 10 independent measurements were made
by using the calibrated bucket. Although relatively
simple, the volumetric measurement is considered
the most accurate way to measure low flows (Rantz
and others, 1982). Parshall flume measurements
were made in selected ‘auwai where flow was too
low for current-meter measurements but where the
channel was narrow and flow was uniform. At these
sites, the Parshall flume was installed and leveled,
and repeated measurements were made in the flume
stilling well after flow in the flume stabilized. At
all sites, regardless of the method of measurement,
a reference mark was set and checked at the beginning and ending of each workday to determine if the
overall flow conditions changed during the day.

(B)

Figure 3. Flow measured by U.S. Geological Survey staff
in loÿi kalo ÿauwai with (A) an acoustic Doppler velocimeter
and (B) the volumetric method.

retrieved by using a laboratory-calibrated field
thermistor. Because field checks of the thermistors
were within acceptable tolerances, no adjustments
to the data were needed. A table showing equivalent
temperature values in °C and °F is included (table
1).

Water-Temperature Measurements
Water temperatures were measured every 15
minutes by using StowAway® Tidbit® thermistors from Onset Computer Corporation that were
designed to operate in the -20°C–50°C temperature
range. Each thermistor was calibrated in the laboratory following USGS procedures (U.S. Geological
Survey, 1997 to present) before installation in the
field. Each thermistor was installed inside a 6-in.
length of 1.25-in. diameter PVC pipe staked below
the lowest expected water level in the ÿauwai or loÿi
being monitored (fig. 4). Monitoring locations were
in the shade, where possible, and chosen to avoid
potentially stagnant flow. Each thermistor was field
checked in place when deployed and again when

Area Measurements
Measurements of the selected loÿi and lo‘i
complex areas were made by walking the perimeter of each lo‘i complex while recording the track
with a handheld Global Positioning System (GPS)
unit. Each perimeter track was uploaded from the
GPS unit to a geographic information system (GIS)
program and, where necessary, adjusted to overlay
aerial images showing the appropriate lo‘i com5

Table 1. Selected temperature conversions.
Temperature
(degrees Celsius)
18.0
18.5
19.0
19.5
20.0
20.5
21.0
21.5
22.0
22.5
23.0
23.5
24.0
24.5
25.0
25.5
26.0
26.5
27.0
27.5
28.0
28.5
29.0
29.5
30.0
30.5
31.0
31.5
32.0
32.5
33.0
33.5
34.0
34.5
35.0
35.5
36.0
36.5
37.0
37.5
38.0
38.5
39.0
39.5
40.0

Figure 4. Thermistor and PVC housing used for collecting
temperature measurements.

plexes. The areas, determined from the GIS program, include the cultivated and fallow lo‘i banks,
pathways, and ‘auwai inside the perimeter of the
track. Removing the area of these non-water-covered parts of the lo‘i complexes from the total area
was determined to be too difficult and subjective.
The emphasis was, therefore, directed toward treating each lo‘i complex consistently.

Discharge and WaterTemperature Data
As part of this study, 62 flow measurements and
46 sets of temperature data were collected from kalo
cultivation areas on four islands—Kaua‘i, O‘ahu,
Maui, and Hawai‘i. The flow and temperature
measurement data collected as part of this study are
available on the World Wide Web. Data from each
station listed in the following tables can be retrieved
6

Temperature
( degrees Fahrenheit)
64.4
65.3
66.2
67.1
68.0
68.9
69.8
70.7
71.6
72.5
73.4
74.3
75.2
76.1
77.0
77.9
78.8
79.7
80.6
81.5
82.4
83.3
84.2
85.1
86.0
86.9
87.8
88.7
89.6
90.5
91.4
92.3
93.2
94.1
95.0
95.9
96.8
97.7
98.6
99.5
100.4
101.3
102.2
103.1
104.0

from the USGS National Water Information System
database (NWIS) by clicking on the linked station
name.
The flow and area tables in the following sections, presented by island, provide dates and times
of measurements, flow rates in ‘auwai irrigating the
loÿi and lo‘i complexes, the GPS-measured areas of
the selected loÿi and loÿi complexes, and water use
based on the flow and area measurements. The temperature tables summarize (1) the dates of temperature-logger deployment; (2) the mean, maximum,
and minimum temperature over the entire period
of measurement; (3) the mean of the daily range
in temperatures; (4) the range of times the highest
temperature in any day occurred; (5) the percentage of measurements greater than 27°C; and (6)
the earliest and latest times during the day that the
temperatures were greater than 27°C. A temperature
of 27°C is cited as the threshold temperature above
which wetland kalo is more susceptible to fungi
and associated rotting diseases (Ooka, 1994, Penn,
1997).
Two plots are presented for each temperature
record collected in the study. One plot shows the
entire record of 15-minute temperature data measurements for the length of time each temperature
thermistor was deployed. These plots are useful
for displaying how the temperature changed over
time due to factors such as a period of cloudiness,
increased or decreased irrigation caused by rainfall,
or ‘auwai problems. The other temperature plots
provided show all of the temperature data plotted against the time of day each measurement was
recorded. These plots indicate the daily pattern of
temperature variation and are also useful for displaying the earliest and latest times of the day when
the temperature reached the 27°C threshold.

7

Kaua‘i
Three areas were measured on Kaua‘i—Wai‘oli
and Hanalei (windward sites) and Makaweli (leeward site). Flow measurements were made on
August 7-9, 2005, when the temperature loggers
were deployed, and on September 21-23, 2005,
when the temperature loggers were removed (tables
2 and 3). The Wai‘oli area is supplied through the
Wai‘oli ‘Auwai with water diverted from the Wai‘oli
River (fig. 4). Of the numerous lo‘i complexes
supplied by the Wai‘oli ‘Auwai, four independent
loÿi complexes were studied. Twelve flow measurements were made, and ten temperature loggers were
deployed at selected inflow and outflow locations
(figs. 5 and 6).
The Hanalei area is supplied through the “China
Ditch” with water diverted from the Hanalei River
(fig. 7). One lo‘i complex was studied in this area.
Four flow measurements were made, and three temperature loggers were deployed in the Hanalei area
(figs. 8 and 9).
The Makaweli area is supplied through the
Pu‘ulima Ditch with water diverted from the
Makaweli River; one lo‘i complex was studied
in this area (fig. 10). One flow measurement was
made, and three temperature loggers were deployed
in the Makaweli area (figs. 11 and 12). A flow measurement was not made during the second visit to
the Makaweli area because of damage to the diversion structure.
						

Table 2. Summary of discharge measurements and areas for selected lo‘i complexes, Island of Kaua‘i.
[Mgal/d, million gallons per day; gad, gallons per acre per day; --, not available; average water use is determined by summing the averages of each lo‘i or lo‘i complex and dividing by the number of lo‘i or lo‘i
complexes]
Complex
Geographic
designation
Windward

Station

Wai‘oli

Ka01A-CI

32.39

Ka01B-CI

2.98

Ka01C-CI
Ka01D-CI

Windward

Irrigation
area
(acre)

Area

Hanalei

Ka02-CI

5.46
4.18

53.63

Date

Measurement
time

8/8/2005

0850

Lo‘i
Discharge
(Mgal/d)
4.2

Water use
(gad)

Station

Irrigation
area
(acre)

Date

Ka01B-LI

0.21

8/8/2005

1400

0.076

370,000

9/21/2005

1337

0.047

230,000

Ka01C-LI

0.16

8/8/2005

1030

0.028

170,000

9/22/2005

1255

0.019

120,000

8/9/2005

0910

0.10

--

9/21/2005

1722

0.15

--

Measurement
time

Discharge
(Mgal/d)

Water use
(gad)

130,000

9/21/2005

1147

4.2

130,000

8/8/2005

1000

0.36

120,000

9/21/2005

1246

0.55

a

180,000

8/8/2005

1132

0.54

100,000

9/22/2005
8/8/2005

1211

b

0.38

70,000

1505

0.15

36,000

9/22/2005

1510

0.25

60,000

8/7/2005

1708

3.7c

69,000

9/21/2005

1604

4.2

78,000

8/9/2005e

1241

0.090

260,000

9/23/2005f

--

--

--

d

Ka02A-LO

0.51

8
Leeward

Makaweli

Ka03-CI

number

0.68
6

6

3

2

minimum

0.68

36,000

0.16

120,000

maximum

53.63

260,000

0.51

370,000

average

16.55

120,000

0.29

220,000

Flow higher than normal due to leakage at field inlet gate.

a

Flow lower than normal due to damaged upstream diversion dam.

b

Intake gate was not fully open.

c

Higher flow because intake gate was fully open.

d

Two intake pipes (4-inch and 3-inch diameter) are used to divert water from the ‘auwai to the loÿi. Flow measurement only was made at the the 4-inch-intake pipe on 8/9/2005. Farmer indicated that the 3inch-pipe will be replaced eventually with a 4-inch-pipe, so two times the 4-inch-pipe measurement would be a reasonable estimate of typical flow to the loÿi.

e

Flow was not measured because flow in the ‘auwai was much lower than normal due to damaged upstream diversion dam.

f

Table 3. Water-temperature statistics based on measurements collected at 15-minute intervals for lo‘i complexes on the Island of Kaua‘i.
o

[ C, degrees Celsius; na, not applicable]
Geographic
designation

Mean daily
range
1.2
5.5
1.2
2.8
3.5
3.1
4.3
1.5
4.6
3.3

Range of times
daily peak
temperatures
occurred
1315 – 1830
1200 – 1700
1315 – 1815
1130 – 1645
1330 – 1845
1145 – 1645
1145 – 1545
1130 – 1745
1145 – 1630
1400 – 1730

o

Area

Station

Period of record

Temperature ( C)
Mean

Range
– 23.3
– 34.1
– 23.6
– 28.1
– 30.7
– 30.6
– 33.5
– 24.1
– 31.8
– 30.8

Temperature measurements
o

greater than 27 C
Earliest
Latest time
Percent
time of day
of day
0.0
na
na
32.6
0930
2045
0.0
0000
0000
0.8
1415
1700
16.8
1215
2045
8.1
1045
1800
31.3
1000
2100
0.0
na
na
14.9
1130
1815
33.5
1115
2245

Wai‘oli

Ka01A-LI
Ka01A-LO
Ka01B-CI
Ka01B-LI
Ka01B-LO
Ka01C-LI
Ka01C-LO
Ka01D-CI
Ka01D-LI
Ka01D-LO

8/8/05
8/8/05
8/8/05
8/8/05
8/8/05
8/8/05
8/8/05
8/8/05
8/8/05
8/8/05

– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05
– 9/22/05

21.4
25.5
21.4
22.6
24.7
23.5
25.9
21.8
23.5
26.2

19.5
19.7
19.5
19.6
20.5
19.7
20.0
19.5
19.2
22.1

Windward

Hanalei

Ka02-CI
Ka02-LI
Ka02-LO

8/8/05 – 9/21/05
8/8/05 – 9/21/05
8/8/05 – 9/21/05

23.7
24.2
26.7

21.3 – 26.9
21.5 – 27.4
21.9 – 33.5

2.2
2.3
6.3

1445 – 2030
1245 – 1815
1215 – 1700

0.0
0.2
40.4

0000
1445
1045

0000
1600
2345

Leeward

Makaweli Ka03-CI
Ka03-LI
Ka03-LO

8/9/05 – 9/23/05
8/9/05 – 9/23/05
8/9/05 – 9/23/05

24.8
25.8
24.5

21.5 – 28.3
21.3 – 36.9
19.7 – 35.7

2.6
3.8
3.9

1400 – 1815
1030 – 1930
0945 – 2045

9.0
23.8
10.5

1330
0830
0930

2115
2330
1930

9

Windward

159°30'15"W

159°29'45"W

159°30'0"W

Wai‘oli ‘Auwai

Complex B (2.98 acres)

Selected lo‘i

Complex C (5.46 acres)

Complex A (32.39 acres)

Complex D (4.18 acres)

STATION AND ABBREVIATED ID--Complete ID is preceeded
by island and area codes, Ka and 01

A-CI

Ka - Kaua‘i
01 - Wai‘oli

0.16 acres

C-LI

C-LO

Abbreviations
C - Complex I - Inflow
L - Lo‘i
O - Outflow

D-LO
D-LI

0.26 acres

22°12'0"N

D-CI
C-CI

oli

ai‘
W
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B-LO
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Figure 5. Wai‘oli lo‘i complex, Island of Kaua‘i.
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Highlighted periods indicate atypical irrigated conditions. During September 14-15, 2005, a heavy rainstorm
flooded the complex and caused damage in the Wai‘oli irrigation system by depositing heavy debris around
the diversion dam and ‘auwai. During the following period, the diversion dam and the ‘auwai were being
repaired, which significantly altered flow conditions in the irrigation system. During September 18-22, 2005,
the farmer indicated that inflow to the selected lo‘i was reduced because the kalo was ready to be
harvested.

Figure 6. Water temperature in Wai‘oli lo‘i complex, Island of Kaua‘i.
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Highlighted periods indicate atypical irrigated conditions. During September 14-15, a heavy rainstorm
flooded the complex and caused damages in the Wai‘oli irrigation system by depositing heavy debris around
the diversion dam and ‘auwai. Afterward, the diversion dam and the ‘auwai were being repaired, which
significantly altered flow conditions in the irrigation system.

Figure 6. Continued.
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Highlighted periods indicate atypical irrigated conditions. During August 16-19, lo‘i was dried out. During
September 14-15, a heavy rainstorm flooded the complex and caused damages in the Wai‘oli irrigation
system by depositing heavy debris around the diversion dam and ‘auwai. During the following period, the
diversion dam and the ‘auwai were being repaired which significantly altered flow conditions in the irrigation
system.

Figure 6. Continued.
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Highlighted periods indicate atypical irrigated conditions. During September 14-15, a heavy rainstorm
flooded the complex and caused damages in the Wai‘oli irrigation system by depositing heavy debris around
the diversion dam and ‘auwai. During the following period, the diversion dam and the ‘auwai were being
repaired which significantly altered flow conditions in the irrigation system.

Figure 6. Continued.
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Figure 7. Daily pattern of water temperature in Wai‘oli lo‘i complex, Island of Kaua‘i. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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Figure 7. Continued.
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Figure 7. Continued.
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Figure 7. Continued.
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Figure 8. Hanalei lo‘i complex, Island of Kaua‘i.
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Highlighted periods indicate atypical irrigation conditions. During August 18-23, the selected lo‘i was dried
out for fertilization. During September 14-15, entire complex was flooded by heavy rainstorm.

Figure 9. Water temperature in Hanalei lo‘i complex, Island of Kaua‘i.
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Figure 10. Daily pattern of water temperature in Hanalei lo‘i complex, Island of Kaua‘i. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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Figure 11. Makaweli lo‘i complex, Island of Kaua‘i.
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Highlighted periods indicate atypical irrigated conditions. On August 9, at the time of first visit, no flow was
going into the selected lo‘i. During September 14-15, a rainstorm deposited heavy debris upstream of the
main diversion dam which significantly reduced flow in the ‘auwai for the following period.

Figure 12. Water temperature in Makaweli lo‘i complex, Island of Kaua‘i.
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Figure 13. Daily pattern of water temperature in Makaweli lo‘i complex, Island of Kaua‘i. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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O‘ahu
Three areas were measured on O‘ahu—
Waiähole and Waihe‘e (windward sites) and
Hale‘iwa (leeward site). Flow measurements were
made in Waiähole on August 15, 2005, when the
temperature loggers were deployed, and on October 17, 2005, when the temperature loggers were
removed (tables 4 and 5). The Waiähole area is
supplied through an unnamed ‘auwai with water
diverted from Waianu Stream (fig. 13). Two independent complexes were studied. Ten flow measurements were made, and seven temperature loggers
were deployed at selected inflow and outflow locations (figs. 14 and 15).
Flow measurements were made in Waihe‘e on
August 23, 2005, when the temperature loggers
were deployed, and on October 18, 2005, when the

temperature loggers were removed (tables 4 and 5).
The Waihe‘e area is supplied through the Waihe‘e
Ditch with water diverted far upstream from
Waihe‘e Stream (fig. 16). Two lo‘i complexes were
available for study in this area. Eight flow measurements were made, and four temperature loggers
were deployed in the Waihe‘e area (figs. 17 and 18).
The Hale‘iwa area is supplied by ground water
pumped from nearby springs and was considered
to be one lo‘i complex for this study (fig. 19). No
flow measurements were made because of difficulty
finding places to make measurements, but the kalo
farmer estimated the flow to be 1.08 Mgal/d (table
4). Three temperature loggers were deployed in the
Hale‘iwa area from August 10, 2006, to September
26, 2006 (table 5; figs. 20 and 21).
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Table 4. Summary of discharge measurements and areas for selected lo‘i complexes, Island of O‘ahu.
[Mgal/d, million gallons per day; gad, gallons per acre per day; na, not applicable, average water use is determined by summing the averages of each complex or lo‘i and dividing by the number of complexes or
lo‘i]

Complex
Geographic
designation
Windward

Area

Station

Waiãhole Oa04A-CI
Oa04B-CI

Irrigation
area
(acre)
1.00
0.71

Date

Lo‘i

Measurement Discharge
time
(Mgal/d)

Water
use
(gad)

Station

Irrigation area
(acre)

Oa04A-LI

0.12

8/15/2005

1019

0.35

350,000

10/17/2005a

0932

0.25

250,000

8/15/2005

1325

0.42

590,000

10/17/2005b

1252

0.72

1,000,000

Oa04B-LI

0.12

Oa04B-LO

Windward

Waihe‘e

26
Leeward
number

Hale‘iwa

Oa05A-CI

1.94

Oa05B-CI

1.02

Oa06-CI

25.14

8/23/2005

1340

0.59

300,000

10/18/2005

1439

0.52

270,000

8/23/2005

1318

0.15

150,000

10/18/2005

1021

0.12

120,000

na

na

1.08c

44,000

Oa05B-LI

0.21

Oa05B-LO

Oa06-LI

0.70

Date

Measurement time

Discharge
(Mgal/d)

Water
use
(gad)

8/15/2005

1045

0.080

660,000

10/17/2005

1009

0.033

270,000

8/15/2005

1420

0.045

390,000

10/17/2005

1327

0.080

690,000

8/15/2005

1516

0.012

na

10/17/2005

1345

0.060

na

8/23/2005

1258

0.11

520,000

10/18/2005

1047

0.047

230,000

8/23/2005

1204

0.047

na

10/18/2005

1604

0.030

na

9/26/2006

1023

0.15

210,000

5

5

4

4

minimum

0.71

44,000

0.12

210,000

maximum

25.14

1,000,000

0.70

690,000

average

1.17

310,000

0.29

400,000

ÿauwai overflow upstream of measurement site resulting from backwater conditions caused by debris in the ÿauwai; reason for lower flow.

a

ÿauwai had just been cleaned; reason for higher flow.

b

Estimated pumping rate of 750 gal/min (by farmer) from nearby spring to irrigate loÿi complexes

c

Table 5. Water-temperature statistics based on measurements collected at 15-minute intervals for lo‘i complexes on the Island of O‘ahu.
[˚C, degrees Celsius; na, not applicable]

Geographic
designation
Windward

Windward

Temperature measurements
Range of times daily
greater than 27˚C
peak temperatures
Earliest time Latest time
occurred
Mean daily range
Percent
of day
of day

Temperature (˚C)
Area

Waiãhole

Waihe‘e

Station

Period of record
Mean

Range

Oa04A-CI

8/15/2005 – 10/17/2005

21.4

20.5 – 23.3

1.4

1030

–

2345

0.0

na

na

Oa04A-LI

8/15/2005 – 10/17/2005

21.5

20.4 – 23.4

1.5

0945

–

2345

0.0

0000

0000

Oa04A-LO

8/15/2005 – 10/17/2005

24.6

20.8 – 35.7

8.5

1100

–

1730

21.6

1030

1845

Oa04B-CI

8/15/2005 – 10/17/2005

21.7

20.5 – 24.2

1.5

1100

–

2345

0.0

0000

0000

Oa04B-LI

8/15/2005 – 10/17/2005

21.9

20.5 – 24.5

1.7

1100

–

1730

0.0

na

na

Oa04B-LO

8/15/2005 – 10/17/2005

24.5

20.5 – 35.3

7.6

1015

–

1530

21.4

0915

1915

8/15/2005 – 10/17/2005

23.0

20.5 – 29.7

4.1

1045

–

1600

2.5

1130

1645

Oa05A-CI
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Figure 14. Waiähole lo‘i complexes, Island of O‘ahu.
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Highlighted periods indicate atypical irrigated conditions. On September 23, a heavy rainstorm flooded the
complex and deposited debris around diversion dam and ‘auwai which significantly reduced inflow on the
following day and caused the water temperature to rise.

Figure 15. Water temperature in Waiähole lo‘i complexes, Island of O‘ahu.
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Highlighted periods indicate atypical irrigated conditions. On August 16, 21-23, farmer noted that intake pipe
to the selected lo‘i was shut off for weeding. On August 28, field inflow was lower than normal. On
September 23, heavy rainstorm flooded the complex and deposited debris around diversion dam and ‘auwai
which significantly reduced inflow on the following day and caused water temperature to rise.

Figure 15. Continued.
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Highlighted periods indicate atypical irrigated conditions. On August 16, 21-23, farmer noted that intake pipe
to the selected lo‘i was shut off for weeding. On August 28, field inflow was lower than normal. On
September 23, heavy rainstorm flooded the complex and deposited debris around diversion dam and ‘auwai
which significantly reduced inflow on the following day and caused water temperature to rise.
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Figure 16. Daily pattern of water temperature in Waiähole lo‘i complexes, Island of O‘ahu.
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Figure 17. Waihe‘e lo‘i complex, Island of O‘ahu.
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Highlighted periods indicate atypical irrigated conditions. Heavy rain, prior to September 17-20, probably
clogged intake and reduced flow to complex which caused the rise in water temperatures. On September
23, heavy rainstorm flooded the complex and deposited debris to upstream diversion dam and ‘auwai which
significantly reduced inflow to complex and caused water temperatures to rise. During October 1-4,
upstream diversion dam was being repaired which probably caused the reduction in flow and rise in water
temperatures.

Figure 18. Water temperature in Waihe‘e lo‘i complexes, Island of O‘ahu.
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Highlighted periods indicate atypical irrigated conditions. Heavy rain, prior to September 17-20, probably
clogged intake and reduced flow to complex which caused the rise in water temperatures. On September
23, heavy rainstorm flooded the complex and deposited debris to upstream diversion dam and ‘auwai which
significantly reduced inflow to complex and caused water temperatures to rise. During October 1-4,
upstream diversion dam was being repaired which probably caused the reduction in flow and rise in water
temperatures.
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Figure 19. Daily pattern of water temperature in Waihe‘e lo‘i complex, Island of O‘ahu. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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Figure 20. Hale‘iwa lo‘i complex, Island of O‘ahu.
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Figure 21. Water temperature in Hale‘iwa lo‘i complexes, Island of O‘ahu.

41

25

30

38
36

Hale‘iwa complex, complex inflow (Oa06-CI), Hale‘iwa, Island of O‘ahu

34
32
30
28

0

27 C

26
24
22

TEMPERATURE, IN DEGREES CELSIUS

20
38
36

Hale‘iwa complex, lo‘i (Oa06-L), Hale‘iwa, Island of O‘ahu

34
32
30
28

0

27 C

26
24
22
20
38
36

Hale‘iwa complex, lo‘i inflow (Oa06-LI), Hale‘iwa, Island of O‘ahu

34
32
30
28

0

27 C

26
24
22
20
0000

0400

0800

1200

1600

2000

0000

TIME OF DAY

Figure 22. Daily pattern of water temperature in Hale‘iwa lo‘i complex, Island of O‘ahu. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.

42

Maui
Three areas were measured on Maui—Waihe‘e,
Wailua, and Ke‘anae, all windward sites. Flow
measurements were made July 29-31, 2006, when
the temperature loggers were deployed, and September 21-22, 2006, when the temperature loggers
were removed (tables 6 and 7). The Waihe‘e area
gets water through an ‘auwai supplied by Spreckel’s
Ditch with water diverted from the Waihe‘e River
(fig. 22). The Waihe‘e area was considered to be
two loÿi complexes (an upper and a lower complex),
both of which were studied. Eight flow measurements were made, and three temperature loggers
were deployed at selected inflow and outflow locations (figs. 23 and 24).
The Wailua area contains numerous loÿi
complexes, three of which were available for
study—Lakini, Wailua, and Waikani. The Lakini
loÿi complex is supplied through an ‘auwai with
water diverted from Hamau Stream. Hamau Stream
receives diverted water from Waiokomilo Stream
further upstream (fig. 25). The Lakini area was
considered to be one loÿi complex in this study.
Eight flow measurements were made, and two
temperature loggers were deployed in the Lakini
area (figs. 26 and 27). In addition to the five flow
measurements made to determine flow directly into
the complex, two measurements were made in the
‘auwai upstream of all loÿi complexes to determine

the amount of flow available for all downstream lo‘i
complexes (July 30, 2006, 2.31 Mgal/d and September 21, 2006, 1.37 Mgal/d), and one measurement
was made in Hamau Stream (NWIS link) downstream of the ‘auwai diversion to determine how
much water remained in the stream (July 30, 2006,
0.54 Mgal/d).
The lo‘i complex named Wailua in this study
is supplied through an ‘auwai with water diverted
from Waiokomilo Stream (fig. 28). Two flow measurements were made, and one temperature logger
was deployed in the Wailua area (figs. 29 and 30).
The Waikani area is supplied through an ‘auwai
with water diverted from Wailuanui Stream (fig.
31). Two flow measurements were made, and two
temperature loggers were deployed in the Waikani
area (figs. 32 and 33).
The Ke‘anae area has numerous lo‘i and all
active lo‘i were treated as one loÿi complex supplied
by the Ke‘anae Flume, which diverts water from
Pälauhulu Stream (fig. 34). Two flow measurements
were made, and two temperature loggers were
deployed in the Ke‘anae area (figs. 35 and 36) but
the loÿi complex outlet temperature logger (Ma12CO) failed to collect data during the deployment.
Flow measurements were made near the flume
intake at the site of a former USGS streamflow
gaging station (Taro patch feeder ditch at Ke‘anae,
Maui, station 16522000) where the median flow
from 1934 to 1968 was 2.2 Mgal/d.
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Table 6. Summary of discharge measurements and areas for selected lo‘i complexes, Island of Maui.
[Mgal/d, million gallons per day; gad, gallons per acre per day; na, not applicable; average water use is determined by summing the averages of each complex or lo‘i and dividing by the number of complexes or
lo‘i]

Complex
Geographic
designation
Windward

Area

Waihe‘e

Station

Irrigation
area
(acre)

Date

Measurement
time

Discharge
(Mgal/d)

Water use
(gad)

Ma08A-CI

2.30

7/29/2006

1501

0.34

150,000

total flow for upper and lower complexes

9/22/2006

1158

0.30

130,000

total flow for upper and lower complexes

7/29/2006

1500

0.025
110,000

combined right and left complex inflows

160,000

combined right and left complex inflows

750,000

combined right and left complex inflows

combined right, left, and middle complex inflows

Ma08B-CIR

na

Ma08B-CIL

na

0.060

0.76

Windward

Wailua (Lakini)

44
Windward

Windward

Windward

number

Wailua

Wailua (Waikani)

Ke‘anae

na

0.085

1150

0.058

na

1055

0.067

0.76

na

0.13

Ma08B-CIR

na

Ma08B-CIL

9/22/2006

Ma09-CIR

na

1004

0.26

Ma09-CIL

na

0947

0.30

0.74

na

0.56

7/30/2006

1015

0.16

Ma09-CIR

na

Ma09-CIL

na

1049

0.058

Ma09-CIM

na

1206

0.19

0.74

na

0.41

550,000

7/30/2006

1136

0.59

180,000

9/21/2006

0845

0.46

140,000

7/30/2006

1236

0.54

190,000

9/21/2006

1608

0.26

93,000

7/31/2006

0836

1.9

180,000

9/21/2006

1415

1.6

150,000

Ma10-CI

Ma11-CI

Ma12-CI

3.32

2.80

10.53

6

Remarks

9/21/2006

6

minimum

0.74

93,000

maximum

10.53

750,000

average

3.41

230,000

former U.S. Geological Survey streamflow-gaging
station

Table 7. Water-temperature statistics based on measurements collected at 15-minute intervals for lo‘i complexes on the Island of Maui.
[˚C, degrees Celsius; na, not applicable]

Geographic
designation
Windward

Windward

Temperature measurements
Range of times daily
greater than 27˚C
peak temperatures
Earliest time Latest time
Mean daily
occurred
Percent
range
of day
of day

Temperature (˚C)
Area

Waihe‘e

Wailua (Lakini)

Station

Period of record
Mean

Range

7/29/2006 – 9/22/2006

21.6

19.9 – 24.0

2.0

1015

–

1845

0.0

na

na

Ma08B-CIL 7/29/2006 – 9/22/2006

24.9

20.3 – 34.0

7.6

1130

–

1615

25.4

0930

1915

Ma08B-CO

7/29/2006 – 9/22/2006

25.5

20.0 – 35.5

5.7

1115

–

1645

27.0

0945

2115

Ma09-CIT

7/30/2006 – 9/21/2006

20.7

18.5 – 23.4

2.3

1300

–

1815

0.0

na

na

Ma09-CO

7/30/2006 – 9/21/2006

23.2

18.4 – 31.7

7.4

1130

–

1645

16.9

1015

1800

Ma08A-CI

Windward

Wailua

Ma10-CI

7/30/2006 – 9/21/2006

22.5

20.5 – 25.9

1.9

1200

–

1900

0.0

na

na

Windward

Wailua (Waikani)

Ma11-CI

7/30/2006 – 9/21/2006

22.2

21.0 – 24.0

0.7

0700

–

2345

0.0

na

na

Ma11-CO

7/30/2006 – 9/21/2006

26.1

22.1 – 31.8

3.3

1400

–

2045

29.1

0000

2345

Ma12-CI

7/31/2006 – 9/21/2006

20.0

19.0 – 21.9

1.0

1345

–

2330

0.0

na

na

Ma12-CO

equipment malfunction

na

na

na

na

na

na

Windward

Ke‘anae
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Figure 23. Waihe‘e lo‘i complexes, Island of Maui.
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Figure 24. Water temperature in Waihe‘e lo‘i complexes, Island of Maui.
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Figure 25. Daily pattern of water temperature in Waihe‘e lo‘i complexes, Island of Maui. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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Figure 26. Wailua (Lakini) lo‘i complex, Island of Maui.
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Figure 27. Water temperature in Wailua (Lakini) lo‘i complex, Island of Maui.
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Figure 28. Daily pattern of water temperature in Wailua (Lakini) lo‘i complex, Island of Maui. Plot shows
all temperature data plotted against the time of day that each measurement was recorded.
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Figure 30. Water temperature in Wailua lo‘i complex, Island of Maui.
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Figure 31. Daily pattern of water temperature in Wailua lo‘i complex, Island of Maui. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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Figure 32. Wailua (Waikani) lo‘i complex, Island of Maui.
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Figure 33. Water temperature in Wailua (Waikani) lo‘i complex, Island of Maui. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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Figure 34. Daily pattern of water temperature in Wailua (Waikani) lo‘i complex, Island of Maui.

56

0000

156°8'55"W

0

300

0

100

156°8'44"W

600 Feet

CO

200 Meters

P A C I F I C
20°51'41"N

O C E A N

Ke‘anae Flume

57

Ke‘anae complex (10.53 acres)

CI

STATION AND ABBREVIATED ID--Complete ID is
preceeded by island and area codes, Ma and 06
Abbreviations
Ma - Maui
C - Complex
06 - Ke‘anae O - Outflow

20°51'34"N

I - Inflow

P A C I F I C

CI (temperature)

O C E A N

CI (flow)
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Figure 36.

Water temperature in Ke‘anae lo‘i complex, Island of Maui.
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Figure 37. Daily pattern of water temperature in Ke‘anae lo‘i complex, Island of Maui. Plot shows all
temperature data plotted against the time of day that each measurement was recorded.
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On the Island of Hawai‘i, the windward site
of Waipi‘o had two complexes available for study.
Flow measurements were made on June 11, 2006,
when the temperature loggers were deployed, and
on August 8, 2006, when the temperature loggers
were removed (tables 8 and 9). The Waipi‘o area is
supplied through several ‘auwai with water diverted
from Wailoa Stream (figs. 37 and 38). Five flow
measurements were made, and six temperature loggers were deployed at selected inflow and outflow
locations (figs. 39–42).

Summary
Ten kalo cultivation areas (out of an initial
count of 28 areas) were selected for study (8 windward areas, 2 leeward areas), mainly on the basis
of the diversity of environmental and agricultural
conditions under which wetland kalo is grown and
on the basis of landowner permission and availability. Flow and water-temperature data were collected
at the loÿi and loÿi complex level. For consistency in
site selection, lo‘i with crops near harvesting stage
were selected for the lo‘i water-temperature data
collection to ensure that flow and temperature data
collected at different lo‘i reflect similar irrigation
conditions (continuous flooding of the mature crop).
Data collection was done during the dry season
(June–October), when water requirements for cooling kalo are higher. Flow measurements generally
were made during the warmest part of the day, and
temperature measurements were made every 15
minutes at each site for about a 2-month period.
As part of this study, 62 flow measurements
and 46 sets of temperature data were collected from
kalo cultivation areas on four islands—Kaua‘i,
O‘ahu, Maui, and Hawai‘i. (the data summarized
in this report are available on the World Wide Web
at http://waterdata.usgs.gov/hi/nwis/sw. The average inflow for the 19 lo‘i complexes measured in
this study is 260,000 gad, and the median inflow is
150,000 gad (table 10). The average inflow for the
17 windward sites is 270,000 gad, and the median
inflow is 150,000 gad. The average inflow for the
two leeward sites is 150,000 gad. The average
inflow measured for 6 lo‘i is 350,000 gad, and the
median inflow is 270,000 gad. The average inflow
for the 5 windward lo‘i is 370,000 gad, and the
median inflow is 320,000 gad. The inflow value
for the 1 leeward lo‘i is 210,000 gad. These values
are consistent with previously reported values for

inflow and are significantly higher than values generally estimated for consumption during kalo cultivation. These measurements of inflow are important
for future considerations of water-use requirements
for successful kalo cultivation.
Of the 17 loÿi complexes where water inflow
temperature was measured, only 3 loÿi complexes
had inflow temperature values greater than 27°C.
These sites were Makaweli, Kaua‘i (9 percent of
time), Waihe‘e, Maui (about 25 percent of time
at the lower loÿi complex), and Waipi‘o, Hawai‘i
(about 8 percent of time at B site). The coldest mean
inflow temperature was at the Ke‘anae complex
(20.0°C), and the warmest mean inflow temperature
recorded was at the lower Waihe‘e loÿi complex
(24.9°C), both on Maui. The loÿi complexes with
the most stable inflow temperatures were Waihe‘e
and Hale‘iwa on O‘ahu, and Waikani on Maui
(0.7°C mean daily range). The complex with the
most variable inflow temperature value was the
Waihe‘e lower (B) loÿi complex on Maui (7.6°C
mean daily range). All 15 of the sites (11 lo‘i sites, 4
loÿi complex sites) where outflow temperature was
measured had some temperature values greater than
27°C. The percentage of time that outflow temperature values exceeded 27°C ranged from 2.5 percent
(Waiähole loÿi complex, O‘ahu) to about 40 percent
(Hanalei lo‘i, Kaua‘i). Mean outflow temperature
values ranged from 23.0°C (Waiähole loÿi complex,
O‘ahu) to 26.7°C (Hanalei lo‘i, Kaua‘i).
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Table 9. Water-temperature statistics based on measurements collected at 15-minute intervals for lo‘i complexes on the Island of Hawai‘i.
[˚C, degrees Celsius; na, not applicable]

Geographic
designation
Windward

Windward

Temperature measurements
Range of times daily
greater than 27˚C
peak temperatures
Earliest time Latest time
Mean daily
occurred
Percent
range
of day
of day

Temperature (˚C)
Area

Waipi‘o (A)

Waipi‘o (B)

Station

Period of record
Mean

Range

Ha07A-CI

6/11/2006 –

8/8/2006

21.4

19.3 – 24.8

1.6

1000

–

2200

0.0

na

na

Ha07A-LI

6/11/2006 –

8/8/2006

21.8

19.4 – 28.6

3.0

0900

–

2015

0.4

1230

1515

Ha07A-LO

6/11/2006 –

8/8/2006

23.8

20.8 – 29.8

3.9

1030

–

1800

5.3

1115

1900

Ha07B-CI

6/11/2006 –

8/2/2006

23.4

19.8 – 31.2

5.4

1030

–

1715

7.7

1045

1845

Ha07B-LI

6/11/2006 –

8/2/2006

24.3

20.3 – 36.2

7.1

1000

–

1700

15.7

1000

2100

Ha07B-LO

6/11/2006 –

8/2/2006

25.6

21.1 – 38.1

8.6

1030

–

1630

21.7

0930

2145
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Figure 39. Waipi‘o (B) lo‘i complex, Island of Hawai‘i.
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Figure 40. Water temperature in Waipi‘o (A) lo‘i complex, Island of Hawai‘i.
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Figure 41. Daily pattern of water temperature in Waipi‘o (A) lo‘i complex, Island of Hawai‘i. Plot shows
all temperature data plotted against the time of day that each measurement was recorded.
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Figure 42. Water temperature in Waipi‘o (B) lo‘i complex, Island of Hawai‘i.
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Figure 43. Daily pattern of water temperature in Waipi‘o (B) lo‘i complex, Island of Hawai‘i. Plot shows
all temperature data plotted against the time of day that each measurement was recorded.
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Table 10. Summary of water use calculated for loÿi and loÿi complexes by island, State of Hawaiÿi.
[gad, gallons per acre day; na, not available]

Complex
Average
Average
windward
water use
water use
(gad)
(gad)

Lo‘i
Average
leeward
water use
(gad)

Number

Average
Average
windward
water use
water use
(gad)
(gad)

Average
leeward
water use
(gad)

Island

Number

Kaua‘i

6

120,000

97,000

260,000

2

220,000

220,000

na

O‘ahu

5

310,000

380,000

44,000

4

400,000

460,000

210,000

Maui

6

230,000

230,000

na

na

na

na

na

Hawai‘i

2

710,000

710,000

na

na

na

na

na

Average of all
measurements

260,000

270,000

150,000

350,000

370,000

210,000

Median of all
measurements

150,000

150,000

150,000

270,000

320,000

210,000
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1

Commission on Water Resource Management

1
2
3

FINDINGS OF FACT, CONCLUSIONS OF

4

5
6
7

LAW, AND DECISION AND ORDER
For nearly 150 years, the waters ofNa Wai 'Eha-Waihe'e River, North and South

8

Waiehu, 'lao, and Waikapu Streams-have been diverted, primarily to irrigate sugar cane but

9

also for kuleana lands, other agricultural purposes, and domestic uses. Under the prevailing laws

10

at the time when the ditch systems were built and sugar was the dominant industry, water was

11

treated as private property and streams were diverted to such an extent that practically all of their

12

dry-weather flows were diverted. Following statehood and a state court system whose judges and

13

justices were not federally appointed as in the days when Hawai'i was a territory, in 1973 the

14

Hawai'i Supreme Court ruled that title to water was not intended to be and was not transferred to

15

an awardee by the Great Mahele, and that water in streams and rivers (and all freshwater

16

resources, including underground aquifers) were held in trust by the state for the common good

17

of its citizens. The constitutional amendments of 1978 and the State Water Code of 1987 further

18

confirmed and solidified that the freshwater resources of the state were held in trust for its

19

citizens.

20

This "public trust doctrine" embodies a dual purpose: 1) protection, and 2) maximum

21

reasonable and beneficial use. In short, the objective is not maximum consumptive use, but

22

rather the most equitable, reasonable, and beneficial allocation of state water resources, with full

23

recognition that protection also constitutes use.

24

The Court has identified four trust purposes: 1) maintenance of waters in their natural

25

state; 2) domestic water use of the general public; 3) Native Hawaiian and traditional and

26

customary rights, including kuleana water rights; and 4) reservations of water for Hawaiian home

27

lands. For those seeking private, commercial uses of water, there is a higher level of scrutiny. In

28

practical terms, this means that the burden ultimately lies with those seeking or approving such

29

uses to justifY them in light of the purposes protected by the trust.

30

The Commission on Water Resource Management (hereinafter the "Commission") is

31

statutorily charged with the responsibility to weigh competing public and private water uses on a

32

case-by-case basis, accommodating both instream and offstream uses where feasible, and must

1

1

consider the cumulative impact of existing and proposed diversions on trust purposes and to

2

implement reasonable measures to mitigate this impact, including using alternative resources.

3

This contested case hearing addresses a petition to restore flows to the Na Wai 'Eha

4

streams, as well as applications for water use permits from the diked, high-level water enclosed

5

in the mountains above these streams, which is also the source of the headwaters of these four

6

streams. The applications for water use permits were a consequence of the designation of the 'lao

7

Aquifer System as a ground water management area, which includes basal, caprock, and high-

8

level dike sources. Applications for permits from the basal and caprock sources were previously

9

addressed by the Commission.

10

While this contested case hearing was being conducted, the Commission also designated

11

the four Na Wai 'Eha streams as a surface water management area, with an effective date of

12

designation of April 30, 2008. Existing-use permits had to be filed within one year of the date of

13

designation, or by April 30, 2009. Applications for new-use permits may be filed at any time.

14

These permit applications can be accommodated only to the extent that stream waters for

15

offstream uses are available. The amount of stream water available for offstream uses is

16

determined in this contested case hearing, because the amended instream flow standards will

17

determine how much water must remain in Waihe'e River, North and South Waiehu Streams,

18

'lao Stream, and Waikapl1 Stream, and those standards will in tum determine how much water

19

will be available for offstream uses.

20

The Commission makes the following Findings of Fact (hereinafter, "FOF"),

21

Conclusions of Law (hereinafter, "COL"), and Decision and Order (hereinafter, "D&O"), based

22

on the records maintained by the Commission and the witness testimonies and exhibits presented

23

and accepted into evidence.

24

If any statement denominated a COL is more properly considered a FOF, then it should

25

be treated as a FOF; and conversely, if any statement denominated a FOF is more properly

26

considered a COL, then it should be treated as a COL.

27

FOF not incorporated in this D&O have been excluded because they may be duplicative,

28

not relevant, not material, taken out of context, contrary (in whole or in part) to the found facts,

29

an opinion (in whole or in part), contradicted by other evidence, or contrary to law. Proposed

30

FOF that have been incorporated may have modifications or corrections that do not substantially

31

alter the meaning of the original findings.

2

I.

1

FINDINGS OF FACT

2
3

A.

BACKGROUND

4

1.

On July 9, 2001, a petition was filed to designate the' fao and Waihe' e Aquifer System

5

Areas as ground water management areas. Following numerous reviews, hearings, and meetings

6

and its Findings of Fact, the Commission denied immediate designation but imposed triggers to

7

automatically cause designation. One of these triggers was pumping greater than 90 percent of

8

the aquifer's sustainable yield, based on a 12-month moving average (hereinafter, "12-MAV").

9

2.

In June 2003, the 12-MAV for the 'lao Aquifer System Area exceeded the Commission's

10

designated trigger, and on July 21,2003, 'lao was officially designated a Ground Water

11

Management Area upon publication of the public notice declaring designation and describing the

12

water management area regulations. Ground water in the 'lao Aquifer System includes basal,

13

caprock, and high-level dike sources.

14

3.

15

"Hui/MTF"), through Earthjustice, filed a "Petition to Amend the Interim Instream Flow

16

Standards for Waihe'e, North & South Waiehu, 'lao, and Waikapii Streams and Their

17

Tributaries."

18

4.

19

use permit applications (hereinafter, "WUPAs"), and all WUPAs were the subject of objections.

20

On September 22, 2004, the Commission authorized a subcommittee to convene a public hearing

21

on Maui to hear objections to and clarifications of the WUPAs. Existing and new-use WUPAs

22

were to be addressed in separate sessions but on the same day, and the public hearing was to

23

remain open to allow the public time to request a contested case hearing. Commissioners James

24

Frazier and Lawrence Miike were appointed to the subcommittee.

25

5.

26

interim instream flow standards (hereinafter, "IIFS") for Waihe'e, North & South Waiehu, 'lao

27

and Waikapu Streams and their tributaries, also filed a Waste Complaint and a Petition for

28

Declaratory Order against Wailuku Water Company ("hereinafter, "WWC"), then known as

29

Wailuku Agribusiness Co., Inc., and Hawaiian Commercial & Sugar Company (hereinafter,

30

"HC&S").

31

6.

On June 25, 2004, Hui 0 Na Wai 'Eha and Maui Tomorrow Foundation, Inc. (hereinafter,

By July 21,2004, some existing users had not met the one-year deadline for filing water

On October 19,2004, Hui/MTF, who had filed the June 25, 2004, petition to amend the

On October 28,2004, the subcommittee conducted the first session of the public hearing.

3

1

7.

On April 22, 2005, a second session of the public hearing was held on Maui. The hearing

2

remained open for subsequent information-gathering. On July 11, 2005, an information-sharing

3

meeting was held on Maui by Commission staff, where the parties attending reported on

4

meetings between themselves to resolve some issues to avoid a possible contested case hearing.

5

8.

6

session was limited to basal and caprock wells, and it was announced that the public hearing

7

would be closed at the end of the meeting for these wells. Prior to the close of the hearing,

8

several requests were made for a contested case hearing (hereinafter, "CCH") concerning various

9

basal well sources, and timely written requests were submitted by two applicants, Maui

On September 7, 2005, the next session of the public hearing was held on Maui. This

10

Department of Water Supply (hereinafter, "MDWS") and Kehalani Mauka (hereinafter, "KM"),

11

and three organizations: Hui 0 Nii Wai 'Ehii and Maui Meadows Association, both represented

12

by Earthjustice, and the Office of Hawaiian Affairs (hereinafter, "aHA"). MDWS requested a

13

CCH for all eight of its WUPAs and for KM's competing application for the Shaft 33 battery of

14

wells; KM requested a CCH for its and MDWS's competing application for the Shaft 33 battery

15

of wells; and Hui

16

eight ofMDWS's WUPAs.

17

9.

On October 5, 2005, Commissioner Lawrence Miike was appointed the hearings officer.

18

10.

On October 17,2005, standing was granted to all five requesting parties. On December

19

16,2005, Hui 0 Nii Wai 'EhalMaui Meadows Association and aHA withdrew their objections

20

and request for a CCH regarding MDWS's WUPAs, stating that they had reached a resolution

21

with MDWS. MDWS's request for a contested case on all eight of its WUPAs had been

22

conditioned on another party requesting a CCH, leaving only the competing applications for

23

Shaft 33 between MDWS and KM as the subject of the CCH.

24

11.

25

33 was for an existing use.

26

12.

27

heard and denied KM's motion for declaratory ruling.

28

13.

29

of Fact, Conclusions of Law, and Decision and Order were submitted to the hearings officer on

30

July 28, 2006.

0

Nii Wai 'EhalMaui Meadows Association and aHA requested a CCH for all

On April 7, 2006, KM filed a motion for declaratory ruling that its application for Shaft

On April 19,2006, the CCH was held on Maui, at which time the hearings officer also

Closing oral arguments were held on May 24, 2006, in Honolulu, and Proposed Findings

4

1

14. The hearings officer issued his proposed Decision and Order on August 11, 2006, and on

2

January 31, 2007, the Commission issued its final Decision and Order. MDWS was issued a

3

water use permit for 5.771 mgd under WUPA No. 702 from Wailuku Shaft 33, State Well No.

4

5330-05, and KM was issued a water use permit for 0.691 mgd under WUPA No. 707 from

5

Wailuku Shaft 33, State Well No. 5330-05. Under the Decision and Order, KM could apply for a

6

modification of its permit for: 1) a change in the quantity of water currently awarded if it deems

7

the amount insufficient to meet its reasonable and beneficial needs under actual use conditions;

8

and/or 2) the 1,060 units projected to be completed between 2011-2014 in whole or in part

9

within the four-year statutory window of use/nonuse. HRS §174C-57. The Commission also

10

recognized that KM was currently obtaining all of its water from MDWS and that they were in

11

negotiations for the continued use of Shaft 33 by MDWS. If the parties agree that MDWS will

12

continue to provide water to KM, the Water Code provides for the transfer ofKM's permit for

13

0.691 mgd, in whole or in part to MDWS. HRS §§174C-59 and 174C-57(c). On February 8,

14

2007, MDWS filed a Motion for Reconsideration of the Commission's D&O. On March 21,

15

2007, the Commission denied the Motion.

16

15.

17

from the basal aquifer that were not the subject of the CCH between MDWS and KM (the other

18

seven MDWS WUPAs and a new-use application from the Living Waters Land Foundation)

19

were approved on February 15, 2006.

20

16.

21

hearing, and the public hearing remained open for those WUPAs. On February 2, 2006, the final

22

session of the public hearing for WUPAs from these sources was held on Maui. Prior to the close

23

of the hearing, verbal requests were made by various parties for a CCH on all WUPAs from

24

diked, high-level sources. Written requests were submitted by: 1) MDWS; 2) WWC; 3) HC&S;

25

4) OHA; 5) Hui/MTF; and 6) Ka Aha 0 Na Wai 'Eha Ku Moku 0 Mauiloa.

26

17.

27

MDWS's Well No. 5332-05 (Kepaniwai Well) for 1.042 mgd; 2) MDWS's Well No. 5332-02

28

('lao Tunnel [Kepaniwai]) for 1.359 mgd; 3) HC&S's Well No. 5330-02 ('lao Tunnel [Puako])

29

for 0.100 mgd; and 4) five wells for unknown amounts of water: WWC's Wells No. 5132-01

30

(Waikapu Tunnell), No. 5132-02 (Waikapu Tunnel 2), No. 5332-01 (Black Gorge Tunnel), No.

31

5333-01 ('lao Needle Tunnell), and No. 5333-02 ('lao Needle Tunnel 2). The WUPAs for

The WUPAs from caprock sources were approved on October 25, 2005. The WUPAs

Diked, high-level well and tunnel sources were not part of the September 7, 2005,

The WUPAs that were the subject of the February 2, 2006, public hearing were: 1)

5

1

Waikapu Tunnels 1 and 2 were subsequently excluded, because they were not subject to the 'lao

2

ground water management area designation. Chumbley, WRT 10/29/07, p. 8; Chumbley, WST

3

11/19/07, p. 3. WWC FOF 802.

4

18.

5

and specified that the petition to amend the lIFS of the four streams would be included in the

6

CCH. The Commission further directed that mediation for the waste complaint be initiated prior

7

to the CCH. On March 17, 2006, the Commission clarified its intent by ordering that two CCHs

8

be held, one for the petition to amend the lIFS and the' lao high-level WUPAs (CCH-MA06-0 1)

9

and a separate CCH for the waste complaint (CCH-MA06-02). On June 19, 2006, standing was

On February 15, 2006, the Commission initiated a CCH for the 'lao high-level WUPAs

10

granted in these two CCHs to the same five parties: 1) MDWS; 2) WWC; 3) HC&S; 4) OHA;

11

and 5) Hui/MTF. Ka Aha 0 Na Wai 'Eha Ku Moku 0 Mauiloa had not applied to be a party in

12

the CCH on the waste complaint and had withdrawn its request to be a party in the CCH on the

13

high-level WUPAs.

14

19.

Commissioner Lawrence Miike was again appointed hearings officer for both CCHs.

15

20.

Peter Adler was appointed the mediator for the waste complaint on June 28, 2006, and

16

mediation was held from August 21, 2006, through October 6, 2006. On October 11, 2006, Mr.

17

Adler reported to hearings officer Miike that no agreement was reached.

18

21.

19

Esq., former Deputy Director of the Commission, from representing HC&S in both contested

20

cases.

21

22.

22

contested cases.

23

23.

24

MA06-02 was dismissed without prejudice.

25

24.

26

applications), at which a schedule for filing of documents was established, with the contested

27

case to begin on December 3, 2007.

28

25.

29

December 3,2007, and concluding on March 4,2008. Due to the large volume of transcripts that

30

had to be prepared and then made available to and reviewed by the parties, the deadline for the

On February 20, 2007, Hui/MTF filed a motion and petition to disqualify Yvonne Izu,

On AprilS, 2007, Yvonne Izu voluntarily withdrew as counsel for HC&S in both

On May 14,2007, Hui/MTF withdrew its waste complaint and on May 31,2007, CCH-

On June 14,2007, a prehearing conference was held for CCH-MA06-01 (lIFS/permit

The contested case evidentiary hearing was held on Maui over 23 days, commencing on

6

1

parties' proposed Findings of Fact, Conclusions of Law, and Decision and Order was established

2

as September 26,2008.

3

26.

4

surface water management area. The effective date of designation was April 30, 2008, when the

5

Public Notice was published. Applications for existing-use permits had to be filed within a

6

period of one year from the effective date of designation, or no later than April 30, 2009.

7

27.

8

that HC&S had commissioned but which had not been completed at the time the evidentiary

9

hearings were concluded on March 4,2008. On July 25, 2008, WWC filed a memorandum in

10

support ofHC&S's motion; and on August 19,2008, memoranda in opposition were filed by

11

Hui/MTF, aHA, and MDWS.

12

28.

13

proof was held, at which time the motion was approved. The September 26, 2008, deadline for

14

the parties to submit their proposed Findings of Fact, Conclusions of Law, and Decision and

15

Order was also vacated.

16

29.

17

Environmental Impact Statement Preparation Notice for the Proposed Wai'ale Water Treatment

18

Facility that was published in the Office of Environmental Quality Control's Environmental

19

Notice on July 8, 2008.

20

30.

21

the record was held on Oahu, with video connection to Maui with the consent of all the parties.

22

The hearing concluded with an evening session on the same day, with telephone connection to

23

Maui, again with the consent of all parties. At the hearing, the exhibit that was the subject of

24

aHA's motion to supplement the record, and an additional exhibit offered by OHA, were entered

25

into evidence on the stipulation of all parties. By the end of the evidentiary phase of the hearing,

26

the testimony of 77 witnesses was heard and over 600 exhibits were accepted into evidence.

27

31.

28

FOF, COL, and D&O to the hearings officer. OHA filed a joinder to Hui/MTF, and only

29

Hui/MTF submitted a closing brief.

30

32.

31

the Commission.

On March 13,2008, the Commission designated the four streams ofNa Wai 'Eha as a

On July 18, 2008, HC&S filed a motion to reopen evidence and offer of proof of a study

On August 21,2008, a hearing on HC&S's motion to reopen the evidence and offer of

On August 25, 2008, OHA filed a motion to supplement the record with a portion of the

On October 14,2008, the hearing on HC&S's study and on OHA's motion to supplement

On December 5, 2008, Hui/MTF, WWC, HC&S, and MDWS submitted their Proposed

On April 9, 2009, hearings officer Miike submitted his Proposed FOF, COL, and D&O to

7

1

33.

On May 11,2009, the parties filed written exceptions to the hearings officer's Proposed

2

FOF, COL, and D&O; and on Maui on October 15,2009, the Commission heard the parties' oral

3

arguments on their written exceptions.

4

5

B.

Traditional and Customary Practices in Na Wai 'Eha

6

34.

Due to the profusion of fresh-flowing water in ancient times, Na Wai 'Eha supported one

7

of the largest populations and was considered the most abundant area on Maui; it also figured

8

centrally in Hawaiian history and culture in general. (Exh. C-2, p. 19; Akana, WDT 9/14/07, ~

9

12.) Hui/MTF FOF A-Il.l

10

35.

The abundance of water in Na Wai 'Eha enabled extensive lo'i kalo (wetland kalo)

11

complexes, including varieties favored for poi-making such as "throat-moistening lehua poi."

12

(Exh. C-2, p. 7 (citing Kaha'ulelio 2006); Tr. 12/4/07, p. 19,1. 19 to p. 20,1. 3.) Hui/MTF FOF

13

A-I2.

14

36.

15

area of wetland taro cultivation in the islands. (Exh. C-2, pp. 1, 17 (citing Handy and Handy

16

1972, p. 496); Tengan, Tr. 12/4/07, p. 20, 1. 19 to p. 21, 1. 7; Holt-Padilla, WDT 9/14/07, ~ 9.)

17

Hui/MTF FOF A-B.

18

37.

19

Kalani'auwai, which fed many kuleana lands. (Exh. C-2, p. 9.) Hui/MTF FOF A-16.

20

38.

21

(Exh. C-2, p. 9.) Hui/MTF FOF A-17.

22

39.

23

a substantial population. Hawaiians constructed extensive 10 'i (irrigated taro terraces) and

The four ahupua'a ofNa Wai 'Eha and their streams comprised the largest continuous

'lao Valley was known for its two famous 'auwai called the Kama'auwai and

Numerous springs feeding lo'i kalo existed in the district of Wailuku in ancient days.

"All indications are that Waihe'e Valley was traditionally a rich, fertile valley supporting

I References to the record are enclosed in parentheses, followed by a party's proposed
Finding of Fact ("FOF"), if accepted. "Exh." refers to exhibits accompanying written or oral
testimony, followed by the exhibit number. Written testimony is referred to as follows: name of
the witness, the type and date of the written testimony, and the page and line numbers, or
paragraph, of that testimony. "Decl." means written declaration; "WDT," written direct
testimony; "WRT," written rebuttal testimony; and "WST," written surrebuttal testimony. Oral
testimony is referred to as follows: name of the witness, the date of the transcript ("Tr."), and the
page and line numbers. For example, this Finding of Fact is referenced to Exhibit C-2, page 19;
and Akana's written direct testimony of 9/14/07, paragraph 12. This Finding of Fact was
proposed by Hui/MTF as their FOF A-II, which was accepted.

8

1

elaborate 'auwai systems to provide water for the lo'i ... Many lo'i can be seen today, although

2

most are not in use." (Exh. C-2, p. 10 (quoting Kelly & Hee 1987).) Hui/MTF FOF A-18.

3

40.

4

thrived in Nii Wai 'Eha, including the gathering of upland resources, such as thatch and ti, and

5

protein sources from the streams, including 'o'opu, 'opae, and hihiwai. (Tengan, Tr. 12/4/07, p.

6

21,11. 15-21.) HuilMTF FOF A-19.

7

41.

8

(reserved) for the chiefs. The name of the famous kili' 0' opu wind of Waihe' e means faint odors

9

of the' 0' opu, in reference to "the appetizing fragrance" of the' 0' opu cooking in ti leaves, which

10

"wafted down by the wind to the chief s door." Maka' ainana from this area developed a method

11

to hide the scent of the cooking' 0' opu by wrapping it in 'olena leaves so the aroma could not

12

escape. (Exh. C-2, pp. 14-15 (quoting Rebecca Nu'uhiwa's oral history).) Hui/MTF FOF A-20.

13

42.

14

mainly of fish (napili and nakea), opae, hihi-wai (all obtained from 'lao Stream), and lehua (red)

15

taro which was grown in 10'i (irrigated terraces) lining the banks of the stream. '" (Exh. C-2, p.

16

14 (citing Connolly 1974).) Hui/MTF FOF A-21.

17

43.

18

hiding the piko, or the naval cord ofnewbom babies. (Tengan, Tr. 12/4/07, p. 22,11.2-12.)

19

"[T]he spring Eleile contained an underwater cave where the people of the area would hide the

20

piko (umbilical cords) of their babies after birth.... The location of where one buries or hides

21

the piko is a traditional custom that represents Native Hawaiian cultural beliefs about an

22

individual's connection to the land." (Exh. C-2, pp. 4-5 (citing Bishop Museum Archives Audio

23

Collection, HAW 84.2.3).) Hui/MTF FOF A-23.

24

44.

25

(Exh. C-2, pp. 11-12.) In a secret underwater cave, Native Hawaiians hid the bones of "all the

26

ruling chiefs who had mana and strength, and the kupua, and all those attached to the ruling

27

chiefs who were famous for their marvelous achievements. There were several hundred in all

28

who were buried there." Thus, the burial of sacred chiefs required a deep freshwater body to

29

ensure the utmost protection of their bones. (Id. at p. 13 (quoting Ke Au Okoa 1870); Tengan, Tr.

30

12/4/07, p. 22,11. 13-21.) HuilMTF FOF A-24.

In addition to extensive agricultural production, traditional and customary practices

In Nii Wai 'Ehii, the gathering of certain species of' 0' opu was sometimes kapu

In the ahupua' a of' lao, "the waters of the region provided for a diet which' consisted

The waters ofNa Wai 'Eha were renowned for the traditional and customary practice of

Upper 'lao Valley contained the royal residences of chiefs in both life and the afterlife.

9

1

45.

Nil Wai 'Ehil is home to several important heiau. Of particular significance are Haleki'i

2

and Pihana Heiau, located between Waiehu and 'lao Streams. (Sites of Maui 64, Elspeth Sterling

3

ed., Bishop Museum Press 1998). These heiau were re-consecrated in 1776 as an offering before

4

the famous battle between Hawai' i and Maui. Id. It is said that Kalanikaukooluaole, a high

5

chiefess and daughter of Kamehamehanui, bathed in the stream water near the heiau, before she

6

entered the heiau. ( Id. at 76.) HuilMTF FOF A-25.

7

46.

8

large populations and agricultural pursuits. In Nil Wai 'Ehil, there are a total of 36 documented

9

heiau, which is the largest number of heiau among all Maui island communities and underscores

The presence ofheiau (places of worship, temples) in a windward environment indicates

10

the cultural, historical, and political importance of this region. (Exh. C-2, p. 10 (citing Walker

11

1931, Thrum 1909, Bruce 1973, Stokes 1918, Cordy 1978).) Hui/MTF FOF A-26.

12

47.

13

Maui." (Exh. C-2, p. 9 (citations omitted).) "In 1831-32, 827 people resided in the Waihe'e

14

ahupua'a, representing a very large population" that was surpassed only by the population in 'lao

15

(or Wailuku) (Id.) Hui/MTF FOF A-27.

16

48.

17

power for the region in ancient times. (Tengan, Tr. 12/4/07, p. 20, 1. 23 to p. 21, 1. 11.) Hui/MTF

18

FOF A-29.

19

49.

20

limitations on Native Hawaiians' ability to exercise traditional and customary rights and

21

practices in the greater Nil Wai 'Ehil area due to the lack of freshwater flowing in Nil Wai 'Ehil's

22

streams and into the nearshore marine waters. (See, e.g., Kekona, Tr. 12/4/07, p. 214, 11. 9-15;

23

Pellegrino, WDT 9/14/07, ~ 33.) Hui/MTF FOF A-40.

24

50. "'O'opu must once have been plentiful in Nil Wai 'Ehil streams; the wind in Waihe'e is

25

called ka makani kili' 0' opu, which means the wind that brings the faint odors of the' 0 'opu."

26

Today, however, "[i]t is very difficult to find 'opae, hihiwai, and

27

Wai 'Ehil, large portions of which are frequently dry." (Holt-Padilla, WDT 9/14/07,

28

Hui/MTF FOF A-42.

29

51.

30

continue to exercise traditional and customary rights and practices, including "gathering stream

31

life such as hihiwai, 'opae,

Nil Wai 'Ehil's water resources sustained "the second largest population on the island of

Nil Wai 'Ehil's abundant water resources served as a base of political and economic

Cultural experts and community witnesses provided uncontroverted testimony regarding

'0

'opu in the streams of Nil
~

22.)

Despite significant challenges, some Native Hawaiian practitioners in Nil Wai 'Ehil

'0 'opu,

and limu for subsistence and medicinal purposes," as well as

10

1

"cultivating taro for religious and ceremonial uses, gathering materials for hula, lua (ancient

2

Hawaiian martial arts), and art forms." (Akana, WDT 9/14/07,

3

52.

4

gather in the ahupua' a in which she lives; an ahupua' a in which she has ancestral ties, even if no

5

family member then resides there; or an ahupua' a that "contains certain resources of value to her

6

as a member of a Hawaiian cultural group such as traditional Hawaiian healers, who may use a

7

specific area to gather Iii' au lapa' au (native plants for medicine); hiilau hula, whose chants and

8

dances may honor deities associated with a specific natural resource area, and which may need to

9

gather certain native plants from these areas; and fishermen, hunters, and gatherers who have

~

16.) Hui/MTF FOF A-45.

In Nii Wai 'Eha, it is a traditional Native Hawaiian practice for cultural practitioners to

10

accessed and used the ahupua'a for subsistence." (Holt-Padilla, WDT 9/14/07, ~ 17.) Hui/MTF

11

FOF A-46.

12

53.

13

Waihe'e and Waiehu for hula ceremonies and performances. (Akana, WDT 9/14/07, ~ 6.) "As

14

part of the protocol for gathering these items, we always soak the leaves we gather in the stream

15

flow nearby. This practice necessitates a flowing stream." (ld.) Hui/MTF FOF A-47.

16

54

17

of makahiki, when individuals "would go into the rivers or into the ocean in order to do a

18

cleansing for the new year[.]" (Holt-Padilla, Tr. 12/4/07, p. 192,1. 22 to p. 193,1. 8.) This type

19

of cleansing, which required immersion in the water, was also conducted "before you start or end

20

certain ceremonies[.]" (ld. p. 193,11.3-8,21-23.) For ceremonies dedicated to Kiine, "having a

21

hi'uwai in a stream magnifies the mana[.]" (ld. p. 193,11. 11-20.) Hui/MTF FOF A-51.

22

55.

23

practices and plan to do so if water is returned to the streams. For example, HokUlani Holt-

24

Padilla testified that "[m]any families seek to reestablish the tradition of growing kalo" in Nii

25

Wai 'Ehii. (Holt-Padilla, Tr. 12/4/07, p. 190, n. 9-13.) Hui/MTF FOF A-52.

26

56.

27

economy, but with "different demands upon subsistence growers. In the old days, you could pay

28

taxes to chiefs with taro. Those in-kind of tax payments are no longer allowable, so even

29

subsistence farmers would inevitably have to sell some of their taro for cash in order to pay

30

taxes." (Tengan, Tr. 12/4/07, p. 26, 11. 10-22.) Hui/MTF FOF A-54.

Kumu hula Akoni Akana gathers materials such as hau, palapalai, la'I, and laua'e from

The spiritual practice ofhi'uwai, also known as kapu kai, often occurred around the time

Other practitioners would like to expand the scope of their traditional and customary

Testimony contended that a subsistence lifestyle can be maintained in today's cash

11

1

57.

According to testimony, "Na Wai 'Eha continues to hold the potential to once again

2

support enhanced traditional and customary rights and practices if sufficient water is restored."

3

(Exh. C-2, p. 19.) Restoring streamflow to Na Wai 'Eha "would enormously benefit" Native

4

Hawaiians and other communities who seek to reconnect with their culture and live a self-

5

sustaining lifestyle, and more people would be able to engage in traditional and customary

6

practices with more water. (Tengan, Tr. 12/4/07, p. 25, 1. 21 to p. 26, 1. 9.) Hui/MTF FOF A-56.

7

58.

8

to the perpetuation and practice of Hawaiian culture in Na Wai 'Eha." "If we are not able to

9

maintain our connection to the land and water and teach future generations our cultural

Testimony contended that "Restoration of mauka to makai flow to the streams is critical

10

traditions, we lose who we are as a people." (Holt-Padilla, WDT 9/14/07, , 25.) Hui/MTF FOF

11

A-57.

12

59.

13

sustain the rights of native Hawaiians and Hawaiians to practice their culture will result in the

14

betterment of the conditions of native Hawaiians and Hawaiians by restoring spiritual well-being

15

and a state of 'pono' (goodness, righteousness, balance) to the people and communities ofNa

16

Wai 'Eha." (Apoliona, WDT 9/14/07, , 11.) Hui/MTF FOF A-59.

17

60.

18

in turn is integral to the well-being, sustenance, and cultural and religious practices of native

19

Hawaiians and Hawaiians. Kalo cultivation provides not only a source of food, but also spiritual

20

sustenance, promotes community awareness and a connection to the land, and supports physical

21

fitness and mental well-being. (Apoliona, WDT 9/14/07, "6-7.) Hui/MTF FOF A-66.

22

61.

23

explained:

24
25
26
27
28
29

According to testimony, "The return of the waters ofNa Wai 'Eha to levels that can

Testimony contended that cold, free-flowing water is essential for kalo cultivation, which

In Hawaiian culture, "[o]ur ancestor was the kalo itself." Hokiilani Holt-Padilla

The first born child of Wakea (Sky father) and Ho'ohokiikalani (daughter
of Papa, the Earth mother) was stillborn. Shortly after being buried, his body
reemerged from the ground in the form of a kalo plant, which Wakea named
Haloanakalaukapalili (long stem, trembling leaf). Their next child was a healthy
boy whom they named Haloa after his deceased older sibling. Haloa grew to be a
strong man and became the ancestor of all Hawaiians.

30

(Holt-Padilla, WDT 9/14/07,' 11; Holt-Padilla, Tr. 12/4/07, p. 189,1. 11 to p. 190,1. 7.) See

31

also Tengan, Tr. 12/4/07, p. 17,1. 22 to p. 18,1. 8 (recounting the history of Haloa). HuilMTF

32

FOF A-67.

12

1

62.

The story of Haloa acknowledges Native Hawaiians' familial relationship with kalo as an

2

elder sibling, and the resulting cultural significance of cultivating kalo in a traditional manner.

3

(Tengan, Tr. 12/4/07, p. 17,1. 22 to p. 18,1. 8.) Hui/MTF FOF A-68.

4

5

C.

Maintenance of Fish and Wildlife Habitats

6

63.

Out of the 376 perennial streams it identified in Hawai'i, the Commission has designated

7

only 44 streams statewide as "Candidate Streams for Protection." Hawai'i Stream Assessment 5,

8

272 (1990) (hereinafter, "HSA"). Each of the Na Wai 'Eha streams earned this designation

9

among only nine streams selected from the entire island of Maui. Id. at 276. The Commission

10

also designated the Na Wai 'Eha streams as "Blue Ribbon Resources," meaning that they

11

featured the "few very best resources" in their respective resource areas. Id. at 272. HuilMTF

12

FOF C-1.

13

64.

14

fishes: Awaous guamensis ('o'opu nakea), Sicyopterus stimpsoni ('o'opu nopili), Lentipes

15

concolor ('o'opu alamo'o), Stenogobius hawaiiensis ('o'opu naniha), and the eleotrid Eleotris

16

sandwicensis ('o'opu akupa). Native amphidromous invertebrates include two gastropods,

17

Neritina granosa (hihiwai) and the estuarine Neritina vespertina (hapawai); and the decapods,

18

Atyoida bisulcata ('opae kala'ole) and Macrobrachium grandimanus Copae 'oeha'a). (Ford,

19

WDT 10/26/07, ~ 31.) HC&S FOF 44.

20

65.

21

between freshwaters and the sea at some stage in their life cycle other than the breeding period

22

(Myers 1949). All native Hawaiian amphidromous species exhibit "freshwater amphidromy"

23

where spawning takes place in freshwater, and the newly hatched larvae are swept into the sea by

24

stream currents. While in the marine environment, the larvae undergo development as

25

zooplankton before returning to freshwater to grow to maturity. An important ecological

26

characteristic of the amphidromous fauna is the ability to move upstream, surmounting riffles

27

and small falls, and for some species even very high waterfalls (Ford & Kinzie 1982, Radtke &

28

Kinzie 1996). (Ford, WDT 10126/07, ~ 30.) HC&S FOF 45.

29

66.

30

recruitment into the stream, adult population biology and instream habitat use, and reproductive

The native amphidromous fauna of Hawaiian streams consists of five species of goboid

The term "amphidromous" describes fishes that undergo regular, obligatory migration

The life history of amphidromous stream macrofauna can be divided into three phases:

13

1

output. All of these must be operative for a population in a particular stream to be considered

2

successful. (Exhibit E-53, p. 39 (§ 7.5.1).) HC&S FOF 46.

3

67.

4

(Lindstrom, Tr. 10/18/08, p. 46, 11. 12-15.) HC&S FOF 47.

5

68.

6

Maui streams, compared to their non-diverted counterparts, is the disruption of natural flow via

7

large-scale offstream diversions. (Benbow, WDT 9/14/07, ~ 8.) Hui/MTF C-7.

8

69.

9

diminishing food availability, and disturbing species interactions and food web processes.

The five native Hawaiian amphidromous species have no distinct breeding season.

An overriding factor impairing the biological and ecological integrity of diverted Central

Diversions of streamflow harm stream life by degrading or destroying habitat,

10

Particularly during low flow or drought conditions, the diversions exaggerate the negative impact

11

of low flows and can eliminate most stream life and habitat below the diversions and leave the

12

streams barren of recruitment. (Benbow, WDT 9/14/07, ~~ 9,32.) HuiIMTF FOF C-8.

13

70.

14

exacerbate natural low flow conditions, and increase the likelihood of prolonged periods of

15

extremely low flow. (Exh. A-221, p. 53.) Hui/MTF FOF C-9.

16

71.

17

numerous ways that compound the negative impacts on their overall populations from mauka to

18

makai. (Benbow, WDT 9/14/07, ~ 12.) HuilMTF FOF C-10.

19

72.

20

11; Payne, Tr. 12112/07, p. 74,1. 24 to p. 75, 1. 5; p. 75,11.21-24.) Hui/MTF FOF C-11.

21

73.

22

hinders flow or increases retention time in a stream will delay the transport of larvae to the

23

marine environment and negatively impact and possibly kill larvae. (Exh. A-220, p. 55;

24

Lindstrom, Tr. 10/14/08, p. 59, 11. 8-11; p. 19,11.2-10.) Hui/MTF FOF C-12

25

74.

26

is necessary to attract and accommodate upstream migration of post-larval fishes, mollusks, and

27

crustaceans. (Ford WDT 10/26/07, ~ 55.) HuilMTF FOF C-15.

28

75.

29

and postlarval recruitment in Central Maui streams, such that increased streamflow correlates

30

with increased recruitment at the stream mouth. (Benbow, WDT 9/14/07,

31

12110/07, p. 21, 11. 9-12.) HuilMTF FOF C-36.

Stream diversions have been found to dampen the natural seasonal discharge cycle,

Diversions particularly compromise the life cycles of native amphidromous species in

Diversions diminish larval drift by capturing eggs and larvae. (Benbow, WDT 9/14/07, ~

Diversions also impair flows necessary to transport larvae to the ocean. Any factor that

Terminal discharge at the stream mouth into the ocean of sufficient duration and volume

There is a direct correlation between streamflow volume under non-freshet conditions

14

~

37; Benbow, Tr.

1

76.

Hui/MTF's expert witness maintains that "the amphidromous life cycle requires

2

continuous flow to link biologically the mountains (mauka) to the ocean (makai)." Benbow,

3

WDT 9114/07,

4

77.

5

cycle of native Hawaiian amphidromous species absolutely depends on continuous mauka to

6

makai flow. There are naturally interrupted and intermittent streams in Hawai'i that host

7

amphidromous organisms. Statewide surveys conducted by the Division of Aquatic Resources

8

("DAR") have found an abundance of 'o'opu alamo'o and 'opae in the upper reaches ofleeward

9

streams that were assumed to be dry year round. Standing pools in the mid-reaches of such

~

10.) Hui/MTF FOF C-4.

HC&S's expert witness states that "(i)t has not been definitively established that the life

10

streams provide ecologically important habitat for native amphidromous species during baseflow

11

and drought conditions. (Ford, WDT 10/26/07, ~ 8; Ford, Tr. 12110/07, p. 213, 11. 11-22, p. 214, 1.

12

21 to p. 215, 1. 3.) HC&S FOF 48.

13

78.

14

connectivity: "Ecological connectivity in a stream is more important than physical connectivity

15

for purposes of sustaining the biological integrity of the stream. Ecological connectivity exists if

16

stream flows of sufficient volume and frequency allow the normal distribution of native

17

amphidromous species within a given watershed. Physical connectivity exists if there is

18

uninterrupted flow of surface waters between the headwaters of a stream and its mouth.

19

Ecological connectivity could exist irrespective of whether there is physical connectivity. (Ford,

20

Tr., 12110/07, p. 219, 1. 24 to p. 221, 1. 7; Exhibit E-53 at 4, n.1 (§ 1.0), and 43 (§ 8.0))

21

79.

22

cycle ofamphidromous organisms is not known. (Benbow, Tr. 12110/07, p. 76, 1. 18 to p. 77,1.

23

16.) HC&S FOF 48.

HC&S's expert witness thus distinguishes between "ecological" and "physical"

Ultimately, the precise volume and duration of stream flow needed to sustain the life

24

25

D.

The Nli Wai 'Ehli Streams

26

80.

Na Wai 'Eha, or "the four great waters of Maui," refers to the Waihe'e River and Waiehu,

27

'lao, and Waikapu Streams. (Exh. E-53, p. 4, Exh. C-2, p. 1; Oki WOT 9114/07, ~ 5.) WWCFOF

28

31.

29

81.

30

narrow valley, it drains the northeast slopes ofthe West Maui Mountains. Running a distance of

31

about 26,585 feet, its watershed covers an area of about 4,500 acres. It is the principal source of

The Waihe' e River is the northern-most of the four waters. Flowing in a long, deep,

15

1

water in the Nil Wai 'Ehil area. ((Exh. E-2; Exh. A-3, p. 22; Exh. E-53, fig. 1 and 11.) WWC

2

FOF 46-49.

3

82.

4

Running a distance of about 23,700 feet, its watershed covers an area of about 6,600 acres. ((Exh.

5

A-3, p. 21; Exh. E-53, fig. 1 and 12.) WWC FOF 50-51.

6

83.

7

valley, it runs for a distance of about 38,000 feet. Its watershed covers an area of about 14,500

8

acres. A significant portion of its lower reaches was channelized and the stream bed and banks

9

hardened with concrete by the United States Army Corps of Engineers for flood control and

Waiehu Stream is formed by the confluence of the North and South Waiehu Streams.

'lao Stream is the second largest in Nil Wai 'Ehil. Draining a large amphitheater-headed

10

drainage. (Exh. A-3, p. 20; Exh. E-53, p. 8, fig. 1, and fig. 13.) WWC FOF 52-55.

11

84.

12

63,500 feet in length, with a watershed (Waikapii Valley) that covers about 9,000 acres. (Exh. E-

n

2; Exh. A-3, p. 20; Exh. E-53, fig. 1 and 14.) WWC FOF56-58.

14

85.

15

impounded; (2) the basal freshwater lens; and (3) perched. (Oki, WDT 9114/07, ,-r 7.) WWC FOF

16

36.

17

86.

18

perched waters occur at lower elevations closer to the coast. (Oki, WDT 9114/07, ,-r 7.) WWC

19

FOF 37.

20

87.

21

by a breaching of the ground water system by the stream. (Oki, WDT 9/14107,,-r 10.) WWC FOF

22

40.

23

88.

24

an unsaturated zone exists between the stream and water table. (Oki, WDT 9/14/07, ,-r 12.) WWC

25

FOF 41.

26

89.

27

impounded ground waters, which results in a contribution of ground water to the stream, making

28

the streams gaining in the upper reaches. (Oki, WDT 9114/07, ,-r 10.) WWC FOF 42.

29

90.

30

freshwater lenses, allowing stream waters to migrate from the stream bed to the basal lenses,

31

making the streams losing in the lower reaches. (Oki, WDT 9114/07, ,-r 12.) WWC FOF 43.

Waikapii Stream is the southern-most stream. The longest of the four streams, it is about

There are three types of ground water systems in the Nil Wai 'Ehil area: (1) dike

Dike-impounded ground waters occur at high elevations; basal freshwater lenses and

Gaining reaches of streams are those in which ground water contributes to the streamflow

Losing reaches of streams are where the channel bottoms are above the water table and

In the upper reaches of the Nil Wai 'Ehil area, the stream channels intersect the dike-

In the lower reaches of the Nil Wai 'Ehil area, the stream channels overlie the basal

16

1

91.

At the mouths of the streams in the Na Wai 'Eha area, some of the stream channels

2

intersect the basal freshwater lenses, making those streams gaining in that area. (Oki WDT

3

9/14/07, ~ 13.) WWC FOF 44.

4

92.

5

(described infra) and losing streams below the diversions. (Oki, Tr., 12/6/07, p. 57,11.14-16.)

6

WWCFOF45.

7

93.

8

potential streambed area through which infiltration of water can occur increases with flow; and

9

2) the increased water level in the stream creates a large vertical hydraulic gradient, which

The Na Wai 'Eha streams are generally gaining streams above the existing diversions

The loss rate in a stream is expected to increase as flow increases because: 1) the

10

controls the rate of subsurface flow. In addition, loss rates change as a function of the

11

permeability of the streambed sediments, which may vary over different stream reaches. (Oki,

12

WDT 9/14/07, ~ 54.)

13

94.

14

significantly over a 90-year period. (Exh. E-53, p. 16.) WWC FOF 445.

15

95.

16

River over the period, 1984 to 2005, (Oki, Tr. 12/6/07, p. 78, Ii. 7-21) WWC FOF 446, USGS

17

data also show that average (or mean) monthly total stream flows for the Waihe'e River and 'lao

18

Stream for the three 8-year periods 1984-1991, 1992-1999, and 2000-2007, decreased by about

19

25 percent and 10 percent, respectively. For Waihe'e Stream, the monthly flows averaged 1639.1

20

mgd, 1436.0 mgd, and 1236.6 mgd, respectively, for these eight-year periods. These monthly

21

averages translate into daily averages of 54.64 mgd for 1984-1991,47.87 mgd for 1992-1999,

22

and 41.22 mgd in 2000-2007. (Exh. D-45, p. 17-18; Suzuki, Tr. 12/14/07, p. 83,11.4-9 and 13-

23

17.) WWC FOF 453-454,586-587. (See FOF 97, infra, for a description of median flow.)

A USGS study of stream flows in Hawai'i concluded that flows had decreased

While USGS has not observed any significant trends in median flows in the Waihe'e

24

25

1.

Stream Flows

26

96.

One of the most useful ways to summarize stream-flow data is through the use of flow-

27

duration curves. A flow-duration curve shows the percentage of time that specified stream flows

28

were equaled or exceeded during a given period of record. (Oki, WDT 9/14/07, ~ 21.) Hui/MTF

29

FOF B-51-52.

30

97.

31

time and is "reflective of typical flow conditions." (Oki, WDT 9/14/07,

The Qso flow, or median flow, is the flow that is equaled or exceeded 50 percent of the

17

~

21; Oki, Tr. 12/6/07, p.

1

78, II. 17-21.) Hui/MTF FOF B-52-53. For example, a Qso of25 mgd means that the flow of the

2

specified stream was 25 mgd or more for half of the measurements of stream flow and less than

3

25 mgd for the other half of the measurements during the specified period of time; e.g., "the Qso

4

for stream X was 25 mgd for the period 1985-2000."

5

98.

6

(or interflow) that rapidly returns infiltrated water to the stream following a period of rainfall; (2)

7

ground water discharge, or base flow, where the stream intersects the water table; (3) water

8

returned from stream bank storage; (4) rain that falls directly on streams; and (5) any additional

9

water, including excess irrigation water, discharged to the stream by humans. (Oki, WDT

Stream flow consists of: (1) direct runoff, or overland flow and subsurface storm flow

10

9/14/07, ~ 19; Oki, Tr. 12/6/07, p. 126, I. 14 to p. 127,1. 2; Exh. A-201.) Hui/MTF FOFB-42.

11

99.

12

during periods when the ground water level is high; lower during periods when the ground water

13

level is low; and may cease if the ground water level is lowered below the water level in the

14

stream. (Oki, WDT 9/14/07, ~ 20; Oki, WDT 2120/08,

15

A-201; Exh. A-202.) Hui/MTF FOF B-47.

16

100.

17

the stream, separating base flow from total flow is helpful to indicate the ground water

18

contribution to a stream. (Oki, WDT 9/14/07, ~ 20; Oki, Tr. 2/21/08, p. 55,11. 14-18.) Hui/MTF

19

FOF B-46.

20

101.

21

the United States Geological Survey ("USGS") uses a computerized base-flow separation

22

method: 1) to estimate the percent of total flow that comes from ground water discharge as total

23

flow varies; and 2) averages these variations to estimate mean base flow. USGS has concluded

24

that mean base flow of perennial streams in Hawai'i generally is between the Q60 to

25

(Oki, WDT 9/14/07,

26

102.

27

estimate of mean base flow for Hawai'i streams. (Oki, WDT 9/14/07, ~ 21; Oki, Tr. 12/6/07, p.

28

29, I. 25 to p. 30, I. 1.) HuiIMTF FOF B-58. USGS did not apply its model specifically to the Nil

29

Wai 'Eha streams. (Oki, Tr. 2/21/08, p. 39, II. 16-19.)

30

103.

31

periods, the model uses criteria designed to take away the rain, runoff, and seepage components

Because ground water levels vary over time, base flow also varies: base flow is higher

~

3; Oki, Tr. 2/21/08, p. 27, II. 8-25; Exh.

Although measurement of flow in a stream on any given day will reflect the total flow in

For stream flows where more than ground water discharge is contributing to stream flow,

~

21; Oki, WDT 2120/08,

~

QRO

flows.

6; Exh. A-7; Exh. A-201.) Hui/MTF FOF B-54.

Thus, USGS has concluded that in general, the

Q70

discharge could be an appropriate

In dry periods, the model assumes that the base and total flow are the same. In wetter

18

1

of stream flow to try to estimate the average base flow at all times when the stream is flowing.

2

Although it has been tested against some form of data, ultimately there is no solid way of

3

validating the model and its results. (Oki, Tr. 2/21/08, p. 38,1. 17 to p. 39,1. 15, p. 71,1. 24 to p.

4

73,1.2.)

5

104.

6

flows may range from near zero for ephemeral streams in areas that receive little rainfall, to tens

7

of cubic feet per second in areas that receive significant rainfall or ground water discharge. (Exh.

8

A-20l, p. 3.) (The QIOO flow represents the lowest flow recorded in the stream, which is most

9

likely all from ground water discharge.)

The

Q90

flow is commonly used to characterize low flows in a stream. In Hawai'i,

Q90

10

105.

USGS does not calculate base flow for water management purposes; instead, base flows

11

are calculated for other purposes, such as extracting the direct runoff components of total stream

12

flow for estimating water budgets (underestimating base flow results in overestimating direct

13

runoff), identifying the raw component of rainfall when estimating recharge, and surveying how

14

conditions such as base flow may have changed over time. (Oki, Tr. 2/21/08, p. 55,11.4-13; p.

15

32,11.9-25.) Hui/MTF FOF B-59, B-61.

16
17

2.

Waihe'e River

18

106.

Waihe' e River and its main diversions are shown in Figure 1.

19

107.

In the period of climate years 1984-2005 (a climate year begins on April 1 and is

20

designated by the calendar year in which it begins) at USGS stream-gaging station 16614000 on

21

Waihe'e River near an altitude of about 605 feet upstream of all diversions, the minimum daily

22

mean flow (QIOO) was 14 mgd (this minimum flow occurred on only 6 days over 22 years, an

23

average of about 0.3 days per year). The

24

Qso flow was 34 mgd. (Oki, WDT 9/14/07, ~~ 23 and 53.) HC&S FOF 1.

25

108.

26

Spreckels Ditch, near an altitude of about 400 feet and about 0.6 miles downstream from the

27

Waihe'e Ditch. (Oki, WDT 9/14/07,

28

109.

29

range from 2.1 to at least 5.9 mgd. Although actual losses may vary as a function of streamflow,

30

because data are limited, a constant loss of 4 mgd is assumed by USGS. (Oki, WDT 9/14/07,

31

56.)

Q90

flow was 24 mgd; the

Q70

flow was 29 mgd; and the

The two main diversions areWaihe' e Ditch near an altitude of about 600 feet, and

~

53.)

Estimated stream flow losses in Waihe'e River downstream of the Spreckels Ditch may

19

~

1

110.

2

several locations downstream of the diversions. In some places, the return flows enter the River

3

in well-defined channels, whereas in other places the return flows enter as diffuse flows. (Oki

4

WDT 9/14/07, ~~ 38.)

5

111.

6

available at the intakes. However, stream flow immediately downstream of the intakes may exist

7

because of leakage through or subsurface flow beneath the dams at these sites. Estimated dry-

8

weather flow immediately downstream of the Waihe' e and Spreckels Ditch intakes commonly is

9

on the order of about 0.1 mgd, but the stream may not have continuous surface flow from mauka

10

Water also returns to the River in the form of return flows and leakage from ditches at

Waihe' e and Spreckels Ditches are capable of diverting all of the dry-weather flow

to makai. (Oki WDT 9/14/07, ~ 44.)

11

12

3.

Waiehu Stream

13

112.

North Waiehu Stream and its main diversion are shown in Figure 2.

14

113.

Low-flow characteristics for North Waiehu Stream during the 1984-2005 climate years

15

were estimated using record-extension techniques and available historical data during 1911-1917

16

from discontinued USGS gaging stations 16608000, 16609000, and 16609500. The minimum

17

discharge (QlOO) measured at gaging station 16608000 at an altitude of 880 feet was 1.6 mgd

18

during March 1915. The estimated Q90 discharge ranges from 1.4 to 2.7 mgd for 1984-2005; the

19

estimated Q70 discharge ranges from 2.3 to 2.7 mgd; and the estimated Qso discharge ranges from

20

3.1 to 3.6 mgd. (Oki, WDT 9/14/07, ~~ 24 and 57.) HC&S FOF 2.

21

114.

22

WDT 9/14/07, ~ 57.)

23

115.

24

confluence of North and South Waiehu Streams. (Oki, WDT 9/14/07,

25

116.

26

structure, but leakage from the North Waiehu Ditch may sometimes return to the stream. (Oki,

27

WDT 9/14/07, ~ 39, 44.)

28

117.

South Waiehu Stream and its main diversion are also shown in Figure 2.

29

118.

Regarding the "Cerizos Kuleana Ditch" shown in Figure 2, in identifying the kuleana

30

ditches and their stream sources, WWC identifies South Waiehu Stream as the source of the

31

Cerizos Kuleana Ditch. (Exh. D-7; also citing Cerizo's WDT of 9/14/07.) WWC FOF 152. But

Water is diverted by the North Waiehu Ditch near an altitude of about 860 feet. (Oki,

USGS estimates that the stream loses 1.3 mgd between the North Waiehu Ditch and the
~

60.)

The North Waiehu Ditch generally diverts most of the water available at the diversion

20

1

Cerizos testified that he recently bought kuleana land on Waikapii Stream, (Cerizo, WDT

2

9/14/07, ~~ 1-2,4-5; Exh. A-23; Exh. A-194D) Hui/MTF FOF 365, so it is unclear whether this

3

ditch is misnamed.

4

119.

5

estimated using record-extension techniques and available historical data during 1911-1917 from

6

discontinued USGS gaging station 16610000. The minimum discharge (QIOO) measured at gaging

7

station 16610000 at an altitude of870 feet was 1.5 mgd during July 1913. Near gaging station

8

16610000 at an altitude of 870 feet, the estimated Q90 discharge ranges from 1.3 to 2.0 mgd for

9

1984-2005; the estimated Q70 discharge ranges from 1.9 to 2.8 mgd; and the estimated Qso

Low-flow characteristics for South Waiehu Stream for the 1984-2005 climate years were

10

discharge ranges from 2.4 to 4.2 mgd. (Oki, WDT 9/14/07, ~~ 25 and 57.) HC&S FOF 3.

11

120.

12

kuleana ditches farther upstream. The main diversion is the Spreckels Ditch, near an altitude of

13

about 270 feet and about 1000 feet upstream from the confluence of North and South Waiehu

14

Streams. (Oki, WDT 9/14/07, ~~ 40,57.)

15

121.

16

estimates that the loss in Waiehu Stream itself, between the confluence of North and South

17

Waiehu Streams and the mouth, is 0.6 mgd. (Oki, WDT 9/14/07, ~ 60.)

18

122.

19

Waiehu Stream. In addition, overflow or releases from the Waihe'e and Spreckels Ditches may

20

sometimes enter South Waiehu Stream. (Oki, WOT 9/14/07, ~ 40.)

21

123.

22

Stream during dry-weather conditions, although stream flow immediately downstream of the

23

intake may exist because of leakage through or subsurface flow beneath the dam at the intake.

24

Waiehu Stream is commonly dry farther downstream near Lower Waiehu Beach Road, and

25

therefore, Waiehu Stream does not flow continuously from mauka to makai. (Oki, WDT 9/14/07,

26

~

27

124.

28

with a 12-foot drop in the elevation of the stream just below the diversion, and there is a vertical

29

concrete apron located just below the highway culverts in lower Waiehu Stream. (Exh. E-53, pp.

30

29,44.) WWC 629, 650.

Water is currently diverted from South Waiehu Stream by the Spreckels Ditch and two

No information is available on estimated losses in South Waiehu Stream, but USGS

Return flows and leakage from the kuleana ditches have been observed entering South

Spreckels Ditch is commonly capable of diverting all of the flow of South Waiehu

46.)
There is extensive channel erosion below the Spreckels Ditch on South Waiehu Stream,

31

21

4 . ' lao Stream

1

2

125.

'lao Stream and its main diversions are shown in Figure 3.

3

126.

On the basis of 22 years of complete records (climate years 1984-2005) at USGS stream-

4

gaging station 16604500 on 'lao Stream near an altitude of about 780 feet and above all

5

diversions, the minimum daily mean flow (QlOO) was 7.1 mgd (the minimum flow occurred on 29

6

days over 22 years, an average of about 1.3 days per year); the Q90 flow was 13 mgd; the

7

flow was 18 mgd; and the Qso flow was 25 mgd. (Oki, WDT 9/14/07,,-r,-r 26 and 61.) HC&S FOF

8

4.

9

127.

Q70

The two main diversions are 'lao-Waikapu and 'lao-Maniania Ditches near an altitude of

10

about 780 feet (there is also a small privately owned pipe farther downstream), and the Spreckels

11

Ditch, near an altitude of about 260 feet and about 2.4 miles downstream from the 'lao-Waikapu

12

and 'lao-Maniania Ditches. (Oki, WDT 9/14/07,,-r,-r 41,61.)

13

128.

14

consists of a debris basin, a concrete channel that runs from the debris basin to just downstream

15

of North Market Street, a 20-foot vertical drop, a broadened but unlined channel running to

16

Waiehu Beach Road, and concrete wing walls running about one-half of the distance from the

17

Waiehu Beach Road to the mouth of the stream. (Exh. E-53, p. 8.) WWC FOF 496. In 2008, a

18

$30 million project was advertised to line the remaining Control Project channel and raise

19

existing levees to eliminate future flooding and levee failure. (Exh. E-53, p. 8.) WWC FOF 497.

20

129.

21

and that are downstream of the 'lao-Maniania Ditch diversion (which is at about 780 feet

22

elevation), or 3.00 miles from about 595 feet elevation down to 35 feet elevation. (Oki, WDT

23

9/14/07, ,-r,-r 62-64.)

24

130.

25

in the systems sometimes returns to 'lao Stream downstream ofthe diversions. (Oki, WDT

26

9/14/07,,-r 41.)

27

131.

28

'lao Stream remains dry in some reaches downstream of the main diversion intake for the 'lao-

29

Maniania and 'lao-Waikapu Ditches and does not flow continuously from mauka to makai. (Oki,

30

WDT 9/14/07, ,-r 47.)

The 'lao Flood Control Project starts about 2.5 miles above the mouth of 'lao Stream and

USGS estimates that 'lao Stream loses 6.3 mgd in reaches that are not lined with concrete

Water that overflows or leaks from the ditch systems or that is discharged through gates

In the absence of ditch return flows and runoff during and following periods of rainfall,

31

22

1

5.

Waikapii Stream

2

132.

Waikapu Stream and its main diversions are shown in Figure 4.

3

133.

On the basis of record extension techniques applied by USGS to the historical data from

4

Waikapl1 Stream near gaging station 16650000 near an altitude of about 880 feet, the estimated

5

Q90

6

was 3.9 mgd to 5.2 mgd, and the estimated Qso flow ranged from 4.8 mgd to 6.3 mgd. The

7

lowest recorded flow was 3.3 mgd in October 1912. (Oki, WDT 9/14/07, ~ 27.) HC&S FOF 5.

8

134.

9

near gaging station 16650000 combined 1910-1917 historical data from gaging station 16650000,

flow was from 3.3 mgd to 4.6 mgd during climate years 1984-2005; the estimated

Q70

flow

The record extension techniques applied to the historical data to estimate the natural flow

10

flows in the South Side Waikapl1 Ditch near an altitude of about 1,120 feet, and flows in the

11

Everett Ditch near an altitude of about 900 feet. (Oki, WDT 9/14107, ~ 27.) While the Everett

12

Ditch is no longer active, the South Side Waikapl1 Ditch is. The estimates of natural flow assume

13

no gains, losses, or return flows between the South Side Waikapl1 Ditch diversion and station

14

16650000 during the period when the gaging stations were operated. Recent USGS seepage-run

15

data from 2004 indicate no significant net gain or loss between the South Side Waikapl1 Ditch

16

diversion and station 16650000. (Oki, WDT 9/14/07, ~ 27.) Thus, the estimated natural flows

17

just above the South Side Waikapl1 Ditch diversion should be the same as those estimated at

18

station 16650000, while the actual flows at gaging station 16650000 for climate years 1984-2005

19

should be lower than the estimated natural flow for climate years 1984-2005 by an amount

20

currently diverted at the South Side Waikapl1 Ditch.

21

135.

22

altitude of about 1,120 feet, an intake on the Waihe' e Ditch (elevation not specified), and the

23

Reservoir 6 Ditch (elevation not specified). (See Figure 5.)

24

136.

25

diversions. (Oki, WDT 9/14/07, ~ 42.)0

26

137.

27

downstream of the diversions, although it is commonly dry downstream of all diversions because

28

of infiltration losses into the streambed, and the stream does not flow continuously from mauka

29

to makai. (Oki. WDT 9/14/07,

Active diversions on Waikapl1 Stream include the South Side Waikapu Ditch near an

Numerous return flows have been observed in Waikapl1 Stream downstream of the

Diversions in Waikapl1 Stream may not cause the stream to be dry immediately

~

48.)

30

31

23

1

E.

Withdrawals and Diversions

2
3

1.

Kepaniwai Well

4

138.

MDWS's Kepaniwai Well (Well No. 5332-05) draws dike-impounded ground water.

5

(Eng, Dec. 9/14/07,

6

139.

7

the County's water system. (Eng., Dec.,

8

140.

~

10.) MDWS FOF 10.

Water from the Kepaniwai Well is piped to MDWS's 'lao Tank, which in tum ties into
~

18.) MDWS FOF 13.

MDWS has a WUPA for 1.042 mgd. (See FOF 17, supra.)

9

2.

10

Tunnels

11

141.

Twelve tunnels were known to be excavated in Nil Wai 'EM. between 1900 and 1926.

12

(Oki, WDT 9/14/07, ~ 16 (citing Steams and Macdonald, 1942); Exh. A-5, p. 23.) HuilMTF FOF

13

B-29.

14

142.

15

ground water. (Oki, WDT 9/14/07,

16

143.

17

water from beneath the streams in the valley-floor alluvium. (Oki, WDT 9/14/07,

18

p. 23.) Hui/MTF FOF B-31.

19

144.

20

most of the water (7.5 mgd) may have discharged naturally to streams below the level of the

21

tunnels had it not been intercepted by the tunnels. (Oki, WDT 9/14/07,

22

Macdonald, 1942); Exh. A-3, p. 29; Exh. A-5, p. 23.) Hui/MTF FOF B-32.

23

145.

24

WWC submitted WUPAs-Black Gorge Tunnel, 'lao Needle Tunnels No.1 and No.2, and

25

Waikapu Tunnels No.1 and No.2 (FOF 17, supra.)

26

146.

27

diversion for the South Side Waikapu Ditch (See Figure 4), but its estimated yield is less than

28

0.01 mgd. (Exh. E-2; Exh. A-3, p. 30.) WWC FOF 776-777.

29

147.

30

(See Figure 4) and has an estimated yield of 1.0 mgd. (Exh. A-3, p. 30.) WWC FOF 776.

Eight tunnels were excavated in Nil Wai 'Ehil's dike complex and tap dike-impounded
~

16; Exh. A-5, p. 23.) HuilMTF FOF B-30.

The other four tunnels were excavated beneath 'lao and Waiehu Streams and collect
~

16; Exh. A-5,

About nine mgd of dike-impounded ground water was developed by tunnels, although

~

16 (citing Steams and

The tunnels that discharge directly into the streams include the five tunnels for which

Waikapu Tunnel No.1 flows into a tributary that joins Waikapu Stream below the

Waikapu Tunnel No.2 flows into Waikapu Stream above the South Side Waikapu Ditch

24

1

148.

Black Gorge Tunnel and 'lao Needle Tunnels No.1 and No.2 discharge into 'lao Stream

2

above all diversions (See Figure 3). Development of the 'lao Tunnel (MDWS/WWC's Well No.

3

5332-02, infra) caused the Black Gorge Tunnel to go dry. (Oki, WDT 9/14/07,

4

Yamanaka and Huxel, 1970.) There is no information available to quantify the effects of' lao

5

Needle Tunnels No.1 and No.2 on 'lao Stream's total flow. (Oki, WDT 9/14/07, ~ 26.) WWC

6

FOF 562.

7

149.

8

contributed to the total flow of Waihe' e River for a period of time after their construction, but it

9

is not likely that they presently contribute appreciably to the total flow. (Oki, WDT 9/14/07,

~

26, citing

Waihe'e North and Waihe'e South Tunnels (See Figure 1), built in 1909, may have

~

10 . 23.) WWC FOF 431-432.

The County of Maui and WWC built the 'lao Tunnel (Well No. 5332-02) in 1937. (Exh.

11

150.

12

D-8(a), D-8(b), D-8(c); Ex. B-4; Eng, WDT, p. 5; Exh. D-37.) WWC FOF 808-809, 811-813.

13

151.

14

remainder enters the ditch at WWC's 'lao Stream diversion. (See Figure 3.)

15

152.

16

having the use for the amounts over 1.074 mgd. MDWS pays WWC a delivery fee for any

17

amounts in excess of 1.074 mgd. (Chumbley, WRT 10/29107,

18

10,11.48-50; Chumbley, Tr. 1/16/08, pp. 85,88-89.) WWC FOF 815-817.

19

153.

20

between 0.25 to 0.35 mgd. (Exh. D-32; Chumbley, WST 11/19/07, pp. 5, 7-8; Chumbley, Tr.

21

1/15/08, pp. 10-11,53-54 and 127.) MDWS FOF 61, WWC FOF 832.

22

154.

23

mgd. (See FOF 17, supra.)

24

155.

25

South Waiehu and 'lao Streams. (Hew, WDT 1/29/08, ~ lID.) HC&S FOF 88D. (For the

26

description ofthe Spreckels Ditch,

Water from the 'lao Tunnel is first directed to MDWS's water treatment plant, and the

Under an agreement between WWC and MDWS, MDWS uses 1.074 mgd, with WWC

~

10; Chumbley, Tr. 1/15/08, p.

MDWS has a WUPA for 1.359 mgd (See FOF 17, supra), and WWC has been using

HC&S has a separate 'lao Tunnel (Well No. 5330-02), for which it has a WUPA for 0.1

HC&S's 'lao Tunnel discharges into the Spreckels Ditch between HC&S's intakes on

~

FOF 184-192, infra.)

27

3.

28

Ditches

29

156.

There are two primary and two secondary systems that distribute the waters diverted from

30

the Na Wai 'Eha streams. (Suzuki, WDT 9/12/07, pp. 1-16.) WWC FOF 59.

25

1

157.

The primary distribution systems are the WWC ditch system and the HC&S

2

reservoir/ditch system. (Suzuki, WDT 9/12/07, pp. 1-16.) WWC FOF 60.

3

158.

4

intake directly in a stream or that receive waters from the primary systems, and the MDWS water

5

treatment plants. (Suzuki, WDT 9112/07, p. 15.) WWC FOF 61.

6

159.

7

reservoirs that are a part of the primary distribution systems. (Suzuki, WDT 9112107, p. 15; Exh.

8

D-99.) WWC FOF 62.

9

160.

The secondary distribution systems are the "kuleana" ditches/pipes that either have an

Almost all of the kuleana distribution systems receive water by delivery from ditches or

These distribution systems and the end users are called "kuleana" because they were not

10

charged for water delivery. They mayor may not have appurtenant or riparian rights. (Chumbley,

11

WDT 9/12/07, p. 10.) WWC FOF 63.

12

13

F.

The Primary Distribution Systems

14

161.

The primary distribution systems receive stream waters via nine active diversions, two on

15

Waihe'e River, one on North Waiehu Stream, one on South Waiehu Stream, two on 'lao Stream

16

and three on Waikapl1 Stream. (Exh. D-99.) WWC FOF 64.

17

162.

18

sealed (Field 1 intake), one on 'lao that no longer exists (Kama Ditch), and one on Waikapl1 that

19

is presently sealed (Everett Ditch). (Exh. D-99.) WWC FOF 65.

20

163.

21

Waiehu, 'lao, and Waikapl1 Streams. (Exh. D-99; Cerizo WDT 9/14/07; Pellegrino, WDT

22

9/14/07; Duey WDT 9114/07.) WWC FOF 153.

23

164.

24

to users for agricultural (crops and animals), industrial (commerce and stores), and domestic

25

(camps, villages and towns) purposes. (Exh. D-9, p. 28; Suzuki, WDT 9/12/07, p. 8; Chumbley,

26

WDT 9112/07, pp. 3,4; Exh. C-85, p. 7:12-14.) WWC FOF 73.

27

165.

28

cane. (Exh. D-48; Chumbley, Tr. 1115/08, p.19, 11. 4-20.) WWC FOF 68.

29

166.

30

used in 1862. (Exh. D-48; Chumbley, Tr. 1115/08, p. 19,11.4-20.) WWC FOF 69.

Historically, there were three additional diversions, one on Waihe' e which is presently

In addition, there are three kuleana intakes directly on the streams, one each in South

WWC and its predecessors used the system to divert water from the streams and deliver it

In 1862, WWC' s predecessor was formed and started cultivation of fields to grow sugar

Ditches to deliver water diverted from the streams to irrigate the sugar cane were first

26

1

167.

In 1882, construction of the Spreckels Ditch started. (Exh. D-48; Chumbley, Tr. 1/15/08,

2

p. 24, II. 17-24.) WWC FOF 70.

3

168.

4

48; Chumbley, Tr. 1/15/08, p. 24, 1. 25 to p. 26, 1. 8). WWC FOF 71.

5

169.

6

D-48; Chumbley, Tr. 1/15/08, p. 25, II. 17-25.) WWC FOF 72.

7

170.

8

7 minor ditches, and 16 reservoirs. (Suzuki, WDT 9/12/07, pp. 2-3; Exh. D-l(A); Exh. D-l(B);

9

Chumbley, WDT 9/12/07, p. 3; Exh. C-85, pp. 9:12 -10:10.) WWC FOF 75.

Around 1900, construction of the 'lao and Waiehu ditch systems was started. (Exh. D-

Construction of the Waihe' e Ditch started in 1905 and was completed in two years. (Exh.

The WWC distribution system involves 11 registered stream diversions, 2 major ditches,

10

171.

In addition to sharing in the cost and maintenance of the portions of the system operated

11

by WWC, HC&S operates a diversion intake on South Waiehu Stream at the Spreckels Ditch, a

12

diversion intake on 'lao Stream at the Spreckels Ditch, and the Spreckels Ditch from Reservoir

13

25 to its terminus at HC&s's Reservoir No. 73 (the "Waiale Reservoir"). (Hew, WDT 1/29/08.)

14

HC&S FOF 7.

15

172.

16

connectors, kuleana systems and gauging stations, is depicted in Figure 5, which combines

17

Figures 1-4 and, while generally correct, has some inaccuracies in placements of reservoirs and

18

kuleana systems. (Exh. D-99.) WWC FOF 78.

19

173.

20

domestic. (Chumbley, WDT 9/12/07, pp. 6-7.) WWC FOF 77.

21

174.

22

3.) WWC FOF 79.

23

175.

24

'lao-Maniania ditches, which receive water from the Waihe'e, North Waiehu, and 'lao Streams.

25

(Suzuki, WDT 9/12/07, p. 3.) WWC FOF 81.

26

176.

27

'Iao-Waikapu Ditches, which divert water from the Waikapu and 'lao Streams. (Suzuki, WDT

28

9/12/07, p. 3; Chumbley, Tr. 1/14/08, p. 32, 1. 22 to p. 33,1. 2; Suzuki, Tr. 12/14/07, p. 79,1. 25;

29

Exh. D-998.) WWC FOF 80. HC&S FOF 25.

30

177.

31

WDT 9/12/07, pp. 2-4; Exh. D-IA; Exh. D-99.) WWC FOF 82.

The distribution system from the Na Wai 'Eha streams, including intakes, reservoirs,

WWC distributes water to three major user groups: agricultural, kuleana systems, and

WWC's system is divided into northern and southern sections. (Suzuki, WDT 9/12/07, p.

The northern sector of the system includes the Waihe'e, Spreckels, North Waiehu, and

The southern section of the system includes the South Waikapu, Reservoir No.6, and

There are two major ditches in the system: the Waihe'e and Spreckels Ditches. (Suzuki,

27

1.

1

Waihe'e Ditch

2

178.

The Waihe'e Ditch begins at the Waihe'e Ditch Diversion in Waihe'e Stream and

3

terminates at Reservoir 9. (Suzuki WDT 9/12/07, pp. 3-4; Exh.. D-l(A); Exh. D-99; Exh. D-45).

4

WWC FOF 83.

5

179.

6

and consists of two concrete structures that direct stream flow over metal grates that drop water

7

into the intake. (Exh. E-53, p. 23.) WWC FOF 103.

8

180.

9

(Suzuki, WDT 9/12/07, p. 4.) WWC FOF 26. HC&S FOF 10.

The Waihe' e Ditch diversion on Waihe' e Stream is at approximately 620 feet elevation

The Waihe' e Ditch Intake has a design capacity of 60 mgd but is set to divert 40 mgd.

10

181.

There is an additional intake into the Waihe'e Ditch at Waikapu Stream. (Chumbley, Tr.

11

1/15/08, p. 29, 1. 10-14, p. 30,1. 6-10; Exh. D-99B.) HC&S FOF 11.

12

182.

13

a "drop" ditch in Waihe' e Valley located north of all reservoirs, which transfers approximately 6

14

mgd into the Spreckels Ditch (Suzuki, WDT 9/12/07, p. 3,11. 20-21.) HC&S FOF 12; and 2)

15

through the Hopoi Chute located near 'lao Stream, which transfers water into the Spreckels

16

Ditch at its terminus at Waiale Reservoir.

17

183.

18

Waiehu Ditch and from 'lao Stream via the 'lao-Maniania and 'lao-Waikapu Ditches. (See FOF

19

194, 197, 198, infra.)

Water from the Waihe'e Ditch can be transferred to the Spreckels Ditch in two places: 1)

Water can also be added to the Waihe'e Ditch from North Waiehu Stream via the North

20
21

2.

Spreckels Ditch

22

184.

The Spreckels Ditch starts at its intake on Waihe'e Stream at 420 feet elevation

23

(downstream from the Waihe'e Ditch intake), crosses North Waiehu Stream, South Waiehu

24

Stream, and 'fao Stream, and terminates at the point where the Hopoi chute drops water from the

25

Waihe'e Ditch to HC&S's Waiale Reservoir. (Chumbley, Tr. 1/15/08, p. 30,11. 11-18; Suzuki,

26

WDT 9/12/07, pp. 3-5; Exh. D-99B; Exh. E-53, p. 4.) WWC FOF 108. HC&S FOF 13.

27

185.

28

gate is typically set at 12 mgd. The intake is controlled by WWc. (Chumbley, Tr. 1/15/08, p. 30,

29

11. 11-18; Suzuki, WDT 9/12/07, p. 5,11. 6-7; Suzuki, Tr. 12/14/07, p. 74,11. 14-16; Exh. D-99B.)

30

HC&S FOF 14.

The Spreckels Ditch intake at Waihe'e Stream has a design capacity of30 mgd, but the

28

1

186.

The Spreckels Ditch also has intakes at South Waiehu Stream and 'lao Stream, which are

2

controlled by HC&S. (Chumbley, Tr. 1115/08, p. 31,11.2-11; Exh. D-99B.) HC&S FOF 15.

3

187.

4

Stream ranges from a low of 2-3 mgd during dry periods to a maximum of 10-15 mgd during wet

5

periods. There is also a kuleana intake via a pipe that takes water from the ditch that connects the

6

diversion to Spreckels Ditch, which HC&S estimates takes approximately 0.25 mgd. (Hew,

7

WDT, 1129/08, ~ l1C; Hew, Tr. 1/28/08, p. 32,1. 8 to p. 33, 1. 9.) HC&S FOF 88C.

8

188.

9

diverted ranges from a low of 3-4 mgd during dry periods to a high of about 20 mgd during wet

HC&S's intakes are not metered, but HC&S estimates that the intake on South Waiehu

The intake on 'lao Stream is also not metered, but HC&S estimates that the amount

10

periods. (Hew, WDT 1129/08, ~ lIE.) HC&S FOF 88E.

11

189.

12

the Spreckels Ditch between the intakes from South Waiehu and 'lao Streams. (Hew, WDT

13

1/29/08, ~ lID.) HC&S FOF 88D.

14

190.

15

station located downstream ofthe South Waiehu Diversion, the intake pipe from the HC&S 'lao

16

Tunnel, and the 'lao Stream intake, none of which is separately gauged. In addition to these three

17

sources, the gauged amount includes water diverted by WWC from Waihe'e River via two

18

ditches: 1) the Waihe' e Ditch via the drop ditch to Spreckels Ditch; and 2) the Spreckels Ditch,

19

downstream from the Waihe'e Ditch diversion. (Hew, WDT 1/29/08, ~ 11F.) HC&S FOF 88F.

20

191.

21

to the Spreckels Ditch through a drop ditch and the Hopoi Chute. (See FOF 182, 184, supra).

22

192.

23

at South Waiehu Stream, and HC&S controls the Ditch from South Waiehu to its terminus at

24

Waiale Reservoir. (See FOF 171, supra.)

HC&S's 'lao Tunnel (Well No. 5330-02), for which it has a WUPA for 0.1 mgd, enters

HC&S measures the aggregate water flow in the Spreckels Ditch at its Wailuku gauging

As described under the Waihe' e Ditch, water can be transferred from the Waihe' e Ditch

WWC controls the Spreckels Ditch from its intake on Waihe' e Stream to HC&S' s intake

25
26

3.

North Waiehu Ditch

27

193.

The North Waiehu Ditch on North Waiehu Stream has a capacity of 5 mgd, but the

28

control gate is currently set at 1.5 mgd. (Chumbley, Tr. 1114/08, p. 32,11. 14-17; Suzuki, WDT

29

9/12/07, p. 4, 11. 9-10 and p. 5,11. 11-12.) HC&S FOF 22.

29

1

194.

The North Waiehu Ditch diverts water to the north and can drop water into the Waihe'e

2

Ditch. (Chumbley, Tr. 1/14/08, p. 32, 11. 14-17; Suzuki, Tr. 12/14/07, p. 76,11.7-11.) HC&S FOF

3

23.
4.

4

'lao Ditch

5

195.

The' lao Ditch starts with an intake at 'lao Stream, which has a capacity of 60 mgd, but a

6

control gate in the Ditch after the intake is set to divert at most 20 mgd. (Suzuki, WDT 9/12/07, p.

7

4,11. 3-8, and p. 5,11.8-9; Chumbley, Tr., 1/14/08, p. 31, 11. 16-22.) HC&S FOF 19.

8

196.

9

south to the 'lao-Waikapu Ditch. Any water beyond the gate settings for the 'Iao-Maniania and

The gate controls the amount of water that diverted north to the 'lao-Maniania Ditch or

10

the 'lao-Waikapu ditches is returned to 'lao Stream about 1000 feet below the intake. The

11

settings for this control gate vary according to needs, and are changed as often as weekly. HC&S

12

gives WWC a weekly plan of their irrigation needs by day and reservoirs so that WWC can

13

adjust the control gate accordingly. (Suzuki, WDT 9/12/07, p. 4,11. 3-8, p. 5,11.8-9, p. 41, 11. 3-8;

14

Suzuki, Tr. 12/14/07, p. 77, 11. 21-25, and p. 174,1. 18 to p. 175,1. 12; Chumbley, Tr. 1/14/08, p.

15

31, 11. 16-22; Chumbley, Tr. 1/16/08, p. 134, 11. 2-17 and p. 190, 1. 9 to p. 191, 1. 18; Exhibit D-

16

99B.) HC&S FOF 19. MDWS FOF 80.

17

197.

18

capacity of 30 mgd, but its control gate is currently set to receive 2 mgd of flow from the main

19

'lao Ditch. The 'lao-Maniania Ditch can deliver water back north and deposit water back into

20

the Waihe'e Ditch. (Chumbley, Tr. 1/14/08, p. 31, 11. 23-24 and p. 32,11. 7-8; Suzuki, Tr.

21

12/14/07, p. 7, 11. 1-4; Suzuki, WDT 9/12/07, p. 5,11.9-10; Exh. D-99B.) HC&S FOF 20.

22

198.

23

length. It has a rated capacity of 30 mgd, but its control gate is currently set to receive 18 mgd of

24

flow from the main 'lao Ditch. The 'lao-Waikapu ditch can send water south to service the

25

Waikapu region and the area from 'lao Valley Road back to the south. (Chumbley, Tr. 1/14/08,

26

p. 31,11.16-22, and p. 32, 11. 1-10; Suzuki, WDT 9/12/07, p 5, 11. 9-10; Suzuki, Tr. 12/14/07, p.

27

78,11. 5-7; Exh. D-99B.) HC&S FOF 21. Any water remaining in the 'lao-Waikapu Ditch is put

28

into the Waihe'e Ditch downstream of the Hopoi Chute. (Hew, WDT 1/29/08, ~ 1Oe.) HC&S

29

FOF 87C.

The 'lao-Maniania Ditch is an unlined ditch of about 2.07 miles in length. It has a rated

The 'lao-Waikapu Ditch is approximately 70 to 80 percent lined and is 2.95 miles in

30
31

30

5.

1

Waikapii Ditch

2

199.

The Waikapu Ditch is located off of the top intake on Waikapu Stream (the other two

3

intakes on Waikapu Stream are at the Waihe'e Ditch (See FOF 181, supra) and at the Reservoir

4

No.6 Ditch (See FOF 200, infra). The intake to the ditch has a rated capacity of 5 mgd, but the

5

control gate is currently set at 3 mgd. The ditch delivers water to Reservoir No.1. (Chumbley,

6

Tr. 1/14/08, p. 32,11. 18-21; Suzuki, WDT 9/12/07, p. 4,11.11-12 and p. 5,11.10-11; Exhibit D-

7

99B.) HC&S FOF 24.

8

9

6.

Reservoir No.6 Ditch

10

200.

The Reservoir No.6 Ditch delivers water from the lowest Waikapu Stream intake and

11

delivers it back north to Reservoir No.6, located just below Honoapiilani Highway. (Chumbley,

12

Tr. 1/14/08, p. 32, 1. 22 to p. 33, 1. 2; Suzuki, Tr. 12/14/07, p. 79, 1. 25; Exhibit D-99B.) HC&S

13

FOF 25.

14

7.

15

Inactive Ditches

16

201.

The Kama Ditch, Everett Ditch, and Field One intake are inactive ditches. (Chumbley,

17

Tr. 1/14/08, p. 33,11. 7-12; Suzuki, Tr., 12/14/07, p. 74, 11. 16-17, p. 77,1. 25, and p. 79, 1. 23;

18

Exh. D-99B.) HC&S FOF 26.

19

8.

20

Monitoring Practices

21

202.

WWC maintains a "storm setting" practice when heavy rains are forecasted. (Suzuki,

22

WDT 9/12/07, pp. 11-12.) WWC FOF 117.

23

203.

24

from the normal setting of 40 mgd, and the 'rao-Waikapu Ditch Gate will be reduced to 10 mgd

25

from 18 mgd. (Suzuki, WDT 9/12/07, pp. 11-12.) WWC FOF 119.

26

204.

27

have 24-hour gauging stations to measure the ditch flow. In addition, ditch flows at five other

28

stations along the six ditches operated by WWC are read and recorded daily. (Suzuki, WDT

29

9/12/07, p. 4.) WWC FOF 94, 95.

30

205.

31

through uplands into reservoirs that in turn deliver the water into smaller ditches for end use.

At storm settings the Waihe'e Ditch Gate on Waihe'e Stream will be reduced to 20 mgd

The primary intakes.ofthe Waihe'e, Spreckels, 'rao-Maniania, and 'rao-Waikapu ditches

The waters that enter the distribution system travel by gravity flow in primary ditches

31

1

Because the flows ofthe streams vary daily, reservoirs were made a part ofthe system to allow

2

for a more constant delivery of water to end users. (Suzuki, WDT 9/12/07, pp. 5-8.) WWC FOF

3

120, 121.

4

206.

5

million gallons, but due to siltation, the reservoirs have a current capacity between 55 and 60

6

million gallons. (Suzuki, WDT 9/12/07, pp. 5-6.) WWC FOF 122, 123.

7

207.

8

9/12/07, p. 6.) WWC FOF 125.

9

208.

WWC built and presently maintains 16 reservoirs that were designed to hold about 79

Each reservoir has a water meter to measure the flow from the reservoir. (Suzuki, WDT

In addition to their stream diversions, both WWC and HC&S add or may augment stream

10

waters with other sources. WWC adds water from its and MDWS's 'lao Tunnel at the 'lao

11

Stream intake (See Figure 3), and HC&S adds water from its 'lao Tunnel into the portion ofthe

12

Spreckels Ditch that it controls (See FOF 189, supra). In the past, HC&S has also used its Well

13

No.7 to pump ground water from the Kahului aquifer to irrigate some of its fields. (Volner,

14

WDT 9/14/07, p. 2; Volner, Tr. 1/29/08, pp. 175-177.) WWC FOF 149.

15
16
17
18

G.

Users

209.

Historically, an average of about 67 mgd was diverted from the four streams for sugar

19

cane irrigation: 40 mgd from Waihe'e, 3 mgd from North Waiehu, 3 mgd from South Waiehu,

20

18 mgd from 'lao, and 3 mgd from Waikapu. (Oki, WDT 9/14/07,

21

p.13.)

22

210.

23

WWC. (Suzuki, WDT 9/12/07, p. 10.) WWC FOF 408. WWC estimates that the amount of

24

water diverted averaged 37.09 mgd in 2005 and 29.72 mgd in 2006. (Exh. A-138.) WWC FOF

25

412.

26

211.

27

diverted by WWC. (Suzuki, WDT 9/12/07, p. 10.) WWC FOF 653. WWC estimates that the

28

amount it diverts averaged 1.41 mgd in 2005 and 1.38 mgd in 2006. (Exh. A-138; Exh. A-213.)

29

WWC FOF 655. In addition, HC&S estimates that the amount it diverts at its intake on South

30

Waiehu Stream into the Spreckels Ditch ranges from a low of2-3 mgd during dry periods to a

31

maximum of 10-15 mgd during wet periods. (Hew, WDT, 1/29/08, ~ 11 C; Hew, Tr. 1/28/08, p.

32

32,1. 8 to p. 33, 1. 9.) HC&S FOF 88C.

~

18; Exh. A-5, p. 8; Exh. A-3,

Currently, from 70 to 90 percent of the annual total flow ofWaihe'e River is diverted by

Currently, from 40 to 60 percent of the annual total flow of North Waiehu Stream is

32

1

212.

2

WWC. (Suzuki, WDT 9/12/07, p. 10.) WWC FOF 536. WWC estimates that the amount of

3

water diverted averaged 13.68 mgd in 2005 and 13.53 mgd in 2006. (Exh. A-138.) WWC FOF

4

542. In addition, HC&S estimates that the amount it diverts at the Spreckels Ditch ranges from a

5

low of 3-4 mgd during dry periods to a high of about 20 mgd during wet periods. (Hew, WDT

6

1/29/08, ~ lIE.) HC&S FOF 88E.

7

213.

8

(Suzuki, WDT 9/12/07, p. 10.) WWC FOF 754. WWC estimates that the amount of water

9

diverted averaged 4.32 mgd in 2005 and 4.31 mgd in 2006. (Exh. D-7; Exh. A-l38.) WWC FOF

10

Currently, from 30 to 50 percent of the annual total flow oClao Stream is diverted by

Currently, from 60 to 80 percent of the annual total flow of Waikapu Stream is diverted.

758.

11

12

1.

The Kuleana Systems

13

214.

Before the 1980s, delivery of water to most kuleana systems only occurred during periods

14

when water was delivered for agricultural operations through the ditches and reservoirs to which

15

the kuleana systems were connected. (Suzuki, Tr. 12/14/07, p. 89; Chumbley, Tr. 1/15/08, pp.

16

39- 40.) WWC FOF 154.

17

215.

18

delivery system by installing pipes to replace ditches, which made deliveries more reliable and

19

consistent. (Suzuki, Tr. 12/14/07, p. 89; Chumbley, Tr. 1/16/08, p. 142.) WWC FOF 155.

20

216.

21

the kuleana systems when their workers maintained the ditch systems used to provide irrigation

22

for agricultural operations of those companies. (Chumbley, Tr. 1/15/08, pp. 39-40.) WWC FOF

23

157.

24

217.

25

received water through the WWC distribution system were expected to maintain their own

26

systems. (Chumbley, Tr. 1/15/08, pp. 39-40.) WWC FOF 158.

27

218.

28

the point of delivery of water into the kuleana ditch or pipe system. (Suzuki, WRT 10/29/07, p.

29

9.) WWC FOF 159.

30

219.

31

with some users maintaining limited portions of some of the systems and other systems receiving

In the 1980s, as WWC shifted from furrow irrigation to drip irrigation, WWC changed its

During plantation operations, HC&S and WWC frequently provided the maintenance of

After the installation of drip irrigation in the 1980s, users of the kuleana systems which

WWC's practice since that time has been and remains that it will maintain its ditches to

Maintenance of the kuleana ditches and pipes by the present users has been inconsistent,

33

1

no maintenance from the users. (Suzuki, Tr. 12/14/07, p. 142; Miyashiro, Tr. 2/21/08, pp. 189-

2

192). WWC FOF 16l.

3

220.

4

infra). (Exh. D-99.) WWC FOF 151.

5

221.

6

Fourteen systems are connected to one of the primary distribution systems, and three divert water

7

directly from a stream. (Exh. D-7; Cerizo WDT 9/14/07; Pellegrino WDT9/14/07; Duey

8

WDT9/14/07; Exh. D-99.) WWC FOF 152.222.

9

222.

Seventeen kuleana ditch/pipe systems were identified (but there may be 18; ~ FOF 225,

Table 1 lists each kuleana ditch/pipe system and the source of water for the system.

Table 2 lists the amount of water delivered to each ofthe kuleana ditches/pipes that

10

receive water through the WWC distribution system in 2006. (Exh. D-7, Exh. A-213.) WWC

11

FOF 413,543,657,759.

12

223.

13

provided no figures. (Exh. D-7; Exh. A-213.) WWC FOF 657.

14

224.

15

the 0.95 mgd measurement does not include 0.43 mgd measured in this branch in September

16

2007. (Ellis, WDT 10/26/07, ~ 6.) HuilMTF FOF D-27.

17

225.

18

kuleana intake via a pipe that takes water from the ditch that connects the diversion to Spreckels

19

Ditch, which HD&S estimates takes approximately 0.25 mgd. (Hew, WDT, 1/29/08, ~ 11 C; Hew,

20

Tr. 1/28/08, p. 32,1. 8 to p. 33,1. 9.) HC&S FOF 88C. This kuleana pipe diversion is very close

21

to the Field 31 Pipe off the Spreckels Ditch (See Figure 2), and both HC&S and WWC may be

22

referring to the same ditch. If so, then the Field 31 pipe diverts about 0.25 mgd; if not, then the

23

amount diverted by the Field 31 pipe remains unknown and there are at least 15, not 14, kuleana

24

ditch/pipe systems in addition to the three diversions that have been identified as diverting water

25

directly off South Waiehu, 'lao, and Waikapu streams.

26

226.

27

Tr. 12/7/07, pp. 69-84; Pellegrino, Tr. 12/6/07, p. 266, 11. 10-15.) WWC FOF 539, 622.

28

227.

29

mgd, 0.68 mgd more than the 6.16 mgd reported by WWC in Table 2. The 6.84 mgd does not

30

include the amount diverted by the Field 31 pipe and the amounts diverted directly from South

WWC states that the Field 31 Pipe offthe Spreckels Ditch is not metered and therefore

Hui/MTF claims that there is a branch 'auwai to Waihe'e Valley North 'auwai, and that

As described earlier, at HC&S's diversion on South Waiehu Stream, there is also a

The three diversions on the streams are not measured. (Duey, Tr. 12/3/07, p. 66; Cerizo,

The total identified amount of water diverted for kuleana use is therefore probably 6.84
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1

Waiehu, 'lao, and Waikapu Streams by the three known diversions and other, unknown

2

diversions.

3

228.

4

users from kuleana systems on a parcel-by-parcel basis. (Chumbley, WDT 9/12/07, p. 10.) WWC

5

FOF 173.

6

229.

7

delivers Waihe'e River water. (Exh. 0-7.) WWC FOF 414.

8

230.

9

delivers North Waiehu Stream water. (Exh. D-7; Hoopi, Tr. 12/4/07, pp. 196-207; Singer, Tr.

WWC does not measure amounts of water delivered to or collect data on the individual

Table 3 identifies persons receiving water from a kuleana distribution system that

Table 4 identifies persons receiving water from a kuleana distribution system that

10

12/13/07, p. 29.). WWC FOF 658.

11

231.

12

delivers 'lao Stream water. (Exh. D-7; Brito, Tr 12/7/07, pp. 29-38.) WWC FOF 544.

13

232.

14

delivers Waikapu Stream water. (Exh. D-7; Exh. A-194.). WWC FOF 76l.

15

233.

16

others who wished to receive Na Wai 'EM. waters. Approximately 135 acres were involved, of

17

which about 45 acres were or were intended to be cultivated, primarily in wetland kalo but also

18

for vegetables, trees, and plants for subsistence and cultural purposes. (See Hui/MTF FOF 0-1 to

19

D-458).

20

234.

21

insufficient (e.g., Pellegrino, WDT 9/14/07, ~~ 17-18; Hui/MTF FOF D-389, 0-398) and nearly

22

all also wished to increase their land under cultivation (e.g., Soong, WDT 11/16/07, ~~ 4-5;

23

Hui/MTF FOF 0-379-D-380). Most of those not receiving water intended to resume or start

24

cultivation of a portion of their land (e.g., Ornellas, WDT 9/14/07, ~~ 8, 16) Hui/MTF FOF D-

25

308, but several asked only for stream restoration for cultural and recreational purposes (e.g.,

26

Higashino, WDT 9/14/07, ~~ 6-7; Higashino, Tr. 12/13/07, p. 8,11.10-19, p. 9, 11. 7-12)

27

Hui/MTF FOF 0-156, D-157.

28

235.

29

on 'lao Stream with 18.146 acres, of which he currently has only 0.08 acres in kalo 10 'i but

30

intended to reopen all 1.5 acres of ancient lo'i if water were available (1. Duey, WDT 9/14/07, ~~

31

3, 11-12, 14), Hui/MTF FOF D-284, 0-288, D-289; Horcajo, with 49.5 acres, of which he would

Table 5 identifies persons receiving water from a kuleana distribution system that

Table 6 identifies persons receiving water from a kuleana distribution system that

Nearly 50 persons testified at the CCH, including many identified in Tables 3-6 and

Persons who were receiving water testified that the amounts currently delivered were

Most of those testifying had lands under 5 acres, but some had larger parcels; e.g., Ouey,
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1

start with 3 acres ofkalo lo'i and 4 acres of native plants (Horcajo, WDT 9/14/07, ~~ 5, 12, 14),

2

Hui/MTF FOF D-313, D.316, D-317.

3

236.

4

acres, of which 3.5 acres has been leased to Aloha Poi for over 50 years. (Ho'opi'i WDT

5

10/26107, ~~ 4,16.) Hui/MTF FOF D-180, D-185.

6

237.

7

acres, North Shore at Waiehu, with 64 acres ofland along the shore near Waiehu and 'lao

8

Streams, requested stream flow restoration so that springs would revive and help restore the

9

wetlands that previously comprised about one-third of the property. (Ivy, WDT 3/7108, ~~ 1-2, 9-

10

At least one person leased lands for commercial growing of kalo; Ho' opi'i, with 3.94

In addition to the mostly small parcels ofland that comprised the approximately 135

10, 17-18.) Hui/MTF FOF D-358, D-364.

11

2.

12

MDWS

13

238.

In addition to water from the 'lao Tunnel (Well No. 5332-02), MDWS receives water

14

from the' lao-Waikapu Ditch, which is treated at its' lao Water Treatment Facility for domestic

15

use. (Eng, Dec. 9/14/07, p. 8.) WWC FOF 190.

16

239.

17

extended to February 2008, allowing MDWS to receive up to 3.2 mgd from the 'lao-Waikapu

18

Ditch, with a fixed transportation fee of $0.48 per thousand gallons. (Exhs. B-14, B-23, D-8(i),

19

and D-93.)

In June 2004 MDWS and WWC entered into an agreement until November 2007,

20

3.

21

WWC Delivery Agreements

WWC has water-delivery agreements with 34 entities in addition to its agreement with

22

240.

23

MDWS and HC&S. (Exh. D-96.)

24

241.

25

them generally as either "agriculture" or "irrigation." Under WWC's terminology, "irrigation" is

26

"agriculture," but on a shorter-term basis and also includes dust control. (Exh. D-96; Chumbley,

27

Tr. 1/24/08, p. 64, 1. 21 to p. 65, 1. 13.) Hui/MTF FOF E-31.

28

242.

29

(Exh. D-96.) Hui/MTF FOF E-32.

30

243.

WWC's table of customers does not identify the nature of the water uses, except to label

WWC's table of customers also did not provide information on any acreages cultivated.

Several ofWWC's customers provided testimony at the CCH:

36

1

244.

Maui Cattle Company ("MCC"), with a maximum delivery agreement of 0.750 mgd (Exh.

2

D-96), previously irrigated pasture for cattle on an experimental basis, using up to 0.9 to 1 mgd

3

to spray water into the air over dry pasture. (Franco, Tr. 1114/08, p. 174, ll. 22-24, p. 176, ll. 17-

4

19, and p. 188, n. 23-25.) Hui/MTF FOF E-40, E-41, E-42.

5

245.

6

decreased from a high of 375 to 60, and the amount of water decreased to about 0.029 mgd by

7

2007. (Franco, Tr. 1/14/08, p. 176,1. 4, p. 186, ll. 8-11 and 19-22, p. 192, ll. 6-14.) Hui/MTF

8

FOF E-48, E-49.

9

246.

The irrigated area subsequently was decreased from 240 to 25 acres, the number of cattle

MMK Maui ("MMK"), with a maximum delivery agreement of 4 mgd (Exh. D-96), used

10

1.198 mgd for 36 holes in 2006, its first full year of irrigation. (Dooge, Tr. 1114/08 p. 136, 11. 9-

11

13 and p. 160,11. 9-22.) Hui/MTF FOF E-59.

12

247.

13

D-96), was represented by a single lot owner, who did not identify the total current use by WCE.

14

WCE limits each lot owner to a daily average of 2,200 gallons ("gpd") and imposes an extra

15

charge for any excess over the allowable use. (Irani, Tr. 1114/08, p. 18,11. 10-15, p. 91, 1. 25 to p.

16

92,1. 3; Exh A-214, p. 1.) Hui/MTF FOF E-85, E-86.

17

248.

WCE lots also receive up to 540 gpd from the county water system.

18

249.

WCE also claimed a maximum amount of 0.1 mgd for its community park and roadside

19

community areas (acreage not specified) but on cross-examination stated that actual use was less

20

than half of the stated maximum. (Irani, Dec. 9114/07,

21

1. 1 and p. 55, ll. 2-3.) Hui/MTF FOF E-91, E-92.

22

250.

23

maximum delivery agreement of 0.1 mgd (Exh. D-96), provided no details on acreages or water

24

usages. (Betsill, Tr. 1/25/08, p.210, 11. 18-23.) HuilMTF FOF E-99.

25

251.

26

1125/08, p. 204,1. 24 to p. 205, 1. 5.) Hui/MTF FOF E-98.

27

252.

28

Properties, Waikapu Properties, and Maui Tropical Plantation ("MTP"). MTP has a maximum

29

delivery agreement of 0.5 mgd. (Exh. D-96.) Ma' alaea Properties and Waikapu Properties each

30

have maximum delivery agreements of 0.050 mgd. (Exh. C-71, p. 2, §§ 1.09,3.01; Exh. C-72, p.

Wailuku Country Estates ("WCE"), with a maximum delivery agreement of 1 mgd (Exh.

~

7; Irani, Tr. 1114/08, p. 55,1. 22 to p. 56,

Koolau Cattle Company ("KCC"), a 10-lot, 72-acre agricultural development with a

Each lot in KCC also receives up to 1,000 gpd from the county system. (Betsill, Tr.

Atherton and his partners ("Atherton et a1.") own several entities, including Ma'alaea
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1

2, §§ 1.09,3.01; Atherton, Tr. 2/21108, p. 165,1. 8 to p. 166,1. 12; Exh. D-96.) Hui/MTF FOF E-

2

131.

3

253.

4

(Ex. A-140, p. 20; D-97; Atherton, Tr. 2/21108, p. 180, ll. 1-11.) HuilMTF E-124.

5

254.

6

fact." (Atherton, Tr.2121/08,p. 134,11. 15-20andp. 143,11. 11-17.) Hui/MTF FOFE-117.

7

255.

8

1. 23 to p. 169,1. 15; p. 171, II. 1-4; p. 203, 11.19-22; p. 169,11.18-20.) Hui/MTF FOF E-120.

9

256.

Maui Tropical Plantation used 0.114 mgd for 59 acres over the period 2001 through 2007.

The Ma'alaea development project is still "a long ways" away and "all proposed ... not

A coffee plantation is proposed for the Waikapii Properties. (Atherton, Tr. 2/21/08, p. 168,

The maximum delivery agreements derived from Exh. D-96 and D-99 total 11.188 mgd

10

(not including MDWS, which has a maximum-use agreement of 3.2 mgd (See FOF 239, supra.)

11

However, other evidence introduced at the CCH (See FOF 252, supra) show that Ma'alaea and

12

Waikapii Properties each have maximum delivery agreements of 0.05 mgd, not 1.0 mgd as

13

shown for Ma'alaea Properties and 2.0 mgd as shown for Waikapii Properties in Exh. D-96. (See

14

also WWC FOF 421,553, 767, which are derived from Exh. D-96 and Exh. D-99.)

15

257.

16

mgd, not 11.188 mgd (11.188 - 0.95 -1.95

17

258.

18

in 2005 and 2.37 mgd in 2006. (Exh. E-3; Exh. E-4; Exh. A-138.) WWC FOF 270.

Therefore, the maximum delivery agreements that WWC has with 34 entities total 8.288
=

8.288).

The total amounts of water used under the 34 water-delivery agreements were 1.42 mgd

19

4.

20

HC&S

21

259.

In addition to water from its diversions on South Waiehu and 'lao Streams and from the

22

'lao Tunnel that feed into the Spreckels Ditch, HC&S receives water from WWC through the

23

Spreckels Ditch (from Waihe'e River), the Waihe'e Ditch via the drop ditch into Spreckels Ditch

24

(also from Waihe'e River), and the Hopoi Chute into the terminus of the Spreckels Ditch (from

25

Waihe'e River and North Waiehu and 'lao Streams). (Hew, WDT 1129/08, pp. 4-6.) WWC FOF

26

148.

27

260.

28

of two groups of fields: 1) the Waihe'e-Hopoi Fields, and the 'lao-Waikapii fields. (Exh. E-I.)

29

261.

30

and 922, which in recent years have been irrigated exclusively with wastewater from Maui Land

31

and Pine ("MLP"). HC&S anticipates that, due to the shutdown ofMLP's cannery operation,

The portion ofHC&S' plantation that is irrigated with Na Wai 'Eha stream water consists

The Waihe'e-Hopoi Fields consist of 3,950 acres, excluding the 300 acres of Fields 921

38

1

MLP mill wastewater will only be able to supply approximately half of the irrigation

2

requirements of Fields 921 and 922 in the future. 2 HC&S owns the Waihe'e-Hopoi Fields. (Exh.

3

E-1); Hew, WDT 1/29/08, ~ 5; Volner, WDT 9/14/07,

4

16 and p. 174,1. 2 to p. 175,1.14.) HC&S FOF 79.

5

262.

6

Reservoir, from where it is distributed by gravity flow via pipes and ditches to sand filter stations

7

for removal of impurities and then applied to the fields through drip tubes. (Volner, WDT

8

9/14/07, ~ 11; Hew, WDT 1/29/08, ~ 5.) In addition, HC&S Well No.7, which is the only one of

9

HC&S's 16 brackish water wells on the plantation that is situated so as to be able to introduce

~~

3,5; Volner, Tr. 1/29/08, p. 163,11. 1-

These fields are currently irrigated with Na Wai 'Eha stream water transported to Waiale

10

water into HC&S's internal ditch system and direct it by gravity flow, can also be used to irrigate

11

the Waihe'e-Hopoi fields with the exception ofField 715. (Volner, WDT 9/14/07,

12

FOF 80.

13

263.

14

operations and the Waihe' e and Spreckels Ditch flows previously used by Brewer to irrigate its

15

cane fields were allowed to flow uninterrupted into the Waiale Reservoir 24 hours a day rather

16

than being substantially reduced during the day, as was previously the case under the sharing

17

arrangement between HC&S and Brewer. (Volner, WDT 9/14/07,

18

264.

19

HC&S leases all of these fields except Field 920, which HC&S owns. Historically, the 'Iao-

20

Waikapu Fields were cultivated by C. Brewer and successor entities. After C. Brewer terminated

21

its sugar operations, HC&S took over cultivation of these fields by taking back Field 920 and

22

leasing the remaining fields from C. Brewer. HC&S currently leases the fields from the Atherton

23

Group. (Hew, WDT 1/29/08, ~ 6; Hew, Tr. 1/29/08, p. 115,11. 20-23; Volner, WDT 9/14/07,

24

Holaday, Tr. 1/31/08, p. 68,1. 21 to p. 69,1. 9; Exh. E-1; Exh. C-67.) HC&S FOF 81.

25

265.

26

S. Fillios, as trustee of the William Fillios Separate Property Trust dated April 3, 2000, and

~

6.) HC&S

HC&S has minimized the use of Well No.7 ever since Brewer ceased its sugar

~

7.) HC&S FOF 80.

The 'Iao-Waikapu fields (also known as the "Leased Fields") consist of 1,350 acres.

~

3;

The Atherton Group consists of LODI Development, Inc., Michael W. Atherton, William

2 The Commission takes judicial notice that, after the close of the evidentiary portion of
the contested case, MLP announced that it will cease all of its pineapple operations and that
therefore, no wastewater will be available from MLP. "Pineapple Pau, Maui Pine to shut down
by end of year," Maui News, Wednesday, November 4, 2009. Revival of the fresh fruit
operations by Haliimaile Pineapple Co., "Pineapple Revival," Honolulu Star Bulletin, Sunday,
January 3, 2010, pp. 6-7, should not result in restoration of this wastewater source.
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1

Boyce Holdings, Inc. Michael Atherton testified that he intends to renew the six-year lease with

2

HC&S for the portions of the 'Iao-Waikapii Fields owned by the Atherton Group. (Atherton, Tr.

3

2/21/08, p. 208, II. 17-22.) HC&S FOF 81.

4

266.

5

ofHC&S' gravity-based irrigation system, including Well No.7. These fields are irrigated with

6

water from WWC's Reservoir 6, which can receive water from 'Iao-Waikapii Ditch via the

7

Waihe'e Ditch, the Waihe'e Ditch below the Hopoi chute, and the South Waikapii Ditch. Water

8

to iuigate the 'Iao-Waikapii Fields comes principally from 'lao Stream via the 'Iao-Waikapii

9

Ditch and Waikapii Stream via the South Waikapii Ditch and Waihe'e Ditch, all of which are

10

operated by WWC. If necessary, water in the Waihe'e Ditch can be kept in the ditch past the

11

Hopoi chute to supplement the flow from the 'Iao-Waikapii Ditch. Field 735, however, because

12

of its elevation, can only be irrigated with water from the South Waikapii Ditch. (Hew WDT

13

1/29/08, ~~ 6-8; Hew, Tr. 1/29/08, p. 89,11. 18-22.) HC&S FOF 82.

14

267.

15

shown on Exhibit E-l but not color coded. Rick W. Volner, Jr., HC&S' Senior-Vice President

16

of Agricultural Operations, and G. Stephen Holaday, president of A&B's Agricultural Group,

17

testified in January 2008, that HC&S intended to begin cultivation ofthe field within the next

18

two to three weeks. The source of iuigation water for Field 767 would be the same as the 'Iao-

19

Waikapii Fields. (Volner, Tr. 1/30/08, p. 197,1. 10 to p. 198,1. 1, p. 198, II. 6-13; Holaday, Tr.

20

1/31/08, p. 51,1. 21 to p. 52,1 17.) HC&S FOF 83.

21

268.

Waiale Reservoir receives water from the Waihe'e Ditch as follows:

22

269.

Waihe'e Ditch diverts Waihe'e Stream via a stream diversion. WWC then drops an

23

amount of water determined by WWC to be necessary to service kuleanas in Waihe'e Valley to

24

the Spreckels Ditch, from which it can be directed into the ditch that services the kuleanas.

25

(Hew, WDT 1/29/08, ~ lOA.) HC&S FOF 87A.

26

270.

27

North Waiehu Ditch is withdrawn by various kuleanas served by WWC. Any excess water

28

remaining in the ditch is fed into the Waihe'e Ditch. (Hew, WDT 1/29/08, ~ lOB.) HC&S FOF

29

87B.

30

271.

31

and the 'Iao-Waikapii Ditch to the south. WWC, via the 'Iao-Maniania Ditch, services various

The 'Iao-Waikapii Fields are all above the Waiale Reservoir, and thus, beyond the reach

HC&S intended to cultivate Field 767, a former Wailuku Sugar Company field that is

North Waiehu Ditch diverts the northern tributary ofWaiehu Stream. Water from the

WWC's diversion at 'lao Stream channels water into the 'Iao-Maniania Ditch to the north

40

1

kuleanas and the Wailuku Country Estates subdivision. Any excess water remaining in the 'Iao-

2

Maniania Ditch is put into the Waihe'e Ditch. WWC, via the 'Iao-Waikapu Ditch, services

3

various kuleanas, the Maui Department of Water Supply, and various licensees. Any excess

4

water remaining in the 'Iao-Waikapu Ditch is put into the Waihe'e Ditch downstream of the

5

Hopoi chute (and thus not available to Waiale Reservoir, because the Hopoi chute drops water at

6

the terminus of the Spreckels Ditch into Waiale Reservoir). (Hew, WDT 1129/08, ~ lOC.) HC&S

7

FOF 87C.

8

272.

9

is a former Brewer field designation) in Hopoi. The flow at the Hopoi gaging station represents

Water in the Waihe'e Ditch is measured by HC&S at a gaging station at "Field 63" (this

10

the aggregate of the remaining water in the ditch at that point collected in the Waihe'e Ditch

11

from (a) Waihe'e Stream; (b) any excess water passed from the North Waiehu Ditch; and (c) any

12

excess water passed from the 'Iao-Maniania Ditch. The average flow measured at the Hopoi

13

gaging station between 1993 and 2007 was approximately 20.51 mgd. Approximately 100 yards

14

downstream of the gauging station, a control gate allows water in the Waihe'e Ditch to be

15

diverted to the Hopoi chute Ditch and into the Waiale Reservoir. WWC operates and controls

16

the control gate. Pursuant to agreement with HC&S, WWC operates the control gate to divert

17

some or all of the Waihe'e Ditch water into the Hopoi chute Ditch. Any water not diverted into

18

the Hopoi chute Ditch remains in the Waihe'e Ditch. Water passing the Hopoi chute Ditch and

19

remaining in the Waihe'e Ditch is under the control ofWWC, and can be used to irrigate HC&S'

20

leased 'Iao-Waikapu fields, Maui Tropical Plantation, and the golf course. (Hew, WDT 1/29/08,

21

~

22

273.

23

Ditch water, which was comprised principally of water from Waihe'e Stream, was shared by

24

agreement between Brewer and HC&S, 7/12 to Brewer and 5/12 to HC&S. From at least the mid

25

1980's, this was administered by Brewer opening the gate to the Hopoi chute Ditch from 7:00

26

p.m. to 5:00 a.m. and closing it from 5:00 a.m. to 7:00 p.m. daily. However, after 1988, when

27

Brewer no longer needed the Waihe'e Stream water downstream of the Hopoi chute, WWC has

28

generally left the gate open and the water formerly used by Brewer has flowed down into the

29

Waiale Reservoir for use by HC&S. (Hew, WDT 1/29108, ~ 10E.) HC&S FOF 87E.

30

274.

31

measured at the Waihe'e Hopoi gauging station. As the Hopoi Chute is approximately 100 yards

10D; Hew, Tr. 1129/08, p. 120,11. 8-13.) HC&S FOF 87D.
From approximately 1924 until Brewer stopped cultivating sugar in 1988, the Waihe'e

Water delivered by WWC to HC&S's Waiale Reservoir through the Hopoi Chute is

41

1

downstream of the gauging station (See FOF 272, supra), the amount reported as delivered to

2

Waiale Reservoir includes water flowing past the Hopoi Chute in the Waihe'e Ditch if there are

3

irrigation needs further down the ditch, such as filling Reservoirs 90, 92, 97, or 9 and used to

4

irrigate HC&S' leased' Iao-Waikapu fields, Maui Tropical Plantation and the golf course. (Exh.

5

E-3; Hew, Tr. 1/29/08, p. 27, 11. 17-23, p. 28, 11. 9-13, p. 153,11. 11-20; Chumbley, Tr. 1/24/08, p.

6

140,11. 19-25.) HC&S FOF 89.

7

275.

Waiale Reservoir receives water from the Spreckels Ditch as follows:

8

276.

Spreckels Ditch diverts Waihe'e Stream via a stream diversion that is located below the

9

diversion that feeds the Waihe'e Ditch. At a point downstream of the diversion ofWaihe'e

10

Stream into Spreckels Ditch, WWC drops an amount of water from the Waihe'e Ditch

11

determined by WWC to be necessary to service kuleanas in Waihe'e Valley into the Spreckels

12

Ditch from which it can be directed into the ditch servicing the kuleanas. (See FOF 269, supra.)

13

277.

14

Stream water collected in the Spreckels Ditch, after satisfying kuleana users, was shared by

15

agreement between Brewer and HC&S, 1/2 to Brewer and 1/2 to HC&S down to South Waiehu

16

Stream. From at least the mid-1980's, this was administered by Brewer closing its intakes off of

17

the ditch that fed its reservoirs and fields below the Spreckels Ditch from 7:00 p.m. to 7:00 a.m.

18

daily. However, after 1988, the water previously taken by WWC and not delivered to kuleana or

19

other users has flowed down into the Waiale Reservoir for use by HC&S. (Hew, WDT 1/29/08,1

20

lIB.) HC&S FOF 88B.

21

278.

22

short ditch that transports the diverted water into the Spreckels Ditch. (Hew, WDT 1/29/08,1

23

l1C; Hew, Tr. 1/28/08, p. 32,1. 8 to p. 33, 1. 9.) HC&S FOF 88e.

24

279.

25

mgd of ground water from a water development tunnel (HC&S's 'lao Tunnel) is also deposited

26

into the Spreckels Ditch via an underground network of pipes and tunnels. (Hew, WDT 1/29/08,

27

1 lID.) HC&S FOF 88D.

28

280.

29

Spreckels Ditch. (Hew, WDT 1/29/08,1 lIE.) HC&S FOF 88E.

30

281.

31

station, located downstream of the South Waiehu diversion, the intake pipe from the HC&S 'lao

From approximately 1924 until Brewer stopped cultivating sugar in 1988, the Waihe'e

HC&S, at the Spreckels Ditch, diverts South Waiehu Stream via a stream diversion and

Downstream in the Spreckels Ditch from the South Waiehu intake, approximately 0.1

Further downstream in the Spreckels Ditch, HC&S diverts 'lao Stream water into the

HC&S measures the aggregate water flow in the Spreckels Ditch at its Wailuku gauging

42

1

Tunnel, and the 'lao Stream intake, none of which is separately gauged (but for which HC&S has

2

provided estimates -See FOF 187-190, supra). The gauged amount, therefore, includes water

3

diverted by WWC from Waihe'e Stream (and separately reported by WWC to CWRM) as well

4

as water diverted by HC&S from South Waiehu Stream, the HC&S 'lao Tunnel and 'lao Stream.

S

(Hew, WDT 1/29/08, ~ 11F.) HC&S FOF 88F.

6

282.

7

amount of water sent past the Hopoi chute. (Hew, Tr. 1/29/08, p. 27, ll. 14 to p. 28, 12.) HC&S

8

FOF 89.

9

283.

From March 2006, HC&S began receiving monthly reports from WWC indicating the

For HC&S's Waihe'e-Hopoi Fields, the average amount of water delivered to the Waiale

10

Reservoir between 1993 and July 2007, as calculated by combining the flows measured at the

11

Wailuku gauging station at the Spreckels Ditch and the Hopoi gauging station at the Waihe'e

12

Ditch, was approximately 39 mgd. (Hew, WDT 1/29/08, ~ 12.) HC&S FOF 93.

13

284.

14

period was approximately 18.39 mgd, with the remainder of approximately 20.61 mgd delivered

15

from Waihe'e Ditch through the Hopoi Chute. (Exh. E-4; Hew, Tr. 1/29/08, p. 37, ll. 16-23.)

16

HC&S FOF 90.

17

285.

18

and 2006 were: 1) for 2005,40.11 mgd-23.43 mgd from the Spreckels Ditch and 16.68 mgd

19

from the Waihe'e Ditch; and 2) for 2006,31.04 mgd-16.72 mgd from the Spreckels Ditch and

20

14.32 mgd from the Waihe'e Ditch. (Exh. E-3, Exh. E-4, Exh, A-138.) WWC FOF 261.

21

286.

22

during 2005 and 10.88 mgd during 2006. (Exh. E-3; Exh. E-4.)

23

287.

24

otherwise measured. (Hew, WDT 1/29/08, p. 7.) WWC FOF 259.

25

288.

26

to the Commission are not based on meter readings. Instead, WWC calculates the number of

27

gallons delivered to users other than HC&S, and then attributes the balance to HC&S. As a

28

result, water that was not actually delivered to HC&S could be counted as delivered to HC&S.

29

(Chumbley, Tr., 1/24/08, p. 136,1. 14 to p. 138,1. 23; Exh. A-140, p. 47.) HC&S FOF 91.

30

289.

31

receive water from 'Iao-Waikapu Ditch via the Waihe'e Ditch, the Waihe'e Ditch below the

The average water delivery from the Spreckels Ditch to Waiale Reservoir during this

To illustrate the year-to-year variability, water delivered to the Waiale Reservoir for 2005

For HC&S's 'Iao-Waikapu Fields ("Leased Fields"), WWC reported providing 9.98 mgd

WWC states that the water delivered to HC&S's 'Iao-Waikapu Fields is metered or

However, HC&S states that the reports of water deliveries to HC&S submitted by WWC

The 'Iao-Waikapii Fields are irrigated with water from WWC's Reservoir 6, which can

43

1

Hopoi chute, and the South Waikapu Ditch. Water to irrigate the' lao-Waikapu Fields comes

2

principally from 'lao Stream via the 'lao-Waikapu Ditch and Waikapu Stream via the South

3

Waikapu Ditch and Waihe'e Ditch, all of which are operated by WWC. Ifnecessary, water in the

4

Waihe'e Ditch can be kept in the ditch past the Hopoi chute to supplement the flow from the

5

'lao-Waikapu Ditch. Field 735, however, because of its elevation, can only be irrigated with

6

water from the South Waikapu Ditch. (See FOF 266, supra.)

7

8
9

5.
290.

Summary of Uses

Table 7 summarizes water deliveries for 2005 and 2006: totaling 60.65 mgd in 2005 and

10

53.97 mgd in 2006. These totals include: 1) waters diverted by HC&S from South Waiehu and

11

'lao Streams into the Spreckels Ditch, because HC&S measures the aggregate water flow in the

12

Spreckels Ditch at its Wailuku gauging station, located downstream of the South Waiehu

13

diversion, the intake pipe from the HC&S 'lao Tunnel (which contributes an estimated 0.1 mgd),

14

and the 'lao Stream intake, none of which is separately gauged; and 2) waters from MDWS's

15

'lao Tunnel (1.59 mgd in 2005 and 1.76 mgd in 2006) and waters not diverted by MDWS to its

16

Water Treatment Facility, which enter the 'lao Ditch at its division into the 'lao-Maniania and

17

'lao-Waikapu Ditches, which WWC estimates at 0.25-0.35 mgd (See FOF 153, supra). Ifwe

18

subtract these ground water sources from total use, total use of waters diverted from the four

19

streams would be 58.66 mgd in 2005 and 51.81 mgd in 2006. Adding WWC's estimate of

20

system losses at 7.34 percent, results in 62.97 mgd in 2005 and 55.61 mgd in 2006.

21

291.

22

periods. Estimates were that 56.50 mgd were diverted by WWC in 2005 and 48.94 mgd in 2006,

23

compared to 62.97 mgd in 2005 and 55.61 mgd in 2006 of deliveries, including losses. There is

24

some double-counting of deliveries, because the Hopoi Chute is approximately 100 yards

25

downstream of the gauging station, and the amount reported as delivered to Waiale Reservoir

26

includes water flowing past the Hopoi Chute in the Waihe' e Ditch if there are irrigation needs

27

further down the ditch, such as filling Reservoirs 90, 92, 97, or 9 and used to irrigate HC&S'

28

leased 'lao-Waikapu fields. FOF 272, 274, supra. Most of the difference, however, is from

29

HC&S's diversions on South Waiehu and 'lao Streams, which are included in Table 7's

30

deliveries to Waiale Reservoir. As described in the previous FOF, HC&S measures the aggregate

31

water flow in the Spreckels Ditch at its Wailuku gauging station, located downstream of the

Table 8 summarizes the amounts of water diverted from the four streams in the same

44

1

South Waiehu diversion, the intake pipe from the HC&S 'lao Tunnel, and the 'lao Stream intake,

2

none of which is separately gauged. The gauged amount, therefore, includes water diverted by

3

WWC from Waihe'e Stream and separately reported by WWC to CWRM, as well as water

4

diverted by HC&S from South Waiehu Stream, the HC&S 'lao Tunnel and 'lao Stream. FOF

5

281, supra.

6

292.

7

each of the four streams contributed the following percentages of diverted water: 1) Waihe' e

8

River: 58 percent in 2005 and 53 percent in 2006; 2) Waiehu Stream: seven percent in 2005 and

9

eight percent in 2006; 3) 'lao Stream: 28 percent in 2005 and 31 percent in 2006; and 4)

10

Based on the numbers in Table 8 and including both WWC's and HC&S's diversions,

Waikapu Stream: seven percent in 2005 and eight percent in 2006.

11

12

H.

Future Uses
1.

13

Kuleana Lands and Wetlands Restoration

14

293.

About 6.84 mgd is currently delivered to kuleana lands. (Table 7.)

15

294.

Nearly 50 persons testified at the CCH, including many identified in Tables 3-6 and

16

others who wished to receive Na Wai 'Eha waters. Approximately 135 acres were involved, of

17

which about 45 acres were or were intended to be cultivated, primarily in wetland kalo but also

18

for vegetables, trees, and plants for subsistence and cultural purposes. (See Hui/MTF FOF D-l to

19

D-458).

20

295.

21

seeking water for approximately 59.3 acres, of which approximately 51.8 acres would consist of

22

lo'i kalo. (See HC&S FOF 162B,172F, 1741, and 176G.)

23

296.

24

insufficient, and nearly all also wished to increase their land under cultivation. Most of those not

25

receiving water intended to resume or start cultivation of a portion of their lands. (See HuifMTF

26

FOF D-l to D-458.)

27

297.

28

flowing over its roots to ensure the health and productivity of the crop. Irrigation, therefore,

29

needs to provide more water than just what is consumed in the lo'i through evaporation from

30

open water, transpiration through the kalo leaves, and percolation through the 10' i bottom and

31

sides." (Exh. A-12, p. 2.) Hui/MTF FOF D-463.

In contrast, HC&S identified 39 individuals or organizations that testified at the CCH,

Persons who were receiving water testified that the amounts currently delivered were

Reppun, Hui/MTF's expert witness, stated that "(w)etland kalo requires cool water

45

1

298.

Reppun concluded that an average wetland taro complex requires between 100,000 to

2

300,000 gallons per acre per day (gad) of water to maintain water temperatures at or below 77°F

3

(27°C) and therefore prevent crop failure due to rot and pests. (Reppun, WDT 9114/07, ~~ 4-5;

4

Reppun, Tr. 12/3/07, p. 114, ll. 21-25; Exh. A-176, pp. 16-17. HuilMTF FOF D-468.

5

299.

6

water users do. Instead kalo farmers borrow water from the river then return that water so it can

7

serve other functions. (Reppun, Tr. 12/3/07, p. 135, ll. 5-10.) Hui/MTF FOF D-465.

8

300.

9

sufficient gross application amount to allow for sufficient outflow to assure good circulation

According to Reppun, kalo farmers don't consume water in the same way that offstream

Reppun also claims that the Watson study's conclusion that 15,000 to 40,000 gad was a

10

actually represented the amount of water consumed by the 10'i kalo and not the amount

11

necessary for throughflow. (Reppun, Tr. 12/3/07, p. 145,1. 19 to p. 146,1. 23; p. 147,1. 13 top.

12

148,1. 7.) See also Exh. A-176, p. 30 (interpreting Watson's 15,000 to 40,000 gad as the

13

consumption amount.) Hui/MTF FOF D-474.

14

301.

15

acres, North Shore at Waiehu, with 64 acres ofland along the shore near Waiehu and 'lao

16

Streams, requested stream flow restoration so that springs would revive and help restore the

17

wetlands that previously comprised about one-third of the property. (See FOF 237, supra.) No

18

estimates were provided for the amounts required, and such restoration would not require a

19

noninstream water use permit, as revival of the springs might result from enhanced stream flow

20

at the mouths ofWaiehu and 'lao Streams.

21

302.

22

Wetlands Refuge along the coast and along the mouth and southern edge of Waihe' e River, at

23

the base ofWaihe'e Valley and extending across about 75 percent of the coastal portion of the

24

ahupua'a ofWaihe'e. (Fisher, WDT 9114/07, ~ 3.) Hui/MTF FOF C-123.

25

303.

26

described as palustrine (marsh) wetlands habitat (known as the Kapoho or Waihe'e Wetlands)

27

and associated cultural resources including the loko kalo i'a (Hawaiian dual fishpond and taro

28

field) located in the wetlands; and 2) ten acres of riparian and estuarine wetlands habitat along

29

Waihe' e River, and associated cultural resources including over 20 ancient 10' i totaling about 1.7

30

acres. (Fisher, WDT 9114/07, ~~ 4-8, 19,22-23.) Hui/MTF FOF C-124, C-125.

In addition to the mostly small parcels ofland that comprised the approximately 135

Maui Coastal Land Trust ("MCLT") owns the 277-acre Waihe'e Coastal Dunes and

MCLT seeks to restore stream flows to Waihe'e River to support: 1) 27 acres of what it

46

1

304.

Schwarm, MCLT's expert witness, recommended providing a flow of 1.5 mgd to 2.5

2

mgd from Waihe'e River, estimated at less than 25 percent of the likely historical 'auwai flow.

3

(Fisher, WDT 9/14/07,

4

to raise the water levels by 18 inches to create standing habitat and 0.75 mgd to 1.50 mgd to

5

restore the ancient fishpond. (Exh. A-43, p. 1.) Hui/MTF FOF C-I40.

~

20; Exh. A-43, pp. 1,4-5.) This amount includes 0.75 mgd to 1.00 mgd

6

2.

7

MDWS

8

305.

WWC's understanding is that MDWS was planning to increase the current capacity of

9

the 'lao Water Treatment Facility from 3.2 mgd to 4.0 mgd, which will require an additional 0.8

10

mgd delivery from the' lao Stream, but there is nothing in the written agreements entered into

11

between WWC and MDWS that supports this statement. (Chumbley WDT, p. 9; Exh. D-93.)

12

WWC FOF 273-274.

13

306.

14

construction of a surface water treatment plant requiring anywhere from 2 mgd up to 9 mgd from

15

Waihe'e and 'lao Streams. (Eng, Dec. 9/14/07, pp. 8-9; Eng, Tr. 12/13/07, pp. 123-125,154-161,

16

and 206-211; Eng, Tr. 12/14/07, pp. 6-7, 9-11; Volner, Tr. 1/30/08, pp. 175-178; Exh. B-1, p. 5;

17

Holaday, Tr. 1/31/08, p. 76, 1. 15 to p. 77, 1.9.) WWC FOF 275. Details of the plant operations,

18

including delivery charges for A&B and allocation of water source credits, have not been agreed

19

upon. (Kuriyama, Tr. 2/22/08, pp. 18-21.) WWC FOF 277.

MDWS, in conjunction with A&B, parent company of HC&S, have discussed possible

20
3.

21

WWC Delivery Agreements

22

307.

The maximum delivery agreements that WWC has with 34 entities total 8.288 mgd, and

23

the total amounts of water used under these agreements were 1.42 mgd in 2005 and 2.37 mgd in

24

2006. (See FOF 257-258, supra.)

25

308.

26

additional water in the future to be used for agricultural, domestic and industrial purposes (Irani,

27

Dec. 9/17/07, pp. 3-4; Franco, Trl/14/08, pp. 174-176,206, and 208; Betsill, Tr. 1/25/08, pp.

28

120-121) WWC FOF 280, but the amount of additional water desired by the existing delivery

29

agreement end users is unknown. (Exh. D-96.) WWC FOF 281.

30

309.

31

delivery agreements and receive waters from Nil Wai 'Ehil streams. (Schwarm, Tr. 1/24/08, pp.

Three end users that have delivery agreements with WWC indicated a desire for

Three persons who are not presently end users indicated a desire to enter into water

47

1

180 and 183-185;Hamamoto, Tr. 1/25/08, p. 32; Hamamoto, WDT 10/29/07, p. 3; Atherton,

2

WDT 9/17/07, p. 3) WWC FOF 282, and the total amount of water requested was approximately

3

4 mgd. (Schwarm, Tr. 1/24/08, pp. 180 and 183-185); Hamamoto, Tr. 1/25/08, p. 32; Hamamoto,

4

WDT 10/29107, p. 3; Atherton, WDT 9/17/07, p. 3.) WWC FOF 283.

5

4.

6

HC&S

7

310.

HC&S plans to add, or has added, a portion ofField 767 to its lease with the Atherton

8

Hui of the 'Iao-Waikapu Fields. (Volner, Tr. 1/30/08, p. 207, 11.5-18; p, 213, 11.8-16.) Of the

9

129 or 130 acres in Field 767, just over 40 acres will be added to the existing lease; 89 acres

10

"will not be guaranteed any specific land lease term as development plans in this area are in

11

progress." (Exh. A-212, p. 3; Chumbley, Tr. 3/3/08, p. 97,11. 18-22; p. 100,11. 2 to p. 101,1. 14.)

12

Hui/MTF FOF F-122, F-123.

13

311.

14

920. (Volner, Tr. 1/30/08, p. 213, 1. 23 to p. 214, 1. 3; Holady, Tr. 1/31/08, p. 108,1. 23 to p. 109,

15

1. 4.) Hui/MTF FOF F-124.

16

312.

17

year terms as with the other leased fields, for use on Field 767, and WWC confirmed that that is

18

the verbal understanding between WWC and HC&S. (Exh. A-212, p. 3; Chumbley, Tr. 3/3/08, p:

19

102,11.2-6.) Hui/MTF FOF F-125.

20

313.

21

and Pine ("MLP") under which HC&S's Fields 921 and 922,300 acres which were "pasture

22

land" with "[q]uite a bit of kiawe trees," would be cleared and planted in seed cane and watered

23

by wastewater from MLP's cannery in Kahului. (Volner, Tr. 1/30108, p. 161,1. 23 to p. 162,1.

24

16; Volner, Tr. 1/30/08, p. 27, 11. 21 to p. 28, 1. 4.) Hui/MTF FOF F-126.

25

314.

26

explained that "for years HC&S had not farmed those fields because we thought it was sandy."

27

(Santiago, Tr. 2/22/08, p. 130,11.7-19; Nakahata, Tr. 2/20/08, p. 25,11. 18-23.) Mr. Volner was

28

not aware of any plans to cultivate that area prior to the agreement with MLP. (Volner, Tr.

29

1130/08, p. 137,1. 16 to p. 138,1. I.} Hui/MTF FOF F-127.

30

315.

31

vicinity of Fields 921 and 922. (Volner, Tr. 1/30108, p. 29,1. 16 to p. 30, 1. 21; Exh. C-77.)

HC&S felt it would be prudent to cultivate Field 767 because it is not cultivating Field

HC&S expects that water will be available from WWC on the same flat rate per acre per

Sometime between 1995 and 1997, HC&S entered into an agreement with Maui Land

Fields 921 and 922, like neighboring Field 920, are sandy "scrub land"; Ms. Nakahata

MLP built a pipeline to deliver wastewater several miles from its Kahului cannery to the

48

1

Deliveries ofMLP wastewater averaged between 1.5 to 2.4 mgd in the years 2000 through 2005,

2

and dropped to an average of 0.78 mgd in 2006. (Exh. A-200; Exh. C-82, p. 3.) Hui/MTF FOF F-

3

128, F-129.

4

316.

5

(Volner, Tr. 1/30/08, p. 139, II. 18-23), but HC&S is "under the assumption" that the volume will

6

decrease although it has not "seen the numbers to validate that yet" and could not say whether

7

there would be a decrease in volume or how much that decrease would be. 3 (Volner, Tr. 1/30/08,

8

p. 138, ll. 14-25). Hui/MTF FOF F-130.

9

317.

The volume of wastewater delivered by MLP was sufficient from 2004 through 2007

HC&S anticipates that if the volume of wastewater from MLP decreases to where it is no

10

longer sufficient, it would look to use Na Wai 'Eha water on Fields 921 and 922. (Volner, Tr.

11

1/29/08, p. 138, I. 24 to p. 139, I. 2.) Hui/MTF FOF F-131.

12
13

I.

Reasonable Uses, Losses, and Alternative Sources

14

15

1.

Kuleana Lands and Wetlands Restoration

16
17

a.

Kuleana Lands

18

318.

19

stream waters for domestic uses (e.g., Brito, WDT 10/26/07, ~~ 7-8; Hui/MTF FOF D-241;

20

Kamaunu, WDT 10/26/07, ~~ 2,5-7; Kamaunu, Tr. 12/13/07, p. 45, ll. 4-17; Hui/MTF FOF D-

21

102).

22

319.

23

of combined indoor and outdoor use and 1,500 to 2,000 gpd for customers irrigating "lush

24

tropical landscape treatment" in the island's most arid areas (e.g., Maui Meadows or Kihei). (Eng,

25

Tr. 12/13/07, p. 191,1. 7 to p. 192,1. 5; Eng, Tr. 12/14/07, p. 4, II. 9-22.) Hui/MTF FOF E-75.

26

320.

27

wetland taro complex requires between 100,000 to 300,000 gad to maintain water temperatures

28

at or below 77°F (27°C) and therefore prevent crop failure due to rot and pests. (See FOF 298,

29

supra.)

Several people residing on kuleana lands testified that they used "kuleana" ditch/pipe or

MDWS's "average typical residential customer" uses 400 to 600 gallons per day ("gpd")

As described earlier, Reppun, Hui/MTF's expert witness, concluded that an average

3

See footnote to FOF 261, describing the cessation ofMLP's pineapple operations.
49

1

321.

Reppun also claimed that the Watson study's conclusion that 15,000 to 40,000 gad was a

2

sufficient gross application amount to allow for sufficient outflow to assure good circulation

3

actually represented the amount of water consumed by the lo'i kalo and not the amount

4

necessary for throughflow. (See FOF 300, supra.)

5

322.

6

water flowing into the 10'i and that therefore de La Pena's 30,000 gad kalo water duty likely also

7

represented net consumption. (Reppun, Tr. 12/3/07, p. 143, n. 19-20.) Hui/MTF FOF D-475.

8

323.

9

Hawai' i, which provided "baseline information on wetland kalo irrigation practices for a variety

Reppun further claimed that a study by de La Pena measured only the total amount of

Finally, Reppun also cited a USGS report on Water Use in Wetland Kalo Cultivation in

10

of geographical settings in the Hawaiian Islands." (Exh. A-12, pp. 2-3.) Hui/MTF FOF D-476.

11

324.

12

ensure that flow and temperature data collected at different 10' i reflected similar irrigation

13

conditions (continuous flooding of a mature crop), only 10' i with crops near the harvesting stage

14

were selected for data collection. Data were collected during the dry season (June-October),

15

when water requirements for cooling kalo approach upper limits. Flow measurements generally

16

were made during the warmest part of the day and temperature measurements were made every

17

15 minutes at each site for about a two-month period." (Oki, WDT 9/14/07,

18

325.

19

inflow was 150,000 gad. At the individual 10'i level, inflow averaged 350,000 for all sites. In

20

Waihe' e, 10' i complex inflows ranged from 110,000 to 160,000 gad. The measured inflows for

21

Waihe'e lo'i complexes were less than the average inflow for the Island of Maui (230,000 gad)

22

and the average inflow for all sites in the State (260,000 gad), although the median value for the

23

State (150,000 gad) was within the range of measured inflows for the Waihe' e 10' i complexes."

24

(Oki, WDT 9114/07, ~~ 75-76.)

25

326.

26

complexes had inflow temperature values greater than 27°C for more than 0.05 percent of the

27

time. A water temperature of 27°C is considered the threshold temperature above which wetland

28

kalo is more susceptible to fungi and associated rotting diseases (Gingerich and others, 2007). In

29

the Waihe' e Maui upper 10' i complex, inflow temperature did not exceed 27°C during the study

30

period, and the mean inflow temperature was 21.6°C. In the Waihe'e Maui lower lo'i complex,

31

inflow temperature exceeded 27°C about 25 percent of the time which is more frequent than for

USGS reported that "(t)he water need for kalo varies depending on the crop stage. To

~~

70-71.)

"The average (mean) inflow for all 10'i complexes was 260,000 gad and the median

"Of the 1710'i complexes where water inflow temperature was measured, only 3 lo'i

50

1

any other 10' i complex studied. In addition, the lower Waihe' e 10' i complex recorded the

2

warmest mean inflow temperature (24.9°C) and the most variable inflow temperature value

3

(7.6°C mean daily range) of all the 10' i complexes where temperature was measured in this

4

study." (Oki, WDT 9/14/07,

5

327.

6

and about their perceptions of their water supply. In general, most farmers believed that their

7

supply of irrigation water was insufficient for proper kalo cultivation. (Gingerich and others,

8

2007.)" (Oki, WDT 9/14/07, ~ 78.)

9

328.

~

77.)

"During field visits, the USGS also interviewed farmers about their irrigation practices

From these findings and Reppun's observation that the outflow water temperature often

10

exceeded the threshold for root fungus (27°C), he concluded that 300,000 gad must be

11

consistently available to satisfy current demand for water to grow healthy kalo. (Reppun, WDT

12

9/14/07, ~ 13; Reppun, Tr. 12/3/07, p. 131,11. 1-6.) HuilMTF FOF D-484.

13

329.

14

mature crop during the dry season (June-October), when water requirements for cooling kalo

15

approach upper limits, and covered only a two-month period at the end of the kalo crop cycle,

16

when plants were near the harvesting stage. (See FOF 324, supra.) Yet, Reppun extrapolated

17

these maximum requirements for water inflow into kalo lo'i to conclude that 300,000 gad was

18

the daily requirement for the entire growing cycle.

19

330.

20

Grance assumed that "as a general average throughout Hawaii no water is required to enter

21

patches approximately 40 to 50 per cent of the time, either because of cultural practices including

22

planned resting or fallowing of patches." (Exh. A-171, App. A.)

23

331.

The number of future "kuleana" users beyond those identified at the CCH is unknown.

24

332.

Taking the approximately 45 acres mostly in or intending to be cultivated in wetland kalo

25

by those testifying at the CCH ( See FOF 294, supra) and dividing the 6.84 mgd currently

26

delivered to "kuleana" lands ( See Table 7), current average inflow would be 152,000 gad. These

27

45 acres include parcels not currently served ( See FOF 294, supra), so the per acre water

28

delivery would be higher for those currently receiving water. This would be the average amount

29

of water delivered daily.

However, the USGS study was intentionally designed for continuous flooding of a

In de LaPena's study, the crop cycle was 14 months. (Exh. A-174, p. 99.) Watson and

51

If HC&S's estimate of 51.8 acres (See FOF 295, supra) in or intending to be cultivated in

1

333.

2

wetland kalo were used instead of 45 acres, the 6.84 mgd would average 132,000 gad. As in the

3

45-acre estimate, the per acre water delivery would be higher for those currently served.

4

334.

5

approach upper limits, the average inflow for all 10'i complexes in the USGS study was 260,000

6

gad, and the average inflow for the Waihe' e 10' i complexes ranged from 110,000 to 160,000 gad.

7

While the water temperature of these inflow rates were below the threshold temperature of 27°C

8

for susceptibility to rotting diseases in 95 percent of the 10'i complexes in the USGS study, in

9

general, most of the kalo farmers still believed their supply of irrigation water was insufficient

During the dry season (June-October) when water requirements for cooling kalo

10

for proper kalo cultivation. (See FOF 327, supra).

11

335.

12

FOF 296, supra), even at the current estimated daily inflow rate of more than 150,000 gad, an

13

average daily rate over the entire crop cycle that includes periods when water requirements for

14

cooling kalo approach upper limits of at least twice the average.

WWC kuleana users who testified at the CCH also complained of inadequate water (See

15

336.

However, USGS's Nil Wai 'Ehil study observed numerous return flows and leakages

16

from the ditches into all four streams (Oki, WDT 9/14/07, ~~ 38, 40-42), so substantial losses

17

through the ditches are likely occurring.

18

337.

19

themselves for proper kalo cultivation. This large amount of inflow and outflow would result in

20

substantial losses, unless as much of the outflow as practical is channeled back into the streams.

21

(See FOF 320-322, supra).

22

338.

23

"a considerably greater amount would have to be diverted in order to successfully grow taro with

24

proper circulation of water. This excess water in the upper areas would be returned to the stream

25

and be subject to rediversion lower down... That used on the areas adjacent to the estuary and

26

below the lowest diversion ditch could not be rediverted and would be an increase in necessary

27

water consumption." (Exh. A-172, Letter of Submittal, p. 2.)

28

339.

29

open water, transpiration through the kalo leaves, and percolation through the 10'i bottom and

30

sides (See FOF 297, supra). Watson also observed numerous leakages in the sides ofthe lo'i in

A substantial amount of water is needed for inflow above what is consumed by the 10' i

Cox noted that in addition to the net loss in the irrigation of the lo'i (i.e., consumption),

Moreover, Reppun identified 10'i water consumption as consisting of evaporation from

52

1

his study. Exh. A-171, Memorandum of June 24, 1964. Thus, most of the water "consumption"

2

by kalo 10' i is most likely through leakage, and minimally through evaporation and transpiration.

3

b.

4

Maui Coastal Land Trust ("MCLT")

5

340.

MCLT seeks water to restore 27 acres of what it describes as "prime palustrine" Kapoho

6

wetlands and associated cultural resources, including a seven-acre loko kalo i'a fishpond-taro

7

field system to create a more consistent standing wetland habitat for native plants and animals,

8

including endangered bird species. (Fisher, WDT 9/14/07, ~~ 4-8,19 Fisher, Tr. 12/04107, p. 57,

9

11.2-11.) MCLT seeks to restore freshwater to the Kapoho wetlands habitat and loko kalo i'a by
~

10

restoring application of stream flow from Waihe'e River. (Fisher, WDT 9/14107,

11

FOF 165. Hui/MTF FOF C-124, C-136, C-138.

12

341.

13

documentation at the time of the Mahele described "kalo," "10' i," "pond," and "fishponds,"

14

confirming that water flowed to the Kapoho Wetlands at the time of the Mahele. (Fisher, WDT

15

9/14/07, ~~ 9,11; Exh. A-40, p. 23; Exh. A-42.) In acquiring the Refuge lands, MCLT received

16

three of these parcels totaling 2.17 acres via quitclaim deed with "all the rights, easements,

17

privileges and appurtenances thereto belonging or appertaining." (Fisher, WDT 9/14/07, ~ 11;

18

Exh. A-41, pp. 0012, 0014.) Hui/MTF FOF C-137.

19

342.

20

water seepage into the wetland habitat to support ten acres of riparian and estuarine wetlands

21

habitat along Waihe'e River, and associated cultural resources including over 20 ancient 10'i

22

totaling about 1.7 acres. (Fisher, WDT 9/14/07,

23

p. 62,1. 22 to p. 63, 1. 6; p. 63, 11. 22-24.) HuiIMTF FOF C-125. HC&S FOF 165.

24

343.

25

prepared a Preliminary Water Budget Evaluation for MCLT. (Fisher WDT 9/14/07,

26

A-43; Schwarm, Tr. 12/4/07, p. 133,11. 10-17.) Schwarm explained that civil engineering

27

includes hydrology as a "normal part of our work," and that the work he conducted for MCLT is

28

normal ~ivil engineering within the scope of his expertise. (Schwarm, Tr. 12/4/07, p. 132,11. 10-

29

13; p. 133,11.4-9.) Hui/MTF FOF C-139.

6,19.) HC&S

Various kuleana parcels are located around the outer portion of the wetlands, and the

MCLT also seeks more water flowing to the mouth of Waihe'e River to increase ground

~~

6, 22-23; Fisher, Tr. 12/04/07, p. 55,11. 15-16;

Schwarm, who was qualified as an expert civil engineer (Tr. 12/4/07, p. 132, 11. 14-17),

53

~20;

Exh.

1

344.

Schwarm acknowledged that his experience in development of ground water resources is

2

very limited, and he does not consider himself an expert in the field of ground water resources.

3

(Schwarm, Tr. 12/4/07, p. 153, II. 10-12.) HC&S FOF 165.

4

345.

5

recommended providing a flow of 1.5 mgd to 2.5 mgd from Waihe'e River, or less than 25

6

percent ofthe likely historical 'auwai flow. (Fisher, WDT 9/14/07, ~ 20; Exh. A-43, pp. 1,4-5.)

7

This amount includes 0.75 mgd to 1.00 mgd to raise the water table elevations between 12 and

8

18 inches, which Schwarm believes is sufficient to provide the consistent water necessary for

9

restoring habitat within the Kapoho wetland (Exhibit A-43 at 1), and running 0.75 mgd to 1.50

To accomplish MCLT's ecological and cultural restoration goals, Schwarm

10

mgd of fresh water through the fishpond, which should be sufficient to restore favorable

11

aquaculture conditions within the ancient fishpond limits. (Exh. A-43, p. 1.) Hui/MTF FOF C-

12

140. HC&S FOF 165.

13

346.

14

topography, soil types, and reported current water levels, and subject to revision once flow is

15

restored. (Schwarm, WDT 11/16/07, ~~ 9, 2; Tr. 12/4/07, p. 176,11.15-18; p. 132,11. 2-9; p. 134,

16

1. 11 to p. 136,1. 5; 134,11. 11-18.) No one, including Nance, HC&S's consultant, provided any

17

contrary calculations. Hui/MTF FOF C-141.

18

347.

19

help to replenish the underlying aquifer and raise water levels in the wetlands. (Exh. A-43, pp. 5-

20

6; Schwarm, Tr. 12/4/07, p. 168,11.6-11.) See also Exh. A-223, p. 6 (stating that the wetlands

21

are "sustained mostly by the Waihee Stream"). Hui/MTF FOF C-142.

22

348.

23

solely on his professional judgment that the target habitat restoration goals were analogous to a

24

rise in water levels of 18 inches. That conclusion was in tum premised on the working

25

assumption, based on reports from others, that water levels were typically 18 inches below grade

26

in the area where MCLT intended to restore wetland habitat during non-drought conditions.

27

(Schwarm, Tr. 12/4107, p. 147,1. 10 to p. 148,1. 19, p. 157,11.6-9.) However, there is no reliable

28

way of measuring whether the target water levels are reached, given variations in (a) the

29

elevation levels across the wetlands and (b) the stratified permeability of the substrate of the

30

wetlands, which is not known. (Schwarm, Tr. 12/04/07, p. 158,1. 13 to p. 159,1. 9; Nance, Dec.

31

10/26/07, ~ 11.) HC&S FOF 166.

Schwarm conducted these calculations as a best estimate, based on available data on

Schwarm also opined that restoration of flows of Waihe' e River, in themselves, would

Schwarm's recommendation that the water table be elevated up to 18 inches was based

54

1

349.

Schwann's water budget also assumed that ground water levels remain constant over

2

time. He acknowledged that ground water levels vary with rainfall and tide, but his calculations

3

assumed that tide levels remain constant. (Schwarm, Tr. 12/4/07, p. 159,1. 10 to p. 160,1. 11.)

4

HC&S FOF 166.

5

350.

6

knowledge of the water requirements of the bird species within the Kapoho wetlands. (Schwarm,

7

Tr. 12/4/07, p. 157,11. 6-9.) No evidence of the specific water requirements for the species was

8

presented. Although one of the recovery actions listed in the Draft Revised Recovery Plan for

9

Hawaiian Waterbirds prepared by the U.S. Fish & Wildlife Service is "secure water sources and

The flow levels recommended in Schwann's water budget were not based on scientific

10

manage water levels to maximize nesting success, brood survival, food availability, and

11

recruitment of waterbirds," the recovery plan does not specify the amount of water that should be

12

secured at the Kapoho wetlands. (Duvall, Tr. 12/4/07, p. 12,11. 7-24; Exh. A-38C, pp. 80, 136.)

13

Duvall, a wildlife biologist with the Department of Land and Natural Resources, Division of

14

Forestry and Wildlife in Maui District, was unable to identify the quantity of water needed to

15

support recovery of endangered waterbirds in the Kapoho wetlands. (Duvall, Tr. 12/4/07, p. 107,

16

II. 17-22, p. 114,1. 25 to p. 115, I. 4.) Duvall recommended restoration of the water level in the

17

wetlands to the extent he observed in 1990, but he could not quantify what that amount was.

18

(Duvall, Tr. 12/4/07, p. 115,11. 19-24, p. 116,11. 11-13.) He further acknowledged that the water

19

requirement differs for each species. (Duvall, Tr. 12/4/07, p. 115,11. 15-18.) HC&S FOF 167.

20

351.

21

characterization of the Kapoho wetlands as "palustrine," which he characterizes as a nontidal

22

wetland where the salinity level due to ocean-derived salts is below 0.5 parts per thousand

23

("ppt"). Palustrine wetlands are typically inland. (Nance, Tr. 12/11/07, p. 151, 11. 11-16, p. 170, ll.

24

10-13.) Nance's opinion was that the Kapoho wetlands are not palustrine, because they are

25

situated in a near-shore environment, are tidally influenced, and their salinity level has been

26

measured at between 1.68 ppt to 2.25 ppt, well above the threshold for classification as a

27

palustrine wetland. (Nance, Tr. 12111/07, p. 152,1. 10 to 153,1. 5; Exh. A-162.) HC&S FOF 168.

28

352.

29

the volcanic formation at depth, not in the sedimentary sand and alluvium in which the wetland

30

is located. This generally less permeable sedimentary caprock overlies the volcanics. At least in

31

part, ground water in this overlying formation may have originated as upward leakage from the

Nance, a civil engineer and hydrologist testifying on behalf ofHC&S, disputed MeLT's

Nance also described the basal ground water body underlying the wetlands as located in

55

1

basal aquifer in the volcanics at depth, but it is otherwise hydrologically a distinct ground water

2

body that is generally more saline and limited in aerial extent. Under completely natural

3

conditions, the wetland would be an exposure of the brackish to saline ground water in the

4

sedimentary fonnation. Thus, the Kapoho wetlands cannot be characterized as "palustrine."

5

(Nance, Dec. 10/27/07, ~ 8.) HC&S FOF 168.

6

353.

7

create bird habitat is MCLT's objective, a reasonable alternative to a diversion from the Waihe'e

8

River would be to drill a well into the underlying basal aquifer in the volcanics. If the basal head

9

is not adequate for gravity delivery, only low head pumping at quite modest expense would be

10

required. As an example, Well 5327-10 with low head pumping of basal ground water has been

11

the source of supply for the Kanaha Pond for decades. (Nance, Dec. 10/27/07, p.

12

FOF 170.

13

354.

14

13), maintained that pumping merely attempts to maintain water levels for the short tenn, but in

15

and of itself has not allowed Kanaha Pond over the long tenn to maintain water in areas that used

16

to be wet. (Id. p. 124,11. 10-20; p. 111,11. 15-24.)

17

355.

18

circulating ground water to the surface where it evaporates simply places further demands on an

19

already diminished ground water source. (Schwarm WDT 11/16/07, ~ 10; Duvall, Tr. 12/04/07,

20

p. 110,11. 15-24.) Duvall and Schwann also stated that pumping ground water to raise wetlands

21

water levels is analogous to the operation of a table-top fountain, and equivalent to "chas[ing]

22

your tail." (Duvall, Tr. 12/04/07, p. 123,11. 18-21; p. 110, 11. 18-20; Schann, Tr. 12/04/07, p.

23

177,11. 12.) They were of the opinion that it is "terribly inefficient," "not sustainable," and "does

24

not provide a good long-tenn solution." (Schann, Tr. 12/04/07, p. 177,11. 1-13; Fisher, Tr.

25

12/04/07, p. 69,11.5-11; Duvall, Tr. 12/04/07, p. 112,11.10-13.) Hui/MTF FOF C-147.

26

356.

27

and especially Duvall (a biologist), were not qualified to testifY as expert witnesses on ground

28

water resources, and had no expertise to conclude that pumping basal ground water to raise

29

wetlands water levels was analogous to a table-top fountain, in which they presumably assumed

30

that the wetlands water would then leak back through the caprock into the underlying volcanic

31

basal aquifer. Nance, an expert in hydrology and ground water, had stated that ground water in

Nance opined that to the extent that artificially raising the water level in the wetland to

~

12.) HC&S

Duvall, who has managed Kanaha Pond since 1996 (Duvall, Tr. 12/04/07, p. 102,11. 12-

Schwarm and Duvall were of the opinion that attempting to maintain water levels by

Both Schwann (a civil engineer without expertise in the field of ground water resources)

56

1

the overlying formation may have originated as upward leakage from the basal aquifer in the

2

volcanics at depth, but it is otherwise hydrologically a distinct ground water body that is

3

generally more saline and limited in aerial extent. (See FOF 344, 350, supra).

4

357.

5

water into the wetlands and causing irreparable harm. (Schwarm, Tr. 12/04/07, p. 177, l. 14 to p.

6

178, l. 4.), because the ground water near the coastline forms a convex lens that thins out closer

7

to the shore, increasing the risk ofa well drawing seawater. (Id. p. 182,11. 7-15.) HuilMTF FOF

8

148. However, in addition to Schwarm not being an expert in ground water resources, he did not

9

explain why a well that might draw seawater would not quickly be capped if that event were to

Schwarm also concluded that ground water pumping poses a real risk of drawing salt

10

occur.

11

358.

12

water seepage into the Kapoho wetlands. (Fisher, WDT 9114/07,

13

were historically sustained by both water percolating from underground, and stream water

14

flowing from Waihe'e River via the 'auwai. (Fisher, WDT 9/14/07,

15

source has diminished, however, because of factors such as the development of the former

16

wetlands on the opposite side of the dune, (ld.

17

event that happened long after the flow at the mouth of Waihe' e River diminished to its present

18

state.

19

359.

20

River has a direct connection to ground water in the sedimentary caprock and water levels in the

21

wetland. His view was that it is far more likely that there is a hydrologic disconnect between the

22

ground water body and the wetlands, and that there would be no increase in the water level in the

23

wetlands in response to increased seepage from Waihe' e River. Thus, elevating the water level of

24

the wetlands would have to be accomplished by a direct delivery of water, either conveyed from

25

Waihe'e River in a ditch or pipe or pumped in from a well. (Nance, Dec. 10127/07,

26

presence of the ancient 'auwaitends to support this view. HC&S FOF 169.

MCLT also seeks more water flowing to the mouth ofWaihe'e River to increase ground

~

~

21.) The Kapoho Wetlands

~~

7-8.) The ground water

13; Exh. A-43, p. 4.) Hui/MTF FOF C-144, an

Nance opined that there is no support for the assumption that seepage from Waihe'e

~

10) The

27

2.

28

MDWS

29

360.

On February 15,2006, CWRM approved the Water Use Permit Applications for existing

30

uses in the basal portion of the 'lao aquifer submitted by MDWS, totaling 11.227 mgd. (Minutes

31

of the February 15,2005 CWRM Meeting; see also Findings of Fact, Conclusions of Law, and

57

1

Decision and Order "In the Matter of Water Use Permit Applications for the 'lao Ground Water

2

Management Area Basal Source Contested Case Hearing" (CCH-MA05-1) issued January 31,

3

2007, p. 4, ~ 2.) MDWS FOF 4.

4

361.

5

required to determine, and did determine, that MDWS's Water Use Permits met all statutory

6

criteria under Hawaii Revised Statutes ("H.R.S.") § 174C-49. (Minutes of the February 15,2005

7

CWRM Meeting; ~ also Findings of Fact, Conclusions of Law, and Decision and Order "In the

8

Matter of Water Use Permit Applications for the 'lao Ground Water Management Area Basal

9

Source Contested Case Hearing" (CCH-MA05-1) issued January 31, 2007,

In issuing Water Use Permits to MOWS for seven of its basal sources, CWRM was

~~

33 - 50;
~

10

"MDWS's water use permit [for Shaft 33] also meets all of the Code's requirements." (Id.,

9.)

11

MDWS FOF 5.

12

362.

13

the "Wailuku Shaft") also apply to MDWS's Water Use Permits at issue in this proceeding,

14

because all of MDWS sources are part of its integrated Central Maui System. (Eng, Dec. 9/14/07,

15

~~

16

363.

17

MDWS's 'lao Tunnel, to supply a total of2.401 mgd to the people and businesses served by the

18

County's Central Maui System. (Eng, Dec. 9/14/07, ~ 6.) MDWS FOF 8.

19

364.

20

granted to MDWS for Shaft 33 and seven other previously filed applications, and those were all

21

found to be consistent with applicable plans, land use classifications, and land use policies.

22

(Staff submittal for the CWRM meeting of Feb. 15,2006, p. 7, and Findings of Fact,

23

Conclusions of Law, and Decision and Order "In the Matter of Water Use Permit Applications

24

for the 'lao Ground Water Management Area Basal Source Contested Case Hearing" (CCH-

25

MA05-1) issued January 31, 2007, ~ 46.) MDWS FOF 39.

26

365.

27

Tunnel and Kepaniwai Well. (Apoliona, WDT 12/3/07, p. 16,11.7 - 24.) MDWS FOF 34.

28

366.

29

with the rights of the Department of Hawaiian Home Lands ("OHHL"). MDWS's Central Maui

30

system serves homes built by DHHL. (Eng, Dec. 9/14/07, ~ 50.) MDWS FOF 40.

31

367.

CWRM's findings with respect to MDWS's basal sources and Shaft 33 (also known as

7,9,13,15.) MDWS FOF 6.
The County of Maui relies on water from its two high level sources, Kepaniwai Well and

The two applications filed by MDWS are for the same purposes as the water use permits

OHA does not object to MDWS's Water Use Permit Applications for MDWS's lao

The 2.401 mgd sought by MDWS in its Water Use Permit Applications will not interfere

DHHL has not objected to MDWS's Water Use Permit Applications and has not

58

1

requested party status in this contested case. (Eng, Dec. 9/14/07, ~ 50.) MDWS FOF 41.

2

368.

3

the 'lao-Waikapii Ditch and plans to increase the capacity to 4.0 mgd. (See FOF 239 and 305,

4

supra.)

5

369.

6

treatment plant to be located near the Waiale reservoir. (See FOF 306, supra.)

7

370.

8

CWRM has asked MDWS to limit its withdrawals from the Waihe'e aquifer, and USGS has

9

indicated that new wells there may not be as productive or cost-effective as hoped. (Eng, Dec.

Through an agreement with WWC, MDWS receives up to 3.2 mgd of surface water from

MDWS also has had discussions with A&B concerning the potential for a surface water

MDWS has considered drilling new wells in the Waihe'e and Kahakuloa aquifers, but

10

9/14/07, ~ 27.) MDWS FOF 34.

11

371.

12

supply, but the current sustainable yield of that aquifer is 2 mgd (Exh. B-13), and MDWS

13

expects competition from private landowners for the available water in this aquifer. (Eng, Dec.

14

9/14/07, ~ 27.) MDWS FOF 46.

15

372.

16

decree in the case of Coalition to Protect East Maui Water Resources v. Board of Water Supply,

17

County of Maui, Civ. No. 03-1-0008(3), December 2003.

18

373.

19

Maui to develop ground water in the agreed-upon portion of the East Maui Region, the County

20

will vigorously investigate and pursue the availability of surface water from the Waikapii

21

(60101), 'lao (60102) and/or Waihe'e (60103) hydrologic units for public use by preparing a

22

report which shall include a rigorous analysis of the costs and benefits of making these water

23

resources part ofMaui's public water system." (Exh. B-10, ~ 4.3.) MDWS FOF 47.

USGS has indicated that the Waikapii aquifer may be a possible source of new water

The ability ofMDWS to utilize water sources from East Maui is restricted by a consent

That consent decree requires that "(b)efore any new project is planned by the County of

24

25

3.

WWC Water Delivery Agreements

26

374.

WWC estimated the amount oflosses from its ditch system as a set percentage of7.34

27

percent, based primarily on a 20-year old report, Exh. D-4A. (Suzuki, Tr. 12/14/07, p. 164,1. 11

28

to p. 165,1. 23.) Hui/MTF FOF E.35.

29

375.

30

159,11. 11-13; pp. 159-62.) All ofWWC's reservoirs are unlined. (rd. p. 162,1. 25 to p. 164,1.

31

10; Santiago, Tr. 2/22/08, p. 135,11.13-15.) Hui/MTF FOF E-36.

The great majority ofWWC's ditches are open and unlined. (Suzuki, Tr. 12/14/07, p.

59

1

376.

WWC did not address the feasibility of minimizing the losses from its system except to

2

state that it "may ... in the future" have plans to line the unlined portions of their system.

3

(Suzuki, Tr. 12/14/07, p. 268, 11. 21-25.) Hui/MTF FOF E-39.

4

377.

5

MDWS and HC&S. Its table of customers does not provide information on any acreages

6

cultivated and does not identify the nature of the water uses, except to label them generally as

7

either "agriculture" or "irrigation." Under WWC's terminology, "irrigation" is "agriculture," but

8

on a shorter-term basis and also includes dust control. (See FOF 241, supra.)

9

378.

Only a few of the 34 entities provided information of their current and/or future uses.

10

379.

Maui Cattle Company ("MCC") used water to irrigate its 240-acre pasture for cattle in

11

Ma'alaea, starting around March 2006 and eventually using at its peak 0.99 mgd to 1 mgd.

12

(Franco, Tr. 1/14/08, p. 174,11.22-24; p. 176,11. 17-19.) Hui/MTF FOF E-40.

13

380.

14

6-14), and the number of cattle has decreased from a high of 375 to only 60 animals (id. p. 176,1.

15

4; p. 186, ll. 8-11). Hui/MTF FOF E-48. 381.

16

381.

17

January to October 2007, or about 29,000 gpd (1,160 gad). (Exh. C-70 (TMK No. 3-6-01:018).)

18

MCC stated that this amount is "sufficient." (Franco, Tr. 1/14/08, p. 186, ll. 19-22.) Hui/MTF

19

FOF E-49.

20

382.

21

develop the property. (Atherton, Dec. 9/14/07,

22

18 (both lease and water license mutually terminable with 30-days notice). MCC stated that "if'

23

it were to re-lease the property, it would simply "graze it on a seasonable basis and without

24

major irrigation." (Id. p. 181,1. 23 to p. 182,1. 6.) Hui/MTF FOF E-50.

25

383.

26

fonner Wailuku plantation lands, including Ma'alaea Properties, Waikapu Properties, and Maui

27

Tropical Plantation (collectively, "Atherton et aI."). Mr. Atherton's partners provide equity and

28

are "mainly in the development business," and Mr. Atherton is also in the real estate

29

development business. (Atherton, Tr. 2/21/08, p. 128, 1. 24 to p. 129, 1. 1.)Hui/MTF FOF E-ll 0,

30

E-ll1.

WWC has water-delivery agreements with 34 entities in addition to its agreement with

The irrigated area has shrunk from 240 acres to 25 acres (Franco, Tr. 1/14/08, p. 192, ll.

According to WWC's records, MCC's water use has decreased to only 8.84 mg from

MCC has indicated no plans to continue even its reduced use. MCC's landowner seeks to
~

15.) See also Franco, Tr. 1/14/08, p. 184,11.2-

Michael Atherton, along with various partners, own several entities that have acquired

60

1

384.

Atherton et al. seek to develop the Ma' alaea pasture currently occupied by Maui Cattle

2

Company, TMK No. 3-6-01:18. (Atherton, Dec. 9/14/07, ~ 15.) HuilMTF FOF E-115.

3

385.

4

for water use are still "a long ways" away and "all proposed ... not fact." (Atherton, Tr.

5

2/21108, p. 134,11. 15-20; p. 143,11.11-17.) Among other approvals, the project still must seek

6

state and county rezoning out of agriculture. (Id. p. 212,1. 5 to p. 213, 1. 2.) HuilMTF FOF E-117.

7

386.

8

development project would generate could be reclaimed in an onsite facility. (Atherton, Tr.

9

2/21108, p. 132,11. 13-23.) HuilMTF FOF E-118.

Atherton et al. stated that the Ma'alaea development project and its potential alternatives

An alternative water source of approximately 620,000 gpd of wastewater the

10

387.

Aside from the possible alternative source of reclaimed water from its own contemplated

11

treatment plant, Atherton et al. have had no discussions with the County about reclaimed water

12

and hopes to reserve water from their five existing and planned wells for off-site transport to

13

their desired development. (Atherton, Tr. 2/21108, p. 194,1. 24 to p. 195,1. 13.) HuilMTF FOF

14

E-125, E-126.

15

388.

16

004:006, claiming water usage of 10,000 gad on more than 200 acres. (Exh. D-94, p. 1.) Mr.

17

Atherton based the figure on 120 to 130 inches a year, but he has conducted no research on water

18

use for coffee in different locations, notwithstanding his acknowledgement that water use

19

"depends on the area" and "the factors at a specific location," and "[e]very area is different."

20

(Atherton, Tr.2/21/08,p. 168,1.23 top. 169,1. 15;p. 171,11.1-4;p.203,11. 19-22;p.169,11.18-

21

20.) Hui/MTF FOF E-120.

22

389.

23

(Atherton, Tr. 2/21/08, p. 114,1. 23 to p. 115,1. 5.) For two years, that plantation did not irrigate

24

at all, and in the last two years, it used an annual amount of 100 to 300 million gallons, or up to

25

2,739 gad. (Id. p. 168,11.3-9.) Now, the plantation "actually [is] in the black," and "[t]he last

26

few years have been good." (Id. p. 119,11. 4-10; p. 122,11. 5-13.) Hui/MTF FOF E-121.

27

390.

28

subpoenaed invoices indicate that MTP's water use over the period of2001 through 2007 has

29

averaged 114,313 gpd (1,938 gad over the 59 acres). (Exh. A-I40, p. 20; Exh. D-97; Atherton,

30

Tr. 2/21108, p. 180,11. 1-11.) Hui/MTF FOF E-124.

Atherton et al. also proposed a coffee plantation on TMK Nos. 3-6-004:003 and 3-6-

Atherton operates a coffee plantation in Kualapu'u, Moloka'i on about 300 acres.

For Maui Tropical Plantation, the usage stated in WWC's water use reports and
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1

391.

MMK Maui ("MMK"), owner of the Kahili Golf Course and King Kamehameha Golf

2

Club has stated that "(t)he amount of water necessary to irrigate the golf course, given its climate

3

and location, varies from approximately 1.6 to 2.2 million gallons per day." (Dooge Dec.

4

9/14/07, ~ 12.) WWC states a maximum contract amount of 4 mgd. (Exh. D-96, p. 4.) Hui/MTF

5

FOF E-57.

6

392.

7

the pump station (Dooge, Tr. 1/14/08, p. 152,11.8-21), which is less accurate than the meter at

8

the ditch intake that MMK normally uses, and which MMK "used to sometimes" consult only "if

9

the [ditch intake] meter was down." (Id. p. 147,11. 12-23; p. 148,11. 15-18.) October 2005 fell

The 2.2 mgd figure came from a single month, October 2005, based on measurements at

10

within the period toward the end of 2005 and continuing into 2006, during which MMK was

11

growing in the turf on both courses and thus "throwing out a lot of water on the golf courses,

12

more than we would normally." (Id. p. 134,1. 20 to p. 135,1. 1.) MMK measured no other

13

month of such use (id. p. 152,1. 22 to p. 153, 1. 2) and has never even projected the potential of

14

such use (id. p. 155,11.6-12). Hui/MTF FOF E-58.

15

393.

16

of irrigation on all 36 holes. (Dooge, Tr. 1/14/08, p. 136, II. 9-13.) Based on its subpoenaed

17

records, MMK used 1.2 (1.198) mgd in 2006 for 36 holes. (Id. p. 160,11. 9-22; Exh. C-61.)

18

Hui/MTF FOF E-59.

19

394.

20

12), and thus for the first several months of 2006 was "throwing a lot of water down," "more

21

than normal," "growing in part ofthe nine holes at Kahili, growing in the upper [Kamehameha]

22

course too." (Id. p. 135, I. 22 to p. 136, I. 8.) Hui/MTF FOF E-60.

23

395.

24

reported figure of 0.6 mgd each for the "Waikapu" and "Waikapu Slwd" courses, which are the

25

predecessors of the current courses. (Exh. C-49.) See Tr. 1/14/08 p. 132,11. 4-11 (background of

26

prior course names). Although MMK first applied the figure for the "Maui Lani" course (Dooge,

27

Dec. 11/16/07, ~~ 8-9), it later admitted that the predecessor courses offered a more accurate

28

comparison than Maui Lani or other general figures, and that aSP's reported figure of 1.2 mgd

29

was accurate. (Dooge, Tr. 1/14/08, p. 144, I. 2 to p. 145,1. 22.) Moreover, MMK has installed a

30

new irrigation and monitoring system, resulting in "greater efficiency in the use of water" and

31

lower use rates than before. (Id. p. 122,11. 12-15; p. 168, II. 9-20.) Hui/MTF FOF E-61.

MMK testified that 2006 would be the first year in which records would show a full year

MMK did not open both golf courses until May 2006 (Dooge, Tr. 1/14/08, p. 134, II. 9-

The 1.2 mgd figure paralleled the State of Hawai'i Office of State Planning's ("aSP")
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1

396.

MMK's claim that Mr. Parabicoli of Maui County advised it that reclaimed water is "not

2

feasible for irrigation of golf courses" (Dooge, Dec. 11/16/07, ~ 18), is belied by the many years

3

of reclaimed water use on golf courses on Maui and throughout the state, from both public and

4

private plants. (Parabicoli, Tr. 1/25/08, p. 137,1. 13 to p. 138, I. 10.) Contrary to MMK's claim

5

that Mr. Parabicoli advised that there was "no way" MMK could obtain reclaimed water (Tr.

6

1/14/08, p. 127,11. 5-6), Mr. Parabicoli has never been approached by any MMK representative

7

about using water from any reclamation facilities. (Parabicoli, Tr. 1125/08, p. 140, ll. 2-7.)

8

Hui/MTF, FOF.

9

397.

"Farm plans" for Wailuku Country Estates ("WCE") do not require agriculture, but

10

alternatively allow "conservation," which involves landscaping activities like planting trees and

11

grass. (Irani, Tr. 1/14/08, p. 87, 11. 14-25; p. 24, 11. 10-11.) Hui/MTF FOF E-70.

12

398.

13

6; Exh. D-92, § 1.7), which would amount to 5,435 gad for 184 lots. Hui/MTF FOF E-81.

14

399.

15

regardless of what it actually uses. WCE automatically pays for 0.5 mgd a month. (Exh. D-92, §§

16

1.8, 1.7.) HuilMTF FOF E-82.

17

400.

18

"adequate." (Irani, Tr. 1/14/08, p. 18,11.10-15; p. 92, 11.1-2.). WCE "penalize[s]" lot owners

19

who exceed their "allotment" by imposing an extra charge for "any excess over the allowable

20

use." (Irani, Tr. 1/14/08, p. 91, 1. 25 to p. 92,1. 3; Exh. A-214, p. 1.) Hui/MTF FOF E-85, E-86.

21

401.

22

county system. (Irani, Tr. 1/14/08, p. 17,11. 5-9.) Hui/MTF FOF E-84.

23

402.

24

limits further allocations so as not to provide excessive amounts of water to developments not

25

engaged in bona fide agriculture. (Tr. 12/14/07 (Eng), p. 189,1. 13 to p. 190,1. 2; Tr. 12/14/07, p.

26

4,1. 25 to p. 5; 1. 12.) Hui/MTF FOF E-74.

27

403.

28

for irrigation, and Director Eng of the Maui County Department of Water Supply has made it

29

clear to his department not to encourage such use. (Eng, Tr. 12/14/07, p. 147,1. 24 to p. 148,1.

30

5.) Hui/MTF FOF E-73.

WWC's contract with WCE states a maximum delivery of 1 mgd to WCE (Exh. D-96, p.

Like other WWC customers, WCE pays a quarterly "minimum charge" for water,

WCE limits each lot owner to a daily average use of 2,200 gallons, which it stated is

In addition to water received from WWC, WCE lots receive up to 540 gpd from the

The County has accommodated agricultural development lots with 600 to 1,200 gpd, but

The County does not have a policy to encourage new subdivisions to use surface water
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1

404.

WCE's allocation of2,200 gpd, plus the County's 540 gpd, equals 2,740 gpd, higher than

2

the 600 to 1,200 gpd the County provides to agricultural development lots. WCE claimed a

3

maximum amount of 100,000 gpd for its community park and roadside community areas, but

4

actual use was "a lot less," not "even half as much," because of the use of drought tolerant grass.

5

(Irani, Tr. 1/14/08, p. 55, 1. 22 to p. 56, 1. 1; p. 55, 11. 2-3; p. 53, 1. 11 to p. 54, l. 3; p. 54, 11. 11-

6

14.). Hui/MTF FOF E-91, E-92, E-93.

7

405.

8

petition the County to use its municipal system as an "alternative source of water for WCE

9

irrigation purposes" and observes that "[s]ince the County of Maui allows other agricultural

10

property in central Maui to use [county] water, it is unlikely the County would deny such a

11

petition." (Irani, Dec. 11/16/07, ~ 20.) Hui/MTF FOF E-94.

12

406.

13

subdivision called "Malaihi Ag" on Kahekili Highway in Waihe'e. (See Subpoena Duces Tecum

14

to Dwayne Betsill ofKCC.) KCC is one of "about 40 companies" owned by the Betsill brothers,

15

who are in the business of construction and development. (Betsill, Tr. 1/25/08, p. 110, l. 22 to p.

16

111,1. 3; Betsill, Tr. 1/14/08, p. 201, 11. 11-20.) Hui/MTF FOF E-95, E-96.

17

407.

18

KCC stated it had an agreement for 200,000 gpd: 100,000 on the Malaihi Ag. parcel, TMK No.

19

3-2-13-15; and 100,000 for a separate 113-acre parcel, TMK No. 3-2-9-1. (Betsill, Tr. 1/14/08, p.

20

210,11. 1-11.) See also Exh. D-86, Exh A; Tr. 1125/08, p. 107,11. 16-25 (TMK numbers). But

21

KCC's agreement contemplates a maximum of 100,000 gpd for both parcels. See Exh. D-86, §

22

4.06 (defining "Property" as both parcels for water use purposes). Hui/MTF FOF E-97.Apart

23

from any water supplied by WWC, each lot in the Malaihi Ag. subdivision receives up to 1,000

24

gpd from the county system. (Betsill, Tr. 1/14/08, p. 204, 1. 24 to p. 205, 1. 5.) Hui/MTF FOF E-

25

98.

26

408.

27

acreages or water usages, even though each lot is supposedly metered. (Betsill, Tr. 1/14/08, p.

28

210,11. 18-23.) Hui/MTF FOF E-99.KCC also has about eight acres of dryland taro on the 113-

29

acre parcel, as well as 17 to 21 cattle. (Betsill, Tr. 1/14/08, p. 203, 1. 21 to p. 204, 1. 2.) The 113-

30

acre parcel also contains remnant macadamia nut trees from the former Wailuku plantation, none

31

of which has been watered. (Id. p. 224, 11. 10-17.) KCC's dryland taro uses "minimal water"

Apart from the recycled water alternative discussed above, WCE recognizes it may

Koolau Cattle Company ("KCC") is another agricultural development, a 10-10t, 72-acre

WWC states a maximum contract amount for KCC of 100,000 gpd. (Exh. D-96, p. 4.)

KCC substantiated only limited water uses on both parcels and provided no details on
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1

through a drip system. (Id., p. 215, 11. 6-8.) KCC stated its water use on its total 9.25 acres of

2

dryland taro on both parcels as 15,000 to 20,000 gpd.

3

104, E-1 05. KCC noted a desire to develop the 113-acre parcel, but it has not proposed anything

4

yet after being turned down by the county because of a zoning "problem." (Betsill, Tr. 1/25/08,

5

p. 107,11.4-13.) Hui/MTF FOF E-106.

6

409.

7

a 25.4 acre parcel in Waikapii (Waiale Road). (Okamura, Tr. 1/24/08, pp. 157-58.) WWC's

8

records indicate average usage between 37,924 to 44,002 gpd (around 2,500 gad) from 2005 to

9

2007. (Exh. A-215.) KGL's usage is projected to decrease as more and more native plants and

10

less water-consuming plants are being used. (Okamura, Tr. 1/24/08, p. 180, 11. 7-18.) Hui/MTF

11

FOF E-132, E-133, E-134.

12

410.

13

p. 160,11.3-5; p. 175,11. 13-14), assuming this alternative would increase costs, because it

14

thought it buys water at a lower rate than county water. (Id. p. 160,11.20-23.) However, KGL

15

pays WWC $0.85 per 1000 gallons (Exh. D-76, § 9), which is identical to the county rate as of

16

2006 (Exh. D-90, § 1.12.) Hui/MTF FOF E-135.

17

411.

18

property. (Okamura, Tr. 1/24/08,p.160,11.9-16;p. 175,11. 15-19.) Hui/MTFFOF E-136.

19

412.

20

cultivatinglO acres in Waikapii and 10 acres in Kula using another water source. (Schenk, Tr.

21

1/25/08, pp. 82-83, p. 88,1. 21 to p. 90, 1. 3.) Hui/MTF FOF E-140, E-141.

22

413.

23

to 2007. (Exh. A-216.) Hui/MTF FOF E-142.

24

414.

25

with the understanding that the land is slated for development and a long-term lease would mean

26

the "rent would go way up." (Schenk,' Tr. 1/25/08, p. 98, 1. 19 to p. 99,1. 4.) Hui/MTF FOF E-

27

144.

28

415.

29

"THP/WMP"), which are represented by Howard Hamamoto, own 270 acres of land formerly

30

connected to the Waikapl1 golf courses. (Hamamoto, WDT 10/26/07, ~ 4.) Hui/MTF FOF E-145.

~

p. 207, 11. 13-17.) Hui/MTF FOF E-

Kihei Gardens & Landscaping ("KGL") cultivates landscaping plants on 15 to 18 acres of

KGL has "never considered" or looked into using county water. (Okamura, Tr. 1/24/08,

KGL has also only "thought about," but never looked into, installing a well on its

Melia Orchids ("MO") is a orchid distribution business in Waikapii (Waiko Road)

WWC's records indicate an average use of8,185 to 8,585 gpd (about 840 gad) from 2005

MO has only a 30-day lease on the Waikapl1 parcel from the owner, A&B Properties,

Various entities, including THP Associates and Waikapl1 Mauka Partners (collectively,
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.,

1

416.

THP/WMP's development plans on the land remain in the "schematic," "conceptual"

2

phase and involve "just tossing ideas around at this point." (Hamamoto, Tr. 1/25/08, p. 33, 11. 6-

3

20.) Any development would require numerous state and county approvals, but THP/WMP have

4

not begun the first step of applying to the state Land Use Commission. (Hamamoto, Tr. 1/25/08,

5

p. 33, 1. 6 to p. 34,1. 8.) Hui/MTF FOF E-146, E-147.

6

4.

7

HC&S

8

417.

Approximately 5,300 acres ofHC&S's sugar plantation, or about 15 percent of the

9

roughly 35,000 acres HC&S uses for sugar cane cultivation, are located in HC&S's "West Maui

10

Fields," which are within the "Maalaea Farm." (Volner, Dec. 9/14/07, ~ 3; Hew, Dec. 9/14/07, ~

11

4; Holaday, Dec. 9/14/07, ~ 4.) HuilMTF FOF F-1.

12

418.

13

'lao-Waikapu Fields. (Hew, Dec. 9/14/07, ~~ 4-6; Exh. E-l; Volner, Dec. 9/14/07, ~ 3.)

14

Hui/MTF FOF F-2.

15

419.

16

from Waihe' e River and Waiehu and 'lao Streams that is delivered to Waiale Reservoir by the

17

Spreckels Ditch and the Waihe'e Ditch via the Hopoi Chute. (Hew Dec. 9/14/07, ~~ 5, 10, 11,

18

12.) Hui/MTF FOF F-3.

19

420.

20

2007, as calculated by combining the flows measured at the Wailuku gauging station at the

21

Spreckels Ditch and the Hopoi gauging station at the Waihe'e Ditch minus whatever water was

22

determined to have passed by the Hopoi Ditch, was approximately 39 mgd. This does not

23

include any water separately delivered by WWC to the 'lao-Waikapu Fields. (Hew, WDT

24

1/29/08, ~ 12.) HC&S FOF 93.

25

421.

26

Reservoir. (Exh. E-3; Exh. E-4.) WWC FOF 255.

27

422.

28

ofthe 40.11 mgd in 2005 and 17.55 mgd of the 31.04 mgd in 2006. (Exh. A-138.) WWC FOF

29

256,260.

The West Maui Fields consist of two groups of fields - the Waihe'e-Hopoi Fields and the

The Waihe'e-Hopoi Fields, which are owned by HC&S, are irrigated with water diverted

The average amount of water delivered to the Waiale Reservoir between 1993 and July

HC&S received an average of 40.11 mgd in 2005 and 31.04 mgd in 2006 at Waiale

Ofthe amounts received at Waiale Reservoir, WWC estimates that it provided 29.14 mgd

30

31
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1

a.

System Losses

2

423.

HC&S estimates that it loses 6-8 mgd through seepage from the Waiale reservoir,

3

depending on the level of the reservoir. Seepage throughout the rest of the HC&S ditch and

4

reservoir system is estimated to be 3-4 mgd. (Volner, WDT 9114/07,

5

424.

6

the water level in Waiale Reservoir at a relatively constant level of approximately 12 feet, or 36

7

million gallons ("mg"). This level is not too close to the point where a sudden rain event would

8

cause the reservoir to overflow, but stores a reasonable amount of water to act as a buffer for

9

days when the ditch flows are low. HC&S tries to avoid letting the level drop below 9 feet, or 20

10

mg, because when the level is low, there is a greater risk of silt entering the irrigation system and

11

clogging the sand filters and irrigation tubes. Irrigation volume is therefore set as much as

12

possible to match outflows to inflows on a daily basis, adjusting for seepage and system losses.

13

(Volner, WDT 9/14/07,

14

425.

15

seepage, not all of it" and that concrete lining "is obviously another option." (Volner, Tr.

16

1130108, p. 58,11. 18-25; see also Exh. E-45, p. 2.) HC&S has no estimates of the cost to line

17

Waiale Reservoir or the other reservoirs and ditches and has undertaken no engineering or

18

financial analysis of what it would take to reduce the losses (Volner, Tr. 1/30108, p. 59,11.6-17;

19

Holaday, Tr. 1/31108, p. 135,1. 16 to p. 136,1. 14). Hui/MTF FOF F-116.

20

426.

21

based primarily on a 20-year old report, Exh. D-4A. (Suzuki, Tr. 12114/07, p. 164,1. 11 to p. 165,

22

1. 23.) Hui/MTF FOF E-35.

~

16.) HC&S FOF 96.

HC&S' policy is to try to keep reservoir levels as low as possible and tries to maintain

~

12; Volner, Tr. 1/30108, p. 58,11.7-17.) HC&S FOF 97.

HC&S acknowledges that "high density polyethylene lining could negate much ofthe

WWC estimated the losses from its ditch system as a set percentage of7.34 percent,

23
24

b.

Irrigation Practices

25

427.

According to HC&S, the Waihe'e-Hopoi Fields comprise approximately 3,950 acres.

26

(Hew, Dec. 9/14/07,

27

Waihe'e-Hopoi Fields, the approximately 300 acres included in Fields 921 and 922 are not

28

included in the 3,950-acres of the Waihe'e-Hopoi Fields because Fields 921 and 922 were

29

watered exclusively with wastewater from Maui Land and Pine ("MLP") and did not use water

~

5.) Although Fields 921 and 922 are within the geographical area of the
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1

diverted from Nil Wai 'Ehil streams during 2004 through 2006 except for flushing the drip lines. 4

2

(Volner, Tr. 1/30/08, p. 27, 1. 21 to p. 28, 1. 12; p. 28, 1. 24 to p. 28, 1. 6.) Hui/MTF FOF F-4.

3

428.

4

Monsanto: 114.6 acres in Field 913; 240.1 acres in Field 904; and 245.5 acres in Field 908.

5

(Exh. A-197 (Exh. A); Exh. A-198, pp. HC&S 02021-02022, (Exhs. A, B); Exh. A-199; Holaday,

6

Tr. 1/31/08, p. 57,1. 8 to p. 58,1. 2; p. 60,1. 10 to p. 62, 1. 2; p. 62,1. 23 to p. 64, l. 2.) Hui/MTF

7

FOF F-5.

8

429.

9

which HC&S grows sugar cane irrigated with water diverted from Na Wai 'Eha streams is

Of the 3,950-acre Waihe'e-Hopoi Fields, HC&S currently leases 600.2 acres to

Subtracting the land leased to Monsanto, the acreage of the Waihe'e-Hopoi Fields on

10

approximately 3,350 acres. Hui/MTF FOF F-6. Adding the 300 acres of Fields 921 and 922,

11

which will no longer receive MLP wastewater, the total irrigated acres will be 3,650 acres.

12

430.

13

920, an HC&S-owned field of which about 250 acres have been used for sugar cane cultivation,

14

and another thirteen fields, comprising 1080 acres (sometimes herein, the "leased fields"), that

15

HC&S leases from entities associated with Atherton, et a1. for a total of approximately 1330

16

acres. (Hew, Dec. 9/14/07, ~ 6; Volner, Tr. 1130/08, p. 12, l. 4 to p. 13,1. 11; Exh. C-67 (Exh.

17

A).) Hui/MTF FOF F-7. In December, 2007, HC&S entered a verbal agreement with the

18

Atherton Hui, through Mr. Chumbley, to lease about 40 acres ofthe 129 acres ofField 767, as

19

though it had been part of the existing 1080-acre lease, thereby increasing the total acreage to

20

1370 acres for the 'Iao-Waikapii Fields. (Volner, Tr. 1130/08, p. 211, 11. 11-18; p. 212, 1. 19 to p.

21

213,1. 17.) Hu/MTF FOF F-8.

22

431.

23

irrigation system. (Hew, Dec. 9/14/07, p. 3; Volner WDT 9/14/07, p. 2; Tr. XVI 89,180-181.)

24

WWC FOF 241.

25

432.

26

the 'lao-Waikapii Ditch; Waikapii Stream via the South Waikapii Ditch; and Waihe'e River, and

27

Waiehu and 'lao Streams via the Waihe'e Ditch past the Hopoi Chute. (Hew Dec. 9/14/07, ~~ 6-

28

8.) Hui/MTF FOF F-9.

The other group of West Maui Fields is the 'Iao-Waikapii Fields, which include Field

The' Iao-Waikapii Fields are above Waiale Reservoir and beyond the reach of HC&S' s

The 'Iao-Waikapii Fields can receive stream water from several sources: 'lao Stream via

4 But see footnote to FOF 261, supra, where in the future, MLP's wastewater will no
longer be available.
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1

433.

HC&S pays WWC a flat fee per acre for water used on the 'Iao-Waikapu Fields,

2

regardless of how much water is used; in 2005 that fee was $300/acre/year. (Tr. 1/30/08

3

(Volner), p. 26, 11. 3-7; Exh. D-56, p. 4; Chumbley, Tr. 1/24/07, p. 41, 11.3-18.) Hui/MTF FOF F-

4

10.

5

434.

6

during 2005 and 10.88 mgd during 2006. (Exh. A-138.) WWC FOF 260.

7

435.

8

based on meter readings. Instead, WWC calculates the number of gallons delivered to users other

9

than HC&S, and then attributes the balance to HC&S. As a result, water that was not actually

For HC&S's 'Iao-Waikapu Fields ("Leased Fields"), WWC reported providing 9.98 mgd

The reports of water deliveries to HC&S submitted by WWC to the Commission are not

10

delivered to HC&S could be counted as delivered to HC&S. (Chumbley, Tr., 1/24/08, p. 136,1.

11

14 to p. 138,1. 23; Exh. A-140, p. 47.) HC&S FOF 91.

12

436.

13

Hopoi Fields that it irrigated with stream waters during 2004-2006. (The remaining 300 acres

14

were irrigated with MLP's wastewater.) While there are periods of time when the irrigation

15

needs of these fields are fully satisfied, the fields are typically at a substantial moisture deficit

16

during the summer months, when solar radiation is greater and ditch flows are low. (Volner,

17

WDT 9/14/07, ~~ 13-14, 16; Volner, Tr. 1130/08, p. 66, 11. 7-20; Exh. E-5.) HC&S FOF 94.

18

437.

19

averages can misstate actual irrigation requirements. For example, HC&S could apply twice the

20

amount of water needed in the winter months and half the amount of water needed in the summer

21

months, and the average would indicate that an adequate amount of water is applied on an annual

22

basis. Yet, the sugarcane plant will not respond well, and the yields will be off. (Volner, Tr.

23

1/29/08, p. 196,1. 5 to p. 197,1. 5.) HC&S FOF 94 (footnote 1).

24

438.

25

Waihe'e Hopoi system, determining how many irrigations hours were charged to the fields, and

26

then multiplying it by the application rate. The figure was not based off of meter readings.

27

(Volner, WDT 9/14/07, ~ 17.) HC&S FOF 94(D).

28

439.

29

not in production previously and may take in more lands as it surveys field boundaries to

30

determine the actual boundaries of its fields. (Volner, Tr. 1/29/08, p. 198,1. 19 to p. 199,1. 1.)

31

HC&S FOF 94(A).

HC&S used an average of 6,828 gad or 22.87 mgd for the 3,350 acres of the Waihe'e-

HC&S does not regularly calculate and use gad in managing its operations, because

Usage was computed by using HC&S's water balance database for all the fields in the

The irrigated acres also could fluctuate yearly, because HC&S could add acres that were
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1

440.

HC&S does not perform an accounting of deliveries versus usage on a daily basis in the

2

normal course of its business. (Volner, Tr. 1/29/08, p. 201, 11. 9-12.) HC&S FOF 94(E).

3

441.

4

average of about 10.26 mgd for 1330 acres for the years 2004 -2006 (forty acres were added in

5

December 2007, FOF 430, supra). (Volner, WDT 9/14/07, ~~ 17-18; Exh. E-6.) HC&S FOF 95.

6

442.

7

irrigation system by the hours of operation. There is no significant issue of system losses other

8

than the assumed 80% delivery rate to the plants inherent in the drip system, since the water for

9

these fields is delivered by WWC directly to the fields rather than going through Waiale

For 2004-2006, HC&S used an average of7,716 gad for the 'Iao-Waikapu Fields or an

Use was calculated from HC&S records by multiplying the flow rates in the drip

~

17)

10

Reservoir and HC&S' internal ditch system. (Volner, WDT 9/14/07,

11

443.

12

sandy soil and has consumed more water that the other fields because of its porosity and also

13

because of its use for seed cane. HC&S no longer farms Field 920. Volner, WDT 9/14/07, ~ 18;

14

Volner, Tr. 1/29/08, p. 204, 1. 18 to p. 205, 1.5; Volner, Tr. 1/30/08, p. 160,11. 4-6). Excluding

15

Field 920, HC&S used an average of 7,098 gad on the remaining 1080 acres, or 7.67 mgd for the

16

'Iao-Waikapu Fields for 2004, 2005, and 2006. (Volner, WDT 9/14/07, ~ 19; Exhibit E-7.)

17

HC&S FOF 95(B), 95(C). (These fields now total 1120 acres; the forty acres ofField 767 was

18

added to the lease in December 2007 and not included in these 2004-2006 irrigation numbers.)

19

444.

20

consistently, because the available water for these fields per acre is greater than it is for the

21

Waihe'e-Hopoi Fields. As a result, historically these were among the highest yielding fields on

22

the plantation. (Volner, WDT 9/14/07, ~ 19.) HC&S FOF 95(D). However, starting in about

23

2003, even though the 'lao Waikapu Fields receive more water on a per-acre basis than the

24

Waihe'e-Hopoi Fields, the extra water does not result in a higher yield. (Volner, Tr. 1/30/08, p.

25

99,11. 10-16.) Hui/MTF FOF F-I00.

26

445.

27

approximately $30 million. Irrigating fields with drip tubes reduces water loss due to evaporation

28

and helps ensure that water applied to a field is actually delivered to the sugar cane plant. Under

29

drip irrigation, it is assumed that 80% of the water applied is delivered to the sugar cane plant.

30

This is a uniformity factor, not an efficiency factor. The uniformity factor allows one to assume

31

with a degree of confidence that 80% of all water is applied to all the sugarcane plants at the

The figure is skewed somewhat, however, by the inclusion ofField 920, which has very

HC&S is able to satisfy the irrigation requirement for the 'Iao-Waikapu Fields more

In the 1980s, HC&S installed a drip irrigation system in its fields at a total cost of
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1

same rate. It does not mean that 80% of the water is used by the plant, or that 20% of the water is

2

lost. (Volner, WDT 9/14/07, ~ lOA; Volner, Tr. 1/29108, p. 195,1. 6 to p. 196,1. 1.) HC&S FOF

3

99.

4

446.

5

water then gravity flows into a pipe or multiple pipes to sand media filters. Sand media filters are

6

pressurized vessels containing a bed of sand. Water is percolated through the sand under

7

pressure, filtering any impurities that are too large to be passed through drip emitters. Water then

8

flows through the outlet of the sand filters, generally into large main lines and then distributed

9

throughout the fields. (Volner, Tr. 1/29/08, p. 178,1. 7 to p. 179,1. 2.) Occasionally, the sand

Water in the ditch passes into a takeoff and through a screen to filter out debris. The

10

filters need to be "back flushed" with water to remove collected debris. Where possible, HC&S

11

uses the discharged back flush water for irrigation, either by returning it to the irrigation ditches

12

or by applying it to cultivated fields through perforated plastic pipes. (Volner, WDT 9/14/07, ~

13

10C; Volner, Tr. 1/29/08, p. 201, 1. 23 to p. 202, 1. 24.) HC&S FOF 100.

14

447.

15

each acre in the field there is a pressure regulator and a control valve. If a break occurs in that

16

one acre section, HC&S can isolate that section and continue to run the rest of the field. The

17

water then enters drip tubing, which generally has an emitter every 36 inches. Water is

18

discharged from emitters at the rate of 0.6 gallons per hour. (Volner, Tr. 1/29/08, p. 179,11. 3-

19

16.) HC&S FOF 101.

20

448.

21

available irrigation water is applied in "rounds" to different fields in accordance with priorities

22

that are assigned to them by the farm managers. The highest priority is given to fields that are

23

being planted, the second priority to fields that are ripening, and the third priority to all other

24

fields (routine irrigation). A round of irrigation can consist of anywhere from 24 hours up to 72

25

hours of continuous irrigation. Sometimes it can be longer, as in germinating cane, or shorter, as

26

in fertilizing. At any given time, only a fraction ofthe fields are actually receiving water (V01ner,

27

WDT 9/14/07 written direct testimony,

28

19-2l,p. 191,11. 17-24,p. 192,1l.2-4.)HC&SFOF 102.

29

449.

30

year crop cycle helps HC&S reduce costs and maximize yields. The sugarcane plant requires

31

water throughout the crop cycle, but during the last six months before harvesting, the amount of

Agricultural water meters are installed to allow HC&S to check instantaneous flows. At

Because HC&S does not have the capacity to irrigate all of its fields simultaneously,

~

lOB; Volner, Tr. 1/29/08, p. 183, ll. 11-24, p. 190,11.

Sugarcane is cultivated by HC&S in accordance with a two-year crop cycle. The two-
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1

water applied to the plant is purposely reduced to induce the plant to accumulate sucrose. To

2

facilitate the entry of machinery into the fields for harvesting, the fields are usually not irrigated

3

at all approximately 40-60 days before harvest. (Volner, WDT 9/14/07, ~ 8; Volner, Tr. 1/29/08,

4

p. 186,1. 1 to p. 187,1. 2.) HC&S FOF 103.

5

450.

6

ensure one hundred percent germination. In addition, it takes longer for the water to move to the

7

seed piece in the sandier soils. (Volner, Tr. 1/30/08, p. 196, II. 2-9.) Fares, called by Petitioners

8

as an expert in irrigation management, stated that under his water budget model, seed cane

9

requires 13 percent more water than crop cane, assuming three crop cycles of eight months

HC&S uses slightly more water on a newly planted seed cane field than on a crop field to

10

running consecutively across a 24-month period. (Fares, Tr. 2/15/08, p. 21, II. 20-21 and p. 65,1.

11

21 to p. 67, I. 9.) HC&S FOF 104.

12

451.

13

defined as the loss of water from the soil both by evaporation and by transpiration from the

14

plants growing in the soil. The evapo-transpiration rate varies during the year, depending on

15

weather conditions, solar insulation, temperatures, humidity, and wind speed. In order to

16

maintain sugar yields, the sum of available rainfall plus irrigation water applied to the fields must

17

approach the evapo-transpiration rate to promote efficient growth. The evapo-transpiration rate

18

tends to be the highest during the months of May through September, which are the peak

19

growing, planting, and harvesting periods for the plantation. Adequately meeting evapo-

20

transpiration rates is directly correlated with crop yield potential. (Volner, WDT 9/14/07, ~ 9.)

21

HC&S FOF 105.

22

452.

23

requirements of its fields. The water balance model essentially calculates a water budget that

24

accounts for "deposits" of water in the form of rainfall and irrigation and "withdrawals" in the

25

form of evapo-transpiration. HC&S uses its water balance model as a managerial prioritization

26

tool to determine what needs to be irrigated. It also tracks what is applied to the field. (Nakahata,

27

WDT 11/16/07, ~ 3; Volner, Tr. 1/29/08, p. 185, II. 23-25; Nakahata, Tr. 2/15/08, p. 168,11. 3-

28

10.) HC&S FOF 106.

29

453.

30

situated across the plantation and rainfall data from rainfall stations. HC&S personnel input the

31

evaporation and rainfall data into the water balance model along with data on the soil moisture

HC&S determines the irrigation needs by the daily evapo-transpiration rate, which is

HC&S employs a computerized water balance model to determine the irrigation

On a daily basis, HC&S collects evaporation data from fifteen major weather stations
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1

storage for the fields and the number of irrigation hours applied. The model then applies the data

2

to a modified Penman equation. The result is the water status for each field. The model then

3

prioritizes the field based on which field should receive water next. (Volner, Tr. 1/29/08, p. 189,

4

1. 25 to p. 190,1. 12; Nakahata, Tr. 2/15/08, p. 169,1. 7 to p. 170,1. 15.) HC&S FOF 107.

5

454.

6

cane grown on HC&S's fields using a computerized daily water budget model. (Fares, WDT

7

10126/07, ~~ 1-5; Fares, Tr. 2/15/08 p. 20, 11. 6-9, p. 29,11.3-5; exh. A-80.) Hui/MTF FOF F-13.

8

455.

9

system as evapo-transpiration, overflow, runoff, excess due to drainage; and the storage

Fares, Hui/MTF's expert witness, calculated the optimal irrigation requirements for sugar

Fares' model accounts for water going into the plantation system, and water leaving the

10

capability of the soil. The purpose of the model is to calculate the optimal irrigation requirements

11

for sugarcane grown in Central Maui. Fares explained that the optimal irrigation requirement is

12

the amount of irrigation water needed to keep the soil moisture level above the allowable water

13

deficit ("AWD"), which is a given percent of the soil moisture level at which the sugarcane plant

14

wilts and can no longer take water from the soil. Fares' model assumes that the AWD is 65

15

percent of the available soil water holding capacity ("ASWHC"). (Exh. A-80; Fares, Tr.

16

2/15/08, p. 30, 1. 11 to p. 31, 1. 2 and p. 59, 1. 18 to p. 60, I 2.1) The model is not intended to

17

determine how much irrigation water to apply on a daily basis. (Fares, Tr. 2/15/08, p. 31, 11. 3-

18

24.) HC&S FOF 108.

19

456.

20

historical rainfall data, evapotranspiration or pan evaporation data for as long a period as

21

available from the location in which the crop will be grown, and data regarding the soil

22

characteristics and crop parameters. (Fares, Tr. 2/15108, p. 31,1. 25 to p. 32, 1. 20.) The program

23

then calculates, over the historical period covered by the rainfall data, how much irrigation water

24

would have been required to grow the crop. (Fares, Tr. 2/15/08, p. 34, 1. 20 to p. 35, 1. 9.) The

25

results are statistically analyzed to determine, inter alia, average daily amount of irrigation water

26

needed in the wettest year (xmin) and the driest year (xmax) in the period of record, as well as

27

the amount of irrigation water that would have supplied the irrigation requirement between these

28

two extremes. (Exh. A-80, pp. 5-7; Fares, Tr. 2/15/08, p. 35, ll. 10-23.) Hui/MTF FOF F-16.

29

457.

30

Waikapu fields. Fares used an 80 percent probability for satisfying the crop's irrigation

31

requirements (80% ofthe time, or four out of five years), because it is the industry standard for

The computer program Fares used for his water budget methodology requires, as inputs,

Table 10 summarizes Fares's requirements estimates for the Waihe'e- Hopoi and 'Iao-
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2

calculating crop water duties in both the government and private sectors, including the Hawai'i
Natural Resource Conservation Service of the United States Department of Agriculture. s (Exh.

3

A-80, pp. 5-7; Fares, Tr. 2/15/08, p. 35,11. 10-23.) Hui/MTF FOF F-17.

4

458.

5

Hawai'i Soil Survey published by the United States Department of Agriculture. (Exh. A-80, p.

6

3.) The crop parameters Fares used, including the crop coefficient for sugar cane, the wilting

7

point, and the root depth, were obtained from literature. (Fares, Tr. 2/15/08, p. 75, 11. 12-22.)

8

Hui/MTF FOF F-18.

9

459.

1

The data on soil characteristics that Fares used in his model were from the State of

Fares used 54 years of daily rainfall data from a NOAA National Climatic Data Center

10

weather station located in the direct vicinity of the fields in question. (Exh. A-80, p. 2; Exh. A-

II

80A; Exh. A-80B; Fares, Tr. 2/15/08, p. 35,1. 24 to p. 37,1. 20.) To account for the spatial

12

variability of the rainfall, Fares adjusted the rainfall data according to isohytes, or contour lines

13

demarcating spatial rainfall gradients, which were developed as part of the Hawai'i Rainfall

14

Atlas. (Fares, Tr. 2/15/08, p. 37,1. 25 to p. 40, 1. 6; Exh. A-80C.) Hui/MTF FOF F-19.

15

460.

16

evaporation of water from an open pan with certain characteristics (pan evaporation, or PE),

17

which can then be correlated to the water demands of the specific crop. (Fares, Tr. 2/15/08, p. 41,

18

1. 18 to p. 42, 1. 21; p. 80,1. 2Ito p. 81,1. 8.) Hui/MTF FOF F-20.

19

461.

20

1894 to 1983, collected by the sugar industry and published in a Department of Land and Natural

21

Resources ("DLNR") report prepared by Ekern and Chang, which reported historical monthly

22

mean pan evaporation values. (Exh. A-80, p. 2; Fares, Tr. 2/15/08, p. 47, 1. 1 to p. 48, 1. 23.)

23

Hui/MTF FOF F-21.

Evapotranspiration ("ET") can be calculated, in the absence of direct measurements, by

Fares used site-specific historical pan evaporation data spanning almost a century, from

S For example, for the Waihe'e-Hopoi Fields, Fares calculated that 5674 gad would
satisfy irrigation requirements 80% of the time. At 5317 gad, irrigation requirements would be
satisfied 50% of the time, so 5674 gad at the 80% rate would be at least 357 gad or more than
needed for 50% of the time. Similarly, 6005 gad would satisfy irrigation requirements 100% of
the time, and at the 80% rate of 5674 gad, up to 331 gad more would be needed to satisfy the
irrigation requirements for the remaining 20% of the time. Finally, at the 100% rate, even though
all acres would receive sufficient water all the time, more water than needed would be applied
nearly all the time. The Commission monitors water use on a 12-month moving average (12MAV), and at an average rate of 5674 gad, daily irrigation requirements of 6005 gad could be
applied and be offset by days when the requirements were less than 5674 gad, as long as the 12MAV stays within the range of 5674 gad.
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1

462.

To calculate the crop evapotranspiration (ETc) from the measured pan evaporation, the

2

two-step methodology employed by Dr. Fares uses a reference crop, in this case a grass 15 cm

3

above ground that is not stressed and has no diseases. The potential, or reference, ET (ET0) is

4

calculated using the equation ET0 = PE x Kp , where PE is the measured pan evaporation and K p

5

is the pan coefficient for the reference crop. The crop ET (ETc) is then calculated using the

6

equation ETc = K c x ET0, where Kc is a crop coefficient specific to the crop being grown, in this

7

case, sugar cane, that varies over the growth cycle of the crop, and is available from peer-

8

reviewed literature. (Fares, Tr. 2/15/08, p. 43,1. 8 to p. 44, 1. 7; p. 45, 1. 4 to p. 46, 1. 25; Exh. A-

9

80, p. 2.) HuilMTF FOF F-22.

10

463.

Fares ran his water budget program on each of the four TMK parcels comprising HC&S's

11

'Iao-Waikapu Fields and the three TMK parcels comprising HC&S's Waihe'e-Hopoi Fields.

12

(Exh. A-80, pp. 6-7.) Given that HC&S plants sugar cane year-round, Fares accounted for

13

variations in the optimal irrigation requirements based on the month in which a crop was planted

14

by running the model 12 times for each TMK, to simulate a crop planted in each month of the

15

year, and averaging the results. (Exh. A-80, p. 5.) Hui/MTF FOF F-26.

16

464.

17

irrigation requirement over the 54-year period of rainfall data ranged between 4,211 gad (xmin)

18

in the wettest year during that period and 6,005 gad (xmax) in the driest year, and that 5,674 gad

19

would satisfy the optimal irrigation requirements for sugar cane grown in the Waihe'e-Hopoi

20

Fields in 80% of those 54 years. (Exh. A-80, p. 6.) Hui/MTF FOF F-27.

21

465.

22

requirements over the same 54-year period of record ranged between 3,648 gad (xmin) in the

23

wettest year during that period and 5,558 gad (xmax) in the driest year, and that 5,150 gad would

24

satisfy the optimal irrigation requirements for sugar cane grown in the' Iao-Waikapu Fields in

25

80% of those 54 years. (Exh. A-80, p. 7.) Hui/MTF FOF F-28.

26

466.

27

Waikapu Fields into Field 920 and the leased fields. For Field 920 ( TMK No. (2) 3-8-5-23), the

28

optimal irrigation requirements over the 54-year period of record ranged between 4,443 gad

29

(xmin) in the wettest year and 6,109 gad (xmax) in the driest year; and 5,752 gad would satisfy

30

the optimal irrigation requirements for sugar cane grown in Field 920 in 80% of those 54 years.

31

(Exh. A-80, p. 7.) Hui/MTF FOF F-29.

For the Waihe'e-Hopoi Fields, Fares's water budget program calculated that the optimal

For the' Iao-Waikapu Fields, Fares's methodology calculated that the optimal irrigation

Fares also divided his calculations of the optimal irrigation requirements for the 'Iao-
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1

467.

When the weighted averages for the' Iao-Waikapu Fields are recalculated to exclude

2

Field 920, the optimal irrigation needs of the leased fields over the period of record range

3

between 3,483 gad (xmin) in the wettest year and 5,444 (xmax) in the driest year; and 5,026 gad

4

would satisfy the optimal irrigation requirements 80% ofthe time. (Exh. A-80, p. 7.) HuilMTF

5

FOF F-30.

6

468.

7

water balance model, but different in significant respects. (Nakahata, Dec. 11/16/07, ~ 5.) For

8

the input of rainfall, Fares used 54 years of rainfall data collected from the Pohakea Bridge

9

Station 307.2 operated by the National Climatic Data Center, and adjusted the data to account for

HC&S experts were of the opinion that the Fares model is conceptually similar to HC&S'

10

spatial variability of rainfall in the specific geographic area where the model is being applied.

11

To perform the adjustment, Fares multiplied the data by the ratio between the isohyets going

12

through Station 307.2 and the isohyets going through the midpoint of the subject property. Fares

13

then took the mean and median of the historical rainfall data. (Exh. A-80, pp. 2, 5; Exh. A-80A;

14

Exh. A-80C; Fares, Tr. 2/15/08, p. 35, 1. 24 to p. 39,1. 12.) Ogoshi, an Associate Agronomist at

15

the University ofHawai'i at Manoa, Department of Tropical Plant and Soil Sciences and a

16

colleague of Fares, testified that Fares' method of interpolating data to approximate local

17

conditions has not been tested for accuracy. (Ogoshi, Tr. 2120/08, p. 165,1. 22 to p. 166,1. 17.)

18

HC&S FOF 109.

19

469.

20

determine its daily irrigation requirements. HC&S collects data from its 41 rain stations and 15

21

evaporation stations located throughout the plantation; four of the rain stations and two of the

22

evaporation stations are located in the West Maui Fields. (Nakahata, Dec. 11/16/07, ~ 7.) Real-

23

time data is more reliable than long-term daily averages in helping to determine, on any given

24

day, the amount of moisture replacement the soils need in order to optimize the growth of the

25

sugarcane. For example, a daily average over the course of a month in which it rained very

26

heavily for just a few days would lead to under irrigating for the majority of the month. Further,

27

during extended periods of low rainfall, relying on historic averages would result in under

28

irrigating for most of the year. (Nakahata, Dec. 11/16/07, ~ 6; Ogoshi, Dec. 11/16/07, ~ 5.)

29

HC&S FOF 110.

30

470.

31

step is to calculate the reference evapo-transpiration (ET0), which is the evapo-transpiration rate

Unlike the Fares model, HC&S relies on real-time data collected at its weather stations to

For the input of evaporation, the Fares model engages in a two-step process. The first
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1

for a reference crop. The reference crop is grass with 15 centimeters above the ground when

2

water is not stressed. The ET0 is calculated by multiplying pan evaporation (PE) by a pan

3

coefficient for the reference crop (K p). Fares used 0.8 as the pan coefficient for sugarcane. The

4

second step in the process is to multiply the ET0 by the crop coefficient (Ke) for sugarcane,

5

which in Fares's model increases linearly from 0.4 at planting to 1.25 as the crop develops to the

6

point of peak growth, then decreases linearly to 0.75 at the end of the growing season. (Exh. A-

7

80, p. 2; Fares, Tr. 2/15108, p. 43 1. 8 to p. 45, 1. 3. 6) HC&S FOF 111.

8

471.

9

model does not apply a pan coefficient, but rather, applies the crop coefficient directly to the pan

Unlike the Fares model, which uses a pan coefficient of 0.8, HC&S's water balance

10

evaporation value. HC&S's crop coefficient starts at 0.4 and reaches a maximum of 1.0, in

11

contrast to Fares's crop coefficient of 0.4 to a maximum of 1.25. (Nakahata, Tr. 2/15/08, p. 171,

12

11. 11-25; Nakahata, Tr. 2/20108, p. 33, 11. 18-19.) HC&S based its method on studies done

13

within the sugarcane growers industry, such as:
A.

14

Ekern & Chang, Pan Evaporation: State of Hawai'i, 1894-1983 (1985)

15

(Exh. E-35, pp. 49-50; Nakahata, Tr. 2/15/08, p. 171,11. 11-25; Nakahata, Tr. 2/20108, p.

16

33,11. 18-19);
B.

17

Cornelison & Humbert, Irrigation Interval Control in the Hawaiian Sugar

18

Industry (1960) (Exh. E-36; Nakahata, Tr. 2/15/08, p. 175,11. 1-25; Nakahata, Tr.

19

2/20108, p. 43,1. 12 to p. 43, 1. 18);

20

C.

Santo & Bosshart, Amounts of Water Versus Yield Relationships of Drip-

21

Irrigated Sugarcane (1982) (Exh. E-38, p. 6, Figure 1; Nakahata, Tr. 2115/08, p. 178, 11.

22

14-23);

23
24
25
26
27
28

D.

Santo & Beminzer, Effects ofIrrigation and Nitrogen on Yields of Drip-

Irrigated Sugarcane (Exh. E-39, Nakahata, Tr. 2/15/08, p. 181,1. 15 to p. 182,1. 13);
E.

Chang, Campbell, Brodie, & Baver, Evapotranspiration Research at the

HSPA Experiment Station (Exh. E-42, p. 13);
F.

Jones, A Review of Evapotranspiration Studies in Irrigated Sugarcane in

Hawaii (1980) (Exh. E-32, p. 198)

6 Exhibit A-80 identifies Fares's crop coefficient as 0.7, but in his oral testimony, Fares
corrected this to 0.8.
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1

HC&S calculates the crop coefficient using a leaf area index curve developed by a researcher at

2

the Hawaii Sugar Planters Association it retained in the late 1980's. (Nakahata, Tr. 2/5/08, p. 170,

3

1. 16 to p. 171,1. 10, p. 172,

4

472.

5

until 1983. (Exh. E-35.) Because Fares calculated outputs from his model up to 2004, it appears

6

that the evaporation figures he used for 1983 to 2004 are monthly means calculated from data

7

prior to 1983. However, using monthly means might not accurately reflect inter-annual variations

8

in rainfall which in turn correlate with variations in pan evaporation. (Ogoshi, Tr. 2/20/08, p. 168,

9

1. 19 to p. 169,1. 23.) HC&S FOF 113.

n.

1-4.) HC&S FOF 112.

Fares relied on evaporation data reported in Ekern & Chang (1985), which only go up

10

473.

In calculating the gross daily optimal irrigation requirement, the Fares model assumes

11

irrigation efficiency of 85% for drip irrigation. Fares defined irrigation efficiency as the

12

percentage of water that will be delivered to the plant. Thus, irrigation efficiency of 85%

13

assumes that of 100 gallons pumped, 85 gallons will be delivered to the plant. According to

14

Fares, 85% irrigation efficiency is the industry standard. (Fares, Tr. 2/15/08, p. 51,1. 17 to p. 53,

15

1. 6.) Fares had no opinion on whether HC&S's irrigation practices are efficient or inefficient.

16

(Fares, Tr. 2/15/08, p. 146,11. 13-16.) HC&S also takes into account the different types of tubing

17

used in the field, the length ofthe tubes, and variations in topography. Therefore, HC&S uses an

18

80% efficiency factor. (Nakahata, Tr. 2/15/08, p. 191,1. 18 to p. 192,1. 11 and p. 196,1. 10 to p.

19

197,1. 8.) HC&S FOF 114.

20

474.

21

Fares, Tr. 2/15/08, p. 87,11. 17-24.) For this parameter, Fares relied on values coinciding with

22

those reported for sugarcane in FAO Irrigation and Drainage Paper No. 56, Crop

23

Evapotranspiration. ("FAO Paper No. 56"), Table 11 (Exh. E-31, p. 107, Table 11; Fares, Tr.

24

2/15/08, p. 93, 11. 5-21.) FAO PaperNo. 56 cautions that the values in Table 11 are to be used as

25

guides, and should be checked against local conditions:

One of the parameters used in the Fares model is crop growth stage. (Exh. A-80, p. 3;

26

"[t]he values in Table 11 are useful only as a general guide and for

27

comparison purposes. The listed lengths of growth stages are average lengths for

28

the regions and periods specified and are intended to serve only as examples.

29

Local observations of the specific plant stage development should be used,

30

wherever possible, to incorporate effects of plant variety, climate and cultural

31

practices. Local information can be obtained by interviewing farmers, ranchers,
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1

agricultural extension agents and local researchers, by conducting local surveys,

2

or by remote sensing. When determining stage dates from local observations, the

3

guidelines and visual descriptions may be helpful.

4

(ExhibitE-31 at 108.) HC&SFOF 115.

5

475.

6

observe or study the conditions specific to HC&S's fields. (Fares, Tr. 2115/08, p. 23, ll. 19-22, p.

7

141,1. 24top. 143,1. 12,p. 102,1. 17top.l04,1.2.)HC&SFOF 116.

8

476.

9

never done any field work concerning the irrigation of sugarcane nor has he studied the actual

Fares reviewed literature relating to growing sugarcane in Hawai'i. He did not, however,

Fares has not personally visited the fields or inspected HC&S' irrigation system. He has

10

usage of water for sugarcane. (Fares, Tr. 2/15/08, p. 23, ll. 19-22, p. 28, ll. 2-10, 21-24, p. 141,1.

11

24 to p. 143,1. 12.) HC&S stressed the importance of basing water management on conditions in

12

the field rather than on models. (Volner, Tr. 1/29/08, p. 211, 1. 14 to p. 213, 1. 22, p. 214, 1. 23 to

13

p. 216,1. 10.) HC&S FOF 117.

14

477.

15

conditions and practices in HC&S's West Maui Fields. For example, Fares' model does not

16

account for water that must be run through the irrigation system to detect leaks. (Nakahata, Tr.

17

2115/08, p. 202,1. 9 to p. 203,1. 7.) The model also fails to account for irrigation water "lost"

18

because it is applied just before it rains. (Nakahata, Tr. 2/15/08, p. 203, ll. 8-23.) HC&S FOF 118.

19

478.

20

water to a field to restore its soil moisture storage level to 100 percent once it depletes to 65

21

percent. (Fares, Tr. 2/15/08, p. 132, ll. 15-25.) In practice, irrigation water may not necessarily be

22

available at the point the soil moisture level reaches 65 percent. Especially in the dry summer

23

months, fields could go for weeks without being irrigated. (Nakahata, Tr. 2115/08, p. 187, 11. 4-

24

22.) Moreover, because HC&S does not operate 24 hours a day, it may not necessarily have

25

enough personnel on hand to shut water off to fields precisely at the point when the soil moisture

26

reaches 100 percent. (Nakahata, Tr. 2/15108, p. 189,1. 22 to p. 191,1. 7.) Therefore, if significant

27

flows in the ditches are available, HC&S might intentionally irrigate in excess of the amount

28

needed to restore the soil moisture level to 100 percent to create a reserve of water that can be

29

tapped by the deeper part of the root zone in times of drought. (Nakahata, Tr. 2/20/08, p. 20, 11.

30

9-22.) HC&S FOF 119.

Fares' model and the generalizations drawn from it do not necessarily track actual

Fares' model assumes it is always practical for a sugarcane grower to apply irrigation
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1

479.

HC&S's water balance model considers the root zone to be where the majority of the

2

roots are, which is at the approximate depth of two feet, but the roots could actually extend as

3

deep as six feet. Nakahata testified about her observations of experiments conducted on HC&S

4

Fields 921 and 922 in which lysimeters were installed at six feet depth and did not receive any

5

water. Thus, although the water balance model would consider water going beyond the majority

6

root zone to be "lost," it could still be available to the plant. This is the case even in fields with

7

sandier soils, because moisture-retaining soil (such as loam) could lie beneath the sandy soil

8

surface where the majority root zone resides. (Nakahata, Tr. 2115/08, p. 21, 11. 11-14, p. 24, 1. 14

9

to p. 26, 1. 17, p. 29, 1. 7 to p. 30,1. 24, p. 31, 11. 16-19.) HC&S FOF 119 (footnote).

10

480.

HC&S will deviate from its water balance model as dictated by field conditions and other

11

practical requirements. For example, HC&S does not rely strictly on the crop coefficient in the

12

initial phase of crop growth. When a field is first planted, the primary objective is to keep the

13

seed piece moist so as to ensure germination. (Volner, Tr. 1/29/08, p. 192,1. 21 to p. 193,1.6;

14

Nakahata, Tr. 2/15/08, p. 185,11.14-18.) Water also needs to be applied constantly in the initial

15

stage of growth to keep away the lesser cornstalk borer (elasmopalpus lignosellus) from boring

16

into the shoots. (Nakahata, Tr. 2115/08, p. 185,1. 19 to p. 186,1. 7; Nakahata, Tr. 2/20/08, p. 91,

17

11. 15-23.) Therefore, in the first six weeks to two months of a crop, HC&S might irrigate above

18

the amount correlated to the 0.4 crop coefficient that its water balance model uses for the initial

19

stage ofa crop. (Nakahata, Tr. 2/15108, p. 186,11.8-12.) Once a crop reaches the ripening state,

20

the amount of water applied is no longer determined by evapo-transpiration. Instead, HC&S

21

takes cane samples to determine when to irrigate the field. (Nakahata, Tr. 2115/08, p. 184,11.6-

22

14; Volner, Tr. 1129/08, p. 192,11.14-20.) Other reasons for applying water to the fields besides

23

replacing moisture lost to evapotranspiration include application of fertilizer and herbicides.

24

(Volner, Tr. 1/29108, p. 193,11. 12-17, p. 193,1. 22 to p. 194,1. 15.) HC&S FOF 120.

25

481.

26

requirements calculated using the model to water duties for Hawai'i crops recommended by the

27

National Resources and Conservation Services ("NRCS") of the U.S. Department of Agriculture.

28

(Fares, Tr. 2115/08, p. 133,1. 18 to p. 136,1. 13.) The NRCS recommendations are not published

29

or peer reviewed. (Fares, Tr. 2/15/08, p. 137,11. 3-11.) Moreover, the NRCS recommendations

30

do not report data taken from the field. Thus, attempting to validate a model with the NRCS

31

recommendations amounts to comparing one modeling methodology to another. (Fares, Tr.

Fares has attempted to validate his model by comparing the optimal irrigation

80

1

2115/08, p. 137,1. 15 to p. 138,1. 1.) Proper validation ofa model requires comparison to an

2

independent data set based on sugarcane grown in the field. (Fares, Tr. 2/20108, p. 163,1. 16 to p.

3

164,1. 19.) HC&S FOF 121.

4

482.

5

the optimal irrigation requirements computed by Fares under his model. (Exh. A-80, pp. 6-7.)

6

However, Fares declined to opine that HC&S is over-irrigating its fields. Fares would only say

7

that under his model, the optimal irrigation requirement is less than what HC&S actually used in

8

2004 through 2006. (Fares, Tr. 2115/008, p. 143,1. 20 to p. 144,1. 9.) HC&S FOF 122.

9

483.

HC&S' actual water usage for the West Maui Fields in 2004 through 2006 is higher than

2004 to 2006 were low rainfall years. (Exh. E-52.) Thus, it is plausible for 2004 to 2006

10

data to lie outside the probabilities generated from 1930-1983, which is the period of the data set

11

that Fares relied on for the rainfall input of his model. (Ogoshi, Dec. 11/16/07, ~ 6; Ogoshi, Tr.

12

2/20108, p. 202, 1. 23 to p. 203, 1. 17.) HC&S FOF 122 (footnote).

13

484.

14

coefficient (1.25) is the same as HC&S's crop coefficient of 1.0 (HC&S does not use a pan

15

coefficient, FOF 471, supra). In the rest of the growth cycle, HC&S's method would apply more

16

water in the initial growth stages for crops planted in the summer,7 but HC&S does not use its

17

water balance model during ripening, which starts six months before harvest, during which the

18

cane uses "very, very little water," and drying, which begins forty to sixty days before harvest,

19

when HC&S does not apply any water at all. In contrast, Fares's method decreases the irrigation

20

linearly for the six months before harvest, decreasing the crop coefficient from 1.25 to 0.75, and

21

would continue applying irrigation water during drying. (Exh. A-80; Fares, Tr. 2115/08, p. 29, 11.

22

20-22 and p. 171,11.8-10,20-22; Exh. C-80; Nakahata, Tr. 2/20108, p. 54,1. 4 to p. 55,1. 2; p.

23

68,1. 24 to p. 72, 1. 7; Hew, Tr. 1129108, p. 84,11.8-10; Exh. C-78 (Exh. F), p. 2.) HuilMTF FOF

24

F-34.

25

485.

26

term data (Ogoshi, Dec. 11116/07, ~ 5) and his suggestion that using HC&S's 2004 through 2006

During the peak growth period the product of Dr. Fares's pan coefficient (0.8) and crop

In response to Ogoshi's criticism that real-time weather data is superior to historical long

HC&S uses a crop coefficient of 0.4 in the initial growth stages and does not use a pan
coefficient. Fares uses the same crop coefficient in the initial growth stages, but also applies a
pan coefficient of 0.8, resulting in multiplying the pan evaporation rate by 0.32. HC&S
multiplies the pan evaporation rate by 0.4, or about 25% (.08/.32 = 25%) more than in Fares's
model. HC&S also states that it might irrigate above the amount correlated to its 0.4 crop
coefficient to keep the seed piece moist and to keep away the lesser cornstalk borer. FOF 480,
supra.
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1

weather data may result in a higher optimal irrigation requirement for those years, Fares

2

compared HC&S's evaporation and rainfall data from 2004 through 2006 with the long term

3

data, and determined that on both the Waihe'e-Hopoi Fields and the 'Iao-Waikapu Fields, the

4

mean rainfall for 2004 through 2006 was actually higher than the mean rainfall over the 54-year

5

period of record and the mean evaporation was lower. (Fares, Tr. 2/15/08, p. 40, 11.7-23; p. 49, 1.

6

25 to p. 51, 1. 16; Exh. A-80D; Exh. A-80E.) Accordingly, Fares's water balance program

7

calculated a lower optimal irrigation requirement for the Waihe'e-Hopoi Fields using HC&S

8

2004 through 2006 weather data than it did using the long-term weather data. (Exh. A-80F; Fares,

9

Tr. 2115/08, p. 58,1. 18 to p. 59,1. 7.) HuilMTF FOF F-39.

10

486.

Another difference between Fares and HC&S, which also results in Fares's model

11

calculating a higher optimal irrigation requirement than HC&S's model, is depth of the root zone

12

irrigated. Fares's calculations are based on irrigating a root zone which is initially 18 inches deep

13

at planting, increases to 36 inches deep by the end of the first year, and remains at 36 inches deep

14

throughout the second year. (Exh. A-80, p. 3.) (Fares' model overstates irrigation needs in the

15

early growth stages by calculating the irrigation requirements to a depth of 18 inches, because at

16

planting, the seed pieces have no roots.) HC&S calculates irrigation need for a root zone that is a

17

maximum of two feet deep. During the initial crop growth stages, HC&S reduces that depth by

18

applying the crop coefficient. (Nakahata, Tr. 2/20108, p. 32,11. 11-16; p. 18,1. 8 to p. 19,1. 6.)

19

HuilMTF FOF F-41.

20

487.

21

records, and so, notwithstanding his disagreement with Fares's results to the extent they

22

indicated that HC&S had overirrigated the Waihe'e-Hopoi Fields and 'Iao-Waikapu Fields in

23

2004 through 2006, Ogoshi did not reach any conclusion that HC&S did not overirrigate those

24

fields during that period; he did not know one way or the other. (Ogoshi, Tr. 2/20108, p. 178,11.

25

15-25.) Hui/MTF FOF F-52.

26

488.

27

optimal irrigation requirements than HC&S's is the choice of irrigation efficiency. (Fares, Tr.

28

2/15108, p. 51,1. 17 to p. 52,1. 9; p. 128, 11.

29

In running his program, Fares selected 85 percent for the irrigation efficiency. (Exh. A-80, p. 3

30

(Table 1); Fares, Tr. 2/15/08, p. 127,11.21-24.) Although drip irrigation can have irrigation

31

efficiency greater than 90 percent, Fares selected 85 percent because it is the irrigation industry

Ogoshi, HC&S's expert, did not analyze HC&S's water balance model or irrigation

Fares concluded that the only difference that results in his model calculating lower

7-9~

Nakahata, Tr. 2/20108, p. 72, 1. 8 to p. 74,1. 7.)

82

1

standard and the minimum efficiency for which drip irrigation systems are designed. (Tr. 2/15/08

2

(Fares), p. 52,1. 10 to p. 53,1. 6; p. 127,11.21 to p. 128,1. 3; p. 132,11. 1-11.) For the purpose of

3

its water balance program, HC&S assumes that "under drip irrigation ... 80 percent ofthe water

4

applied gets to the cane plant." (Exh. C-78 (Exh. F), p. 1; Volner, Dec. 9/14/07, ~ 10.A.)

5

Hui/MTF FOF F-42, F-43, F-44.

6

489.

7

HC&S's engineers. (Nakahata, Tr. 2/15/08, p. 198,11. 18-24.) Volner and Nakahata agreed that

8

the 80 percent efficiency (or uniformity) assumption has been used since before either of them

9

started with HC&S; neither is aware of any actual measurements or studies conducted by HC&S

10

to verify the assumption. (Nakahata, Tr. 2120/08, p. 74, 11. 8-11, p. 76, 11. 21 to p. 77, 1. 1; Volner,

11

Tr. 1130/08, p. 84,1. 22 to p. 85,1. 3; p. 88,11. 1-4.) HuilMTF FOF F-48.

12

490.

13

use, was not from its water balance model. Volner testified that, by "historical daily

14

requirement," he meant "the historical evapotranspiration for the Waihe'e-Hopoi fields which is

15

based on historical records of Field 906.... It is what was actually required by the weather

16

conditions." (Volner, Tr. 1/30/08, p. 67,11.2-6, p. 68, 11. 5-6.) The data from HC&S's weather

17

stations, including the station at Field 906, is evaporation data, not a measurement of

18

evapotranspiration (which, in HC&S's method, is calculated by applying a crop coefficient but

19

not a pan coefficient to the evaporation data). (Exh. A-80E; Nakahata, Dec. 11/16/07, ~ 7;

20

Nakahata, Tr. 2/20/08, p. 78,1. 24 to p. 79,1. 11; p. 83,1. 18 to p. 84, 1. 19; Nakahata, Tr.

21

2/15/08, p. 166,11. 11-13; p. 173,11.4-9; Volner, Dec. 9/14/07, ~ 9.) Hui/MTF FOF F-54.

22

491.

23

Fields, Volner testified that HC&S used 0.25 inches as the average of the historical evaporation

24

measured at Field 906, multiplied it by 27,152 to convert it to gallons, and then divided by the

25

acreage. (Volner, Tr. 1130/08, p. 67, 11. 7-12.) 6,826 gad is HC&S's conversion of the historical

26

daily evaporation at Field 906, which is measured in inches, into gallons per acre. (Volner, Tr.

27

1130/08, p. 174,11.8-12.) Hui/MTF FOF F-55.

28

492.

29

through evapotranspiration must be replaced by irrigation. (Volner, Tr. 1130/08, p. 67,11. 16.)

30

Efficient growth and sugar yields are maintained when the sum of the available rainwater plus

According to Nakahata, the 80 percent irrigation efficiency assumption was provided by

The evidence HC&S provided of its actual water requirements, as opposed to its water

To calculate the "historical daily requirement of 6,826 gad" for the Waihe'e-Hopoi

HC&S's calculation does not account for rainfall but assumes that all of the water lost
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1

irrigation water approach the evapotranspiration rate. (Volner, Dec. 9/14/07, ~9.) Hui/MTF FOF

2

F-56.

3

493.

4

consideration the growth stage of the crop (both Fares' and HC&S's models use a crop

5

coefficient that varies with crop cycle to calculate the evapotranspiration) and thus overestimates

6

irrigation requirements by assuming that, at any given time, all of the Waihe'e-Hopoi Fields are

7

in the maximum growth stage in which evapotranspiration is roughly equal to pan evaporation.

8

Use of daily average evaporation as a measurement of need does not account for fields that use

9

less than the evaporation rate because they are in the initial growth stage, ripening, or drying

Using the daily average evaporation as a measure of water need also does not take into

10

(See Exh. C-80), or fields that are not using water because they are between harvest and planting,

11

a period that can range from several weeks to several months (Volner, Tr. 1130/08, p. 23, I. 13 to

12

p. 24, I. 10.) Hui/MTF FOF F-57.

13

c.

14

Alternative Water Sources

15

494.

HC&S's Well No.7. From 1927 until additional Na Wai 'Eha water became available in

16

the 1980s, HC&S's primary source of irrigation water for its Waihe'e-Hopoi Fields was Well No.

17

7 (USGS No. 16), a brackish water well. (Volner, Tr. 1130/08, p. 107, II. 6-12; Exh. A-143, pp.

18

127, 156 (map),

19

495.

20

(Exh. A-148, pp. 1-2,5.) Since the additional Na Wai 'Eha flows became available, HC&S has

21

minimized its use of Well No.7 (Volner, Dec. 9/14/07, ~ 7) but used it heavily on two occasions;

22

e.g., for the six-month period from June through November of 1996, an average of 25 mgd was

23

pumped (Exh. A-148, p. 3); and for the six-month period from May through October of2000, an

24

average of 18.9 mgd was pumped. (Exh. A-148, p. 3). Hui/MTF FOF F-143.

25

496.

26

level and can each pump 17.5 mgd to ground level, and pump 7C is a booster pump at ground

27

level which can pump 14 mgd from pump 7A up to HC&S's Waihe'e Ditch, from which the

28

water can be distributed to all of the Waihe'e-Hopoi Fields except for the 175-acre Field 715.

29

(Volner, Tr. 1/29/08, p. 176, II. 1-25; Volner, Tr. 1/30/08, p. 180, II. 7-8.) Without using pump

30

7C, water from Well No.7 can reach Fields 904, 908, and 909, which total approximately 800

31

acres. (Tr. Volner, 1130/08, p. 35, 11. 4-12.) HuiIMTF FOF F-144. HC&S FOF 132.

~

4.) Hui/MTF FOF F142.

Between 1927 and 1985, HC&S pumped an average of about 21 mgd from Well No.7.

Well No.7 is currently configured with three pumps: pumps 7A and 7B are at water

84

1

497.

According to HC&S, as currently configured, Well No.7 can supply only 14 mgd to the

2

Waihe'e-Hopoi Fields, with the exception ofField 715. (Volner, Dec. 11/16/07, ~ 3.) However,

3

HC&S's records do not indicate that Well. No.7 was ever configured differently than its current

4

configuration (Volner, Tr. 1/30/08, p. 35, 11. 13-22). Hui/MTF FOF F-145.

5

498.

6

and additional distribution pipeline to increase the volume that can be pumped from Well No.7

7

to HC&S' s Waihe' e Ditch from 14 mgd to 28 mgd; and the cost of an additional pipeline to

8

reach Field 715 would be $475,000. (Volner Dec. 11/16/07, ~~ 5, 7.) HuilMTF FOF F-146, F-

9

147. HC&S FOF 132.

HC&S estimates that it would cost approximately $525,000 to add another booster pump

10

499.

HC&S also claims that it does not have adequate electrical power to run the pumps for

11

Well No.7 on a consistent and sustained basis because of its power contract with Maui Electric

12

Company ("MECO") and limitations of its capacity to generate electricity through its system of

13

burning bagasse and other supplemental fuels in its power plant and the operation of its hydro

14

power turbines on its ditch system which are supplied by East Maui water (Na Wai 'Eha stream

15

waters comprise its West Maui ditch system). (Volner, WDT 9/14/07, ~~ 20, 20A, 20B,20C, 22;

16

Volner, WDT 10/26/07, ~~ 7-10; Volner, Tr. 1/29/08, p. 184,11. 1-25, p. 206, I. 21 to p. 207, I.

17

22; Exh. C-27; Holady, Tr. 1/31/08, p. 14, I. 23 to p. 15, I. 1.) HC&S FOF 133-139.

18

500.

19

replace surface water being imported from the West Maui Ditch System would both exacerbate

20

the degree to which the sustainable yield is already being exceeded and reduce the recharge from

21

imported surface water that sustains the aquifer. (Eng, Tr. 12114/07, p. 11, II. 20-22, p. 47, I. 19

22

to p. 48, I. 3; Exh. C-90, p. 2; Exh. A-185, pp. 2-3; Exh. B-13; Exh. C-90.) HC&S FOF 141-143.

23

501.

24

mgd available from the County of Maui's Wailuku/Kahului wastewater treatment plant, which

25

currently is unused and disposed of via underground injection. (Parabicoli, Tr. 1125/08, p. 152, ll.

26

11-18.) Several hundred thousand gallons a day of reclaimed water are also produced by private

27

treatment plants in Ma' alaea, but are also unused and disposed of. (Parabicoli, Tr. 1/25/08, p.

28

139, I. 11 to 140, I. 1.) Hui/MTF FOF E-161, E-163.

29

502.

30

HC&S. However, the County currently has no existing infrastructure to deliver recycled

31

wastewater to HC&S' fields. (Parabicoli, Tr. 1/25/08, p. 159, ll. 1-14.) HC&S FOF 145

HC&S also claims that any increased pumping of water from the Kahului aquifer to

Recycled County Wastewater. Reclaimed water resources on Maui include at least five

It was suggested that wastewater produced by the County of Maui could be used by
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1

503.

None of the parties in this case ever approached the county about any use of reclaimed

2

water. (Parabicoli, Tr. 1/25/08, pp. 144-47; p. 148, ll. 19-24.) Hui/MTF FOF E-174.

3

504.

4

p. 135,1. 8 to p. 136,1. 17), agreed that private parties could construct their own pipeline to the

5

plant. (Id. p. 153,1. 15 to p. 154,1. 9.) HuilMTF FOF E-171.

6

505.

7

from its Puunene Mill. In 1997, HC&S developed a project to use reclaimed wastewater from the

8

Puunene mill for certain fields in Puunene and Paia via drip irrigation. The project presented

9

challenges in the form of difficulty filtering the water to the level suitable for drip irrigation; the

Parabicoli, the county official in charge of reclaimed water use (Parabicoli, Tr. 1/25/08,

Recycled Wastewater from HC&S's Puunene Mill. HC&S already utilizes wastewater

10

high nitrogen content of the water, which interfered with ripening of the cane; high cost of

11

maintenance and repairs; and declining yields. Due to these problems, HC&S had to convert the

12

drip irrigation system for these fields to overhead sprinklers. Fields 710, 711, 712, 713, 714 are

13

fields that are actively or were actively irrigated with the overhead sprinkler system. (Volner, Tr.,

14

1/29/08, p. 160,1. 14 to p. 161,1. 14; Exhibit E-1.) HC&S FOF 146.

15

506.

16

wastewater into an injection well in Kahului at their cannery facility. Methane buildup in the

17

well caused an explosion. Therefore, MLP entered into an agreement with HC&S to transport

18

wastewater from their cannery facility to HC&S Fields 921 and 922, which was pasture land at

19

the time. Fields 921 and 922 are currently irrigated with Na Wai 'Eha surface water. The

20
21

shutdown of the canning operation will reduce the amount of wastewater available in the future
by approximately one half. s (Volner, Tr. 1/29/08, p. 161,1. 23 to p. 162,1. 16; Exhibit C-77;

22

Volner, Tr. 1130/08, p. 179,11.16-19.) HC&S FOF 147.

Recycled Wastewater from MLP. Between 1995 and 1997, MLP injected their

23
24

J.

Economic Impact on Non-Instream Uses

25

507.

The current and potential non-instream uses include all users of diverted stream waters:

26

1) the kuleana landowners and MCLT, who seek restoration to benefit their lands; 2) MDWS,

27

who favors restoration of the Na Wai 'Eha streams while also preserving and even expanding its

28

use of those surface waters; 3) WWC's Water Delivery Contractees; 4) even WWC, who uses no

29

water directly but is in the business of delivering stream waters to non-instream users; and 5)

30

HC&S, the major user.
S None

of this water source will be available. See footnote to FOF 261, supra.
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1

508.

No information was presented at the CCH concerning the positive economic impact on

2

kuleana landowners and MCLT, although general testimony was presented on the kinds of crops

3

and activities they would be able to engage in if they were to receive more stream waters. (See

4

FOF 294-295, supra).

5

509.

6

water supply system and the benefit to its public users. (See FOF 360-373, supra).

7

510.

8

which included the availability ofMDWS water for at least some of them. (See FOF 378-416,

9

supra).

Information on MDWS was focused on the role of stream waters as part of its integrated

Information was presented on some ofWWC's Water Delivery Contractees' water uses,

10

511.

Some information was presented on WWC's water delivery charges, which presumably

11

would be impacted if stream diversions were to be reduced. (See FOF 378-416, supra).

12

512.

13

charges its customers "between $0.20 and $2.40 per thousand gallons delivered." (Exh. B-5, p.

14

3.) MDWS FOF 76.

15

513.

16

or approximate to the county rate for agricultural water, or about $0.85 or $0.90 per thousand

17

gallons. (See,

18

514.

19

allow WWC to collect a minimum charge, regardless of any actual use, based on a percentage of

20

the stipulated maximum delivery.

21

13 to p. 92, 1. 9.) Hui/MTF FOF E-15.

22

515.

23

on the understanding that "WWC is and has been operating as a public utility without proper

24

authority." (Exh. C-25, p. 18.) In its February 8, 2008 application to the PUC for a Certificate of

25

Public Convenience and Necessity ("CPCN") and approval of its proposed tariff, WWC stated

26

that it has created a new utility company, Wailuku Water Distribution Company, LLC

27

('WWDC"), of which WWC is the sole member, and from which WWC proposes to exact lease

28

payments to use the watershed land and ditch system. (Chumbley, Tr. 3/3/08, p. 117,11. 11-18;

29

Exh. C-87, Exh. 2.) Hui/MTF FOF E-16.

According to a prospectus sent to shareholders on October 3, 2005, WWC stated that it

The contracts provided by WWC indicate that most of its customers pay a rate equivalent

~,

Exh. D-90, § 1.12). Hui/MTF FOF E-44.

Many ofWWC's contracts do not involve any actual present use of water, but rather

See,~,

Exh. D-87, § 1.05; Chumbley, Tr. 1/24/08, p. 91,1.

The state Public Utilities Commission ("PUC") has taken action to regulate WWC based
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1

516.

WWC proposes to the PUC a tariff rate of$0.90 per 1,000 gallons, while acknowledging

2

PUC precedent declaring preexisting rate contracts unenforceable and unlawful. (Exh. C-85, p.

3

11, ll. 1-20.) HuilMTF FOF E-17.

4

517.

5

20.) In contrast, WWC made a 14.59 and 13.85 percent profit in 2006 and 2007. (Chumbley,

6

Tr. 1116/08, p. 58,11. 7-16; Chumbley, WDT 9/14/07, p. 15,1. 5.) HuilMTF FOF E-18.

7

518.

8

and MDWS's 'lao Tunnel (Well No. 5332-02). (Tr. XI, pp. 48-50; Tr. XII, pp. 88-89.) WWC

9

FOF 817. The amount of this fee was not introduced into evidence.

WWC requested the PUC to approve a 10 percent profit rate. (Exh. C-85, p. 16,11. 12-

WWC also receives a delivery fee for the amount taken in excess of 1.074 mgd from its

10

519.

As previously noted, in 2004 MDWS and WWC entered into an agreement allowing

11

MDWS to receive up to 3.2 mgd from the 'Iao-WaikapU Ditch. FOF 239, supra.

12

520.

13

supra. HC&S pays WWC a flat fee per acre for water used on the 'Iao-WaikapU Fields,

14

regardless of how much water is used; in 2005 that fee was $300/acre/year. (Tr. 1130/08

15

(Volner), p. 26, 11.3-7; Exh. D-56, p. 4; Chumbley, Tr. 1/24/07, p. 41, 11. 3-18.) Hui/MTF FOF F-

16

10.

17

521.

The focus at the CCH on the economic impact on non-instream uses was on HC&S.

18

522.

HC&S has concluded that, in addition to the technical issues associated with pumping a

19

substantial amount of water from Well No.7 to replace ditch waters, it would: 1) incur estimated

20

costs of$l million to install new pipelines and pumps (Volner, WDT 9/14/07, ~~ 6-7; Volner,

21

WDT 11/16/07, ~~ 3,5;Volner, Tr. 1129/08, p. 176,11. 19-25, p. 177, ll. 3-25) HC&S FOF 132; 2)

22

incur costs of$777,650, in addition to the $1 million, because MECO would require upgrades to

23

its pumps and related electrical equipment to MECO's standards for servicing such equipment

24

(Volner, WDT 11/16/073, ~ 7; Exh. E-21) HC&S FOF 139; 3) cost an additional $310 per MWH,

25

or $7,440 per day, to run Well No.7 (Volner, WDT 11/16/07, ~ 9) HC&S FOF 139) and 4) lose

26

$1.8 million in annual revenues under its contract with MECO as well as a decrease in HC&S's

27

avoided cost rate and penalties three times the power rate for power it does not deliver (Holaday,

28

Tr. 1/31/08, p. 15, 1. 10 to p. 16, 1. 19). HC&S FOF 134.

29

523.

30

the approximately 35,000 contiguous acres it cultivates on Maui, of which the West Maui Fields

31

comprise about 5,300 acres. (Holaday WDT 9/14/07, pp. 2-3; Volner, Tr. 1/30/08, p. 200, Exh.

As previously noted, WWC does not charge the kuleana users for deliveries. FOF 160,

A key factor in HC&S' ability to sustain itself is the economies of scale it can apply to

88

1

E-28). WWC FOF 197-198.

2

524.

3

lands, making the West Maui Fields critical to the viability ofHC&S. (Holaday, WnT 9114/07,

4

pp. 2-3; Holaday, Tr. 1131108, p. 65; Volner, Tr. 1130108, p. 200.) WWC FOF 199.

5

525.

6

9/14/07, p. 2.) WWC FOF 200..

7

526.

8

Maui. (Holaday WnT 9114/07, p. 5; Holaday, Tr. 1/31/08, p. 11; Hew, Tr 1129108, pp. 9, 165-

9

168; Exh. E-28.) WWC FOF 202.

The West Maui Fields provide the most productive yields of all ofHC&S's cultivated

In 2006, HC&S grew 81 percent ofHawai'i's raw cane sugar crop. (Holaday, WnT

HC&S employs about 800 full-time workers and EMI employs about 17 workers on

10

527.

HC&S forecast that it generates approximately $250,000,000 annually to the County of

11

Maui and State of Hawai'i economies (using a multiplier of2.5 to the $100,000,000 plus HC&S

12

expenditure on Maui each year). (Holaday wnT 9/14/07, p. 5.) WWC FOF 203.

13

528.

14

mill and related facilities operations over the revenues generated from farming the extensive

15

acreage. (Holaday wnT 9/14/07, p. 2; Holaday, Tr. 1/31108, p. 13; Holaday, Tr. 1130108, pp.

16

201-202.) WWC FOF 204.

17

529.

18

sugar cane and production of raw sugar. (Holaday, WnT 9/14/07, pp. 2-7.) WWC FOF 205.

19

530.

20

sugar cane production, and from hydro power, a by-product of operation of a water delivery

21

system. (Holaday, WDT 9114/07, p. 2-3.) HC&S's business success depends on its ability to

22

receive significant revenues from selling the electric power it generates to Maui Electric

23

Company under long term contracts. (Holaday WnT 9114/07, pp. 2 - 3; Holaday, Tr. 1131/08, pp.

24

13-20; Holaday, Tr. 1130108, pp. 190,200-201.) Revenues from energy sales make up about 20

25

percent of the total revenues generated by the agribusiness companies compared to about 5

26

percent of the total revenues from a decade before. (Holaday, WnT 9/14/07, pp. 2 - 3; Holaday,

27

Tr. 1/31/08, pp. 19-20, 140-142; Holaday, Tr. 1130108, p. 201.) WWC FOF 206-208.

28

531.

29

which returns a higher margin than commodity sugar. (Holaday WnT 9114/07, pp. 3-4; Holaday,

30

Tr.1131108,pp.12-13,19-20.)WWCFOF211.

31

532.

HC&S' sustainability is to some extent a result of its ability to spread its fixed costs of

One method of spreading costs is to generate revenues from the by-products of farming

One revenue source, energy sales, comes from the burning of bagasse, a by-product of

HC&S diversified its product line by increasing production of foodgrade raw sugar,

In the last four years, HC&S made capital investments of up to $20,000,000 supporting

89

1

its efforts to diversify product lines, reduce costs of production, and increase revenues from other

2

sources. (Holaday, WDT 9/14/07, p. 4; Holaday, Tr. 1/31/08, pp. 19-21.) WWC FOF 212.

3

533.

4

a magnitude as to force HC&S not to cultivate the 5,300 acres that comprise the West Maui

5

fields, HC&S would not be a viable plantation. (Volner, Tr., 1/30/08, p. 200, 11. 17-21; Holaday,

6

Tr. 1/31/08, p. 143,11.9-14.) In addition to the immediate impacts in terms oflostjobs and in

7

excess of $1 00,000,000 of spending on Maui, closure of HC&S will have a deleterious effect on

8

efforts to promote agriculture and curb urbanization in Hawai'i. The withdrawal ofHC&S'

9

35,000 acres of prime agricultural lands from sugar would vastly increase the agricultural lands

HC&S states that, if reductions in HC&S' use ofNa Wai 'Eha stream water were of such

10

in the State of Hawai'i and on Maui that are idle. Past experience with closure of other

11

plantations has demonstrated the difficulty of returning former plantation lands into agriculture,

12

especially if reliable access to irrigation water is curtailed. This increases the pressure to

13

urbanize these lands instead of keeping them in agricultural use. (Holaday, WDT 9/14/07,

14

Kennison, Tr. 1/25/08, p. 55, 1. 19 to p. 56,1. 6.) Idling ofHC&S' lands will also result in the

15

deterioration of existing irrigation systems and infrastructure that would be extremely expensive

16

to replace. (Holaday, WDT 9/14/07, ~ 18.) HC&S FOF 123-124.

17

534.

18

yields and maintaining a reasonable cost structure. Small reductions of water for irrigation on

19

any given day might have little or no negative impact, depending on weather conditions,

20

location, and crop cycle. Larger, persistent reductions, with no corresponding mitigation of

21

impacts, especially if combined with reductions in the amounts that HC&S will be permitted to

22

continue to divert in East Maui, will likely render HC&S unviable. (Holaday, WDT 10/26/07, ~

23

4.) HC&S FOF 126.

24

535.

25

measured in tons of sugar per acre ("TSA"). HC&S has determined that, on a long term basis,

26

sustainable yields should be between 13 and 14 TSA per crop cycle, which would translate into

27

over 200,000 tons of sugar per year given the acreage that HC&S has in cultivation. HC&S

28

needs to achieve yields in this range to remain viable, i.e., to generate sufficient revenues to carry

29

its fixed and variable costs and return a reasonable profit to its shareholders. One of the most

30

important variables determining yields is water. (Holaday, WDT 9/14/07,

31

2/22/08, p. 116,11. 15-21.) As a rule of thumb, HC&S needs to harvest about 400,000 acre-

~

18;

Generally, remaining economically viable involves achieving targets in terms of sugar

The key agronomic driver in determining sugar production is per acre yields, which is

90

~

12; Holaday, Tr.

1

months of cane growth per year to be viable. That translates into approximately 200,000 tons of

2

sugar. (Holaday, Tr. 1/31/08, p. 44, 1. 22 to p. 45,1. 3.) Reduction of water deliveries to Waiale

3

Reservoir, especially during periods of low ditch flows, will force HC&S to try to replace that

4

water to the extent possible by pumping water from Well No.7 at the expense of pumping from

5

other wells. However, power limitations restrict the amount of water that HC&S can ultimately

6

pump, which affects sugar yields. (Holaday, WDT 9/14/07, ~ 13.) HC&S FOF 127.

7

536.

8

years, can cause a reduction in average crop age by delaying the replanting of harvested fields

9

and prompting the premature harvesting of fields whose growth potential is compromised by

Prolonged drought conditions, such as HC&S has experienced for much of the last 15

10

lack of water. Disease and other operating conditions can also cause a reduction in average crop

11

age. In addition, during water-short periods, the cane does not grow; hence the physical age of

12

the cane is greater than the growth age. (Holaday, WDT 11/16/07, ~ 7.) HC&S FOF 128.

13

537.

14

the combined effects of drought and HC&S' s 2001 closure of its Paia Mill, which was done to

15

reduce costs and increase efficiency by centralizing all sugar processing at the Puunene Mill. In

16

2001, total acres harvested were approximately 2000 less than the prior year, because the

17

Puunene Mill was initially unable to absorb all of the lost capacity from the Paia Mill closure.

18

Harvesting fewer acres increased the average crop age of the unharvested acres. As capacity was

19

added to the Puunene Mill and HC&S gained more experience in the reconfigured operation,

20

harvested acres increased again, resulting in a lower average crop age and lower yields.

21

(Holaday, WDT 11/16/07, ~ 7.) HC&S FOF 129.

22

538.

23

of harvesting into 2008 and 2009 to allow for an increase in crop age so as to improve yields, and

24

then return to harvesting at its historic rate of approximately 16,000 to 17,000 acres per year that

25

maximizes the acreage that can be served with currently available irrigation water as well as the

26

current processing capacity of the Puunene Mill. The short-term result will be diminished

27

revenues both from reduced sugar production and reduced production of bagasse to fuel the

28

power plant. The hoped for longer term result will be increased yields which, together with

29

increased revenues from the production and sale of specialty sugars and further expansion of

30

energy related sales, will allow HC&S to remain economically viable. This will only be possible,

The average crop age of harvested acres at HC&S has dropped from 2003 to 2006 due to

Given the currently reduced crop age ofHC&S' fields, HC&S expects to reduce its rate
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1

however, ifHC&S's continued access to irrigation water is not unduly compromised. (Holaday,

2

WDT 11116/07,

3

539.

4

analysis of the impacts of decreasing its use ofNa Wai 'Eha water," and "made no apparent

5

attempt to substantiate and quantify the impact, even though I believe many of the essential data

6

for such analysis are within HC&S's possession." (Exh. C-46, p. 1.) Hui/MTF FOF F-188.

7

540.

8

Halbrendt remarked that, "looking at this data, it makes you also wonder how they could make

9

these statements." (Chan-Halbrendt, Tr. 2/22/08, p. 65, II. 11-17.) She cited the following

10
11

~

11.) HC&S FOF 130.

Chan-Halbrendt, OHA's expert witness, determined that HC&S "provided no economic

Referring to Alexander & Baldwin's ("A&B") form 10-K filings (Exh. C-47) Chan-

examples:
a.

HC&S claimed that, in order to remain economically viable, it needed

12

to achieve a yield of 13 to 14 tons of sugar per acre ("TSA") on a

13

sustainable, long-term basis. (Holaday, Dec. 9/14/07,

14

from A&B's 10-K filings indicate that HC&S had obtained those

15

yields in only four of the fifteen years from 1992 to 2006, and that

16

there was only a weak correlation, if any, between the TSA and

17

HC&S's profits. (Exh. C-46, p. 3; Exh. C-47; Chan-Halbrendt, Tr.

18

2/22/08, p. 65, 1. 18 to p. 66, 1. 5.)

19

b.

~

12.) The data

HC&S claimed that it had "benefitted" from the acreage it leased in

20

the 'Iao-Waikapu Fields and the additional Na Wai 'Eha water it

21

gained access to when WWC's predecessor abandoned sugar

22

cultivation. (Holaday, Dec. 9/14/07,

23

filings indicates that HC&S's raw sugar production was lower in the

24

ten years after 1994, when it leased the additional acreage in the' Iao-

25

Waikapu Fields, than it was in the ten years before, and the

26

profitability of the agribusiness sector, of which HC&S is a part,

27

actually decreased after 1988, when HC&S gained access to the

28

additional Na Wai 'Eha stream water. (Exh. C-46, p. 3; Exh. C-47;

29

Chan-Halbrendt, Tr. 2/22/08, p. 66,1. 6 to p. 67,1. 1.)

30

31

c.

~

8.) The data from A&B's 10-K

HC&S claimed that maintaining the number of acres it has in sugar
cultivation is necessary to remain economically viable (Holaday, Dec.
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~

1

9114/07,

6; see also Holaday, Tr. 1/31108, p. 54,11.2-5.) A&B's 10-

2

K filings, though, indicate that, from 2000 through 2005, HC&S

3

decreased its cultivated acreage by more than 2000 acres, which

4

increased only slightly in 2006. (Exh. C-47; Exh. C-46, p. 4.)

5

Moreover, A&B has development plans that would remove almost

6

3,500 additional acres from cultivation. (Exhs. A-204 to A-209.)

7

Chan-Halbrendt concluded that the discrepancy between HC&S's broad conclusions about

8

economic impact and the limited available data highlights the need for economic analysis, rather

9

than unsubstantiated assumptions, to support reasoned decision-making. (Exh. C-46, p. 2.)

10

Hui/MTF FOF F-189.

11

541.

12

sufficient Na Wai 'Eha water to irrigate them (Holaday, Dec. 10/26107, ~ 7), but it made no

13

apparent attempt to acquire those lands when they became available (Volner, Tr. 1130108, p. 186,

14

1. 17 to p. 187, l. 3). HC&S had no written agreement with WWC after July 2003, when WWC

15

refused to extend the land lease and announced HC&S was "no longer entitled to any water

16

allocation pursuant to that Temporary Water Agreement." (Exh. A-212, pp. 1-2; Chumbley, Tr.

17

3/3/08, p. 96, 1. 9 to p. 97, 1. 17.) This continued until July 2005 (after the IIFS petition was

18

filed), when Atherton et a1. began acquiring the land and HC&S and WWC settled on their

19

present tenns for water in a one-page letter. (Exh. D-56, p. 4.) Hui/MTF FOF F-190.

20

542.

21

its cultivated acreage would have impacts that extend to the economies of the County ofMaui

22

and the State ofHawai'i would require, initially, a partial equilibrium analysis to detennine the

23

impacts on HC&S, which would then feed into a general equilibrium analysis which would

24

consider inter-sectoral, employment, and income impacts and may include the economic values

25

and opportunity costs of alternative uses of water, including instream uses. (Exh. C-46, pp. 1-2;

26

Chan-Halbrendt, Tr. 2/22/08, p. 67,1. 21 to p. 68, 1. 8.) Such an analysis, had HC&S perfonned

27

one, may potentially have revealed "not only a mitigation of adverse impact, but also an overall

28

increase in economic and social welfare" because, among other things, "reallocation of water can

29

facilitate its efficient and equitable distribution to higher valued uses, both within agriculture as

30

well as in other sectors." (Exh. C-46, pp. 4-5; see also Chan-Halbrendt, Tr. 2/22/08, p. 67, 11. 4-

31

17; p. 68, 11. 9-17.) Hui/MTF FOF F-191.

HC&S has also claimed that its survival hinges on the 'Iao-Waikapu Fields and having

To assess whether reducing the Na Wai 'Eha water available to HC&S on 15 percent of
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1

543.

Chan-Halbrendt, commenting on HC&S's description of the impacts of shutting down its

2

sugar operations entirely, concluded that "the relevant issue requiring analysis is the economic

3

impact of decreasing the supply, or increasing the cost, of water to approximately 15 percent of

4

HC&S's fields. Absent that analysis, there is no reason to suppose that cessation of all sugar

5

cultivation would be an economically rational response." (Exh. C-46, p. 4.) HuilMTF FOF F-192.

6

544.

7

the company are greater than the costs of not operating the company. Consistent with its past

8

practice, Holaday believes that A&B would shut HC&S down if and when the operating costs of

9

HC&S exceeded the holding costs that would be incurred in shutting the company down, such as

10

real property taxes, insurance, security, and other holding costs, "things like that that you project

11

what those costs are," as well as the social costs. (Holaday, Tr. 1/31108, p. 115,1. 10 to p. 116,1.

12

24.) Hui/MTF FOF F-193.

13

545.

14

property taxes; for example, in 2007, the County of Maui assessed the value of HC&S' s

15

agricultural lands in TMKs (2) 3-8-5-3, (2) 3-8-5-2, (2) 3-8-6-3, and (2) 3-8-5-23 alone (those

16

TMKs comprise the Waihe'e-Hopoi Fields and Field 920), at $60,892,600, but, because the land

17

was in agriculture, HC&S paid real property taxes on a net taxable land value of only

18

$2,388,400.00 for those TMKs, less than five percent of the total assessed land value. (Exhs. C-

19

52A - C-52D.) Almost twenty years ago, the state Department of Business and Economic

20

Development recognized that one of the incentives for a sugar company to continue operations

21

despite lack of profitability was "banking land for future development while continuing to pay

22

low property taxes afforded by the favorable tax assessments on agricultural land (i.e., profits are

23

made instead on the annual appreciation of the land)." (Exh. C-46, p. 7.) Hui/MTF FOF F-194.

24

546.

25

water in this case would force HC&S to shut down"; Mr. Holiday "[could not] say yes or no"

26

when asked whether shifting 9 mgd of Nil Wai 'Ehil surface water to another purpose would

27

prevent HC&S from being viable, but testified that HC&S is "assuming" that impact "for

28

planning purposes." (Holaday, Tr. 1/31108, p. 114,1. 10 to p. 115,1. 15; p. 78, 1. 25 to p. 79,1.

29

13.) Hui/MTF FOF F-195.

30

547.

31

incremental reductions of available Nil Wai 'Ehil water could be done through a partial

A&B's practice is to shut down an operating company if the losses incurred in operating

Chan-Halbrendt commented that one such cost would be significantly increased real

HC&S had not "done any economic analysis on how a reduction of available surface

Chan-Halbrendt concluded that an assessment of the economIC effect, if any, of
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1

equilibrium analysis, which could be very simple and would rely on data that HC&S should have

2

available; it is the type of analysis HC&S claims that it routinely employs for planning purposes,

3

although it did not in this case. (Exh. C-46, p. 1; Chan-Halbrendt, Tr. 2/22/08, p.106, 1. 20 to p.

4

107,1. 6; Holaday, Tr. 2122/08, p. 110,1. 16 to p. 111. 1. 13.) Hui/MTF FOF F-198.

5

548.

6

several scenarios, such as: use of pumped ground water or conservation measures to compensate

7

for incremental reductions of Na Wai 'Eha water; projected change in yield caused by varying

8

increments of water reduction; incremental shifts in cultivated acreage in response to incremental

9

reduction in available water; or a combination of such factors. (Exh. C-46, p. 1.) HuilMTF FOF

A partial equilibrium analysis could examine the impact on HC&S's profitability under

10

F-199.

11

549.

12

analysis are substantially the same as those identified by HC&S as available options in the event

13

its access to Nti Wai 'Ehti is restricted. HC&S's estimate of electrical costs of pumping Well No.

14

7, without any information about the costs or benefits of the other options, might be a factor in an

15

economic analysis, but does not substitute for the analysis. (Chan-Halbrendt, Tr. 2/22/08, p. 88,1.

16

25 to p. 90, 1. 3.) HC&S has not analyzed the economic impact of increased water costs on its

17

business (Holaday, Tr. 1131108, p. 80, 1. 23 to p. 81, 1. 2) and has done no financial analysis of

18

the impact of having to pay for water at the agricultural rate that other farmers pay (Holaday, Tr.

19

1131/08, p. 131,11. 16-20; p. 132,11. 10-21). HuilMTF FOF F-200, F-201, F-202.

20

550.

21

perform an independent economic analysis of the impact of stream water reductions to HC&S.

22

(Chan-Halbrendt, Tr. 2/22/08, p. 65, 11.5-10, p. 76, 11. 17-23.) HC&S FOF 156.

23

551.

24

conduct such an analysis, prevents anyone, including this Commission, from evaluating HC&S's

25

claims of economic impact." (Exhibit C-46, p. 1) By economic analysis, Chan-Halbrendt refers

26

to an appropriate tool or framework to study economic performance under certain conditions.

27

(Chan-Halbrendt, Tr., 2122/08, p. 60, 11. 2-8.) Specifically, she advises conducting a general

28

equilibrium analysis and partial equilibrium analysis. General equilibrium analysis analyzes how

29

an industry affects other sectors' economy, while partial equilibrium analysis analyzes the

30

impact of changes on economic performance on the industry itself. (Chan-Halbrendt, Tr. 2/22/08,

31

p. 60,1. 22 to p. 61, 1. 2.) HC&S FOF 157.

Chan-Halbrendt stated that the scenarios identified for analysis in a partial equilibrium

Chan-Halbrendt was asked to evaluate the economic analysis undertaken by HC&S, not

According to Chan-Halbrendt, "the lack of any economic analysis, or the data required to
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1

552.

Chan-Halbrendt did not review Volner's testimony or the testimony and evidence

2

received at the hearings, which would contain information relevant to an economic analysis.

3

(Chan-Halbrendt, Tr. 2/22/08, p. 85,1. 13 to p. 87,1. 8, p. 89,11.8-15.)

4

553.

5

crop cycle to remain economically viable. She noted that A&B's Form 10-K filings show that

6

since the 1980's, HC&S has achieved the yield of 13-14 TSA only four out of 15 years, and yet,

7

in that period, HC&S failed to make a profit only three out of five years. (Chan-Halbrendt, Tr.

8

2/22/08, p. 65, 1. 11 to p. 66, 1. 5; Exhibit C-46, p, 3.) In addition, she opined that the Form 10-K

9

filings do not support HC&S's claim that its operations benefited from leasing additional acreage

Chan-Halbrendt also criticized HC&S's claim that it needs to produce 13-14 TSA per

10

and receiving additional water from WWC after the closure of Wailuku Sugar Co., because the

11

filings show that production was higher on average before HC&S leased the additional land than

12

afterwards. (Chan-Halbrendt., Tr.,2/22/08, p. 66, 1. 9 to p. 67, 1. 1; Exhibit C-46 at 3-4.) HC&S

13

FOF 159.

14

554.

15

reported in the Form 10-K filings is meant only to provide a general view of the performance of

16

the group. The filings do not account for revenues not based directly on sugar production, such

17

as power sales to MECO. The filings also do not account for increased costs, declines in sugar

18

prices, the effects of disease and drought, the effects of federal disaster relief payments received

19

by HC&S for drought conditions, the inclusion ofC&H in the financial reports of the

20

Agribusiness Group from 1993 through 1998, the addition of specialty sugars sales in later years,

21

and other factors that influence the profitability ofHC&S. (Holaday, WDT 11/16/07, ,-r 4.)

22

Holaday testified that given HC&S' cost structure, which in 2008 totaled approximately $104

23

million, HC&S needs to generate revenue based on 13-14 TSA to remain viable going forward.

24

(Holaday, Tr. 2/22/08, p. 109,1. 13 to p. 110,1. 9, p. 112,11. 14-15.) HC&S FOF 160.

25

555.

26

high correlation between average crop age per acre harvested and TSA. All other things being

27

equal, the greater the age of the cane at the time of harvest, the greater the yield and the resulting

28

sugar revenues over which to spread the average cost of preparing, planting, and harvesting each

29

acre during a given two-year cycle as well as the fixed costs of operating and maintaining

30

HC&S' mill and other facilities. All other things being equal, producing more sugar per acre

31

harvested in tum results in more net sugar revenues, and harvesting more acres results in the

HC&S's response is that financial information about the A&B Agribusiness Group

Second, Chan-Halbrendt did not focus on crop age and acres harvested. There is a very
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1

production and sale of more sugar. (Holaday, WDT 11/16/07, ~~ 5, 6, 10; Holaday, Tr. 2122/08,

2

p. 118,1. 21 to p. 119,1. 17; Exh. E-22.) HC&S FOF 161.

3
4

K.

Interim Instream Flow Standards ("IIFS")

5

556.

Benbow, Hui/MTF's expert witness, concluded that "(p)ending firmer scientific

6

information from further studies, flow restoration should uphold two guiding principles. First,

7

the flow amounts must create enough quality habitat to support sustainable, reproductive

8

instream biological communities, taking into account public uses such as Native Hawaiian

9

gathering practices. Second, the flow amounts must maintain enough continuous flow from

10

mauka to makai to enable the streams to serve their natural ecological functions, including

11

sustaining the life cycles of the native amphidromous species. (Benbow, Tr. 12/10/07, p. 22,

12

7-21; Benbow, WDT 9/14/07,

13

557.

14

necessary to enable the streams to serve their natural ecological functions and distinguishes

15

between physical connectivity versus ecological connectivity (stream flows of sufficient volume

16

and frequency to allow the normal distribution of native amphidromous species within a given

17

watershed). (Ford, Tr. 12/10/07, p. 219, 1. 24 to p. 221,1. 7; Exh. E-53, p. 41, § 1.0 and p. 43, §

18

8.0.) HC&S FOF 50.

19

558.

20

potentially the worst possible configuration from a biological perspective because they sever the

21

mauka to makai flow continuum and impose a physical barrier and trap, preventing passage of

22

native amphidromous stream life between upstream habitats and the ocean. (Benbow, WDT

23

9/14/07,

24

559.

25

migration over the dam. There would be various mechanisms available to provide water, and

26

these particular structures could be modified in some ways to provide a flow, including blocking

27

off some of the grated areas. (Ford, Tr. 12/11/07, p. 131,1. 16 to p. 132, p. 23; Payne, Tr.

28

12/12/07, p. 104,11. 4-16.) Hui/MTF FOF C-67.

29

560.

30

90 percent and sometimes up to 100 percent) of their total low flows, leaving stream beds dry for

31

extended lengths and without connection to the ocean. Habitat above the diversions is

~

n.

22.) Hui/MTF FOF C-48.

Ford, HC&S's expert witness, disagreed that continuous flow from mauka to makai is

The diversion structures consisting of grates spanning the entire stream channel are

~

16; Payne, Tr. 12/12/07, p. 103,11. 1-22.) Hui/MTF FOF C-28.

HC&S's consultants expressed the desire to explore ways that might lead to improved

Particularly in Waihe'e River and 'lao Stream, the diversions take almost all (more than
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1

characterized by high flow, numerous riffles, and cascades, while habitat below the diversions,

2

where existing at all, is characterized by low flow, infrequent riffles, and small shallow pools.

3

(Benbow, WDT 9114/07,

4

561.

5

streams and found that the largest migrations of native stream species occur in streams with

6

minimal or no diversions, and the greatest reductions in recruitment during drought occur in

7

diverted streams such as Waihe'e River. (Benbow, WDT 9/14/07, ~~ 11,36.) Hui/MTF FOF C-

8

16.

9

562.

~

15.) Hui/MTF FOF C-26.

Benbow, Hui/MTF's expert witness, has conducted multi-year studies of Central Maui

SWCA Environmental Consultants ("SWCA") was retained by HC&S to evaluate

10

amphidromous species in the four Na Wai 'Eha streams, conducting the studies in 2007 and early

11

2008. A series of larval drift sampling was also performed in Waihe'e Stream, Waiehu Stream,

12

and Waikapii Stream, and in ditch discharges diverted from 'lao Stream. Larval drift sampling

13

was conducted to evaluate whether amphidromous species are reproducing within the Na Wai

14

'Eha streams. The larval drift sampling employed methods developed by Lindstrom (1998a,b).

15

(Exhibit E-53 at 22 (§ 6.4).) HC&S FOF 51.

16

563.

17

and size distribution, and reproduction throughout the stream under diverted conditions, with its

18

larval drift sampling indicating that Waihe' e River is the only stream that appears to have

19

significant reproductive populations of native amphidromous species. (Exh. E-53, p. 44, § 9.0.)

20

HC&S FOF 53.

21

564.

22

larvae were found in the downstream drift samples collected from the stream. Waiehu Stream

23

does not appear to have significant reproductive populations of these species. However, there is

24

evidence of ecological activity in Waiehu Stream because at least two species of 'o'opu and

25

amphidromous prawns were found in the upper reaches of that stream, and recruits were found

26

on the mauka side of the culverts under Kahekili Highway. (Ford, Tr. 10118/08, p. 226, 11.5-14.)

27

HC&S FOF 59.

28

565.

29

SWCA within 'lao Stream, and no juvenile or post-larval recruits were found in the stream above

30

the channelized section. (Exh. E-53, p. 4, § 8.0.) Benbow testified that both he and DAR

31

biologist Skippy Hau have artificially planted 'o'opu and hihiwai post-larvae above the

SWCA described its findings in Waihe'e River as normal patterns of migration, species

SWCA observed low numbers of adult amphidromous species in Waiehu Stream. No

Only a few large adult 'o'opu alamo'o, 'o'opu nopili, and 'o'opu nakea were observed by
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1

diversions in 'lao Stream. (Benbow, Tr. 12110107, p. 114,11. 16-23.) It is likely that the 'o'opu

2

observed by SWCA in 'lao Stream were those introduced by Hau andlor Benbow. The endemic

3

shrimp Atyoida bisulcata (' opae kala' ole) was highly abundant, although it is unknown whether

4

they are maintained by recruitment from the sea up to the 'lao channel, or from populations of

5

shrimp withln the Waihe'e and Spreckels Ditches. (Exh. E-53, p. 4, § 8.0.) No larval fishes or

6

crustaceans were represented in the drift samples collected from 'lao Stream. (Exh. E-53, p. 43, §

7

8.0.) HC&S FOF 61-62.

8

566.

9

'opae kala'ole, and only large adults were found. No recruitment of post-larval 'opae into the

10

stream or reproduction (as indicated by the larval drift samples) was observed in the studies.

11

Some' opae were found, but these may have been planted or entered via the ditches rather than

12

recruiting naturally from the ocean. (Exh. E-53, p. 44, §§ 8.0,9.0.) HC&S FOF 64.

13

567.

14

them to recruit into Waikapu Stream naturally, they would have to come up via Kealia Pond.

15

However, Waikapu Stream does not have physical connectivity to the sea through Kealia Pond

16

except during prolonged intense flooding events. (Ford, Tr. 12/10107, p. 225, 1. 6 to p. 226, 1. 3;

17

Exh. E-53, p. 44, § 9.0.) When there is flow from Waikapu Stream to Kealia Pond, the water

18

does not travel via a continuous channel through the pond and into the ocean, but instead, fans

19

out into a big delta. (Ford, Tr. 12/10107, p. 241, 1. 15 to p. 242, 1. 15.) HC&S FOF 65.

20

568.

21

connectivity" exists under diverted conditions in Waihe'e River and Waiehu Stream. Although

22

adult 'opae kala'ole were found in upper 'lao and Waikapu Streams, SWCA believes these may

23

have been introduced to the stream by DAR biologists. SWCA did not find larval, post-larval, or

24

juvenile amphidromous species in either 'lao or Waikapu streams. (Exhibit E-53 at 4 (§ 1.0).)

25

HC&S FOF 52.

26

569.

27

any conclusion regarding the number of animals there." (Ford, Tr. 12111/07, p. 83,11.12-21.)

28

HuiIMTF FOF C-84.

29

570.

30

Waiehu and Waikapu Streams and the Spreckels Ditch diversion of 'lao Stream. (Exh. E-53, pp.

The only amphidromous species observed in Waikapu Stream in the SWCA study was

It is conceivable that the 'opae are moving from stream to stream, because in order for

On the basis of these findings, SWCA concluded that what it calls "ecological

However, based on the field work up to December 2007, SWCA was not "able to come to

Moreover, SWCA's larval drift survey lasted one week in total, including one day each in
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1

41-42.) In contrast, other previous studies spanned an entire year or multiple years. (Ford, Tr.

2

10/14/08, p. 178,11. 4-10.) Hui/MTF FOF C-87a.

3

571.

4

at the mouth (Ford, Tr. 12111/07, p. 107,1. 22 to p. 108,1. 6), and other studies sampled at

5

multiple locations (Ford, Tr. 10114/08, p. 177,1. 13 to p. 178,1. 3). SWCA sampled only at one

6

point below the diversions for each stream. (Tr. 10/14/08, p. 21, 1. 5 to p. 22, 1. 17.) Hui/MTF

7

FOF C-87b.

8

572.

9

"established methodology" in the previous studies (Ford, Tr. 10/14/08, p. 178,1. 22 to p. 279, 1.

10

15), so it is unknown how the samples compared more broadly. (Lindstrom, Tr. 10114/08, p. 33,

11

1. 13 to p. 34, 1. 8.) Hui/MTF FOF 87d.

12

573.

13

extrapolations over time" or "to other streams." (Lindstrom, Tr. 10114/08, p. 55,11. 11-21.)

14

Hui/MTF FOF C-88.

15

574.

16

"something" in Waihe'e River and nothing in the other streams at that particular time.

17

(Lindstrom, Tr. 10114/08, p. 33,11.3-17.) It is unknown whether Waihe'e River hit a "larval

18

jackpot," or if the other streams had a larval "bust" on the day of sampling. (Id. p. 27, 11.18-21;

19

p. 28, 11. 15-19.) Hui/MTF FOF C-89.

20

575.

21

1. 2 to p. 183,1. 20.) Given that 0 'opu can lay tens or hundreds ofthousands or even over a

22

million at a time, it is unknown how many animals contributed to SWCA's sampled larvae.

23

(Lindstrom, Tr. 10/14/08, p. 35, 1. 8 to p. 36, 1. 5.) Hui/MTF FOF C-91

24

576.

25

larval densities between Waihe' e River and another relatively undiverted or naturally flowing

26

stream before making any kind of conclusions about the quality or normality of Waihe' e River's

27

reproductive output. (Lindstrom, Tr. 10/14/08, p. 34,11.9-20.) Hui/MTF FOF C-94.

28

577.

29

of natural flows, the working presumption should be that the streams ofNa Wai 'Eha need no

30

less than 75 percent of annual median flow to maintain their overall biological and ecological

31

integrity over the short and long term." (Benbow, WDT 9/14/07, ~ 24.) Hui/MTF FOF C-53.

SWCA initially intended to sample larval drift at different locations in the stream, not just

SWCA did not measure the sample volumes and calculate larval densities, which is the

SWCA's larval drift survey was "just a snapshot" that did not allow "broad

Given these limitations, the larval drift survey could only observe that there was

No study has correlated larval drift with upstream abundance. (Ford, Tr. 10114/08, p. 182,

Lindstrom, HC&S's expert witness, agreed that it would be "fairly essential" to compare

Benbow, Hui/MTF's expert witness, concluded that, "(s)hort of restoration of 100 percent

100

1

578.

Benbow uses the median to measure total streamflow (Tr. 12/10/07, p. 23, 11. 13-15),

2

which is the "preferred measure of typical flow conditions" instead of mean (or "average") flow

3

(Exh. A-7, pp. 12-13). The median is synonymous with Qso, or the flow equaled or exceeded 50

4

percent of the time. (Oki, WDT 9/14/07, ~ 21; Payne, Tr. 12/11/07, p. 249, 11. 20-21.) HuilMTF

5

FOF C-50.

6

579.

7

'Eha streams computes to flow values approximately between the Q65 and Q8S of the streams.

8

These duration values mean that 15 to 35 percent of the time streamflows will be naturally lower

9

even without any diversions. (Payne, WDT, at ~ 11; Payne, Tr. 12/11/07, p. 251, ll. 20-24.)

Benbow's recommendation of releases of75 percent ofthe annual Qso of the Na Wai

10

HC&S FOF 35A.

11

580.

12

mean base flow component of total flow; however, Benbow stated that he did not rely on that

13

fact for his recommendation. (Benbow, Tr. 12/10/07, p. 174,11. 7-13.) Hui/MTF FOF C-51.

14

581.

15

incorporates a margin of safety to compensate for natural or other variations in streamflow

16

(Benbow, Ph.D. WDT 9114/07, ~ 27), which may include long-term drought if a moving median

17

is adopted (Tr. 12/10/07 (Dr. Benbow), p. 23, 1. 22 to p. 24, 1. 2). The margin of safety accounts

18

also for the absence of more detailed scientific information on the necessary flow amounts.

19

(Benbow, Ph.D. WDT 9/14/07, ~ 27.) Lesser amounts would foreclose benefits to stream life

20

and ecology and the opportunity for the necessary studies to determine whether our best

21

estimates of the minimum flows should be maintained or modified." (Id.) Hui/MTF FOF C-56.

22

582.

23

that a "starting place" would be the historical median flow for the period between 1984 to 2005.

24

(Benbow, Tr. 12110/07, p. 38, 1. 25 to p. 39,1: 12.) However, Benbow proposed that the 75

25

percent figure be adjusted periodically. For example, every six months, the median flow for the

26

previous year would be calculated, and 75 percent of that flow would be released. (Benbow, Tr.,

27

12110/07, at 133:23 to 134:14)

28

583.

29

12110/07, p. 30,1. 24 to p. 31, 1. 3.) However, Payne, HC&S's expert witness, stated that varying

30

the 75 percent figure every six months would defeat the purpose of testing if a control flow has

Benbow's recommendation nearly matches the Q70 level, or what USGS theorizes is the

Benbow states that "(t)he 75 percent of median recommendation is less than optimal, but

When asked to clarify how "annual median flow" would be calculated, Benbow stated

The 75 percent figure is supposed to represent a "null hypothesis." (Benbow, Tr.
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1

any effect on the stream. It would be impossible to isolate test variables if the control flow were

2

adjusted over the test period. (Payne, Tr. 12/12/07, p. 24, 1. 17 to p. 25, 1. 24.) HC&S FOF 35C.

3

584.

4

recommendations is well established in the scientific literature. The Tennant Method (Tennant

5

1976), has as a basis various percentages of the mean annual flow. The New England Base Flow

6

Method (Larsen 1981) uses the median August flow to set a minimum flow value. Many others

7

(e.g. Hoppe Method, Northern Great Plains Resource Program Method, Lyon's Method,

8

Arkansas Method, Texas Method) select specific flow duration values (e.g., Q40, Q80, 40% of

9

Qso, etc.) by either season or month (Instream Flow Council 2004). None of these methods,

Payne testified that the technique of using flow duration curves to derive instream flow

10

however, specify 75 percent of the Qso as does Dr. Benbow. Typically, when a hydrograph is

11

used to set flow, the flow will be based on a specific flow duration value (e.g., Q70 or Q90) rather

12

than a variable percentage of a flow duration value. Payne is unaware that Benbow's approach

13

has ever been applied or tested on Hawaiian or any other streams. Therefore, Payne concluded

14

that the argument that 75 percent of the Qso is required to accomplish his stated objectives

15

appears to be based on Benbow's personal judgment and opinion, is unsupported by published

16

literature, and is without implementation history or precedent. (Payne, WDT 10/26/07,

17

Payne, Tr. 12/12/07, p. 25,1. 25 to p. 26, 1. 16.) HC&S FOF 36A.

18

585.

19

12/10/07, p. 172,11.2-10.) He also conceded that the amount of flow needed could be less.

20

(Benbow, Tr. 12/10/o7,p. 130,1. 19top. 131,1. 12.) HC&S FOF 36B.

21

586.

22

meeting has endorsed recommending to the Commission that the appropriate instream flow

23

standard should be 75 percent of the annual median flow. (Benbow, Tr. 12/10/07, p. 129,11. 13-

24

18.) HC&S FOF 36C.

25

587.

26

natural flow of the stream. For instance, the Q7S ofWaihe'e Stream is between 20 to 30 mgd

27

(USGS historical data indicate that the Q70 flow ofWaihe'e Stream is 29 mgd). Yet, the flow of

28

Waihe'e Stream is frequently less than 20-30 mgd even under undiverted conditions. (Oki, WDT

29

9/14/07, ~ 53; Benbow, Tr. 12/10/07, p. 132,1. 12 to p. 133,1. 12.) HC&S FOF 37.

~

12,

Benbow testified that the 75 percent figure is an "informed guess." (Benbow, Tr.

Benbow is unaware if any member of the working group at the USGS stakeholder

The flow rate recommended by Benbow cannot be sustained because it could exceed the
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1

588.

The releases proposed by Benbow for a period of at least five years is his personal

2

opinion and based in part on the lack of scientific understanding about biological communities in

3

the Na Wai 'Eha streams. (Benbow, Tr. 12/10/07, p. 62,1. 4 to p. 63, 1. 11.) HC&S FOF 39.

4

589.

5

for a long period of time, Ford, HC&S's expert witness, recommended that restoration of flows,

6

if any, should begin at a low level and increased incrementally over time. Starting with a low

7

level of releases helps in determining the incremental contributions of flow and their

8

significance. Adequate time should be allowed to study both changes in habitat and biological

9

responses to the releases at each increment. (Ford, Tr. 12/10/07, p. 228, 1. 5 to p. 230, 1. 12; Ford,

10

Tr. 12/11/07, p. 137,1. 6 to p. 139, 1. 4.) Starting with low increases in flows quickly result in a

11

large benefit in terms of increasing the wetted habitat area of a stream. At higher flows, the

12

increase in wetted habitat area from increasing flows becomes much less dramatic. (Payne, Tr.

13

12/12/07, p. 16,1. 13 to p. 20, 1. 25.) HC&S FOF 41.

14

590.

15

Waiehu Streams would yield the most benefit in terms of increasing populations of native

16

amphidromous species in the Na Wai 'Eha area. (Ford, Tr. 12110/07, p. 211, 11. 13-16, p. 227, 1.

17

24 to p. 228, 1. 4; Payne, Tr. 12/12/07, p. 15,1. 23 to p. 16,1. 25; Ford, Tr. 10/18/08, p. 236, 11.

18

13-17.) The key is to place flow in streams in which existing alterations of habitat are minimal.

19

(Ford, Tr. 12/10/07, p. 210,11.7-10.) Waihe'e River provides significant habitat for all life

20

stages of native amphidromous species. Waiehu Stream, while not an ideal candidate for

21

restoration due to its narrow channel and cultural disturbances in the middle reaches,

22

nevertheless showed signs of ecological connectivity. By comparison, it is highly questionable

23

whether increased flows in 'lao Stream would mitigate the impediment to recruitment posed by

24

the channelization of the stream. There is also no definitive evidence that Waikapl1 Stream ever

25

carried uninterrupted surface waters to the sea. (Exh. E-53, p. 43, § 8.0.) HC&S FOF 66.

26

591.

27

channelized portion of 'lao Stream plays a "far greater role" than the lack of water, "though this

28

suggestion must be verified by quantitative study." (Ford, WDT 10/26/07, ~ 19.) In its final

29

report, SWCA stated it was "our firm belief' that the channel "is the primary factor." (Exh. E-

30

53, p. 44.) Hui/MTF FOF C-103.

Contrary to Benbow's suggestion that a large volume of flow be restored and sustained

HC&S's expert witnesses recommended that the addition of flow to Waihe'e River and

However, in its initial written testimony, SWCA stated "it is possible" that the
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1

592.

SWCA also admitted that neither the Timbol and Maciolek study it cited, nor any data or

2

study that it knew of, demonstrated that channelization is more important. (Ford, Tr. 12111/07, p.

3

113,1. 17top. 115,1. 7;p.39,11.12-17;Ford, Tr.10/14/08,p.151,11.9-13.) SWCA'sfinal

4

report claimed the larval drift survey results reinforced this hypothesis, but SWCA admitted that

5

the survey did not address the issue of the relative importance of channelization versus lack of

6

flow. (Ford, Tr. 10114/08, p. 143, I. 19 to p. 144,1. 6.) Hui/MTF FOF C-104.

7

593.

8

have documented amphidromous recruitment in the channelized section in 'lao Stream during

9

intermittent flows. (Polhemus, Tr. 12/12/07, p. 190, I. 22 to p. 191, I. 4; Exh. C-96 (letter from

The Division of Aquatic Resources' ("DAR") ongoing biological surveys and monitoring

10

Mr. Hau, DAR.) HuilMTF FOF C-109.

11

594.

12

when flow connected to the ocean for more than three or four days (Benbow, WDT 9/14/07, ~ 5)

13

and thus anticipated that with continuous flow, amphidromous species would reestablish into the

14

upper reaches of'lao Stream. (Benbow, Tr. 12/10107, p. 169,11. 10-11.) Hui/MTF FOF C-110.

15

595.

16

can compensate for a lack of streamflows; on the other hand, increased streamflows can go a

17

long way to mitigate the adverse effects of other factors. (Benbow, WDT 11116/07, ~ 10.)

18

Benbow's studies in 'lao Stream also documented substantial amphidromous migration

Benbow's opinion is that no amount of mitigation of other factors such as channelization

. HuilMTF FOF C-112.
SWCA also acknowledged that, ultimately, restoration of flow would answer whether

19

596.

20

Waikapu Stream flows mauka to makai. (Ford, Tr. 12/11/07, p. 117, I. 18 to p. 118, I. 2.) See

21

also Oki, WDT 9114107,

22

597.

23

to the populations of amphidromous species in neighboring streams cannot be overlooked. The

24

larval drift sampling conducted by SWCA found large numbers of 'o'opu larvae in Waihe'e

25

Stream and none in the three other streams. This suggests that Waihe'e Stream contributes

26

thousands of 'o'opu larvae to the oceanic pool. On a regional basis, this tends to compensate for

27

the absence of significant reproducing populations in the other three Na Wai 'Eha Streams.

28

(Lindstrom, Tr. 10/18/08, p. 45, 11. 12-20; Exh. E-53, p. 42 and Table 7 (§ 7.5.2), and 44 (§ 9.0).)

29

HC&S FOF 67.

~

48; Oki, Tr. 12/6/07, p. 45, 11. 1-8.

HC&S's expert witnesses concluded further that the contributions of one healthy stream

104

1

598.

On the other hand, Benbow was of the opinion that each stream is a natural system, and

2

differences in the characteristics of the streams and their watersheds should be taken into account.

3

(Benbow, WDT 9/14/07, ~ 23), Hui/MTF FOF C-102.

4

599.

5

and analyzing existing information relevant to the Waihe'e River, and Waiehu, 'lao, and

6

Waikapii Streams, (2) conducting baseline reconnaissance surveys of the streams to identify sites

7

of diversion and return flow and significant gaining and losing reaches, (3) establishing low-flow

8

partial-record stations in reaches with flowing water to characterize natural and current diverted

9

flows in Na Wai 'Eha streams, (4) establishing temperature-monitoring sites in reaches with

10

flowing water to provide information on temperature variations for diverted and undiverted

11

conditions, (5) monitoring the frequency of dry days in selected reaches of the diverted streams

12

to establish the number of days during which continuous mauka to makai flow is available for

13

the upstream movement of native species, (6) surveying the presence or absence of native and

14

non-native aquatic species in selected stream reaches to provide baseline data for assessing

15

effects of streamflow restoration, (7) collecting macrohabitat, microhabitat, and channel-

16

geometry information in selected study reaches downstream from existing diversions to

17

characterize the effects of diversions on habitat for native stream macrofauna, and (8) analyzing

18

data and producing a report summarizing the study findings. (Oki, WDT 9/14/07, ~~ 28-36; Oki,

19

Tf. 12/6/07, p. 39, l. 25 to p. 52, l. 25.) HuilMTF FOF B-116.

20

600.

21

county, state, and federal partners, including this Commission. (Oki, Tr. 12/6/07, p. 137, ll. 6-9.)

22

Hui/MTF FOF B-I17.

23

601.

24

on Waihe'e River (3), Waiehu Stream (2), 'lao Stream (3), and Waikapii Stream (2). (Oki, WDT

25

9/14/07, ~ 43.) Hui/MTF FOF B-120.

26

602.

27

diversions established that from September 2006 to July 2007 North Waiehu Stream was dry

28

about 79 percent of the time, 'lao Stream was dry about 70 percent of the time, and Waikapii

29

Stream was dry about 37 percent of the time. (Oki, WDT 9/14/07, ~ 43.) HuilMTF FOF B-120 .

30

Waihe'e and Spreckels Ditches on Waihe'e River are capable of diverting all ofthe dry-weather

31

flow available at the intakes. However, streamflow immediately downstream of the intakes may

In federal fiscal year 2006, the USGS initiated a study, which included: (1) compiling

The USGS's cooperative study ofNa Wai 'Eha streams is funded by a consortium of

USGS collected qualitative flow information at selected sites downstream of diversions

Photographic information from cameras mounted at three selected sites downstream of all
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1

exist because of leakage through or subsurface flow beneath the dams at these sites. Estimated

2

dry-weather flow immediately downstream of the Waihe'e and Spreckels Ditch intakes

3

commonly is on the order of about 0.1 mgd, but the stream may not have continuous surface

4

flow from mauka to makai. (Oki, WDT 9/14/07, ~ 44.)

5

603.

6

diversions on physical habitat for native aquatic species. (Oki, WDT 9/14/07, ~ 49.) Although

7

data are not yet available to fully describe the relation between physical habitat and streamflow

8

for Waihe'e River and Waiehu, 'lao, and Waikapu Streams, in general, for low-flow conditions

9

(less than median flow), the availability of suitable physical habitat generally increases as

For the USGS's Nil Wai 'Ehil study, data are being collected to evaluate the effects of

10

streamflow increases. (Id.) Hui/MTF FOF B-122.

11

604.

12

create streams that flow along their entire length during the period of study. Controlled releases

13

have been and continue to be requested to allow measurements of streamflow, infiltration (loss

14

of water into the underlying stream bed), and physical habitat (and possibly recruitment and

15

larval drift) for different flow conditions in sections of the stream that commonly are dry under

16

diverted conditions. (Oki, WDT 9/14/07, ~ 50.)

17

605.

18

species for different streamflow conditions. (Oki, WDT 9/14/07, ~ 49.) It is intended to study the

19

effect of different flow conditions on habitat, not to predict the biological response of the stream

20

to the flow conditions. (Oki, WDT 9/14/-07, ~ 5.) Population abundance is only indirectly

21

inferred, without any direct quantification or prediction of individual species numbers or density.

22

(Oki, Tr. 12/6/07, p. 158,1. 15 to p. 159,1. 17.)

23

606.

24

information in development, negotiations, or mediated settlements for instream flow

25

requirements (Gingerich and Wolff, 2005)." (Payne, WDT 10/26/07, ~ 10.) HC&S FOF 32C.

26

607.

27

(DFA) method in place of the method used by USGS to modify interim instream flow standards.

28

DFA relies on direct observation of stream characteristics rather than complex computations of

29

hydraulics and habitat suitability. Persons representing the various instream flow needs identified

30

for assessment (e.g., fish habitat, recreation, aesthetics, native Hawaiian values, cultivation, etc.)

31

observe and objectively evaluate conditions and develop a consensus rating of different flows

A critical component of the USGS study is the need to partially or fully restore flow to

The controlled releases are not designed to predict the abundance of native aquatic

"The results are intended to be used along with other biological and hydrological

Payne, HC&S's expert witness, recommends use of the Demonstration Flow Assessment

106

1

through collaborative discussion. (Payne, WDT 10/26/07, ~ 13.) While the DFA still requires

2

interpretation, it can be subject to negotiation and vests all parties with direct knowledge of

3

stream conditions under various flow alternatives. (Payne, WDT 10/26/07, ~ 14.) DFA can be

4

done concurrently with USGS's method at no additional cost of water or time. The same study

5

sites can be evaluated (if appropriate) with the two methods at the same flow levels over the

6

same one-to-three day time frame. (Payne, WDT, ~ 15.) HC&S FOF 33.

7

608.

8

and 'lao Stream to allow measurements of streamflow, infiltration, and physical habitat under

9

different flow conditions. No controlled releases were proposed for Waikapu Stream. The

USGS has proposed a series of controlled releases into Waihe'e River, Waiehu Stream,

10

releases would be done in three stages, with each stage involving a flow rate higher than the last.

11

The higher streamflow-restoration rates could be refined as additional information becomes

12

available to better estimate loss rates. Each restoration condition should be maintained for a

13

period of time sufficient to allow flow conditions to stabilize and measured loss rates in a reach

14

to vary by less than 10 percent on three different days. (Oki, WDT 9/14/07, ~~ 50, 51, 56, 60, 64,

15

Table 1.) HC&S FOF 30.

16

609.

17

disruption to regular ditch operations, a phased approach was proposed, starting first at Waihe' e

18

River, then Waiehu Stream, and finally 'lao Stream. (Oki, Tr. 12/6/07, p. 165, II. 21-24; Oki,

19

WDT 9/14/07,

20

610.

21

Stream flowed continuously to the ocean under natural conditions and that a schedule of

22

controlled releases for Waikapu Stream could be developed in the future. (Oki, WDT 9/14/07, ~

23

51.)

24

611.

25

13 mgd, and 26 mgd, which USGS estimates would require flows just downstream of the

26

Spreckels Ditch diversion of 10 mgd, 17 mgd, and 30 mgd, respectively, assuming a constant

27

streamflow loss of4 mgd downstream of the Spreckels Ditch diversion. (Oki, WDT 9/14/07, ~

28

56, Table 1.) HC&S FOF 30A.

29

612.

30

Ditch are less than the minimum, Q99, and Q68 flows, respectively. (Oki, WDT 9/14/07, ~ 56.)

The controlled releases would be simultaneous for all three streams, but to minimize

~

51.)

USGS stated that control releases would be helpful to resolve whether or not Waikapu

For Waihe'e Stream, USGS proposed maintaining flows near the coast of about 6.5 mgd,

Flows of 10 mgd, 17 mgd, and 30 mgdjust upstream of the first diversion at the Waihe'e
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1

613.

For North and South Waiehu Streams, USGS proposed maintaining flows near the coast

2

of 0.6 mgd, 1.6 mgd, and 2.6 mgd, which USGS estimates would require flows of: 1) 1.6 mgd at

3

the North Waiehu Ditch on North Waiehu Stream plus 0.9 mgd at Spreckels Ditch on South

4

Waiehu Stream; 2) 2.2 mgd at the North Waiehu Ditch on North Waiehu Stream plus 1.3 mgd at

5

Spreckels Ditch on South Waiehu Stream; and 3) 2.9 mgd at the North Waiehu Ditch on North

6

Waiehu Stream plus 1.6 mgd at Spreckels Ditch on South Waiehu Stream. This assumes: 1) an

7

estimated streamflow loss in North Waiehu Stream between the North Waiehu Ditch and the

8

confluence of North and South Waiehu Stream of about 1.3 mgd, and 2) an estimated streamflow

9

loss in Waiehu Stream between the confluence of North and South Waiehu Stream and the coast

10

of 0.6 mgd. (Oki, WDT 9/14/07, ~ 60.) HC&S FOF 30B.

11

614.

12

diversions are equal to the minimum, Q90, and between the Q70 and Qso flows, respectively. (Oki,

13

WDT 9/14/07, ~ 24.) For South Waiehu Stream upstream of most diversions (a small kalo ditch

14

diverted about 0.06 mgd to 0.2 mgd upstream of the stream-gaging station): a flow of 0.9 mgd is

15

less than the minimum measurement of 1.5 mgd, and flows of 1.3 mgd and 1.6 mgd is within the

16

range of the Q90 of 1.3 mgd to 2.0 mgd. (Oki, WDT 9/14/07, ~ 25.)

17

615.

18

mgd, and 16 mgd, which USGS estimates would require flows just downstream of the' rao-

19

Maniania Ditch diversion of9.5 mgd, 16 mgd, and 22 mgd, respectively, based on an estimated

20

loss of 6.3 mgd, approximately 4.2 mgd between the 'Iao-Maniania Ditch and the Spreckels

21

Ditch and 2.1 mgd below the Spreckels Ditch. (Oki, WDT 9/14/07, ~ 62-64.) HC&S FOF 30C.

22

616.

23

and QS6 flows, respectively.

24

617.

25

streamflow above all diversions were 4.8 mgd to 6.3 mgd for Qso, 3.9 mgd to 5.2 mgd for Q70,

26

and 3.3 mgd to 4.6 mgd for Q90. However, gaging station 16650000, at altitude of about 880 feet,

27

is located below the South Side Waikapu Ditch, at an altitude of about 1,120 feet, but these

28

estimates include water diverted by that Ditch. Thus, the actual flow should be less than the

29

historical natural flow at gaging station 16650000 by the amount still being diverted by the South

30

Side Waikapu Ditch. However, the record-extension estimates of flows in climate years 1984 to

31

2005 for gaging station 1665000 should be the same for the flows above the South Side Waikapu

For North Waiehu Stream, flows of 1.6 mgd, 2.2 mgd, and 2.9 mgd upstream of all

For' rao Stream, USGS proposed maintaining flows near the coast of about 3.2 mgd, 9.7

Flows of9.5 mgd, 16 mgd, and 22 mgd upstream of all diversions represent the Q97, Q7S,

While controlled releases for Waikapu Stream were deferred, the USGS estimates for
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1

Ditch, because USGS's estimates of natural flow assume no gains, losses, or return flows

2

between the South Side Waikapu Ditch diversion and station 16650000 during the period when

3

the gaging stations were operated. FOF 134, supra.
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II.

1

CONCLUSIONS OF LAW

2
3

A.

OVERVIEW OF APPLICABLE LAW

4

5

1.

Instream Flow Standards

6

1.

'" Instream flow standard' means a quantity of water or depth of water which is

7

required to be present at a specific location in a stream system at certain specified times

8

of the year to protect fishery, wildlife, recreational, aesthetic, scenic, and other beneficial

9

instream uses." HRS §174C-3.

10

2.

11

immediate applicability, adopted by the commission without the necessity of a public

12

hearing, and terminating upon the establishment of an instream flow standard." HRS

13

§174C-3.

14

3.

15

"sustainable yield" in that both perform the function of guiding water planning and

16

regulation by prescribing responsible limits to the development and use of public water

17

resources. In re Water Permit Applications, 94 Haw. 97, at 148; 9 P.3d 409, at 460 (2000)

18

("Waiahole I").

19

4.

20

interim instream flow standard for streams in order to protect the public interest, pending

21

the establishment of a permanent instream flow standard ... A petition... shall set forth

22

data and information concerning the need to protect and conserve beneficial instream

23

uses of water and any other relevant and reasonable information required by the

24

commission. In considering a petition to adopt an interim instream flow standard, the

25

commission shall weigh the importance of the present or potential instream values with

26

the importance of the present or potential uses of water for noninstream purposes,

27

including the economic impact of restricting such uses." HRS §174C-71(2); HAR §13-

28

169-40.

29

5.

30

which are located in the stream and which are achieved by leaving the water in the

31

stream. Instream uses include, but are not limited to:

32

"'Interim instream flow standard' means a temporary instream flow standard of

The (instream flow standard) is the surface water corollary to the ground water

"Any person with the proper standing may petition the commission to adopt an

"Instream use" means beneficial uses of stream water for significant purposes

(1)

Maintenance offish and wildlife habitats;
110

1

(2)

Outdoor recreational activities;

2

(3)

Maintenance of ecosystems such as estuaries, wetlands, and stream

3

vegetation;

4

(4)

Aesthetic values such as waterfalls and scenic waterways;

5

(5)

Navigation;

6

(6)

Instream hydropower generation;

7

(7)

Maintenance of water quality;

8

(8)

The conveyance of irrigation and domestic water supplies to downstream
points of diversion; and

9
10

(9)

The protection of traditional and customary Hawaiian rights.

11

HRS §174C-3.

12

6.

13

from its stream channel and includes the use of stream water outside of the channel for

14

domestic, agricultural, and industrial purposes. HRS §174C-3.

"Noninstream use" means the use of stream water that is diverted or removed

15
16

2.

Water Use Permit Applications ("WUPAs")

17

7.

Each WUPA must demonstrate that the proposed use of water (1) can be

18

accommodated with the available water source, (2) is a reasonable-beneficial use, (3) will

19

not interfere with any existing legal use of water, (4) is consistent with the public interest,

20

(5) is consistent with state and county general plans and land use designations, (6) is

21

consistent with county land use plans and general policies, and (7) will not interfere with

22

the rights of the Department of Hawaiian Home Lands. HRS §174C-49(a).

23

8.

24

for economic and efficient utilization, for a purpose, and in a manner which is both

25

reasonable and consistent with the state and county land use plans and the public

26

interest."HRS § 174C-3.

27

9.

28

beneficial use, an applicant for a water use permit must affirmatively demonstrate that its

29

proposed use satisfies all the other criteria set forth in Haw. Rev. Stat. § 174C-49(a).

30

Waiahole I, 94 Haw. at 160-61, 9 P.3d at 472-73; Waiahole 11,105 Haw. at 15-16,93

31

P.3d at 657-58.

"Reasonable-beneficial use" is the use of water in such a quantity as is necessary

In addition to meeting the constitutionally mandated standard of reasonable-
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3.

Water as a Public Trust

2

10.

3

doctrine applies to all water resources without exception or distinction. Waiahole I, 94

4

Haw. at 133; 9 P.3d at 445.

5

11.

6

use and develop them iii a reasonable and beneficial manner. "(T)he State ... shall

7

conserve and protect Hawaii's ... water ... and shall promote the development and

8

utilization of these resources in a manner consistent with their conservation and in

9

furtherance of the self-sufficiency of the State." Hawaii State Constitution, Article XI, §1.

Under article XI, sections 1 and 7 of the Hawaii Constitution, the public trust

The public trust mandate is to conserve and protect water resources as well as to

10

"The state water resources trust thus embodies a dual mandate of 1) protection and 2)

11

maximum reasonable and beneficial use." Waiahole 1,94 Haw. at 139; 9 P.3d at 451. "In

12

short, the object is not maximum consumptive use, but rather the most equitable,

13

reasonable, and beneficial allocation of state water resources, with full recognition that

14

resource protection also constitutes 'use.'" Waiahole 1,94 Haw. at 140; 9 P.3d at 452.

15

12.

16

providing details on "acres to be used, the crops to be planted, and the water needed as to

17

each group." In re Waiahole Ditch Combined Contested Case Hr'g, 105 Haw. 1, at 25,93

18

P.3d 643, at 667 (2004) ("Waiahole II"). Absent such basic information, an offstream

19

user cannot meet its legal burden. Id. at 26, 93 P.3d at 668.

20

13.

21

natural state; 2) domestic water use of the general public; 3) Native Hawaiian and

22

traditional and customary rights, including appurtenant rights; and 4) reservations of

23

water for Hawaiian home lands. Waiahole 1,94 Haw. at 136-138; 9 P.3d at 448-450. In

24

re Wai'ola 0 Moloka'i, Inc., 103 Haw. 401, at 429, 431, 83 P.3d 664, at 692, 694 (2004)

25

("Wai'ola").

26

14.

27

resource is not a "categorical imperative." Waiahole I, 94 Haw. at 142,9 P.3d at 454.

28

15.

29

with trust purposes as the norm or 'default' condition.. .it effectively prescribes a 'higher

30

level of scrutiny' for private commercial uses ... ln practical terms, this means that the

Each offstream user must prove that each specific use is reasonable-beneficial by

The purposes of the water resources trust are: 1) maintenance of waters in their

There are no absolute priorities among these trust purposes; i.e., protection of the

"(I)nsofar as the public trust, by nature and definition, establishes use consistent

112

burden ultimately lies with those seeking or approving such uses to justify them in light
2

of the purposes protected by the trust." WaHihole 1,94 Haw. at 142; 9 P.3d at 454.

3

16.

4

by-case basis, according to any appropriate standards provided by law" and

5

"accommodating both instream and offstream uses where feasible." WaHihole I, 94 Haw.

6

at 142; 9 P.3d at 454.

7

17.

8

existing and proposed diversions on trust purposes and to implement reasonable measures

9

to mitigate this impact, including using alternative resources." Waiahole 1,94 Haw. at

The Commission is to "weigh competing public and private water uses on a case-

"(T)he public trust compels the state duly to consider the cumulative impact of

10

143; 9 P.3d at 455.

11

18.

12

remain in the stream is available for offstream uses. However, water not actually put to

13

reasonable-beneficial use would be wasted and must remain in the streams. WaHihole I,

14

94 Haw. at 118, 156,9 P.3d at 430,468.

After an IIFS has been established, water available over the amount that must

15
16

4.

Traditional and Customary Rights

17

19.

In addition to appurtenant rights when practiced for subsistence, cultural and

18

religious purposes, traditional and customary rights include, but are not limited to,

19

kuleana water for domestic purposes, kalo cultivation, and other irrigation purposes, and

20

the gathering of hihiwai, opae,

21

for subsistence, cultural, and religious purposes. Haw. Rev. Stat. § 174C-101(c).

22

Waiahole 1,94 Haw. at 137,9 P.3d at 449.

23

20.

24

the practice has not been continually practiced in an area. Public Access Shoreline Haw.

25

v. Hawai'i Planning Comm'n, 79 Haw. 425, at 450,903 P.2d 1246, at 1271 (1995)

26

("Pash").

0' opu,

limu, thatch, ti leaf, aho cord, and medicinal plants

Traditional and customary rights cannot be abandoned, and are guaranteed even if

27
28

5.

Appurtenant rights

"The trust's protection of traditional and customary rights also extends to the

29

21.

30

appurtenant rights recognized in Peck." Waiahole 1,94 Haw. at 137 n. 34; 9 P.3d at 449,

31

n. 34. However, Peck had concluded that an appurtenant right may be used for any
113

1

purpose: "(O)riginally the water was wanted mainly for the cultivation ofkalo and more

2

recently for cane. If land has a water right, it will not be contended that the water shall be

3

used forever for the same crop, be it kalo or cane. It may be used for any purpose which

4

the owner may deem for his interest, always taking care that any change does not affect

5

injuriously the rights of others." Peck v Bailey, 8 Haw. 658, at 665 (1867).

6

22.

7

customary rights, the Court presumably has limited that inclusion to appurtenant rights

8

that are exercised for subsistence, cultural or religious purposes. "The State reaffirms and

9

shall protect all rights, customarily and traditionally exercised for subsistence, cultural

By including appurtenant rights within Native Hawaiian and traditional and

10

and religious purposes and possessed by ahupua' a tenants who are descendants of native

11

Hawaiians who inhabited the Hawaiian Islands prior to 1778, subject to the right ofthe

12

State to regulate such rights." Hawaii State Constitution, Article XII, §7. "(W)hile the

13

state water resources trust acknowledges that private use for 'economic development'

14

may produce important public benefits and that such benefits must figure into any

15

balancing of competing interests in water, it stops short of embracing private commercial

16

use as a protected 'trust purpose' ... (I)fthe public trust is to retain any meaning and

17

effect, it must recognize enduring public rights in trust resources separate from, and

18

superior to, the prevailing private interests in the resource at any given time." Waiahole

19

1,94 Haw. at 138; 9 P.3d at 450.

20

23.

21

whether being exercised or not at the time the area in which those rights pertain to is

22

designated a water management area. Hawaii State Constitution, Article XI, §7; State

23

Water Code, HRS §174C-63, § 174C-27, §174C-I01(d). "The Code contains no

24

comparable provisions preserving riparian (surface water) and correlative (ground water)

25

'rights'." Waiahole I, 94 Haw. at 179; 9 P.3d at 491. Thus, only riparian and correlative

26

rights that were being exercised on April 30,2008, the time of water management area

27

designation, qualify for existing-use water permits. FOF 26. Future uses no longer are

28

based on riparian or correlative rights, which are extinguished as of the date of water

29

management area designation, and have no priority over other permit applicants.

30

24.

31

preserved, but the exercise of that right has priority over other uses in the issuance of a

However, the Constitution and the State Water Code preserve appurtenant rights,

Under the State Water Code, not only is the exercise of an appurtenant right
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1

water use permit: "Appurtenant rights are preserved. Nothing in this part shall be

2

construed to deny the exercise of an appurtenant right by the holder thereof at any time.

3

A permit for water use based on an existing appurtenant right shall be issued upon

4

application. Such permit shall be subject to sections 174C-26 and 174C-27 and 174C-58

5

to 174C-62." HRS §174C-63.

6

25.

7

provisions of section 174C-62: The Commission may impose restrictions "as may be

8

necessary to protect the water resources of the area from serious harm and to restore them

9

to their previous condition.. .including but not limited to apportioning, rotating, limiting,

The Code does subject water uses under appurtenant rights to the shortage

10

or prohibiting the use of the water resources of the area."

11

26.

12

the exercise of appurtenant rights to section 174C-49, the "Conditions for a permit"

13

section of the Code, which includes a requirement that the proposed use of water "(i)s a

14

reasonable-beneficial use as defined in section 174C-3." But the public trust mandate is

15

to conserve and protect water resources as well as to use and develop them in a

16

reasonable and beneficial manner. COL 11, supra. Thus, appurtenant uses must also be

17

undertaken for reasonable-beneficial uses.

18

27.

19

in connection with that particular parcel of land to which the right is appurtenant[.]"

20

McBryde Sugar Co. v. Robinson, 54 Haw. 174, at 191,504 P.2d 1330, at 1341 (1973);

21

affd on rehearing, 55 Haw. 260, 517 P.2d 26 (1973); appeal dismissed for want of

22

jurisdiction and cert. denied, 417 U.S. 962 (1974) ("McBryde").

23

28.

24

confirmed by the Land Commission Award and title conveyed by the issuance of Royal

25

Patent." McBryde, 54 Haw. at 190, 504 P.2d at 1340; see also Territory v. Gay, 31 Haw.

26

376, at 383 (1930); ajJ'd, 52 F.2d 356 (9 th Cir. 1931); cert. denied, 284 U.S. 677 (1931)

27

(" Territory v Gay").

28

29.

29

utilized at the time of the Mahele, requiring too great a degree of precision in proof

30

would make it all but impossible to ever establish such rights." When "the same parcel of

31

land is being utilized to cultivate traditional products by means approximating those

However, whether intentionally or inadvertently, HRS § 174C-63 does not subject

"[T]he right to the use of water acquired as appurtenant rights may only be used

"(A)ppurtenant water right(s) to taro land attached to the land when title was

"(W)hi1e the proper measure of those rights is indeed the quantum of water
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1

utilized at the time of the Mahele, there is sufficient evidence to give rise to a

2

presumption that the amount of water diverted for such cultivation sufficiently

3

approximates the quantity of the appurtenant water rights to which that land is entitled."

4

Reppun v. Board of Water Supply, 65 Haw. 531, at 554, 656 P.2d 57, at 72 (1982)

5

("Reppun").

6

30.

7

rights must be determined, and the Commission is the authority for doing so: "(The

8

Commission) (s)hall determine appurtenant water rights, including quantification ofthe

9

amount of water entitled to by that right." HRS § 174C-5(14).

Appurtenant rights must be recognized, the amounts of water accompanying those

10
11

6.

Alternative Sources

12

31.

An alternative is practicable if it is available and capable of being used after

13

taking into consideration cost, existing technology, and logistics. WaHihole 11,105 Haw.

14

at 19,93 P.3d at 661.

15

32.

16

does not render that alternative impracticable. WaHihole II, 105 Haw. at 19, 93 P.3d at

17

661.

18

33.

19

offstream user does not own or control the source. Waiahole II, 105 Haw. at 17,93 P.3d

20

at 659.

21

34.

22

subsidy or guaranteed access to less expensive water sources when alternatives are

23

available and public values are at stake." Waiahole I, 94 Haw. at 165,9 P.3d at 477.

An applicant's inability to afford an alternative source of water, standing alone,

An alternative source of water is not rendered impracticable simply because an

The Commission "is not obliged to ensure that any particular user enjoys a

24
25

7.

Losses

26

35.

Offstream users have the burden to prove that any system losses are reasonable-

27

beneficial by establishing the lack of practicable mitigation measures, including repairs,

28

maintenance, and lining of ditches and reservoirs. Waiahole I, 94 Haw. at 172-73,9 P.3d

29

at 484-85; Waiahole II, 105 Haw. at 27,93 P.3d at 669.

30

36.

31

ultimately the Commission, must account for water lost or missing by adopting

Whether or not a permit is required for system losses, offstream users, and
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1

"provisions that encourage system repairs and limit losses." WaHihole II, 105 Haw. at

2

27,93 P.3d at 669.

3
8.

4

Surface Water Diversions: The WUPA Process Versus This CCH

5

37.

"(B)esides advocating the social and economic utility of their proposed uses,

6

permit applicants (in the WUPA or water use permit application proceedings) must also

7

demonstrate the absence of practical mitigating measures, including the use of alternative

8

water sources. Such a requirement is intrinsic to the public trust, the statutory instream-

9

use protection scheme, and the definition of 'reasonable-beneficial' use, and is an

10

essential part of any balancing between competing interests." Waiahole 1,94 Haw. at

11

161; 9 P.3d at 473.

12

38.

13

excess of the amended IIFS are available. COL 3, supra. But in establishing the IIFS in

14

the first place, the Commission must weigh the importance of the present or potential

15

instream values with the importance of the present or potential uses of water for

16

noninstream purposes, including the economic impact of restricting such uses. COL 4,

17

supra.

18

39.

19

beneficial and that there are no practical alternative resources. COL 12, supra. The Nil

20

Wai 'Ehil streams were designated as a surface water management area, with an effective

21

date of designation of April 30, 2008. Applicants for existing-use permits had to be filed

22

within a period of one year from the effective date of designation, or no later than April

23

30,2009. FOF 26; HRS §174C-50(c). New uses may be filed at any time and will be

24

considered after the existing use determinations have been made. HRS §§ 174C-49 and

25

174C-51.

26

40.

27

to amend the IIFS. FOF 18. Thus, it cannot make the final determination of the amounts

28

of noninstream uses that would meet the statutory requirements for water use permits for

29

existing and future uses of diverted surface waters.

30

41.

31

future uses of water must be evaluated in this CCH. COL 4, supra. Thus, the Commission

Permits for noninstream uses can be issued only to the extent that stream flows in

In WUPAs, permit applicants must show that their uses are reasonable and

This CCH is limited to the 'lao high-level ground water WUPAs and the petition

However, in determining the lIFS, many of the same noninstream existing and
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1

must make a collective finding on these noninstream uses in order to meet its duty of

2

finding a balance between instream and noninstream uses to establish the lIFS.

3

42.

4

determine whether or not the amounts of water being diverted for noninstream purposes

5

are justifiable-i.e., reasonable-beneficial uses-in order to evaluate "the importance of

6

the present or potential uses of water for noninstream purposes, including the economic

7

impact of restricting such uses." COL 4, supra. The importance of such uses cannot

8

apply to water that may be used in an unreasonable manner and/or amount, which would

9

be contrary to the public trust's duty of both protection and maximum reasonable and

In its assessment of noninstream uses in this CCH, the Commission must also

10

beneficial use, COL 11, supra, and the Commission's duty to uphold that trust.

11

43.

12

considered in the determination of the practicability of those alternative sources. In

13

amending the lIFS, the costs of available alternative sources for noninstream uses would

14

not be included in the economic impact of restricting such noninstream uses because it is

15

intrinsic to the definition of "reasonable-beneficial" use. COL 37, supra.

For a water-use permit application, the costs of alternative sources would be

16
17

B.

PRESENT OR POTENTIAL INSTREAM VALVES
"Instream use" means beneficial uses of stream water for significant purposes

18
19

which are located in the stream and which are achieved by leaving the water in the stream.

20

COL 5, supra.

21

In this CCH, such beneficial uses include:

22

44.

maintenance offish and wildlife habitats, FOF 40, 42,50,556;

23

45.

outdoor recreational activities, FOF 234;

24

46.

maintenance of ecosystems such as estuaries, wetlands, and stream vegetation,

25

FOF 63-79, 234, 237, 303;

26

47.

aesthetic values such as waterfalls and scenic waterways, FOF 38, 237, 303;

27

48.

conveyance of irrigation and domestic water supplies to downstream points of

28

diversion, FOF 60, 214-236; and

29

49.

30

51-59,234, 556. These are rights that are located in the streams and achieved by

31

leaving/restoring water in the streams. COL 5, supra. They are distinct from the

protection of traditional and customary Hawaiian rights, FOF 35-37, 39-43, 47, 49,
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1

traditional and customary rights that are included in noninstream purposes; i.e.,

2

appurtenant rights exercised through traditional and customary methods, discussed infra.
The amounts of stream waters to be restored to address these instream purposes

3

4

are discussed in section G on Interim Instream Flow Standards ("IIFS").

5

6

C.

7

PRESENT OR POTENTIAL USES FOR NON-INSTREAM PURPOSES
"Noninstream use" means the use of stream water that is diverted or removed

8

from its stream channel and includes the use of stream water outside of the channel for

9

domestic, agricultural, and industrial purposes. COL 6, supra.

10

In this CCH, noninstream uses include:

11

50.

domestic purposes, FOF 233, 238-239;

12

51.

agricultural purposes, FOF 233,238-239,241,244,250,253,255,260-289,363;

13

and

14

52.

industrial purposes, 238-239, 363.
In this CCH, the Commission makes a collective finding on the reasonableness of

15
16

these noninstream uses in order to meet its duty of weighing instream and noninstream

17

uses to establish the IIFS; the Commission does not make the final determination of the

18

amounts of noninstream uses that would meet the statutory requirements for water use

19

permits, which will be addressed through the WUPA process for Nii Wai 'Ehii as a

20

surface water management area. FOF 26. COL 40-42, supra.

21

1.

22

Kuleana Lands and Maui Coastal Land Trust ("MCLT")

23

53.

As ofthe close of the evidentiary phase of this CCH, there were no petitions to

24

the Commission from kuleana landowners for appurtenant rights and the amounts of

25

water that such rights would be entitled to from the Nii Wai 'Eha streams, as required by

26

law. COL 30, supra.

27

54.

28

qualify as existing uses if their WUPAs are filed with and accepted by the Commission

29

by April 30, 2009. FOF 26. Current users that do not file for existing-use permits by the

30

deadline may file after the deadline as new uses, and kuleana landowners who

31

successfully petition for recognition of their claimed appurtenant rights may subsequently

Even without recognized appurtenant rights, current users ofNa Wai 'Eha waters
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1

submit WUPAs for the amounts of water recognized as accompanying those rights. COL

2

23, supra.

3

54.

4

and percolation through the bottoms and leakage through the banks) is between 15,000 to

5

40,000, FOF 321-322, and most of the net loss between lo'i inflow and outflow is

6

percolation and leakage, FOF 339.

7

55.

8

inflow above what is consumed, FOF 337. At times of peak use, at least 260,000 gad

9

mean (average) flow or 150,000 gad median (50 percent of flows above, and 50 percent

A reasonable amount for consumptive use by kalo 10' i (evaporation, transpiration,

For proper kalo cultivation, a substantially greater amount of water is needed for

10

below 150,000 gad) flow is needed, FOF 325. However, during a crop cycle of 14

11

months, no water is required to enter the lo'i approximately 40 to 50 percent of the time,

12

either because of cultural practices including planned resting or fallowing of patches.

13

FOF 330.

14

56.

15

to 150,000 gad for their kalo 10 'i, FOF 332-333, translating to about 260,000 to 300,000

16

gad when adjusted for the 50 percent of time that no water is needed to flow into the 10 'i,

17

FOF 330. These amounts would be sufficient for proper kalo cultivation and even meet

18

Reppun's estimate of sufficient flow, FOF 328.

19

57.

20

335, and together with observations of numerous leakages from the ditches, FOF 336, the

21

Commission further concludes that much of the water reported by WWC as being

22

delivered to the kuleana lands is being lost between the kuleana lands and WWC's

23

ditches and reservoirs from which the kuleana ditches/pipes emanate. These losses are

24

addressed, in Section E on Losses, infra.

25

58.

26

would result in substantial losses, so as much of the outflow as practical must be

27

channeled back into the streams. FOF 337.

28

59.

29

account for the consumptive use, but not for the larger amounts needed to flow through

30

the 10' i for proper cultivation. While the large amounts of flow-through are reasonable for

31

proper kalo cultivation, water use permits effectively remove those large amounts from

The Commission estimates that current kuleana lands receive more than 130,000

However, kuleana users testified that their water deliveries were inadequate, FOF

The large amounts of inflow and outflow required for proper kalo cultivation

The Commission concludes that water use permits are the proper approach to
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1

all other uses; i.e., maintaining/restoring stream flows and other reasonable-beneficial

2

offstrearn uses. Whether or not a permit is required, the Commission must account for

3

water losses by adopting provisions that limit such losses. COL 36, supra. Those

4

provisions are presented in Section E on Losses, infra.

5

60.

6

trees, and plants). FOF 233. MDWS has allocated up to 540 gpd for households and 600

7

to 1,200 gpd for agricultural development lots, FOF 401-402, which are reasonable

8

amounts for kuleana lands for those purposes. The kalo 10 'i reasonable use at between

9

15,000 to 40,000 gad, however, is by far the dominant use, and the higher consumptive

Kuleana lands also use stream waters for d()mestic and other uses (vegetables,

10

rate of 40,000 gad would be more than enough to account for domestic and other use.

11

Thus, reasonable use for kuleana lands would be about 1.71 mgd. FOF 219-220.

12

61.

13

elevation between 12 to 18 inches and running freshwater through its fishpond to restore

14

aquaculture conditions within the ancient fishpond limits. FOF 345. There was no

15

testimony against these amounts being reasonable for the stated purposes, with the

16

testimony focused on whether or not the underlying basal aquifer was a practical

17

alternative to water from the Waihe'e River. FOF 353.

MCLT seeks 1.5 to 2.5 mgd to restore its wetlands by raising the water table

18
19

2.

MDWS

20

62.

All ofMDWS's basal and high-level water sources in the 'lao Ground Water

21

Management Area and its surface water sources from Nil Wai 'Ehil are part of its

22

integrated Central Maui System. FOF 362. In issuing water use permits to MDWS for its

23

seven basal sources and for Shaft 33 in CCH-MA05-1 of January 31,2007, the

24

Commission found that MDWS's use met all of the requirements ofHRS §174C-49(a),

25

including that the uses were reasonable-beneficial. Therefore, its existing uses of surface

26

water, FOF 239, 368, are for the same purposes, and the amounts of those uses would be

27

reasonable. Of its 3.2 mgd capacity, MDWS used only 0.71 mgd in 2005 and 1.08 mgd in

28

2006, or an average of 0.9 mgd. Table 7. Furthermore, its informal discussions to

29

increase capacity from3.2 to 4.0 mgd and to construct a new water treatment facility of

30

up to 9 mgd capacity are too speculative. FOF 305-306. Thus, at most, MDWS's present

31

and potential reasonable uses is 3.2 mgd.
121

3.

1

WWC Water Delivery Agreements

2

63.

3

agreements with WWC, except for testimony provided by some of these entities, only the

4

total actual uses and general descriptions of these uses were identified. FOF 240-241,

5

256-258,377. Out of maximum delivery agreements of8.288 mgd, total use for the 34

6

entities were 1.42 mgd in 2005 and 2.37 mgd in 2006. FOF 257-258.

7

64.

8

less for two golf courses, FOF 391,395, and 2,730 gad for a proposed coffee farm of

9

about 300 acres, FOF 388-389, or 0.82 mgd, for a total of 2.02 mgd.

Of the 34 entities in addition to MDWS and HC&S who have water-delivery

For two of the larger current or future users, reasonable amounts are 1.2 mgd or

10

65.

11

housing developments, both of which are only in the conceptual stage, FOF 385, 416.

There are also at least two agricultural developments, FOF 397, 406, and two

12

4.

13

HC&S

14

66.

HC&S calculated that it used an average of 6828 gad, or 22.87 mgd on 3350 acres

15

of its Waihe'e-Hopoi Fields and 7716 gad, or 10.26 mgd on 1330 acres of its 'Iao-

16

Waikapii Fields during 2004-2006. Excluding the 250 acres ofField 920 from the 'Iao-

17

Waikapii Fields because it has consumed more water because of the porosity of its sandy

18

soil and its use for seed cane, there was an average use of 7098 gad on the remaining

19

1080 acres, or 7.67 mgd. FOF 436, 441, 443.

20

67.

21

more consistently, because the available water for these fields per acre is greater than it is

22

for the Waihe'e-Hopoi Fields. FOF 444.

23

68.

24

deficit during the summer months, when solar radiation is greater and ditch flows are low.

25

FOF 436

26

69.

27

readings. HC&S does not regularly calculate and use gad in managing its operations,

28

because averages can misstate actual irrigation requirements. FOF 437. Usage is

29

computed through its water balance database, determining how many irrigation hours

30

were charged to the fields and then multiplying by the application rate. FOF 438.

31

Furthermore, the irrigated acres could fluctuate yearly, because acres could be added that

HC&S is able to satisfy the irrigation requirements for the' Iao-Waikapii Fields

For the Waihe'e-Hopoi Fields, the fields are typically at a substantial moisture

The rates reported in gad (gallons per acre per day) were not based on meter
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1

were not in production previously and may take in more lands as HC&S surveys field

2

boundaries to determine the actual boundaries of its fields. FOF 439.

3

70.

4

that accounts for "deposits" of water in the form of rainfall and irrigation and

5

"withdrawals" in the form of evapo-transpiration, which is defined as the loss of water

6

from the soil both by evaporation and by transpiration from the plants growing in the soil.

7

The evapo-transpiration rate varies during the year, depending on weather conditions,

8

solar insulation, temperatures, humidity, and wind speed. In order to maintain sugar

9

yields, the sum of available rainfall plus irrigation water applied to the fields must

HC&S's computerized water balance model essentially calculates a water budget

10

approach the evapo-transpiration rate to promote efficient growth. The evapo-

11

transpiration rate tends to be the highest during the months of May through September,

12

which are the peak growing periods. Adequately meeting evapo-transpiration rates is

13

directly correlated with crop yield potential. The model is used as a managerial tool to

14

decide what fields need to be irrigated and also tracks what is applied to the fields. FOF

15

451-452.

16

71.

17

model, FOF 454-463, which, in the opinion ofHC&S's experts, was similar to HC&S's

18

model although different in significant respects. FOF 468-475, 486.

19

72.

20

leaving the system as evapo-transpiration, overflow, runoff, excess due to drainage, and

21

the storage capability of the soil. The purpose of the model is to calculate the irrigation

22

requirements to keep the soil moisture level above the allowable water deficit, which is a

23

given percent of the soil moisture level at which the sugarcane plant wilts and can no

24

longer ,take water from the soil. His model assumes that the allowable water deficit is 65

25

percent of the available soil water holding capacity. FOF 455.

26

73.

27

a daily basis. FOF 455.

28

74.

29

requirements-that water sufficient to meet the irrigation requirements would be

30

available four out of five days-because it is the industry standard for calculating crop

31

water duties in both the government and private sectors. FOF 457. This was not

Fares also calculated irrigation requirements using a computerized water budget

Fares's model accounts for water going into the plantation system and water

Fares's model is not intended to determine how much irrigation water to apply on

Fares used an 80 percent probability for satisfying the crop's irrigation
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1

specifically identified by HC&S's expert witnesses as one of the factors that were

2

different in HC&S's model, but HC&S uses real-time data in its model to identify daily

3

irrigation requirements, not the average over a period of time. FOF 469.

4

75.

5

the Waihe'e-Hopoi Fields in 80 percent of the 54 years of rainfall data up to 2004 that

6

was incorporated into his model, and that the comparable requirement for the 'Iao-

7

Waikapu Fields was 5,150 gad. FOF 464-465. For the latter fields, when Field 920 is

8

excluded, irrigation requirements would be 5,026 gad, and for Field 920,5,752 gad. FOF

9

466-467. Compare to HC&S's 6,828 gad for its Waihe'e-Hopoi Fields and 7,716 gad

Fares estimated that 5,674 gad would have satisfied the irrigation requirements for

10

for its' Iao-Waikapu Fields including Field 920 and 7,098 gad when Field 920 is

11

excluded, during 2004-2006. COL 66, supra, FOF 436, 441. HC&S's numbers are based

12

on acres irrigated during the time period (2004-2006), which are detennined by how

13

many irrigation hours were charged 'to the fields and then multiplying by the application

14

rate, COL 68, supra, FOF 438. In other words, HC&S's numbers are the actual irrigation

15

rates, which were detennined through its water balance model that calculates what the

16

water requirements were for the days that those irrigation rates were applied, modified by

17

the amounts of water that were actually available for irrigation. COL 67-68, supra.

18

76.

19

lower irrigation requirements than HC&S' s is his choice of irrigation efficiency of 85

20

percent versus HC&S's 80 percent. FOF 488-489. Fares defined irrigation efficiency as

21

the percentage of water that will be delivered to the plant. Thus, an irrigation efficiency

22

of 85 percent assumes that of 100 gallons pumped into the drip irrigation lines, 85 gallons

23

will be delivered to the plant. FOF 473.

24

77.

25

irrigation standard and the minimum efficiency for which drip irrigation systems are

26

designed. FOF 488.

27

78.

28

been used since before either of them started with HC&S; neither was aware of any

29

actual measurements or studies conducted by HC&S to verify the assumption. FOF 489.

30

79.

31

generalizations drawn from it do not necessarily track actual conditions and practices in

Fares concluded that the only difference that results in his model calculating

Fares chose 85 percent irrigation efficiency because he concluded that it is the

HC&S's witnesses agreed that HC&S's 80 percent efficiency assumption had

However, HC&S's witnesses concluded that Fares's model and the
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HC&S's West Maui Fields. FOF 477. For example: Fares's model: 1) does not account
2

for water that must be run through the irrigation system to detect leaks, FOF 477; 2) fails

3

to account for irrigation water "lost" because it is applied just before it rains, FOF 477;

4

and 3) assumes it is always practical for a sugarcane grower to apply irrigation water to a

5

field to restore its soil moisture storage level to 100 percent once it depletes to 65 percent,

6

when in practice irrigation water may not necessarily be available at the point the soil

7

moisture level reaches 65 percent, FOF 478. Furthermore, a round of irrigation can

8

consist of anywhere from 24 hours up to 72 hours of continuous irrigation. And at any

9

given time, only a fraction of the fields are actually receiving water. FOF 448. HC&S

10

also will deviate from its water balance model as dictated by field conditions and other

11

practical requirements. For example, HC&S does not rely strictly on the crop coefficient

12

in the initial phase of growth; when a field is first planted, the primary objective is to

13

keep the seed piece moist as to ensure germination. FOF 480. Water also needs to be

14

applied constantly in the initial stage of growth to keep away the lesser cornstalk borer

15

from boring into the shoots. FOF 480. Other reasons for applying water to the fields

16

besides replacing moisture lost to evapotranspiration include application of fertilizers and

17

herbicides. FOF 480.

18

80.

19

measurements adjusted to field-level management and use of water could account for the

20

difference between Fares's and HC&S's estimates of irrigation requirements.

21

81.

22

opposed to its water use, was not from the water balance model. "Historical daily

23

requirement" was calculated by replacing the historical evaporation rate, which assumed

24

that all of the water lost through evapotranspiration must be replaced by irrigation. FOF

25

490-492. However, even HC&S's own calculation of irrigation requirements subtracts

26

rainfall and multiplies the pan evaporation rate by a crop coefficient that varies from 0.4

27

to 1.0. HC&S's expert witness also testified that it also waters little or none at all during

28

the last six months before harvest. FOF 471,484. Thus, the water "requirements"

29

provided by HC&S do not even correspond with its own stated process for calculating its

30

irrigation requirements.

These differences between the use of historical data versus day-to-day

However, the evidence provided by HC&S of its actual water requirements, as
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1

82.

Both HC&S and Fares use essentially the same model to estimate irrigation

2

requirements, with the principal differences being: 1) the absence of a pan coefficient in

3

HC&S's model, while Fares used a pan coefficient of 0.8; 2) a crop coefficient of 0.4 to

4

1.0 for HC&S and 0.4 to 1.25 for Fares; 3) an irrigation efficiency of 80% for HC&S and

5

85% for Fares; and 4) adjustments by HC&S of its calculations to account for field

6

conditions and other management actions. FOF 448-489. In the absence of HC&S

7

providing irrigation requirements based on the method it uses, the application of the

8

model by Fares is the only starting point available for determining actual irrigation

9

requirements. But the burden is on HC&S to avoid the model as the default requirement.

10

HC&S has met that burden in part by describing why its actual irrigation rates would be

11

higher than estimated by the use of the model, but HC&S has not taken the next step of

12

providing what its reasonable irrigation requirements would be for its Waihe' e-Hopoi and

13

'Iao-Waikapu Fields.

14

83.

15

the water balance model to his use of a 85 percent irrigation efficiency versus HC&S' s 80

16

percent. Fares chose 85% because it is the irrigation industry standard and the minimum

17

efficiency for which drip irrigation systems are designed. FOF 488. On the other hand,

18

HC&S uses a 80 percent efficiency because it was the number inherited by the present

19

HC&S managers and had been in use before either of them started with HC&S. Neither

20

was aware of any actual measurements or studies conducted by HC&S to verify the

21

assumption. FOF 489. Therefore, the Commission accepts Fares's use of 85% as the

22

irrigation efficiency.l

23

84.

24

growth, which lasts about two months. Fares uses a pan coefficient of 0.8, which HC&S

25

does not use. So the pan evaporation rate is multiplied by 0.4 by HC&S and 0.32

26

(0.8x0.4) by Fares. FOF 470-471.

27

85.

28

the ripening stages and no water at all during the drying stage, which covers the last 40 to

29

60 days. In contrast, Fares's method decreases the irrigation linearly for the six months

Fares's ascribed the greatest difference between his and HC&S's application of

Both Fares and HC&S apply a crop coefficient of 0.4 in the initial stages of

During the last six months of the growing cycle, HC&S uses very little water in

I For example, at an application rate of 5000 gad, 85% efficiency means that 4250 gad reaches the plant,
whereas with a 80% efficiency, 4000 gad reaches the plant. For the same amount of water to reach the plant
as with 85% efficiency, 5312 gad would have to be applied, an increase of 6.24 percent.
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1

before harvest and would continue to apply water during drying. Fares's crop coefficient

2

during this period decreases from 1.25 to 0.75 on the last day before harvest. Multiplied

3

by a pan coefficient of 0.8, during the last six months of a crop cycle, Fares' model would

4

apply 1.0 of the pan evaporation rate, decreasing to 0.6 at the last day before harvest. In

5

contrast, HC&S would be applying little or no water during this time. FOF 484.

6

86.

7

two months and preparation for harvesting during the last six months, or for about 16

8

months of the two-year crop cycle, HC&S would be replacing all evaporation losses

9

(minus rainfall), because of its use of a crop coefficient of 1.0 during this period and no

10

pan coefficient. Fares would also replace 1.0 of the evaporation losses (minus rainfall),

II

because of his use of a pan coefficient of 0.8 and a crop coefficient of 1.25 during this

12

period. FOF 484.

13

87.

14

Fares's 0.32 during the first two months. During the last six months, Fares's model

15

calculates requirements beginning at 1.0 times the evaporation rate, decreasing linearly to

16

0.6 at the end, or an average of about 0.8 times the evaporation rate, versus little or no

17

water used by HC&S. During the intervening 16 months, the peak growing season, both

18

HC&S and Fares calculates the same requirements, or 1.0 times the evaporation rate.

19

COL 87, supra. If we take the requirements on a monthly basis, both HC&S and Fares

20

would multiply the evaporation rate by 1.0 for sixteen months, by 0.4 for HC&S and 0.32

21

for Fares for two months, and by an average of 0.8 by Fares for six months. Summing

22

these totals over 24 months, the ratio would be 21.44 for Fares and 16.8 for HC&S, or

23

about 28% higher for Fares over HC&S. However, evaporation rates would vary across

24

the 24-month period, so the 28% higher rate for Fares is only an approximation.

25

88.

26

with an 80% probability of 5150 gad. Without Field 920, the 80% probability would have

27

been 5026 gad, or about two percent less. FOF 465-467.

28

89.

29

what HC&S would have calculated if HC&S had used an efficiency factor of 85% instead

30

of 80%. Fares concluded that the only difference that results in his model calculating

31

lower optimal irrigation requirements than HC&S is the choice of irrigation efficiency,

During the peak growth period between establishment of the seed cane in the first

HC&S's application of the model results in 0.4 times the evaporation rate versus

Fares's irrigation requirements includes Field 920 for the 'Iao-Waikapu Fields,

Thus, Fares requirements estimates could be as much as 30 percent higher than
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1

FOF 488; but his use of water in the last six months contrasts sharply with HC&S's

2

testimony that little or no water was used in their actual field operations during this

3

period, FOF 484. Moreover, HC&S did not provide evidence that its calculations resulted

4

in higher requirements than Fares's. Instead, HC&S only provided calculations based on

5

replacing average evaporation rates for its Waihe' e-Hopoi Fields and provided no

6

calculations at all for its 'Iao-Waikapu Fields, FOF 490-493, and these estimates matched

7

nearly exactly its calculations for actual use. Compare FOF 436 with FOF 491.

8

Nevertheless, Fares would only say that, under his model, the optimal irrigation

9

requirements are less than what HC&S actually used. FOF 482.

10

90.

HC&S testified to a number of plausible and reasonable factors that would

11

significantly increase their actual irrigation requirements over the quantities calculated

12

through application of the model that both HC&S and Fares used. FOF 477-480. COL 79,

13

supra. Fares's estimate of the 80% probability versus actual use by HC&S on its fields

14

were 5674 gad versus 6828 gad for the Waihe'e-Hopoi Fields, and 5150 gad versus 7098

15

gad for the 'lao-Waikapu Fields. Compared to Fares's estimates, HC&S's use on the

16

Waihe'e-Hopoi Fields were 20% higher, while for the 'Iao-Waikapu Fields, use was

17

38% higher.

18

91.

19

COLs, a reasonable estimate of HC&S' s irrigation requirements would be an increase of

20

5 percent over Fares's estimates. The 5 percent increase also applies to the 'Iao-Waikapu

21

Fields. Taking Fares's estimate of the 80 percent probability to satisfy crop irrigation

22

requirements, or 5674 gad for the Waihe'e-Hopoi fields and 5150 gad for the 'Iao-

23

Waikapu fields, an increase of5 percent would be 5958 gad for the Waihe'e-Hopoi fields

24

and 5408 gad for the' Iao-Waikapu fields. This 5 percent increase has been applied to all

25

of Fares's range of estimates from minimum to maximum requirements. Tables 10 and 11.

26

92.

27

have been 5958 gad or 19.96 mgd for 3350 irrigated acres, versus the actual use of6828

28

gad or 22.87 mgd. FOF 436. However, the 300 acres previously irrigated with wastewater

29

from MLP, which has ceased operations, FOF 261, must now be irrigated with stream

30

waters. Thus, water requirements for 3650 acres would be 21.75 mgd.

Taking into consideration the factors identified and discussed in the previous

Thus, the Waihe'e-Hopoi Fields' water use requirements in 2004-2006 would
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1

93.

2

5408 gad or 5.84 mgd for 1080 irrigated acres (excluding Field 920's 250 acres), versus

3

the actual use of7,098 gad or 7.67 mgd. FOF 443. However, an additional 40 acres has

4

been added. FOF 310, 311, 430. Thus, water requirements for 1120 acres would be 6.06

5

mgd.

The 'Iao-Waikapii Fields's water use requirements in 2004-2006 would have been

6

7

D.

An alternative is practicable if it is available and capable of being used after

8

9

ALTERNATIVE WATER RESOURCES

taking into consideration cost, existing teclmology, and logistics. COL 31.

10
11

1.

Kuleana Lands and MCLT

12

a.

13

Kuleana Lands

Appurtenant rights are preserved, COL 23, supra, and water use permits must be

14

94.

15

issued, subject to that use being reasonable-beneficial and limitations imposed in the

16

event of a water shortage. COL 23-26, supra. The Code's definition of "reasonable-

17

beneficial" does not include an explicit requirement that there are no practical alternative

18

water sources, COL 8, supra, but the Court has stated that the use of alternative water

19

sources is "intrinsic to the public trust, the statutory instream-use protection scheme, and

20

the definition of 'reasonable-beneficial' use." COL 37, supra. The Commission resolves

21

this conflict in favor of not requiring appurtenant rights-holders to meet the practical

22

alternatives test, because the Hawai'i Constitution and the State Water Code expressly

23

preserves access to the specific surface waters that appurtenant lands historically and

24

culturally had. COL 23, supra.

25

b.

26

MeLT

27

95.

MCLT requests a diversion of 1.5 to 2.5 mgd, an amount it estimates as less than

28

25 percent of the likely historical' auwai flow to restore 27 acres of wetlands. FOF 304,

29

345.

30

96.

31

353.

A practical alternative source is the basal aquifer underlying the wetlands. FOF

129

1

2.

MDWS

2

97.

3

2.401 mgd, FOF 8, 363; and an agreement with WWC to receive up to 3.2 mgd of surface

4

water from the 'Iao-Waikapu Ditch. FOF 239, 368.

5

98.

6

granted water use permits, are part of its integrated Central Maui System. FOF 362.

7

99.

8

Waikapu aquifers, but those sources have not been show to be practical. FOF 370-371.

9

MDWS has also entered into a consent decree that restricts its ability to utilize water

10

MDWS has WUPAs for Kepaniwai Well and 'lao Tunnel to supply a total of

All ofMDWS's sources, including the eight 'lao basal aquifer sources previously

MDWS has considered various other sources in the Waihe'e, Kahakuloa, and

sources from East Maui. FOF 372-373.

11

3.

12

WWC Delivery Agreements

13

100.

Information was provided at the CCH on only some of the Delivery Agreements.

14

FOF 378-416.

15

101.

16

water. FOF 401-403, 405, 410.

17

102.

18

alternatives.

Some of the WWC contractees were also using or may have access to MDWS

Wells, FOF 411, and recycled water, FOF 386, are possible but unexplored

4.

19

HC&S

20

103.

Well No.7 was the primary source of irrigation water for the Waihe'e-Hopoi

21

Fields, averaging about 21 mgd between 1927 and 1985, FOF 494-495, and as recently as

22

June through November 1996 and May through October 2000, an average of 25 mgd and

23

18.9 mgd, respectively, was pumped, FOF 495. In the 1980s HC&S installed drip

24

irrigation in its field to increase the efficiency of water delivery to the plants, as did

25

WWC in the 1980s. FOF 215, 445. Each ofthe two pumps at water level can pump 17.5

26

mgd each to ground level and reach approximately 800 acres of the 3,650 acres of the

27

Waihe'e-Hopoi Fields, FOF 429, 496, and the booster pump at ground level can pump 14

28

mgd to the Waihe'e Ditch, from where it can reach all of the Fields except for the 175-

29

acre Field 715. FOF 496.

30

104.

31

the Waihe'e-Hopoi Fields, with the exception ofField 715, FOF 497, but 14 mgd refers

HC&S states that as currently configured, Well No 7 can supply only 14 mgd to

130

1

only to the booster pump at ground level, while the two pumps at water level can pump

2

up to 17.5 mgd each to ground level, from which approximately 800 acres of the

3

Waihe'e-Hopoi Fields can be watered. COL 103, supra.

4

105.

5

booster pump and additional distribution pipeline to increase the volume that can be

6

pumped into the Waihe' e Ditch from 14 mgd to 28 mgd, with the cost of an additional

7

pipeline to reach Field 715 estimated at $475,000. FOF 498.

8

106.

9

pumps for Well No.7 on a consistent and sustained basis because of its power contract

HC&S estimates that it would cost approximately $525,000 to add another

HC&S further states that it does not have adequate electrical power to run the

10

with MECO, FOF 499, and that increased pumping would exacerbate the degree to which

11

the sustainable yield is already being exceeded and reduce the recharge from imported

12

surface water that sustains the aquifer. FOF 500.

13

107.

14

WailukulKahului wastewater treatment plant, which is currently disposed of via

15

underground injection; and several hundred thousand gallons a day are also produced by

16

private treatment plants in Ma'alaea but unused and disposed of. FOF 501.

17

108.

18

to HC&S's fields, FOF 502; but private parties could construct their own pipeline to the

19

plant, FOF 504.

20

109.

21

to irrigate with an overhead sprinkler system on Fields 710-715. FOF 505.

22

110.

23

was pasture at the time. They are currently irrigated with surface water for cane. This

24

source is no longer available, as MLP has ceased operations. FOF 261,506.

Recycled County Wastewater include at least 5 mgd from Maui County's

The County currently has no existing infrastructure to deliver recycled wastewater

Recycled Wastewater from HC&S's Puunene Mill were or are still being used

Recycled Wastewater from MLP was used to irrigate Fields 921 and 922, which

25
26
27

E.

LOSSES

28

Offstream users have the burden to prove that any system losses are reasonable-

29

beneficial by establishing the lack of practicable mitigation measures, including repairs,

30

maintenance, and lining of ditches and reservoirs. COL 35.

131

Whether or not a permit is required for system losses, offstream users, and

2

ultimately the Commission, must account for water lost or missing by adopting

3

provisions that encourage system repairs and limit losses. COL 36.

4
5

1.

Kuleana Lands

6

a.

7

Kuleana Ditches

8

Ill.

9

FOF 336. Furthermore, even at estimated inflow rates of 150,000 gad, kuleana users who

10

testified at the CCH complained of inadequate water, FOF 296, 335. WWC measures the

11

amount of water it delivers to each of the kuleana ditch/pipe system, FOF 222; but WWC

12

does not measure amounts of water delivered to or collect data on the individual users

13

from kuleana systems on a parcel-by-parcel basis, FOF 228. Thus, the kuleana ditches

14

must be leaking to such an extent that water is inefficiently being delivered to the

15

kuleanas.

16

112.

17

more reliable and consistent, FOF 215, but evidence on the extent of that replacement is

18

lacking.

19

113.

20

Hawaiian practice of growing kalo on kuleana lands under Haw. Rev. Stat. § 1-1,

21

Reppun, 65 Haw. at 539, 656 P.2d at 63, if practicable measures are available to prevent

22

or minimize waste of the surface water resource, they should be utilized. While resource

23

preservation and traditional and customary Hawaiian practices are both trust purposes,

24

COL 13, supra, there is no categorical imperative or absolute priorities among trust

25

purposes, COL 14, supra. The purpose for transporting stream waters to kuleana lands for

26

appurtenant uses, whether for traditional and customary Hawaiian practices or for other

27

reasonable-beneficial uses, will still be achieved through practical, more efficient

28

methods such as enclosed pipes instead of open and unlined' auwai. Thus, in order to

29

prevent or minimize waste, kuleana ditches should be lined or enclosed pipes used in

30

their place, absent a showing that it is unnecessary to prevent waste, or that it is not

31

practical to do so.

Many of the ditches have readily observable leaks, including the kuleana ditches.

WWC states that in the I980s, it replaced ditches with pipes to make deliveries

Even if access to stream water through an .auwai is part of the customary

132

1

b.

Kalo Lo'i

2

114.

Water "consumption" by kalo 10 'i equals about 15,000 to 40,000 gad, FOF 300,

3

and consists of evaporation from open water, transpiration through the kalo leaves, and

4

percolation through the 10' i bottom and sides, and most of the loss is likely through

5

leakage and minimally through evaporation and transpiration. FOF 339.

6

115.

7

such as reservoirs is to line the bottoms and sides with concrete or high-density

8

polyethylene. FOF 425. However, such a "solution" for leakage from kalo 10 'i would

9

most likely be impractical; more importantly, it would be inimical to the very tradition

10

and custom of wetland kalo and its place in the tradition and culture of Hawaiians, FOF

11

61-62.

12

116.

13

the ditches, the Commission recognizes such losses as part of the water duty for growing

14

wetland kalo.

A typical solution for percolation/leakage losses through standing bodies of water

Therefore, for losses through leakages from kalo 10' i as opposed to leakages from

15
16

c.

Outflows From Kalo Lo'i

17

117.

Water must be provided for consumptive and flow-through for wetland kalo, but

18

there will be large amounts of waste if outflows are not returned downstream of the

19

diversions, and disruption of stream flows in the stretches between the diversion and

20

return points.

21

118.

22

practicable mitigating measures for losses, COL 35. In the WUPA process for kalo 10' i,

23

outflow waters will have to be returned to the stream, absent a showing that it is not

24

practicable to do so. If it is not practicable, the Commission may adopt provisions to limit

25

losses, including invoking its powers under the shortage provisions of the Code.

26

119.

27

is the "de-watering" of stream stretches between the diversion points and return points

28

further downstream, even if all or most of the lo'i outflows can practicably be returned to

29

the stream. To the extent practicable, those stretches should not be allowed to go dry,

30

and the WUPA process will have to address these circumstances.

Water for kalo 10 'i is a noninstream use, COL 6, supra, and must show a lack of

Another consequence of inflow/outflows in excess of consumptive requirements

31
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2.

1

WWC

2

120.

3

estimated losses from its ditch system are a set percentage of7.34 percent. FOF 374-375.

4

121.

5

376. Therefore, WWC has not established the lack of practicable mitigating measures to

6

address these losses.

The great majority ofWWC's ditches are unlined, as are all of its reservoirs; and

WWC may in the future have plans to line the unlined portions of its system. FOF

7

3.

8
9

122.

HC&S

HC&S estimates that it loses 6-8 mgd through seepage from the Waiale Reservoir,

10

depending on the level of the reservoir, and estimates seepage throughout the rest of its

11

ditch and reservoir system at 3-4 mgd. FOF 423.

12

123.

13

or the other reservoirs and ditches. FOF 425. Therefore, WWC has not established the

14

lack of practicable mitigating measures to address these losses.

HC&S has not undertaken studies nor estimated the costs to line Waiale Reservoir

15
16

F.

ECONOMIC IMPACT OF RESTRICTING NON-INSTREAM USES

17

124.

Current and potential non-instream users include all users of diverted stream

18

waters: 1) kuIeana landowners and MCLT, who seek restoration to benefit their lands; 2)

19

MDWS, who favors stream restoration while also preserving and even expanding its use

20

of stream waters; 3) WWC's Water Delivery customers; 4) WWC itself, which uses no

21

water directly but is in the business of delivering stream waters to non-instream users;

22

and 5) HC&S, the major user. FOF 507.

23

125.

24

impact on kuleana landowners and MCLT, although general testimony was presented on

25

the kinds of crops and activities they would be able to engage in if they were to receive

26

more stream waters. FOF 508.

27

126.

28

integrated water supply system and the benefits to its public users. FOF 509.

29

127.

30

uses, which included the availability ofMDWS water for at least some of them, FOF 510,

No information was presented at the CCH concerning the positive economic

Information on MDWS focused on the role of stream waters as part of its

Information was presented on some ofWWC's Water Delivery customers' water

134

and some information was presented on WWC's water delivery charges, which
2

presumably would be impacted if stream diversions were to be reduced. FOF 511.

3
4

1.

WWC

5

128.

WWC charges between $0.20 and $2.40 per thousand gallons delivered, and the

6

contracts introduced into evidence indicate that most of its customers pay a rate

7

equivalent to the county rate for agricultural water of about $0.85 to $0.90 per thousand

8

gallons. FOF 512-513.

9

129.

However, many ofWWC's water-delivery contracts do not involve any actual

10

present use but allow WWC to collect a minimum charge, regardless of any use, based on

11

a percentage of the stipulated maximum delivery. FOF 514. WWC has water-delivery

12

agreements with 34 entities (in addition to MDWS and HC&S). FOF 240.

13

130.

14

8.288 mgd, and the amount of water actually used under these agreements was 1.42 mgd

15

in 2005 and 2.37 mgd in 2006. FOF 257-258. At the rate of$.85 to $0.90 per thousand

16

gallons, WWC's income from the delivery agreements would have been $1,207 to $1,278

17

per day in 2005 and $2,015 to $2,133 per day in 2006. Income from the minimum charge

18

would be additional but was not available.

19

131.

20

tariff rate of $0.90 per thousand gallons, with a 10 percent profit rate. The PUC-approved

21

rate would negate pre-existing rate contracts. FOF 516-517. At $0.90 per thousand

22

gallons, WWC would have had income from the 1.42 mgd it delivered to its contractees

23

in 2005 of $1,278 per day and in 2006 of $2,133 per day, with a profit rate of about $128

24

per day in 2005 and $213 in 2006.

25

132.

26

taken in excess of 1.074 mgd from its and MDWS's 'lao Tunnel (Well No 5332-02).

27

FOF 518. However, the source of this water is high-level diked ground water and would

28

not be affected by any reduction in diversion of stream waters.

29

133.

30

mgd from the 'lao-Waikapu Ditch which expired in 2008 but which apparently continues,

31

under which there may be a fixed transportation fee of $0.48 per thousand gallons. FOF

The maximum delivery agreements that WWC has with these 34 entities total

In a filing with the state Public Utilities Commission ("PUC"), WWC proposed a

WWC also receives an unspecified delivery fee from MDWS for the amount

WWC and MDWS also had an agreement allowing MDWS to receive up to 3.2

135

1

519. This agreement could be affected by an amended IIFS for' lao Stream even though

2

the flow above the diversion would not be affected, because the amended IIFS may

3

reduce WWC's ability to divert stream waters at its 'lao Ditch diversion and change the

4

conditions under which WWC and MDWS entered into their agreement.

5

134.

6

provide water through its system and kuleana landowners want to continue their use,

7

they would have to prove that they have easements accompanying their appurtenant

8

rights (which also has to be recognized by the Commission) on the lands underlying

9

WWC's ditch system.

WWC does not charge kuleana users for deliveries. FOF 520. If WWC ceases to

HC&S pays WWC a flat fee for water used on the 'lao-Waikapu Fields, which

10

135.

11

was $300/acre/year in 2005. FOF 520. For the 1,330 acres irrigated in 2005, the fee

12

would have been $399,000.

13

136.

14

are watered from HC&S's Waiale Reservoir. About half ofthe total amount is delivered

15

to Waiale Reservoir from the Waihe'e Ditch through the Hopoi Chute, and about half

16

from the Spreckels Ditch. However, the Spreckels Ditch also carries water from HC&S's

17

diversions and tunnel, FOF 268-285, so it is difficult to identify how much comes from

18

WWC's system. Even for water delivered by WWC from the Waihe'e Ditch, the amounts

19

are not based on meter readings; instead, WWC calculates the number of gallons

20

delivered to users other than HC&S and then attributes the balance to HC&S. FOF 288.

21

HC&S's use of water from WWC's system traces back to 1924, when water from

22

Waihe'e Stream was shared between Brewer and HC&S. After 1988, when Brewer no

23

longer needed the Waihe'e Stream downstream of the Hopoi chute, WWC has generally

24

left the gate open and the water formerly used by Brewer has flowed down into the

25

Waiale Reservoir. FOF 273. No evidence was introduced that WWC charges HC&S for

26

this water.

WWC also provides irrigation water to HC&S to its Waihe'e-Hopoi Fields, which

2.

27

HC&S

28

137.

HC&S stated that a key factor in HC&S' ability to sustain itself is the economies

29

of scale it can apply to the approximately 35,000 contiguous acres it cultivates on Maui,

30

of which the West Maui Fields comprise about 5,300 acres. If reductions in HC&S's use

31

of stream waters were of such a magnitude as to force HC&S not to cultivate the 5,300
136

I

acres that comprise its West Maui fields, HC&S would not be a viable plantation. FOF

2

523,533. The West Maui Fields provide the most productive yields of all ofHC&S's

3

cultivated lands, making the West Maui Fields critical to the viability ofHC&S. In 2006,

4

HC&S grew 81 percent of Hawai'i's raw cane sugar crop. FOF 524-525.

5

138.

6

on Maui. FOF 526. The immediate impacts would include lost jobs and in excess of $1 00

7

million of spending on Maui, generating approximately $250,000,000 annually to the

8

County of Maui and State of Hawai'i economies. Closure ofHC&S would have a

9

deleterious effect on efforts to promote agriculture and curb urbanization in Hawai'i. The

10

withdrawal ofHC&S's 35,000 acres of prime agricultural lands from sugar would vastly

II

increase the agricultural lands in the State and on Maui that would be idle. Past

12

experience with closure of other plantations has demonstrated the difficulty of returning

13

former plantation lands into agriculture, especially if reliable access to irrigation water is

14

curtailed. This increases the pressure to urbanize these lands instead of keeping them in

15

agricultural use, and idling ofHC&S's lands will also result in the deterioration of

16

existing irrigation systems and infrastructure that would be extremely expensive to

17

replace. FOF 527, 533.

18

139.

19

sugar yields and maintaining a reasonable cost structure. Small reductions of water for

20

irrigation on any given day might have little or no negative impact, depending on weather

21

conditions, location, and crop cycle. Larger, persistent reductions, with no corresponding

22

mitigation of impacts, especially if combined with reductions in the amounts that HC&S

23

will be permitted to continue to divert in East Maui, will likely render HC&S unviable.

24

FOF 534.

25

140.

26

costs of mill and related facilities operations over the revenues generated from farming

27

the extensive acreage. One method of spreading costs is to generate revenues from the

28

by-products of farming sugar cane and production of raw sugar. One revenue source,

29

energy sales, comes from the burning of bagasse, a by-product of sugar cane production,

30

and from hydro power, a by-product of operation of a water delivery system. HC&S's

31

business success depends on its ability to receive significant revenues from selling the

HC&S employs about 800 full-time workers and EMI employs about 17 workers

Generally, remaining economically viable involves achieving targets in terms of

HC&S' sustainability is to some extent a result on its ability to spread its fixed
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1

electric power it generates to Maui Electric Company under long term contracts.

2

Revenues from energy sales make up about 20 percent of the total revenues generated by

3

the agribusiness companies compared to about 5 percent of the total revenues from a

4

decade before. HC&S diversified its product line by increasing production of foodgrade

5

raw sugar, which returns a higher margin than commodity sugar. In the last four years,

6

HC&S made capital investments of up to $20,000,000 supporting its efforts to diversify

7

product lines, reduce costs of production, and increase revenues from other sources. FOF

8

528-532.

9

141.

The key agronomic driver in determining sugar production is per acre yields,

10

which is measured in tons of sugar per acre ("TSA"). HC&S has determined that, on a

11

long term basis, sustainable yields should be between 13 and 14 TSA per crop cycle,

12

which would translate into over 200,000 tons of sugar per year given the acreage that

13

HC&S has in cultivation. HC&S needs to achieve yields in this range to remain viable,

14

i.e., to generate sufficient revenues to carry its fixed and variable costs and return a

15

reasonable profit to its shareholders. One of the most important variables determining

16

yields is water. As a rule of thumb, HC&S needs to harvest about 400,000 acre-months

17

of cane growth per year to be viable. That translates into approximately 200,000 tons of

18

sugar. Reduction of water deliveries to Waiale Reservoir, especially during periods of

19

low ditch flows, will force HC&S to try to replace that water to the extent possible by

20

pumping water from Well No.7 at the expense of pumping from other wells. However,

21

power limitations restrict the amount of water that HC&S can ultimately pump, which

22

affects sugar yields. FOF 535.

23

142.

24

last 15 years, can cause a reduction in average crop age by delaying the replanting of

25

harvested fields and prompting the premature harvesting of fields whose growth potential

26

is compromised by lack of water. Disease and other operating conditions can also cause a

27

reduction in average crop age. In addition, during water-short periods, the cane does not

28

grow; hence the physical age of the cane is greater than the growth age. FOF 536. The

29

average crop age of harvested acres at HC&S has dropped from 2003 to 2006 due to the

30

combined effects of drought and HC&S' s 2001 closure of its Paia Mill, which was done

31

to reduce costs and increase efficiency by centralizing all sugar processing at the Puunene

Prolonged drought conditions, such as HC&S has experienced for much of the
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1

Mill. In 2001, total acres harvested were approximately 2000 less than the prior year,

2

because the Puunene Mill was initially unable to absorb all of the lost capacity from the

3

Paia Mill closure. Harvesting fewer acres increased the average crop age of the

4

unharvested acres. As capacity was added to the Puunene Mill and HC&S gained more

5

experience in the reconfigured operation, harvested acres increased again, resulting in a

6

lower average crop age and lower yields. FOF 537. Given the currently reduced crop age

7

of HC&S' fields, HC&S expects to reduce its rate of harvesting into 2008 and 2009 to

8

allow for an increase in crop age so as to improve yields, and then return to harvesting at

9

its historic rate of approximately 16,000 to 17,000 acres per year that maximizes the

10

acreage that can be served with currently available irrigation water as well as the current

11

processing capacity of the Puunene Mill. The short-term result will be diminished

12

revenues both from reduced sugar production and reduced production of bagasse to fuel

13

the power plant. The hoped for longer term result will be increased yields which, together

14

with increased revenues from the production and sale of specialty sugars and further

15

expansion of energy related sales, will allow HC&S to remain economically viable. This

16

will be possible only ifHC&S' continued access to irrigation water is not significantly

17

reduced. FOF 538.

18

143.

19

analysis undertaken by HC&S, not perform an independent economic analysis of the

20

impact of stream water reductions to HC&S. She concluded that HC&S "provided no

21

economic analysis of the impacts of decreasing its use ofNa Wai 'Eha water," and "made

22

no apparent attempt to substantiate and quantify the impact, even though I believe many

23

of the essential data for such analysis are within HC&S's possession." FOF 539, 550.

24

144.

25

following:

26

Chan-Halbrendt, OHA's expert witness, was asked to evaluate the

~conomic

As examples of unsubstantiated assumptions, Chan-Halbrendt provided the

a.

HC&S claimed that, in order to remain economically viable, it needed to

27

achieve a yield of 13 to 14 tons of sugar per acre ("TSA") on a sustainable, long-term

28

basis. The data from A&B's 10-K filings indicates that HC&S had obtained those yields

29

in only four of the fifteen years from 1992 to 2006, and that there was only a weak

30

correlation, if any, between the TSA and HC&S's profits. FOF 540.

31

b.

HC&S claimed that it had "benefitted" from the acreage it leased in the
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1

'Iao-Waikapu Fields and the additional Nil Wai 'Ehil water it gained access to when

2

WWC's predecessor abandoned sugar cultivation. The data from A&B's 10-K filings

3

indicates that HC&S's raw sugar production was lower in the ten years after 1994, when

4

it leased the additional acreage in the' Iao-Waikapu Fields, than it was in the ten years

5

before, and the profitability of the agribusiness sector, of which HC&S is a part, actually

6

decreased after 1988, when HC&S gained access to the additional Nil Wai 'Ehil stream

7

water. FOF 540.

8

c.

9

HC&S claimed that maintaining the number of acres it has in sugar

cultivation is necessary to remain economically viable. A&B's 10-K filings, though,

10

indicate that, from 2000 through 2005, HC&S decreased its cultivated acreage by more

11

than 2000 acres, which increased only slightly in 2006. Moreover, A&B has development

12

plans that would remove almost 3,500 additional acres from cultivation. FOF 540.

13

d.

HC&S has also claimed that its survival hinges on the 'Iao-Waikapu

14

Fields and having sufficient Nil Wai 'Ehil water to irrigate them, but it made no apparent

15

attempt to acquire those lands when they became available. HC&S had no written

16

agreement with WWC after July 2003, when WWC refused to extend the land lease and

17

announced HC&S was "no longer entitled to any water allocation pursuant to that

18

Temporary Water Agreement." This continued until July 2005 (after the IIFS petition

19

was filed), when Atherton et al. began acquiring the land and HC&S and WWC settled

20

on their present terms for water in a one-page letter. FOF 541.

21

145.

22

In responses to these criticisms, HC&S stated that:
a.

Financial information about the A&B Agribusiness Group reported in the

23

Form 10-K filings is meant only to provide a general view of the performance of the

24

group. The filings do not account for revenues not based directly on sugar production,

25

such as power sales to MECO. The filings also do not account for increased costs,

26

declines in sugar prices, the effects of disease and drought, the effects of federal disaster

27

relief payments received by HC&S for drought conditions, the inclusion of C&H in the

28

financial reports of the Agribusiness Group from 1993 through 1998, the addition of

29

specialty sugars sales in later years, and other factors that influence the profitability of

30

HC&S. Given HC&S's cost structure, which in 2008 totaled approximately $104 million,

140

1

HC&S needs to generate revenue based on 13-14 TSA to remain viable going forward.

2

FOF 554.

3

b.

Chan-Halbrendt did not focus on crop age and acres harvested. There is a

4

very high correlation between average crop age per acre harvested and TSA. All other

5

things being equal, the greater the age of the cane at the time of harvest, the greater the

6

yield and the resulting sugar revenues over which to spread the average cost of preparing,

7

planting, and harvesting each acre during a given two-year cycle as well as the fixed costs

8

of operating and maintaining HC&S' mill and other facilities. All other things being

9

equal, producing more sugar per acre harvested in tum results in more net sugar revenues,

10

and harvesting more acres results in the production and sale of more sugar. FOF 555.

11

146.

12

Halbrendt advised conducting a general equilibrium analysis and partial equilibrium

13

analysis. General equilibrium analysis analyzes how an industry affects other sectors'

14

economy, while partial equilibrium analysis analyzes the impact of changes on economic

15

performance on the industry itself. FOF 551.

16

147.

17

examine the impact on HC&S's profitability under several scenarios, such as: use of

18

pumped ground water or conservation measures to compensate for incremental reductions

19

ofNa Wai 'Eha water; projected change in yield caused by varying increments of water

20

reduction; incremental shifts in cultivated acreage in response to incremental reduction in

21

available water; or a combination of such factors. FOF 548.

22

148.

23

partial equilibrium analysis are substantially the same as those identified by HC&S as

24

available options in the event its access to Na Wai 'Eha is restricted. HC&S's estimate of

25

electrical costs of pumping Well No.7, without any information about the costs or

26

benefits of the other options, might be a factor in an economic analysis, but does not

27

substitute for the analysis. HC&S has not analyzed the economic impact of increased

28

water costs on its business and has done no financial analysis of the impact of having to

29

pay for water at the agricultural rate that other farmers pay. FOF 549.

30

149.

31

available to HC&S on 15 percent of its cultivated acreage would have impacts that extend

In concluding that HC&S had not provided an economic analysis, Chan-

Chan-Ha1brendt was of the opinion that a partial equilibrium analysis could

Chan-Halbrendt was of the opinion that the scenarios identified for analysis in a

According to Chan-Halbrendt, to assess whether reducing the Na Wai 'Eha water
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1

to the economies of the County of Maui and the State of Hawai' i would require, initially,

2

a partial equilibrium analysis to determine the impacts on HC&S, which would then feed

3

into a general equilibrium analysis which would consider inter-sectoral, employment, and

4

income impacts and may include the economic values and opportunity costs of alternative

5

uses of water, including instream uses. Such an analysis, had HC&S performed one, may

6

potentially have revealed "not only a mitigation of adverse impact, but also an overall

7

increase in economic and social welfare" because, among other things, "reallocation of

8

water can facilitate its efficient and equitable distribution to higher valued uses, both

9

within agriculture as well as in other sectors." FOF 542.

10

150.

The Commission concludes that Chan-Halbrendt is substituting her approach to

11

economic analysis for the balancing test that the Commission must perform between

12

instream values and non-instream uses, because she includes instream uses among the

13

economic values and opportunity costs of alternative uses of water. This is confirmed by

14

her conclusion that "the lack of any economic analysis (i.e., a partial equilibrium analysis

15

that feeds into a general equilibrium analysis), or the data required to conduct such an

16

analysis, prevents anyone, including this Commission, from evaluating HC&S's claims

17

of economic impact (emphasis added)." FOF 551.

18

151.

19

impact of restricting non-instream uses. COL 4, supra. The law does not prescribe a

20

specific method for weighing that economic impact, and in insisting that the Commission

21

is prevented from evaluating HC&S' s claims of economic impact without following the

22

dictates of her preferred method, Chan-Halbrendt is expressing a legal opinion, an area

23

that is outside the realm of her qualifications as an expert witness.

24

152.

25

not relegate itselfto the role of mere umpire passively calling balls and strikes for

26

adversaries appearing before it, but instead must take the initiative in considering,

27

protecting, and advancing public rights in the resource at every stage of the planning and

28

decisionmaking process." Waiahole 1,94 Haw. at 143,9 P.3d at 455.

29

153.

30

have been helpful, but the lack of such analyses does not prohibit the Commission from

31

its duty of weighing instream values with non-instream uses.

The Commission's duty in establishing the lIFS includes weighing the economic

As "the primary guardian of public rights under the trust," this Commission "must

Analyses along the lines suggested by Chan-Halbrendt, COL 148, supra, would
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1

154.

Both HC&S and Chan-Halbrendt focused their analytical approach on the impact

2

on HC&S's total sugar operations over 35,000 acres, if the 5,000 acres of the West Maui

3

fields, 15 percent of the total, were shut down due to a lack of water. FOF 523,533,542.

4

COL 137, 149, supra. It would have been more helpful to the Commission if either or

5

both parties had provided information on incremental decreases in surface water to the

6

5,000 acres of HC&S'sWest Maui Fields. The issue before the Commission in this CCH

7

is a balancing of instream values and non-instream uses for the Na Wai 'EM. waters and

8

not an all-or-nothing choice between the two. The Supreme Court has declined to elevate

9

any particular category of water use to the level of a "categorical imperative." Instead, the

10

Commission is to "weigh competing public and private water uses on a case-by-case

11

basis, according to any appropriate standards provided by law," and the Court has

12

"indicated a preference for accommodating both instream and offstream uses where

13

feasible." Waiahole 1,94 Haw. at 142,9 P.3d at 454.

14
15

G.

INTERIM INSTREAM FLOW STANDARDS (IIFS)

16

1.

17

Diversions and Stream Flows

18

155.

The current IIFS for the Na Wai 'Eha streams are the flows that were in the

19

streams on December 10,1988: "that amount of water flowing in each stream on the

20

effective date of this standard, and as that flow may naturally vary throughout the year

21

and from year to year without further amounts of water being diverted offstream through

22

new or expanded diversions, and under the stream conditions existing on the effective

23

date of the standard." HAR §13-169-48.

24

156.

25

streamflow by a breaching of the ground water system by the stream. Losing reaches of

26

streams are where the channel bottoms are above the water table and an unsaturated zone

27

exists between the stream and water table. In the upper reaches of the Na Wai 'Eha area,

28

the stream channels intersect the dike-impounded ground waters, which results in a

29

contribution of ground water to the stream, making the streams gaining in the upper

30

reaches. In the lower reaches of the Na Wai 'Eha area, the stream channels overlie the

31

basal freshwater lenses, allowing stream waters to migrate from the stream bed to the

Gaining reaches of streams are those in which ground water contributes to the

143

basal lenses, making the streams losing in the lower reaches. At the mouths of the
2

streams in the Nii Wai 'Ehii area, some of the stream channels intersect the basal

3

freshwater lenses, making those streams gaining in that area. The Nii Wai 'Eha streams

4

are generally gaining streams above the existing diversions and losing streams below the

5

diversions. FOF 87-92.

6

157.

7

upstream of all diversions (Waihe' e Ditch at 600 feet elevation and Spreckels Ditch at

8

400 feet elevation), to be:

9

34 mgd. The lowest minimum daily flow recorded was 14 mgd, occurring on only 6 days

For 1984-2005, USGS estimates the flow ofWaihe'e River at 605 feet elevation,

Q90

flow was 24 mgd,

Q70

flow was 29 mgd; and Qso flow was

10

over 22 years. Estimated stream flow losses in Waihe' e River downstream of the

11

Spreckels Ditch may range from 2.1 mgd to at least 5.9 mgd. Although actual losses may

12

vary as a function of streamflow, because data are limited, a constant loss of 4 mgd is

13

assumed by USGS. Waihe'e and Spreckels Ditches are capable of diverting all of the dry-

14

weather flow available at the intakes, but stream flow immediately downstream of the

15

intakes may exist because of leakage through or subsurface flow beneath the dams at

16

these sites. Estimated dry-weather flow immediately downstream of the Waihe'e and

17

Spreckels Ditch intakes commonly is on the order of about 0.1 mgd, but the stream may

18

not have continuous surface flow from mauka to makai. FOF 108-109, Ill.

19

158.

20

years were estimated using record-extension techniques and available historical data

21

during 1911-1917. The minimum discharge (Q\oo) measured at gaging station 16608000

22

at an altitude of 880 feet was 1.6 mgd during March 1915. The estimated

23

ranges from 1.4 mgd to 2.7 mgd for 1984-2005; the estimated Q70 discharge ranges from

24

2.3 mgd to 2.7 mgd; and the estimated Qso discharge ranges from 3.1 mgd to 3.6 mgd.

25

Water is diverted by the North Waiehu Ditch near an altitude of about 860 feet and

26

generally diverts most of the water available at the diversion structure, but leakage from

27

the North Waiehu Ditch may sometimes return to the stream. USGS estimates that North

28

Waiehu Stream loses 1.3 mgd between the North Waiehu Ditch and the confluence of

29

North and South Waiehu Streams. Low-flow characteristics for South Waiehu Stream the

30

1984-2005 climate years were estimated using record-extension techniques and available

31

historical data during 1911-1917 from discontinued USGS gaging station 16610000. The

Low-flow characteristics for North Waiehu Stream during the 1984-2005 climate
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Q90

discharge

1

minimum discharge (QIOO) measured at gaging station 16610000 at an altitude of 870 feet

2

was 1.5 mgd during July 1913. Near gaging station 16610000 at an altitude of 870 feet,

3

the estimated Q90 discharge ranges from 1.3 mgd to 2.0 mgd for 1984-2005; the estimated

4

Q70 discharge ranges from 1.9 mgd to 2.8 mgd; and the estimated Qso discharge ranges

5

from 2.4 mgd to 4.2 mgd. Water is currently diverted from South Waiehu Stream by the

6

Spreckels Ditch and two kuleana ditches farther upstream. The main diversion is the

7

Spreckels Ditch, near an altitude of about 270 feet and about 1000 feet upstream from the

8

confluence of North and South Waiehu Streams. No information is available on estimated

9

losses in South Waiehu Stream, but USGS estimates that the loss in Waiehu Stream itself,

10

downstream ofthe confluence of North and South Waiehu Streams to the mouth of the

11

stream, is 0.6 mgd. Return flows and leakage from the kuleana ditches have been

12

observed entering South Waiehu Stream. In addition, overflow or releases from the

13

Waihe'e and Spreckels Ditches may sometimes enter South Waiehu Stream. Spreckels

14

Ditch is commonly capable of diverting all of the flow of South Waiehu Stream during

15

dry-weather conditions, although stream flow immediately downstream of the intake may

16

exist because of leakage through or subsurface flow beneath the dam at the intake.

17

Waiehu Stream is commonly dry farther downstream near Lower Waiehu Beach Road,

18

and therefore, Waiehu Stream does not flow continuously from mauka to makai. There is

19

extensive channel erosion below the Spreckels Ditch on South Waiehu Stream, with a 12-

20

foot drop in the elevation of the stream just below the diversion, and there is a vertical

21

concrete apron located just below the highway culverts in lower Waiehu Stream. FOF

22

113-114,116,119-124.

23

159.

24

stream-gaging station 16604500 on 'lao Stream near an altitude of about 780 feet and

25

above all diversions, the minimum daily mean flow (QIOO) was 7.1 mgd, occurring on 29

26

days over 22 years; the Q90 flow was 13 mgd; the Q70 flow was 18 mgd; and the Qso flow

27

was 25 mgd. The two main diversions are 'lao-Waikapu and 'lao-Maniania Ditches near

28

an altitude of about 780 feet (there is also a small privately owned pipe farther

29

downstream), and the Spreckels Ditch, near an altitude of about 260 feet and about 2.4

30

miles downstream from the 'lao-Waikapu and 'lao-Maniania Ditches. The 'lao Flood

31

Control Project starts about 2.5 miles above the mouth of 'lao Stream and consists of a

On the basis of 22 years of complete records (climate years 1984-2005) at USGS
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debris basin, a concrete channel that runs from the debris basin to just downstream of
2

North Market Street, a 20-foot vertical drop, a broadened but unlined channel running to

3

Waiehu Beach Road, and concrete wing walls running about one-half of the distance

4

from the Waiehu Beach Road to the mouth of the stream. In 2008, a $30 million project

5

was advertised to line the remaining Control Project channel and raise existing levees to

6

eliminate future flooding and levee failure. USGS estimates that 'lao Stream loses 6.3

7

mgd in reaches that are not lined with concrete and that are downstream of the 'lao-

8

Maniania Ditch diversion (which is at about 780 feet elevation), or 3.00 miles from about

9

595 feet elevation down to 35 feet elevation. Water that overflows or leaks from the ditch

10

systems or that is discharged through gates in the systems sometimes returns to 'lao

11

Stream downstream of the diversions. In the absence of ditch return flows and runoff

12

during and following periods of rainfall, 'lao Stream remains dry in some reaches

13

downstream of the main diversion intake for the 'lao-Maniania and 'lao-Waikapu

14

Ditches and does not flow continuously from mauka to makai. FOF 126-131.

15

160.

16

data from Waikapu Stream near gaging station 16650000 near an altitude of about 880

17

feet, the estimated Q90 flow was from 3.3 mgd to 4.6 mgd during climate years 1984-

18

2005; the estimated Q70 flow was 3.9 mgd to 5.2 mgd, and the estimated Qso flow ranged

19

from 4.8 mgd to 6.3 mgd. The lowest recorded flow was 3.3 mgd in October 1912. The

20

record extension techniques applied to the historical data to estimate the natural flow near

21

gaging station 16650000 combined 1910-1917 historical data from gaging station

22

16650000, flows in the South Side Waikapu Ditch near an altitude of about 1,120 feet,

23

and flows in the Everett Ditch near an altitude of about 900 feet. (Oki, WDT 9/14/07, ~

24

27.) While the Everett Ditch is no longer active, the South Side Waikapu Ditch is. The

25

estimates of natural flow assume no gains, losses, or return flows between the South Side

26

Waikapu Ditch diversion and station 16650000 during the period when the gaging

27

stations were operated. Recent USGS seepage-run data from 2004 indicate no significant

28

net gain or loss between the South Side Waikapu Ditch diversion and station 16650000.

29

(Oki, WDT 9/14/07, ~ 27.) Thus, the estimated natural flows just above the South Side

30

Waikapu Ditch diversion should be the same as those estimated at station 16650000.

31

Active diversions on Waikapu Stream include the South Side Waikapu Ditch near an

On the basis of record extension techniques applied by USGS to the historical
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altitude of about 1,120 feet, an intake on the Waihe' e Ditch (elevation not specified), and
2

the Reservoir 6 Ditch (elevation not specified). Numerous return flows have been

3

observed in Waikapu Stream downstream of the diversions. Diversions in Waikapu

4

Stream may not cause the stream to be dry immediately downstream of the diversions,

5

although it is commonly dry downstream of all diversions because of infiltration losses

6

into the streambed, and the stream does not flow continuously from mauka to makai. FOF

7

133-137.

8

161.

9

While USGS has not observed any significant trends in median flows in the Waihe'e

Stream flows in Hawai' i have decreased significantly over a 90-year period.

10

River over the period, 1984 to 2005, the climate years upon which the USGS Q flows are

11

based, average (or mean) monthly total stream flows for Waihe' e River for the three 8-

12

year periods 1984-1991, 1992-1999, and 2000-2007, decreased by about 25 percent. The

13

monthly flows averaged 1639.1 mgd, 1436.0 mgd, and 1236.6 mgd, and translate into

14

daily averages of 54.64 mgd for 1984-1991, 47.87 mgd for 1992-1999, and 41.22 mgd in

15

2000-2007. In the same periods, 'lao Stream flows decreased by about 10 percent. FOF

16

94-95. Waiehu and Waikapu Streams are not gaged, FOF 113, 119, 133, but it would be

17

reasonable to assume that the flows in those two streams have decreased by similar

18

amounts; i.e., between 10 to 25 percent over the three eight-year periods from 1984 to

19

2007.

20

162.

21

the average daily flow for Waihe'e River for 1984-2007 was 47.91 mgd, compared to the

22

average daily flow for 2000-2007 of 41.22 mgd. Although USGS did not detect any

23

significant trends in median flow (Qso), the average flow in the years 2000-2007 was 86

24

percent of the average flow for the years 1984-2007. So even though USGS has

25

concluded that there were no significant trends of the Qso flow of 34 mgd for Waihe' e

26

River, a decrease of 14 percent between the average flow from 1984-2007 versus from

27

2000-2007 means that there was less water in Waihe'e River for the last eight years of the

28

24-year period on which the USGS Q flows were calculated. This would also hold true

29

for 'fao Stream, although the decrease there was less, at 10 percent, and for Waiehu and

30

Waikapu Streams, although the extent of the decreases there are not known, because both

31

streams are not currently gauged.

If we average the daily flows for the three eight-year periods in COL 161, supra,
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1

163.

WWC diverts: 1) from 70 to 90 percent of the annual total flow ofWaihe'e River;

2

2) from 40 to 60 percent of the annual total flow of North Waiehu Stream; 3) from 30 to

3

50 percent of the annual total flow of'Iao Stream; and 4) from 60 to 80 percent of the

4

annual total flow ofWaikapu Stream. FOF 210-213.

5

164.

6

WWC for Waihe'e River; 2) averaged 1.41 mgd in 2005 and 1.38 mgd in 2006 by WWC

7

for North Waiehu Stream and ranged from a low of2-3 mgd during dry periods to a

8

maximum of 10-15 mgd during wet periods by HC&S for South Waiehu Stream; 3)

9

averaged 13.68 mgd in 2005 and 13.53 mgd in 2006 by WWC and ranged from a low of

10

3-4 mgd during dry periods to a high of about 20 mgd during wet periods by HC&S for

11

'lao Stream; and 4) averaged 4.32 mgd in 2005 and 4.31 mgd in 2006 by WWC for

12

Waikapu Stream. Table 8; FOF 210-212. These diversions, plus the three kuleana

13

diversions known to be present on South Waiehu, 'lao, and Waikapu Streams (See Table

14

1) divert all of the dry-weather flows ofWaihe'e River and North and South Waiehu

15

Streams. FOF 111, 116, 124. 'lao Stream remains dry in some reaches downstream of the

16

diversions through a combination of diversions and infiltration losses into the stream bed,

17

FOF 129-131, and although diversions may not cause Waikapu Stream to be dry

18

immediately downstream of the diversions, it is commonly dry further downstream of all

19

diversions because of infiltration losses into the streambed. FOF 137.

20

165.

21

waters for 2005 and 2006 with the Q90, Q70, and Qso flows. All of the diverted amounts

22

were less than the gate settings, except for Waikapu Stream, where the setting is at 3 mgd,

23

but more than 4 mgd were diverted in both 2005 and 2006. However, the amounts

24

diverted from Waikapu Stream are in the range between the Q90 and Q70 flows and

25

therefore divert all of the stream waters from 10 percent to about 30 percent of the time.

26

For Waihe'e River, the diverted amounts range from the Q70 flows to more than the Qso

27

flows and therefore divert all of the stream waters from 30 to more than 50 percent of the

28

time. For Waiehu Stream, the diverted amounts range between the Q90 and Q70 flows and

29

therefore divert all of the stream waters from 10 to 30 percent of the time. For 'lao

30

Stream, the diverted amounts are in the range of the Q70 flows and therefore divert all of

31

the stream waters about 30 percent of the time. Compare these percentages with the

These diversions: 1) averaged 37.09 mgd in 2005 and 29.72 mgd in 2006 by

Table 9 compares the gate capacities and settings and the quantities of diverted
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1

percentage diversion of annual flows, as estimated by WWc. COLI63, supra. These

2

comparisons confirm USGS's observations that the diversions are capable of diverting all

3

of the dry-weather flows available at the intakes. FOF 111, 116, 123, 131, 137.

4

Furthermore, because there has been a reduction in average flows up to about 14 percent

5

when the years 1984-2007 are compared to the years 2000-2007, the diverted amounts for

6

2005 and 2006 in Table 9 may result in higher percentages of the time when the

7

diversions take all of the stream flows.

8

2.

9

Expert Opinions on Amending the I1FS

10

166.

11

cascades, while habitat below the diversions, where existing at all, is characterized by

12

low flow, infrequent riffles, and small shallow pools. FOF 560.

13

167.

14

Habitat above the diversions is characterized by high flow, numerous riffles, and

Opposing opinions can be summarized as follows:
1)

Benbow, Hui/MTF's expert witness, concluded that "(p)ending firmer

15

scientific information from further studies, flow restoration should uphold two guiding

16

principles. First, the flow amounts must create enough quality habitat to support

17

sustainable, reproductive instream biological communities, taking into account public

18

uses such as Native Hawaiian gathering practices. Second, the flow amounts must

19

maintain enough continuous flow from mauka to makai to enable the streams to serve

20

their natural ecological functions, including sustaining the life cycles of the native

21

amphidromous species." FOF 556.

22

2)

Ford, HC&S's expert witness, disagreed that continuous flow from mauka

23

to makai is necessary to enable the streams to serve their natural ecological functions and

24

distinguishes between physical connectivity versus ecological connectivity (stream flows

25

of sufficient volume and frequency to allow the normal distribution of native

26

amphidromous species within a given watershed). FOF 557.

27

3)

Benbow's opinion is that no amount of mitigation of other factors can

28

compensate for a lack of streamflows; on the other hand, increased streamflows can go a

29

long way to mitigate the adverse effects of other factors. FOF 595.

30
31

4)

Benbow's studies in 'lao Stream documented substantial amphidromous

migration when flow connected to the ocean for more than three or four days and thus
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1

anticipated that with continuous flow, amphidromous species would reestablish into the

2

upper reaches of 'fao Stream. FOF 594. The Division of Aquatic Resources' ongoing

3

biological surveys and monitoring have also documented amphidromous recruitment in

4

the channelized section in 'fao Stream during intermittent flows. FOF 593.
5)

5

HC&S's expert witnesses concluded that the contributions of one healthy

6

stream to the populations of amphidromous species in neighboring streams cannot be

7

overlooked. On a regional basis, this tends to compensate for the absence of significant

8

reproducing populations in the other streams. FOF 597.

9

6)

Benbow was of the opinion that each streanl is a natural system, and

10

differences in the characteristics of the streams and their watersheds should be taken into

11

account. FOF 598.

12

168.

13

the response ofHC&S's expert witnesses were as follows:

14

The approach to amending the IIFS of Benbow, Hui/MTF's expert witness, and

1)

"Short of restoration of 100 percent of natural flows, the working

15

presumption should be that the streams ofNa Wai 'Eha need no less than 75 percent of

16

annual median flow to maintain their overall biological and ecological integrity over the

17

short and long term." FOF 577.

18

2)

Benbow uses the median to measure total streamflow, which, in his

19

opinion, is the "preferred measure of typical flow conditions" instead of mean (or

20

"average") flow. The median is synonymous with

21

50 percent of the time. FOF 578.

22

3)

Q50,

or the flow equaled or exceeded

Benbow's recommendation of releases of75 percent of the annual

23

the Na Wai 'Eha streams computes to flow values approximately between the

24

Q85

25

streamflows will be naturally lower even without any diversions. FOF 579.

26

Q65

Q50

of

and

of the streams. These duration values mean that 15 to 35 percent of the time,

4)

Benbow's recommendation nearly matches the

Q70

level, or what USGS

27

theorizes is the mean base flow component of total flow; however, Benbow stated that he

28

did not rely on that fact for his recommendation. FOF 580.

29

5)

Benbow stated that "(t)he 75 percent of median recommendation is less

30

than optimal, but incorporates a margin of safety to compensate for natural or other

31

variations in streamflow, which may include long-term drought if a moving median is
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1

adopted. The margin of safety accounts also for the absence of more detailed scientific

2

information on the necessary flow amounts. Lesser amounts would foreclose benefits to

3

stream life and ecology and the opportunity for the necessary studies to determine

4

whether our best estimates of the minimum flows should be maintained or modified."

5

FOF 581.

6

6)

When asked to clarify how "annual median flow" would be calculated,

7

Benbow stated that a "starting place" would be the historical median flow for the period

8

between 1984 to 2005. However, he also proposed that the 75 percent figure be adjusted

9

periodically. For example, every six months, the median flow for the previous year would

10
11

be calculated, and 75 percent ofthat flow would be released. FOF 582.
7)

Benbow's 75 percent figure is supposed to represent a "null hypothesis."

12

However, Payne, HC&S's expert witness, stated that varying the 75 percent figure every

13

six months would defeat the purpose of testing if a control flow has any effect on the

14

stream. It would be impossible to isolate test variables if the control flow were adjusted

15

over the test period. FOF 583.

16
17
18

8)

Benbow testified that the 75 percent figure is an "informed guess." He

also conceded that the amount of flow needed could be less. FOF 585.
9)

Benbow is unaware if any member of the working group at the USGS

19

stakeholder meeting has endorsed recommending to the Commission that the appropriate

20

instream flow standard should be 75 percent of the annual median flow. FOF 586.

21

10)

Payne, one of HC&S' s expert witnesses, testified that the technique of

22

using flow duration curves to derive instream flow recommendations is well established

23

in the scientific literature. The Tennant Method has as a basis various percentages of the

24

mean annual flow. The New England Base Flow Method uses the median August flow to

25

set a minimum flow value. Many others select specific flow duration values by either

26

season or month. None of these methods, however, specify 75 percent of the Qso.

27

Typically, when a hydrograph is used to set flow, the flow will be based on a specific

28

flow duration value rather than a variable percentage of a flow duration value. Payne is

29

unaware that Benbow's approach has ever been applied or tested on Hawaiian or any

30

other streams. Therefore, Payne concluded that the argument that 75 percent of the Qso is

31

required to accomplish his stated objectives appears to be based on Benbow's personal
151

judgment and opinion, is unsupported by published literature, and is without
2

implementation history or precedent. FOF 584.

3

11)

The flow rate recommended by Benbow cannot be sustained because it

4

could exceed the natural flow of the stream. For instance, the

5

between 20 to 30 mgd (USGS historical data indicate that the Q70 flow ofWaihe'e

6

Stream is 29 mgd). Yet, the flow ofWaihe'e Stream is frequently less than 20-30 mgd

7

even under undiverted conditions. FOF 587.

8
9

12)

of Waihe' e Stream is

The releases proposed by Benbow for a period of at least five years is his

personal opinion. FOF 588.

10

169.

11

of Benbow, Hui/MTF's expert witness, were as follows:

12

Q75

The approach to amending the IlFS by HC&S's expert witnesses and the response

1)

Contrary to Benbow's suggestion that a large volume of flow be restored

13

and sustained for a long period of time, Ford, HC&S's expert witness, recommended that

14

restoration of flows, if any, should begin at a low level and increased incrementally over

15

time. Starting with a low level of releases helps in determining the incremental

16

contributions of flow and their significance. Adequate time should be allowed to study

17

both changes in habitat and biological responses to the releases at each increment.

18

Starting with low increases in flows quickly results in a large benefit in terms of

19

increasing the wetted habitat area of a stream. At higher flows, the increase in wetted

20

habitat area from increasing flows becomes much less dramatic. FOF 589.

21

2)

Benbow stated that his recommendation of much higher flows

22

incorporates a margin of safety to compensate for natural or other variations in

23

streamflow. The margin of safety accounts also for the absence of more detailed scientific

24

information on the necessary flow amounts. FOF 581.

25

3)

HC&S's expert witnesses concluded that the contributions of one healthy

26

stream to the populations of amphidromous species in neighboring streams cannot be

27

overlooked. The larval drift sampling conducted by SWCA found large numbers of

28

'o'opu larvae in Waihe'e Stream and none in the three other streams. This suggests that

29

Waihe'e Stream contributes thousands of 'o'opu larvae to the oceanic pool. On a regional

30

basis, this tends to compensate for the absence of significant reproducing populations in

31

the other three Na Wai 'Eha Streams. FOF 596.
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4)

Benbow was of the opinion that each stream is a natural system, and

2

differences in the characteristics of the streams and their watersheds should be taken into

3

account. FOF 598.

4

5)

HC&S's expert witnesses recommended that the addition of flow to

5

Waihe'e River and Waiehu Streams would yield the most benefit in terms of increasing

6

populations of native amphidromous species in the Nii Wai 'Ehii area. The key is to place

7

flow in streams in which existing alterations of habitat are minimal. Waihe'e River

8

provides significant habitat for all life stages of native amphidromous species. Waiehu

9

Stream, while not an ideal candidate for restoration due to its narrow channel and cultural

10

disturbances in the middle reaches, nevertheless showed signs of ecological connectivity.

11

By comparison, it is highly questionable whether increased flows in 'lao Stream would

12

mitigate the impediment to recruitment posed by the channelization of the stream. There

13

is also no definitive evidence that Waikapu Stream ever carried uninterrupted surface

14

waters to the sea. FOF 590.

15

6)

However, they admitted that the larval drift surveys they conducted did

16

not address the issue of the relative importance of channelization versus lack of flow and

17

that no data or study that they knew of demonstrated that channelization is more

18

important. FOF 592.

19

7)

On the question of whether or not Waikapu Stream flowed continuously

20

to the ocean under uninterrupted conditions, they acknowledged that, ultimately,

21

restoration of flow would answer whether Waikapu Stream flows mauka to makai. FOF

22

595.

23
24

3.

The Parties' Proposed IIFS

25

170.

On the basis of their expert witness; Hui/MTF, joined by OHA, recommended the

26

following amended IIFS: 1) Waihe'e River: a) 25.5 mgd immediately downstream of the

27

Waihe'e Ditch Diversion; b) 27.5 mgd immediately downstream of the Spreckels Ditch

28

diversion; and c) at the mouth: the flow remaining in the stream after diversion of (1) up

29

to 2.0 mgd to satisfy kuleana and T&C users downstream of the Spreckels Ditch

30

diversion who take water directly from Waihe'e Stream and (2) up to 2.5 mgd for the

31

uses ofMaui Coastal Land Trust; 2) North Waiehu Stream: 2.5 mgd immediately below
153

the North Waiehu diversion; 3) South Waiehu Stream: 2.5 mgd immediately below the
2

South Waiehu diversion; 4) at the mouth ofWaiehu Stream: the flow remaining after

3

diversion of 0.07 mgd for the use ofkuleana and T&C users; 5) 'lao Stream: a) 18.8 mgd

4

immediately downstream ofthe 'lao intake; and b) at the mouth: the flow remaining after

5

the diversion of up to 2.0 mgd to satisfy kuleana and T&C users who take water directly

6

from the stream; 6) Waikapu Stream: a) 4.1 mgd immediately below the Reservoir 6

7

intake; b) at the mouth: the flow remaining after the diversion of up to 0.35 mgd for the

8

uses of kuleana and T&C users who take water directly from the stream; and c) if

9

Waikapu Stream flow has not reached Kealia Pond within 120 days from the effective

10

date of the IIFS, then there shall be no IIFS at the mouth, and the IIFS immediately

11

upstream of the Reservoir 6 intake shall be the amount remaining after the diversion of

12

up to 0.35 mgd for the uses ofkuleana and T&C users who take water directly from the

13

stream. Hui/MTF Proposed D&O, Section II.A-D.

14

171.

15

amended IIFS: 1) Waihe' e River: a minimum flow of 2 mgd to 3 mgd measured below

16

the Spreckels Ditch intake; 2) North Waiehu Stream: a minimum flow of 0.15 mgd to

17

0.25 mgd below WWC's diversion on North Waiehu Stream; 3) South Waiehu Stream: a

18

minimum flow of 0.15 mgd to 0.25 mgd below HC&S' diversion on South Waiehu

19

Stream; and 4) 'lao and Waikapu Streams: not viable candidates for restoration and

20

therefore deny the requests for amendment of their IIFS. HC&S Proposed D&O, Section

21

II. LA-D.

22

172.

23

below the Spreckels Ditch; 2) North Waiehu Stream: 0.5 mgd below the North Waiehu

24

Ditch; 3) South Waiehu Stream: 0.5 mgd below the South Waiehu Ditch; 4) 'lao Stream:

25

4.2 mgd below WWC's 'lao Ditch and 1.4 mgd below HC&S's diversion into the

26

Spreckels Ditch; and 5) Waikapu Stream: 1.1 mgd below the inactive Everett Ditch and

27

0.4 mgd below the Reservoir 6 Ditch. WWC Proposed D&O, Section XV. 1.

28

173.

29

water to meet existing kuleana needs; allocating up to 3.2 mgd to the County of Maui to

30

meet its current needs for the municipal water supply; reserving an allocation of 9.0 mgd

31

to meet the County ofMaui's future needs for the municipal water supply; and allocating

On the basis of their expert witnesses, HC&S recommended the following

WWC recommended the following amended IIFS: 1) Waihe'e River: 1.4 mgd

MDWS recommended the following amended lIFS: after allocating sufficient
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1

6.1 mgd to HC&S to meet irrigation needs for HC&S' s fields (other than Field 920) that

2

cannot be irrigated by water from HC&S's Well No.7, all remaining stream water

3

currently diverted by Wailuku Water Company shall be returned to the streams. MDWS

4

Proposed D&O, Section III.B.

5

4.

6

The Commission's Analysis and Conclusions

7

a.

8

9

174.

MDWS's Proposed I1FS

MDWS would return all remaining waters into the streams after allocating

10

sufficient water to meet the needs of what it had concluded were reasonable and

11

beneficial offstream uses. COL 173, supra.

12

175.

13

Waiahole I: amending the IIFS comes first, and non-instream (offstream) uses are then

14

met with the remainder. Waiahole I, 94 Haw. at 153,9 P.3d at 465. MDWS's approach

15

would give absolute priority and a categorical imperative to any and all public and private

16

offstream diversions that can meet the reasonable/beneficial test, when even public trust

17

purposes (e.g., stream restoration) are denied that status. As such, MDWS's approach

18

turns the public trust doctrine on its head.

This approach would be in direct conflict with the Supreme Court's ruling in

19

b.

20

WWC's Proposed IIFS

21

176.

WWC's proposed amendments would do the following: 1) Waihe'e River: the

22

proposed IIFS of 1.4 mgd would be less than even the lowest recorded flow (QIOO) of 14

23

mgd (Q90 of 24 mgd) above all diversions; 2) Waiehu Stream: the proposed IIFS of 0.5

24

mgd each for the North and South branches would be less than the lowest recorded flow

25

(QIOO) for North Waiehu of 1.6 mgd (Q9o of 1.4-2.7 mgd) and for South Waiehu of 1.5

26

mgd (Q90 of 1.3 to 2.0 mgd) above all diversions; 3) 'lao Stream: the proposed IIFS of

27

4.2 mgd below WWC's 'lao Ditch and 1.4 mgd below HC&S's diversion into the

28

Spreckels Ditch would both be below the lowest recorded flow (QIOO) of7.1 mgd (Q90 of

29

13 mgd) above all diversions; and 4) Waikapu Stream: the proposed IIFS of 1.1 mgd

30

below the inactive Everett Ditch and 0.4 mgd below the Reservoir 6 Ditch would both be
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1

below the lowest recorded flow (QIOO) of3.3 mgd (Q90 of3.3 to 4.6 mgd) above all

2

diversions. COL 157-160, 172, supra.

3

177.

4
5

The reasoning behind WWC's proposed IIFS is as follows:
a)

Base flow reflects the amount of water in the stream in extended dry

periods. WWC Proposed FOF 337.
b)

6

If the amount of water necessary to satisfy instream and non-instream uses

7

exceeds the base flow, the competing uses must be balanced to both protect the resource

8

and provide for its beneficial use, citing HRS §174C-71(2)(D». WWC Proposed FOF

9

338.

10
11

c)

weighing of instream and non-instream uses. WWC Proposed FOF 342.

12
13

An IIFS that exceeds the base flow of a stream would not result in a

d)

An IIFS that does not apportion some of the base flow would not result in

a balancing of the instream and non-instream uses. WWC Proposed FOF 343

14

e)

Current non-instream use of each stream exceeds both the base flow and

15

the duration curve data amounts suggested for adoption as an IIFS. WWC Proposed FOF

16

346.

17

f)

WWC concludes that the lowest recorded stream flow represents base

18

flow. WWC Proposed FOF 459,592,682,702,787.

19

178.

20

of "base flow," should be returned to the stream, because "current non-instream use of

21

each stream exceeds both the base flow and the duration curve data amounts suggested

22

for adoption as an IIFS." COL 176(e), supra. In other words, because WWC has

23

determined that current non-instream use is taking all of the base flow, some of it must be

24

returned to the stream. However, because WWC also concluded that "(a)n IFFS that does

25

not apportion some of the base flow would not result in a balancing of the instream and

26

non-instream uses, COL 176(d), supra, it reasoned that all of the base flow cannot be

27

returned to the stream.

28

179.

29

flows recorded should comprise the amended IIFS: 1) 1.4 of 14 mgd for Waihe' e River;

30

2) 0.5 of 1.6 mgd for North Waiehu Stream and 0.5 of 1.5 mgd for South Waiehu Stream;

WWC then determined what proportion ofthe lowest recorded flow, its definition

WWC did not explain why it concluded that such a small proportion of the lowest
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3) 4.2 and, further downstream, 1.4 of7.1 mgd for 'lao Stream; and 4) 1.1 and, further
2

downstream, 0.4 of3.3 mgd for Waikapu Stream. COL 175, supra.

3

180.

4

lowest minimum flows are returned to the streams, noninstream uses have total access to

5

all flows over the minimally record ones. In other words, while WWC would "give back"

6

a minority portion of the minimally recorded flows that have been diverted, all other

7

flows would be available for diversion.

8

181.

9

extended dry periods. While base and total flow are nearly the same in dry periods, base

10

flow varies with total stream flows. USGS's model estimates the fraction of total flows

11

that represents the ground water contribution, and that model estimates that the ground

12

water contribution rises with rising stream flows. FOF 98-103.

13

182.

14

instream values with noninstream uses: 1) mentions base flow; 2) requires that the

15

weighing must apportion only some of the base flow to the amended IIFS; or 3) prohibits

16

establishing the IIFS above the base flow. HRS §§ 174C-3, 174C-71 (2)(D).

17

183.

18

that the public trust may have to accommodate offstream diversions inconsistent with the

19

mandate of protection, to the unavoidable impairment of public instream uses and

20

values," WaH,hole I, 94 Haw. At 141,9 P.3d at 453, there is also a presumption in favor

21

of the streams, whose maintenance in their natural states is a public trust purpose, and

22

private commercial uses bear the burden ofjustifying their uses in light of the purposes

23

protected by the trust. COL 15, supra. WWC reverses this presumption and burden of

24

proof by allocating only a minor portion of the lowest recorded stream flows to make up

25

the entire amended IIFS, with the major portion and any flows above the lowest recorded

26

stream flows available for offstream uses. And WWC advocates this course of action

27

without explaining its "reason and necessity."

28

184.

29

proposed IIFS would result in continued mauka to makai flows. Waihe 'e River loses 2.1

30

to 5.9 mgd (USGS assumes a constant loss of 4 mgd for planning purposes) downstream

31

of the Spreckels Ditch. North Waiehu Stream loses an estimated 1.3 mgd between the

Furthermore, through its method, while only a portion and not the whole of the

First, base flow does not only reflect the amount of water in the stream in

Second, neither the definition of "instream flow standard" nor the weighing of

Third, while the Supreme Court has concluded that "reason and necessity dictate

Fourth, even ifWWC's reasoning were consistent with the law, none ofWWC's
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1

North Waiehu Ditch and the confluence of North and South Waiehu Streams. Waiehu

2

Stream loses an estimated 0.6 mgd between the confluence and the mouth. 'lao Stream

3

loses an estimated 6.3 mgd from WWC's diversion to the mouth. Waikapu Stream has

4

major infiltration losses downstream of all diversions so that it is unclear if even the

5

entire natural flow would have reached the mouth. COL 157-160, FOF 109, 115, 121,

6

129,137. All ofWWC's proposed IIFS would infiltrate into the stream beds before they

7

reached the mouth of the streams.

8
9

c.

Hui/MTF's and OHA's Proposed IIFS

10

185.

Hui/MTF, joined by OHA, proposed the following amended IIFS: 1) Waihe' e

11

River: a) 25.5 mgd immediately downstream of the Waihe'e Ditch Diversion; b) 27.5

12

mgd immediately downstream of the Spreckels Ditch diversion; and c) at the mouth: the

13

flow remaining in the stream after diversion of (1) up to 2.0 mgd to satisfy kuleana and

14

T&C users downstream of the Spreckels Ditch diversion who take water directly from

15

Waihe' e Stream and (2) up to 2.5 mgd for the uses of Maui Coastal Land Trust; 2) North

16

Waiehu Stream: 2.5 mgd immediately below the North Waiehu diversion; 3) South

17

Waiehu Stream: 2.5 mgd immediately below the South Waiehu diversion; 4) at the mouth

18

of Waiehu Stream: the flow remaining after diversion of 0.07 mgd for the use ofkuleana

19

and T&C users; 5) 'lao Stream: a) 18.8 mgd immediately downstream of the 'lao intake;

20

and b) at the mouth: the flow remaining after the diversion of up to 2.0 mgd to satisfy

21

kuleana and T&C users who take water directly from the stream; 6) Waikapu Stream: a)

22

4.1 mgd immediately below the Reservoir 1 intake; b) at the mouth: the flow remaining

23

after the diversion of up to 0.35 mgd for the uses ofkuleana and T&C users who take

24

water directly from the stream; and c) ifWaikapii Stream flow has not reached Kealia

25

Pond within 120 days from the effective date of the IIFS, then there shall be no IIFS at

26

the mouth, and the IIFS immediately upstream of the Reservoir 1 intake shall be the

27

amount remaining after the diversion of up to 0.35 mgd for the uses ofkuleana and T&C

28

users who take water directly from the stream. COL 170, supra. (Note: Reservoir 1

29

receives water from the Waikapu Ditch, and Hui/MTF and OHA may be referring to

30

Reservoir 6, which is further downstream, lli Figure 4.)
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186.

These proposed IIFS are based on their expert witness's recommendation that the

2

IIFS be established at 75 percent of "annual median flow." A "starting place" would be

3

the historical median flow for the period between 1984 to 2005, and then adjusted

4

periodically. For example, every six months, the median flow for the previous year would

5

be calculated, and 75 percent of that flow would be released. COL 168(6), supra. FOF

6

582. However, their proposed IIFS are not adjusted yearly, as was recommended by their

7

expert witness.

8

187.

9

maintain overall biological and ecological integrity over the short- and long-term, COL

Their expert witness recommended 75 percent of the median (Q50) flows to

10

168(1), supra, FOF 577, but he did not explain further how this specific level for the IIFS,

11

to be adopted for all four streams, would accomplish those purposes. For example, what

12

does he mean by "short-term" biological and ecological integrity? Short-term effects

13

could include indications of the "quality habitat," but whether these changes are able "to

14

support sustainable, reproductive instream biological communities," COL 167(1), supra,

15

FOF 556, can only be answered over the long-term.

16

188.

17

informed guess" and that it could be less. COL 168(8), supra. FOF 585.

18

189.

19

USGS theorizes is the mean base flow component of total flow, their expert witness

20

stated that he did not rely on that fact for his recommendation. COL 168(4), supra. FOF

21

580. However, given that his reason was "an informed guess" without the reasons for

22

why he chose that specific level and that he conceded that it could be less, the

23

Commission concludes that it is more than coincidence that the 75 percent of mean (Q50)

24

flow, or Q65 to Q85, closely coincides with the mean base flow component of total flow,

25

or Q70. Without any explanation beyond an informed guess, the Commission interprets

26

the expert witness's recommendation for the IIFS for all four streams as their mean base

27

flows, a theoretical calculation that can never be empirically reproduced and which was

28

not conceptualized as a means for establishing IIFS. FOF 101-103, 105.

29

190.

30

related flows to establish the IIFS, only that, in this case, there is insufficient support for

Instead, their expert witness stated that the 75 percent ofthe median flow was "an

When queried whether his recommendation nearly matches the Q70 level, or what

The Commission is not categorically against using mean base flow or closely
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1

the expert witness to choose that flow other than it is his "informed guess" without any

2

more information of what he meant by "informed."

3

191.

4

percent of median flow, he would have had to provide sufficient reasons for each stream

5

and not categorically apply it to all four. The expert witness himself was of the opinion

6

that each stream is a natural system, and differences in the characteristics of the streams

7

and their watersheds should be taken into account. COL 167(6) supra. FOF 598.

8

192.

9

the same manner as MDWS's proposed IIFS; i.e., amending the IIFS comes first, and

Even if the expert witness could have provided an adequate basis for choosing 75

The proposed IIFS at the mouth of the four streams are also contrary to the law in

10

non-instream (offstream) uses are then met with the remainder. Waiahole 1,94 Haw. at

11

153,9 P.3d at 465. COL 175, supra. In each of the four streams, the proposed IIFS at the

12

stream mouth would be the flow remaining after diverting water for kuleana and

13

traditional and customary users. COL 170, supra.

14

193.

15

offstream users. The proposed IIFS for' lao and Waikapu Streams are arbitrary by

16

denying, without explanation, the diversions by HC&S of 'lao Stream at the Spreckels

17

Ditch and by WWC of Waikapu Stream at the Waihe' e Ditch, while allowing for all other

18

ofWWC's and HC&S's diversions. Compare FOF 181 and 186 with COL 170, supra.

19

194.

20

supra, and Table 9, would mean that all offstream uses, including kuleana and traditional

21

and customary uses, would have no access to water 15 to 35 percent ofthe time. In

22

addition, for those periods of time in which flows above the IIFS are less than the amount

23

of offstream uses (to be determined in the water use permit application process under the

24

designation of the four streams as a surface water management area) there will be

25

insufficient water for those offstream users.

26

195.

27

uses are fully accommodated; only that there must be a balancing of instream values with

28

non-instream uses when both needs cannot be met.

The proposed IIFS also do not strike a balance between instream values and

The proposed IIFS, set between 65 and 85 percent of Qso, compare COL 170,

The Commission is not concluding that it must establish the IIFS so that offstream

29
30
31
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1

d.

HC&S's Proposed IIFS

2

196.

HC&S proposed the following amended IIFS: 1) Waihe'e River: a minimum flow

3

of2 mgd to 3 mgd measured below the Spreckels Ditch intake; 2) North Waiehu Stream:

4

a minimum flow of 0.15 mgd to 0.25 mgd below WWC's diversion on North Waiehu

5

Stream; 3) South Waiehu Stream: a minimum flow of 0.15 mgd to 0.25 mgd below

6

HC&S' diversion on South Waiehu Stream; and 4) 'lao and Waikapu Streams: not viable

7

candidates for restoration and therefore deny the requests for amendment of their IIFS.

8

COL 171, supra. In its May 11,2009, written exceptions to the Proposed FOF, COL, and

9

0&0, HC&S amended its proposed lIFS for Waihe'e River and 'lao Stream from 2-3

10

mgd to 5 mgd for Waihe'e River and from no IIFS to 4 mgd for 'lao Stream (pp. 37-38).

11

197.

12

currently available scientific evidence indicates that Waihe'e Stream has significant

13

reproducing populations of native Hawaiian amphidromous species and that ecological

14

connectivity was also found in Waiehu Stream, although it is a less promising candidate

15

for restoration than Waihe'e Stream given its narrow stream channel and low flow

16

volume under undiverted conditions, alterations to the stream caused by cultural

17

disturbances, and the concrete apron below the culverts under Kahekili Highway. No

18

ecological connectivity was found in 'lao and Waikapu Streams, and each of those

19

streams present inherent challenges to the propagation of amphidromous species at

20

various stages of their life cycle. In the case of 'lao Stream, channelization of the stream

21

bed in the lower reaches impedes post-larval recruitment. The apparent lack of a direct

22

connection between Waikapu Stream and the ocean interferes with migration and

23

recruitment. Thus, it is unlikely that the addition of stream flow to 'lao and Waikapu

24

Streams would result in the presence of reproductive populations of amphidromous

25

organisms in those streams. HC&S's Proposed COL 6. As with WWC's proposed IIFS,

26

the proposed IIFS for Waihe'e River and North and South Waiehu Streams are minority

27

fractions of the lowest recorded flows. See FOF 107, 113 and 119 for the minimum flows,

28

and COL 179, supra.

29

198.

30

natural stream flow," HC&S's Proposed Decision and Order, II.I, and its proposed IIFS

The proposed IIFS were based on the following proposed Conclusion of Law: The

In its Proposed Decision and Order, HC&S refers to restoring "a portion of the
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1

make it apparent that "natural stream flow" is equivalent to WWC's "base flow" and that

2

both are equated to the lowest recorded flows.

3

199.

4

proposed lIFS for Waihe'e River and North and South Waiehu Streams. HC&S's

5

proposed amended UFS from 2-3 mgd to 5 mgd for Waihe'e River and from no UFS to 4

6

mgd for 'lao Stream, COL 196, supra, would still not result in continuous flow to the

7

mouth, COL 184, supra, despite HC&S's belief that flows would result, contrary to

8

expert testimony by USGS. FOF 109, 129. COL 157, 159, supra.

9

200.

Conclusions of Law 181-184 for WWC, supra, apply equally to HC&S's

As for 'lao Stream, experts differed on the significance of channelization on post-

10

larval recruitment, and there have been observations of amphidromous recruitment in the

11

channelized section when flow connected to the ocean. COL 167(4), supra, FOF 593.

12

The larval drift surveys did not address the issue of the relative importance of

13

channelization versus lack of flow and there are no data or study demonstrating that

14

channelization is more important. COL 169(6), supra. FOF 592.

15

201.

16

flows mauka to makai. COL 169(7), supra. FOF 595.

As for Waikapil Stream, ultimately, restoration of flow would answer whether it

17
5.

18

The Commission's Analysis and Amendments to the IIFS

19

a.

20

Analysis

21

22

1.

Overview

23

202.

Construction of the Spreckels Ditch began in 1882, the 'lao and Waiehu ditch

24

systems began around 1900, and the Waihe'e Ditch began in 1905. FOF 167-169.

25

Starting with the very first water case addressed by the Hawaii Supreme Court and

26

continuing until 1973, surface waters in Hawai'i could be treated as private property, and

27

those with such "prescriptive" rights had superior rights to the common law "riparian"

28

rights (for example, rights to stream waters by owners ofland adjacent to the stream, in

29

amounts that were not injurious to the rights of other owners of land adjacent to that

30

stream). The Court used the Hawaiian ahupua'a system as its rationale for ruling that the

31

taking of water for other than use on riparian lands was the superior right:
162
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9

So if a riparian proprietor should interfere with an ancient auwai, by which other
lands had been watered from time immemorial, he would be liable in damages,
because this was clearly an easement for the benefit of those lands through which
the ancient water course extended... (A) right to interfere with the natural right to
make use of water belonging to another, when it is connected with the occupation
oflands, constitutes an easement in favor of the latter, as the dominant estate.
Peck v Bailey, 8 Haw. 658, at 661-662 (1867).
The Court continued to expand on the rights to own surface waters, ruling that it was not

10

necessary for the water to be used on the land which had the prescriptive rights, Lonoaea

11

v Wailuku Sugar Co., 9 Haw. 651 (1893), Homer v Kumuliilii, 10 Haw. 174 (1895),

12

Wong Leong v Irwin, 10 Haw 265 (1896), thereby straying far away from its initial

13

justification of ownership based on the ahupua' a system, and finally ruling in 1930 that:
Riparian rights is not and ever has been the law in Hawaii. It is utterly
inconsistent with the system which from time immemorial has been recognized
and enforced in these Islands ... Even the kuleanas awarded in 1845 or thereabouts
to the common people, the poorer people, a great many, and perhaps most of them,
were nonriparian and would never have been entitled and would not now be
entitled under that system to any water from the streams. The system devised and
wisely provided by the ancient kings and chiefs permitted of the construction and
maintenance of a large network of artificial ditches ... That system provided for
every kuleana, ili and ahupuaa fed by those ditches more water and greater rights
than those which would have been available under the riparian system, even as to
those lands which were themselves riparian ... There was no limitation to a
"reasonable use" for the lands entitled to take from any of the ditches ... There was
no limitation in favor of lands within the same watershed or valley.Territory v
Gay, 31 Haw. at 396-400.

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Forty-three years after Territory v Gay completed the privatization of surface

29

203.

30

waters in Hawaii, the Court reversed course, ruling that: 1) title to water was not intended

31

to be, could not be, and was not transferred to an awardee by the Great Mahele and

32

subsequent Land Commission Award and issuance of Royal Patent; 2) the ownership in

33

natural watercourses, streams, and rivers remained in the people of Hawai' i for their

34

common good; 3) riparian rights exist and belong only to land adjoining a natural

35

watercourse for its own use; and 4) appurtenant rights apply only in connection with the

36

particular parcel of land to which the right is appurtenant. McBryde, 54 Haw. 174; 504

37

P.2d 1330 (1973). The intensity of the controversy surrounding this decision is reflected

38

in the comments by Chief Justice Richardson: "In 1897, Hawaii was annexed by the
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1

United States and until 1959 was a territory with our judges and justices appointed by the

2

President of the United States with the advice and consent of the United States Senate. In

3

1959, Hawaii became a state ... While the decisions of the territorial courts were

4

unquestionably binding upon the parties before it, we doubt whether those essentially

5

federal courts could be said to have definitely established the common law of what is

6

now a state. So long as the federal government was sovereign its authority to frame the

7

law was unquestionable, but upon our assumption of statehood our own government

8

assumed the whole of that responsibility, absent any explicit federal interest. And it is

9

from our authority as a stakthat our present common law springs (emphasis in

10

original)." Robinson v Ariyoshi, 65 Haw. 641, at 667, n. 25; 658 P.2d 287, at 306, n. 5

11

(1982).

12

204.

13

under the laws prevailing under COL 202, supra, and amend the IIFS under the present

14

case laws, statutory laws, and the state Constitution under which water is a public trust

15

resource, as initiated by McBryde in 1973. This duty fundamentally turns on its head the

16

laws that were prevailing when the ditches were constructed and whose diversion

17

practices continue to this day. Current practices serve offstream uses first, with the

18

streams left with whatever flows that are not diverted on a day-to-day basis. But the

19

flashy nature of Hawai' i' s streams, with flows higWy dependent on rainfall on even a

20

day-to-day basis, makes management of offstream uses difficult even when such uses

21

have first call on stream flows. Under current laws, the IIFS has to be determined first,

22

and what water remains would be available for offstream uses, COL 18, supra, subject to

23

the water-use permits requirements. This means that management of offstream uses will

24

still have to contend with the daily variations in stream flows but will also have to work

25

with a quantity of water that will have been reduced by the amounts that must remain in

26

the streams under the amended IIFS. Under WWC's or HC&S's proposed IIFS, only a

27

portion of the lowest flows recorded will constitute the amended IIFS. But the

28

Commission rejects this approach, based on its analysis. COL 176-184, 196-201. The

29

Commission also rejects the proposal of Hui/MTF, joined by aHA, for a number of

30

reasons, one of which is that setting the IIFS at Q65-85 would mean that no water would be

31

available for offstream use 15 to 35 percent of the time and insufficient water for a

In this CCH, the Commission must address the diversions that were constructed
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1

significant percentage more. COL 194, supra. In both cases-WWC and HC&S versus

2

HuilMTF joined by OHA-accepting those proposals would be tantamount to a

3

"categorical imperative," COL 14, supra, for the offstream uses on one hand, and stream

4

restoration on the other. Instead, the Commission "must weigh competing public and

5

private uses on a case-by-case basis ... accommodating both instream and offstream uses

6

where feasible ... consider(ing) the cumulative impact of existing and proposed diversions

7

on trust purposes and to implement reasonable measures to mitigate this impact,

8

including using alternative resources." COL 16-17, supra.

9

10

2.

The Restorative Potential of the Nil Wai 'Ehil Streams

11

205.

Because of the amphidromous life cycle of Hawaiian streams' fish, mollusks, and

12

crustaceans, FOF 65-67, if the currently degraded habitat ofNa Wai 'Eha streams are

13

restored, recruitment and re-population are expected to occur. From the many expert

14

opinions presented at the CCH, including often diametrically opposed opinions in part

15

because of the adversial nature of the CCH process, the Commission reaches the

16

following conclusions:

17

206.

18

the ocean ("connectivity from mauka to makai") is perhaps a necessary condition for

19

most of Hawai 'i' s perennial streams to maximize and sustain and reproducing

20

amphidromous populations at pre-diversion levels, FOF 556, there are streams that are

21

naturally interrupted with healthy populations; i.e., with ecological instead of physical

22

connectivity, or stream flows of sufficient volume and frequency to allow the normal

23

distribution of native amphidromous species within a given watershed., FOF 557. These

24

competing perspectives clashed on the viewpoint of the restorative potential of 'lao

25

Stream in particular, where there has been extensive channelization with concrete in the

26

lower reaches and plans to complete that channelization down to the mouth of the stream.

27

FOF 128. One viewpoint is that it is the channelization, not the interrupted flow, that

28

prevents ecological connectivity; while the other viewpoint is that no amount of

29

mitigation of factors such as channelization can compensate for a lack of streamflow and

30

that increased streamflow can go a long way to mitigate the adverse effects of other

31

factors. FOF 590, 595.

While continuous stream flow from the source in the mountains to the mouth at
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207.

The current balance between instream values and offstream uses, as represented

2

by the status quo IIFS established on December 10, 1988, COL 155, supra, reflects the

3

historical period when stream waters were considered private property. The Commission

4

concludes that restoring some flows is the best available tool at its disposal for restoring

5

streams' amphidromous species.

6

208.

7

about 2.5 miles above its mouth. Sufficient flow may allow recruitment through this area,

8

but the channelization will inhibit spawning or may prevent it altogether in the lower

9

reaches of'lao Stream. The 20-foot vertical drop in the channelized area, below the

10

concrete channel above and the unlined channel below, is another obstacle, but fish

11

ladders can be constructed to bypass the vertical drop and allow recruitment of the stream

12

life that have climbing abilities. FOF 65, 128. The channelized lower portion, however,

13

may not support spawning in that area.

14

209.

15

actual flow is approximately equal to base flow, the non-diverted stream flowed

16

continuously from mauka to makai or whether its natural flows infiltrated into the

17

streambed before reaching the mouth. FOF 137.

18

210.

19

Stream is that, when there is flow from Waikapu Stream to Kealia Pond during extensive

20

periods of flooding, the water does not travel via a continuous channel through the pond

21

and into the ocean, but instead, fans out into a big delta. FOF 567. Therefore, Waikapu

22

Stream may not have sustained amphidromous species even under pre-diversion

23

conditions.

24

211.

25

numbers of adult amphidromous species but no larvae in downstream drift samples

26

collected from the stream. At least two species of 'o'opu and amphidromous prawns were

27

found in the upper reaches of that stream, and recruits were found on the mauka side of

28

the culvelts. FOF 564. However, there is extensive channel erosion below the Spreckels

29

Ditch on South Waiehu Stream, with a 12-foot drop in the elevation of the stream just

30

below the diversion, and there is a vertical concrete apron located just below the highway

31

culverts in lower Waiehu Stream. FOF 124. Fish ladders could be constructed, as

For 'lao Stream, a large obstacle is the channelization of the Stream that starts

For Waikapu Stream, the principal issue is whether or not in dry weather, where

An additional impediment for recruitment of amphidromous species into Waikapu

There is evidence of some ecological activity in Waiehu Stream, with low
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1

suggested for the much higher vertical drop in 'lao Stream. COL 208, supra. The 12-foot

2

drop, created by erosion, may not be an impediment to recruitment because of the

3

climbing activity of most amphidromous species, and a bypass may not be necessary

4

there.

5

212.

6

The study conducted by HC&S's expert witnesses described Waihe'e River as having

7

normal patterns of migration, species and size distribution, and reproduction throughout

8

the stream under diverted conditions, with its larval drift sampling indicating that

9

Waihe'e River is the only stream that appears to have significant reproductive

In their present diverted states, Waihe'e River showed the most ecological activity.

10

populations of native amphidromous species. FOF 563. However, the study's many

11

limitations included it being "just a snapshot" and no larval drift studies having been

12

correlated with upstream abundance of the adults contributing the larvae, thereby limiting

13

conclusions on the quality or normality of Waihe' e River's reproductive output. FOF

14

573-576.

15

213.

16

conditions. Minor flows are observed in the streams downstream of the diversions due to

17

return flows and leakage from the ditches. Waihe' e River has a measurable flow of about

18

0.1 mgd immediately downstream of the Spreckels Ditch, but the River is estimated to

19

lose from 2.1 to 5.9 mgd downstream of the Spreckels Ditch, so it also may not have

20

continuous surface flow from mauka to makai. FOF 109-111, 116, 122-123, 130-131,

21

136-137.

22

214.

23

exhibits reproductive activity, though the quality or normality of current reproductive

24

output is not known. Higher flows in periods of rainfall, when streamflows are not fully

25

diverted and/or rainfall and runoff downstream of the diversions result in flows that reach

26

from mauka to makai, must result in recruitment, which in tum leads to some reproducing

27

adults in the upper reaches of the River.

28

215.

29

populations of adult amphidromous species in the upper reaches of the stream.

30

Improvements in traversing the 12-foot drop in the elevation of the stream just below the

All four streams are dry downstream of all diversions during dry-weather

Thus, the restorative potential is highest for Waihe'e River, which already

For Waiehu Stream, there is evidence that some recruitment has resulted in scarce
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1

diversion, if necessary, and the vertical concrete apron located just below the highway

2

culverts in lower Waiehu Stream should lead to further recruitment.

3

216.

4

stream and the 20-foot vertical drop in the channelized area can be bypassed, but the

5

reproductive (spawning) potential of the channelized, lower stretches is minimal.

6

217.

7

diversions, because of extensive infiltration of streamflow into the streambed in its lower

8

reaches. Even if it did flow continuously mauka to makai, recruitment might not have

9

occurred. When there is streamflow during extensive periods of flooding, it does not

For 'lao Stream, recruitment can occur through the channelized portion of the

Waikapu Stream may not have flowed continuously mauka to makai prior to the

10

travel via a continuous channel through Kealia pond and into the ocean, but fans out into

11

a big delta, further preventing recruitment.

12
13

3.

Reasonable Offstream Uses

14

218.

In balancing instream values with offstream uses, the Commission will not

15

recognize the economic impact on diverted water that is being used inefficiently, losses

16

that could be prevented through practical actions, or waters that have practical

17

alternatives. In this CCH, the purpose of estimating what are reasonable amounts of

18

current offstream uses is to determine what might be the economic impact of restricting

19

such uses, and is not determinative of the "reasonable-beneficial" requirement for

20

WUPAs under the surface water management area designation ofNa Wai 'Eha. COL 37-

21

43, supra. Thus, here, the Commission makes a general, collective assessment of the

22

reasonableness of offstream uses and not the WUPA-specific assessment with the burden

23

of providing information on the parties seeking water use permits.

24

219.

25

300,000 gad when adjusted for the 50 percent of the time that no water is needed to flow

26

into the 10 'i, is sufficient for proper kalo cultivation. COL 56, supra. Consumption by the

27

lo'i themselves comprises 15,000 to 40,000 gad, COL 54, supra, so the large amounts of

28

inflow and outflow would result in substantial losses, which can be reduced if as much of

29

the outflow as practical is channeled back into the streams. Leakage from the inflow and

30

outflow ditches must also be reduced as much as practically possible. COL 57-58, supra.

For kalo 10' i on kuleana lands, 130,000 to 150,000 gad, or about 260,000 to
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220.

The estimated 6.84 mgd delivered to kuleana lands, FOF 332, Table 7, is a

2

reasonable amount to meet both the flow-through and consumptive requirements of their

3

current and projected acreage in kalo 10' i. Only about 10 to 25 percent of this amount,

4

however, would be consumed by the kalo 10'i and most of the rest available downstream

5

if as much as practical of the outflows are diverted back into the streams. Therefore, the

6

net consumptive use by the kalo lo'i would be on the order of 0.68 mgd to 1.71 mgd.

7

221.

8

(vegetables, trees, and plants). MDWS allocates up to 540 gpd for households and 600 to

9

1,200 gad for agricultural development lots, FOF 401-402, which are reasonable amounts

Some ku1eana landowners also use stream waters for domestic and other uses

10

for kuleana lands for these purposes, but the ka10 10' i use is by far the dominant use. If

11

the upper estimate of kalo 10' i water consumptive use, 1.71 mgd, is applied, this amount

12

should be more than sufficient for kuleana landowners' domestic and other agricultural

13

uses.

14

222.

15

rights, if such rights are found to exist, there is no duty to meet the practical alternatives

16

test. COL 94, supra.

17

223.

18

other related activities, which are reasonable amounts, COL 61, supra, but there is also a

19

practical alternative available from ground water underlying the wetlands. FOF 353.

20

224.

21

has had informal discussions to increase the treatment facility's capacity from 3.2 mgd to

22

4.0 mgd and to build a new, up to 9 mgd surface water treatment facility. However, of the

23

CUlTent 3.2 mgd treatment facility capacity, MDWS has used only about 1 mgd (0.71 mgd

24

in 2005 and 1.08 mgd in 2006-see Table 7). Thus, MOWS's current and future use

25

should not take into account the informal discussions to raise the 3.2 mgd capacity to 4.0

26

or to build a new treatment facility. MDWS has no practical alternatives. COL 99.

27

Therefore, MOWS's reasonable use, COL 62, supra, of surface water is 3.2 mgd.

28

225.

29

mgd in 2006, averaging about 4.06 mgd over those two years. Table 7. Most ofWWC's

30

ditches are unlined, and all of its many small reservoirs (See Figure 5) are unlined. FOF

While none of the kuleana lands have yet to be confirmed as having appurtenant

Maui Coastal Land Trust is seeking 1.5-2.5 mgd for wetlands restoration and

MDWS receives up to 3.2 mgd of surface water from the 'Iao-Waikapu Ditch and

WWC estimates its system losses at 7.34 percent, or 4.31 mgd in 2005 and 3.80

169

1

375. Assuming that losses could be halved by lining most of its reservoirs, reasonable

2

losses would be about 2.0 mgd.

3

226.

4

up from 1.42 mgd in 2005, out of a total of 8.288 mgd in agreements with 34 entities.

5

FOF 307. Table 7. For two ofthe larger current or future users, reasonable amounts were

6

1.2 mgd or less for two currently operating golf courses. FOF 389, 395. COL 65.

7

Although only some of the parties currently receiving water testified, most had

8

alternative sources such as MDWS, or had no assurance of long-term leases on their

9

properties. Other projects were only in the conceptual or "tossing ideas around" stages.

WWC's deliveries under its Water Delivery Agreements were 2.37 mgd in 2006,

10

FOF 388-389, 396-416. Thus, of the 2.37 mgd used in 2006, 1.17 mgd, or 2.37 mgd

11

minus the 1.2 mgd for the two golf courses, were found to have practical alternatives, and

12

total current and future reasonable uses without practical alternatives was 1.2 mgd.

13

227.

14

Fields, or 21.75 mgd for 3650 acres and 5408 gad for the 'Iao-WaikapU Fields, or 6.06

15

mgd for 1120 acres, for a total of27.81 mgd. COL 92-93, supra.

16

228.

17

4422 gad to a maximum of 6305 gad for the Waihe'e-Hopoi Fields, or from 16.14 mgd to

18

23.01 mgd; and a minimum of3830 mgd to a maximum of5836 mgd for the 'Iao-

19

WaikapU Fields, or from 4.29 mgd to 6.54 mgd. Together, total requirements range from

20

20.43 mgd to 29.55 mgd per day, compared to the average requirement of27.81 mgd.

21

COL 227, supra. The median daily requirements are: 1) Waihe'e-Hopoi Fields: 5589 gad

22

or 20.40 mgd; 2) 'Iao-WaikapU Fields: 4993 gad or 5.59 mgd; and 3) for both fields

23

combined: 25.99 mgd. Table 11; COL 92-93, supra. This means that half of the time,

24

daily requirements would be less than 25.99 mgd, and conversely, half ofthe time, daily

25

requirements would be more than 25.99 mgd.

26

229.

27

Reservoir, depending on the level of the reservoir, and estimates seepage throughout its

28

ditch and reservoir system at 3 mgd to 4 mgd. It has not undertaken studies nor estimated

29

the costs to line Waiale Reservoir or the other reservoirs and ditches. COL 122-123,

30

supra. Given that HC&S has stated that "high density polyethylene lining could negate

31

much ofthe seepage, not all of it" for Waiale Reservoir, FOF 425, the Commission

The reasonable uses for HC&S is estimated at 5958 gad for the Waihe'e-Hopoi

However, the daily requirements are estimated to range from: 1) a minimum of

HC&S estimates that it loses 6 mgd to 8 mgd through seepage from the Waiale
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1

estimates that it is practical to prevent 6-8 mgd of losses, or the seepage of the Waiale

2

Reservoir, and to halve the other 3-4 mgd in losses, as it has assumed for WWC, COL

3

225, supra, for a total reasonable loss of 2 mgd.

4

230.

5

103-107, supra. Wastewater from MLP will no longer be available, FOF 261, and the

6

county has no existing infrastructure to deliver recycled wastewater from its

7

WailukulKahului treatment plant to HC&S's fields. FOF 107-108. Well No.7, which can

8

irrigate the Waihe' e-Hopoi Fields, has two pumps at water level that historically can each

9

pump 17.5 mgd to ground level and also to reach 800 acres of the Waihe'e-Hopoi Fields'

Alternative sources for HC&S include Well No.7 and recycled wastewater. COL

10

3650 acres (at 5958 gad, this would equal 4.77 mgd), and one booster pump at ground

11

level that can pump 14 mgd into the Waihe'e Ditch to reach all fields except the 175-acre

12

Field 715. An additional 14 mgd booster pump would incur costs of $1 million, and

13

$475,000 in infrastructure costs would be incurred to reach Field 715. HC&S also claims

14

that there would be constraints on the power to run the pumps on a consistent and

15

sustained basis because of its power contract with MECO. COL 103-106, supra.

16

Although Well No.7 historically had pumped approximately 19 mgd (14 mgd plus 4.77

17

mgd), it has been used only for two six month periods since the 1980s - in 1996 and in

18

2000, FOF 494-495. In the 1980s HC&S installed drip irrigation systems to reduce water

19

loss & increase efficiency of water delivery to the plants. FOF 445. Similarly in the

20

1980s WWC shifted from furrow irrigation to drip irrigation to increase reliability of

21

water delivery. FOF 215. The combined facts that the current sustainable yield of the

22

aquifer is already being exceeded; that increased pumping from Well No.7 may

23

exacerbate that strain; and that the historically higher levels of pumping occurred during

24

a period where. furrow irrigation methods were affecting recharge rates for the aquifer,

25

the practical alternative from Well No.7 is lower than historic rates. Considering these

26

uncertainties in combination with the Commission's decision to place the full burden of

27

remedying losses immediately upon HC&S, discussed intra, the practical alternative from

28

Well No.7 is deemed 9.5 mgd. This alternative will not require capital costs, only the

29

costs of pumping.

30

231.

31

'Iao-Waikapu Fields; 2) 21.75 mgd for the Waihe'e-Hopoi Fields; and 3) 2 mgd of

For HC&S, total reasonable uses are estimated at 29.81 mgd: 1) 6.06 mgd for the
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1

system losses remaining after subtracting the 6 mgd to 8 mgd of losses from Waiale

2

Reservoir and halving the estimated 3-4 mgd of losses in the ditch system. Practical

3

alternatives are 9.5 mgd from Well No.7, for a net reasonable use of20.31 mgd (but see

4

the variable nature ofthis alternative, explained below).

5

232.

6

water sources, for all diverted stream waters are 28.42 mgd: 1) 1.71 mgd for the kuleana

7

lands; 2) 3.2 mgd for MDWS; 3) 3.20 mgd for WWC, consisting of 1.20 mgd for its

8

Water Delivery Agreements and 2 mgd for system losses; and 4) 20.31 mgd for HC&S,

9

consisting of 18.31 mgd for irrigation requirements and 2 mgd for system losses. The

Therefore, total reasonable current and future uses, minus practical alternative

10

Commission is also cognizant of the large variations in day-to-day requirements for

11

HC&S's fields described in COL 228, supra, and the reliability of Well No.7 as a

12

permanent, day-to-day source of9.5 mgd, COL 230, supra, and will address these issues

13

later in this Decision and Order.

14

233.

15

consumptive use (6.84 mgd in place 1.71 mgd), the total reasonable uses would be 26.18

16

mgd after subtracting for practical alternatives. As much as practical of these additional

17

amounts, however, would have to be returned into the streams downstream ofthe

18

diversions to the 10' i.

19

234.

20

and future reasonable use would be 3.2 mgd, based on the capacity of its water treatment

21

facility. Kuleana system users' flow-through requirements would remain at the 2005-

22

2006 level of6.84 mgd, of which 1.71 mgd would be consumed by the taro lo'i. For

23

WWC's Water Delivery Agreements, average use in 2005-2006 was 1.90 mgd, and

24

reasonable current and future uses would be about 2.02 mgd. WWC's estimated system

25

losses averaged 4.06 mgd in 2005-2006, to be reduced to a reasonable loss of2.0 mgd.

26

235.

27

Waiale Reservoir. Actual use in 2004-2006 was 6828 gad on 3350 acres, or 22.87 mgd.

28

FOF 436. Therefore, 12.71 mgd, or 36%, was lost. Compared to actual use of6828 gad,

29

or 22.87 mgd, estimated requirements were 5958 gad, or 19.96 mgd. Thus, actual use was

30

2.91 mgd, or 14.6%, over what was required. For the 'Iao-Waikapu Fields, an average of

31

10.43 mgd was delivered. Actual use in 2004-2006 was 7716 gad on 1330 acres

If the total flow-through requirements for kalo 10' i are substituted for the

From Table 7, MDWS's 2005-2006 actual use averaged 0.90 mgd, and its current

For HC&S's Waihe'e-Hopoi Fields, an average of35.58 mgd was delivered to the
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(including the 250 acres of Field 920), or 10.26 mgd. FOF 441. Thus, only 0.17 mgd was
2

lost. Excluding Field 920, actual use was 7098 gad on 1080 acres, or 7.67 mgd. Estimated

3

requirements for these 1080 acres were 5408 gad, or a total of 5.84 mgd. Thus, actual use

4

was 1.83 mgd, or 31 %, over what was required.

5

236.

6

higher use per acre on Field 920' s 250 acres, irrigation overuse in 2005-2006 was 4.74

7

mgd over requirements of 25.80 mgd, or 18%. Losses, on the other hand, totaled 12.88

8

mgd, or 36% of the average total delivery of 46.01 mgd. Ninety-nine percent oflosses

9

were attributable to the Waihe'e-Hopoi Fields/Waiale Reservoir (12.71 mgd of 12.88

In total, for both the Waihe'e-Hopoi and 'Iao-Waikapu Fields, not counting the

10

mgd). Table 12 summarizes these comparisons.

11

237.

12

and practical alternatives for diverted Na Wai 'Eha surface waters.

Table 13 summarizes all noninstream current and future uses, reasonable uses,

13

14

4.

Economic Impacts

15

238.

In order to assess the economic impacts on users of diverted waters, the flows that

16

will be retained in the streams under the amended IIFS have to be identified first, then the

17

amount of water available for offstream uses, then the shortfalls in those amounts

18

compared to reasonable uses less practical alternatives, and finally, the economic

19

consequences of those shortfalls. However, the evidence at this CCH of the economic

20

impacts consisted primarily of "all-or-nothing" consequences; for example, if no water

21

were available for HC&S's sugar operations. As stated earlier, a more useful analysis by

22

either or both parties would have been the effects on the approximately 5,000 acres of

23

incremental reductions ofNa Wai 'Eha waters. Some of the considerations on the

24

possible economic impacts are as follows:

25

239.

26

extended dry periods, there may not be enough water to meet the needs of all offstream

27

users, and in extremely wet periods, unrestrained diversions may even harm such uses

28

through damage to the ditches and reservoirs and even the end uses. The daily variability

29

of available water will continue, but management of the available water will become

30

more complicated and at times perhaps even unmanageable, because under the current

31

rule of law, the IIFS has to be established first, and only then will the remaining water be

All offstream users are subject to the inherent variability of daily stream flows. In
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1

available for offstream uses. This means, for example, under current diversion practices,

2

if there were 10 mgd flowing in the stream during dry periods, offstream users could take

3

all 10 mgd, leaving the streams dry below the diversions most of the time and all of the

4

time during dry periods. Under the amended IIFS, if that IIFS were established at 5 mgd,

5

offstream users could divert that much less and none at all if the stream flow were 5 mgd

6

or less.

7

240.

8

restricting offstream uses and provides further analyses in the following sections in which

9

the amended IIFS are established:

The Commission arrives at the following conclusions on the economic impact of

lOa.

There will be economic consequences to kuleana lands, if the amended

11

IIFS are established at such levels that existing uses and recognized appurtenant rights,

12

whether exercised for traditional and customary or commercial purposes, cannot be

13

practiced because of shortages in available water. But these consequences will not be

14

apparent: 1) until the amended IIFS are established, and 2) if the amended IIFS result in

15

water shortages, how these kuleana lands will fare in the priority-setting among water use

16

permittees under the shortage provisions. Traditional and customary practices, including

17

appurtenant rights, are public trust purposes, and if appurtenant rights are not exercised

18

for traditional and customary purposes, the exercise of appurtenant rights still have a

19

higher priority over private commercial uses. COL 21-24, supra.

20

b.

The potential impact on MDWS's use of surface waters is similar to that

21

on kuleana lands. At least the majority ofMDWS's uses are for "domestic uses of the

22

general public," another public trust purpose. COL 13, supra. An additional economic

23

impact on MDWS might be the costs of acquiring the primary distribution systems of

24

WWC (and HC&S's), if one of the consequences of the amended IIFS is that WWC

25

decides to no longer continue its water distribution operations, and Maui County decides

26

that it is in the public interest ofthe County's citizens to acquire and operate it.

27

c.

The economic consequences for WWC's Water Delivery Agreements

28

would primarily be the extra costs, if any, of having to use other delivery systems, such

29

as MDWS's. Furthermore, the largest current and potential users may determine through

30

financial analyses that the better option is to forego their operations (the golf courses),

31

with lost-opportunity costs associated with those decisions. Finally, the Commission has
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1

the authority to treat golf-course irrigation as a non-agricultural use and apply different

2

standards and conditions than to agricultural use, which would be of relevance if the

3

Commission issues permits under shortage conditions. WaHihole 1,94 Haw. at 169,9

4

P.3d at 481.

5

d.

The economic consequences on WWC itself would be a direct correlation

6

between reductions of water available for offstream use and its revenues to deliver those

7

waters, or even cessation of its operations altogether. COL 128-133, 135, supra.

8
9

e.

The economic consequences for HC&S are threats to its ability to apply

economies of scale to its overall 35,000 acres of sugar operations, of which the 5,300

10

acres in West Maui are its most productive; retaining a reasonable cost structure;

11

achieving target sugar yields of 13-14 tons per acre per crop cycle; and returning to

12

historical rates of harvesting; all of which are dependent on a reliable water supply. COL

13

137-142, supra. Additional costs and constraints on the power to run the pumps on a

14

consistent and sustained basis because ofHC&S's power contract with MECO would be

15

incurred for replacing 9.5 mgd of surface waters by ground water from Pump No.7. COL

16

105-106, supra.

17

b.

18

Amendments to the IIFS

19
1.

20

Proposed IIFS and the Commission's Range of Choices

The current IIFS for the Nii Wai 'Ehii streams are the flows that were in the

21

241.

22

streams on December 10, 1988: "that amount of water flowing in each stream on the

23

effective date of this standard, and as that flow may naturally vary throughout the year

24

and from year to year without further amounts of water being diverted offstream through

25

new or expanded diversions, and under the stream conditions existing on the effective

26

date of the standard." HAR §13-169-48. COL 155, supra.

27

242.

28

exercise have already been identified previously: i.e., actual measurements for only

29

Waihe'e River and 'lao Stream, covering the period 1984 to 2005, and only estimates of

30

the ungauged flows for Waiehu and Waikapu Streams through "record-extension

31

techniques" from measurements of stream flows from 1911-1917 and 1910-1917,

Those flows must be assigned specific numbers, and the problems inherent in that
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respectively. COL 157-160, supra. These are the only flow estimates above all diversions
2

and the necessary starting points for amending the IIFS, but establishing IIFS at points

3

below the diversions will incorporate any errors in the above-diversion estimates. Further

4

complicating this task is that stream flows in Hawai'i have decreased significantly over

5

the past 90 years, and over the period 1984 to 2007 (blanketing the period, 1984 to 2005,

6

on which the USGS estimates of stream flow are based), there have been a 25 percent

7

reduction of average stream flows in Waihe' e River, a 10 percent reduction in 'lao

8

Stream, and presumed reductions of unknown percentages in the ungauged Waiehu and

9

Waikapu Streams. COL 161, supra.

10

243.

Based on its review of expert testimony in this contested case hearing, COL 166-

11

169, supra, the Commission concludes that establishing continuous stream flow from

12

mauka to makai provides the best conditions for re-establishing the ecological and

13

biological health of the waters ofNa Wai 'Eha. The Commission also cautions that flow

14

restoration cannot make up for the many factors that have affected these streams, but

15

flow restoration is the instrument available to the Commission.

16

244.

17

low-flow streams quickly result in large increases in wetted habitat, and that the increase

18

in wetted habitat from further increases in flows becomes less dramatic. FOF 589.

19

245.

20

streams and has concluded that the restorative potentials are highest for Waihe' e River

21

and Waiehu Stream. 'lao Stream can be restored to enhance recruitment and increase

22

stream life, but its reproductive potential is severely limited because of extensive

23

channelization in the 2.5 miles immediately above its mouth. Waikapu Stream likely has

24

minimal to no reproductive potential, because there probably was no pre-diversion

25

continuous flow to the mouth, and even ifthere had been continuous flow, Kealia Pond

26

and the delta below most likely inhibited recruitment. COL 205-217,supra.

27

246.

28

supra, and reviewing and rejecting the parties' proposed IIFS, COL 170-201, supra, the

29

Commission concludes that one of the three controlled releases proposed by USGS offers

30

the best approach. FOF 611-617. These flows were chosen to correspond to specified

31

flows at the stream mouths, after adjusting for losses into the stream beds in the lower

The Commission also notes that the first amounts of increased flow in dry or very

The Commission has also evaluated the restorative potentials ofthe Na Wai 'Eha

After reviewing competing expert opinions on amending the IIFS, COL 166-169,
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1

reaches of each stream. Table 14 summarizes the proposed releases by stream flows and

2

total flows. For example, the 1st phase flow would be: 1) Waihe'e River: 10.0 mgdjust

3

downstream ofthe Spreckels Ditch, corresponding to 6.5 mgd at the mouth; 2) Waiehu

4

Stream: 1.6 mgd on North Waiehu below the North Waiehu Ditch and 0.9 mgd on South

5

Waiehu below the Spreckels Ditch, corresponding to 0.6 mgd at the mouth; and 3) 'lao

6

Stream: 9.5 mgd below the 'Iao-Maniania Ditch, corresponding to 3.2 mgd at the mouth.

7

Total flow would equal 22.0 mgd. The 2nd and 3rd phase flows would total 36.5 mgd and

8

56.5 mgd.

9
10

2.

Balancing Instream Values and Noninstream Uses

11

247.

The irrigation requirements for HC&S's fields were based on the 80% probability

12

of Table 11 as representing the average requirements over time, or 5958 gad for the

13

Waihe'e-Hopoi Fields and 5408 gad for the 'Iao-Waikapu Fields; but as also shown in

14

Table 11, requirements range from a minimum of 4422 gad to a maximum of 6305 gad

15

for the Waihe'e-Hopoi Fields and from 3830 gad to 5836 gad for the 'Iao-Waikapu Fields.

16

The balancing between instream values and noninstream uses must not only evaluate that

17

balance when average uses are considered but also what that balance might be at the high

18

end of irrigation requirements.

19

248.

20

the reasonable uses summarized in table 13. In table 15, the practical alternatives for the

21

kuleana lands and for WWC uses, a total of 3.17 mgd, have been subtracted from total

22

reasonable uses of 41.09 mgd, resulting in a net reasonable use of37.92 mgd. The 9.5

23

mgd in practical alternatives for HC&S from Well No.7 will be subtracted in the

24

following analysis, because it is an alternative that most likely would not be available on

25

a daily basis throughout the year. FOF 500, COL 106, supra. The average requirements

26

would total 37.92 mgd. The median requirement of36.10 mgd is that amount where half

27

of the time, requirements are higher, and half of the time, lower. The 90%-maximum

28

requirements of38.74-39.66 mgd are the amounts that would be required in the 10

29

percent of the time when requirements would be at their highest.

30

249.

31

stream flows drop and irrigation requirements rise when rainfall decreases. The Qso flow

Table 15 summarizes the average, median, and 90%-maximum requirements for

Stream flows rise with rainfall and irrigation requirements drop with rainfall, and
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1

of a stream is that amount where half of the time flows are lower, and half of the time,

2

flows are higher. Therefore, irrigation requirements would be at about the median level

3

when flows are at Qso. It would also be reasonable to expect that irrigation requirements

4

would be at about the 90%-maximum levels when stream flows are only at

5

While these correlations between stream flows and irrigation requirements may not be

6

precise, they provide a method of evaluating whether or not irrigation requirements will

7

be met when stream flows decrease and irrigation requirements increase.

8

250.

9

Stream, COL 245-246, supra, are compared to see whether or not irrigation requirements,

Q90

levels.

In table 16, Qso flows and the controlled releases for Waihe' e River and Waiehu

10

assumed to be at their median levels, will be met. With the 1st phase flow total of 12.5

11

mgd, 58.8 mgd would be available for offstream use after subtracting from the Qso flow

12

of 71.3 mgd. Compared with a median requirement of 36.10 mgd, requirements would be

13

met half of the time even without the practical alternative of 9.5 mgd.

14

251.

15

requirements of 36.10 mgd would still be met half of the time, without using the 9.5 mgd

16

in practical alternatives but would not be met for a significant portion of the rest of the

17

time without the practicable alternative.

18

252.

19

would not meet requirements even at Qso even if all 9.5 mgd of practical alternatives

20

were utilized.

21

253.

22

irrigation requirements. Only the 1st phase flow would leave enough water for offstream

23

use, but only if all 9.5 mgd of Well No. 7's practical alternative were used.

24

254.

25

best balance between instream values and offstream uses. Moreover, as Well No. 7's 9.5

26

mgd would not be a reliable source throughout the year, FOF 500, COL 106, supra, its

27

use would be limited to periods when stream flows above the 12.5 mgd set aside for the

28

IIFS are not adequate to meet offstream requirements.

29

255.

30

being used in an unreasonable manner. COL 11,42, supra. Thus, any economic impact

31

from reducing actual use to reasonable use will not be recognized in the balancing of

With the 2nd phase flow total of 20.5 mgd, 50.8 mgd would be available. Median

With the 3rd phase flow of 49.3 mgd, only 22.10 mgd would be available, which

Similar analyses are summarized in Table 17 for

Q90

flows and 90%-maximum

Therefore, adopting the 1st phase controlled flows for the IIFS would provide the

The economic impact of restricting noninstream uses would not apply to water
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instream values and offstream uses. Therefore, any costs associated with reductions from
2

current/future uses to reasonable-beneficial uses for WWC's and HC&S's uses and losses

3

(table 13) are not part of the economic impact of restricting noninstream uses. The

4

burden is upon those users to address and remedy system losses and prompt action will

5

enable them to maximize the full benefits of authorized diversions. This is no simple

6

burden, as HC&S is being required to remedy the full system loss from Waiale Reservoir

7

plus half the system loss from extensive ditch and reservoir systems, estimated at 7 mgd-

8

10 mgd and WWC to remedy an estimated 2 mgd loss.

9

256.

The economic impact of using practical alternative water sources is intrinsic to the

10

definition of "reasonable-beneficial" use and therefore would not be included in the

11

economic impact of restricting such uses. COL 43, supra. Thus, the costs of using

12

practical alternatives by MCLT, WWC users, and HC&S (table 13) would not be part of

13

the economic impact of restricting noninstream uses. Additionally, such costs would

14

have to be incurred anyway as part of the water-use permit conditions if such alternatives

15

were found to be practical based on costs, existing technology, and logistics. COL 31,

16

supra.

17
18

c.

Conclusions

19

257.

In weighing "the importance of the present or potential instream values with the

20

importance of the present or potential uses of water for noninstream purposes, including

21

the economic impact of restricting such uses," COL 4, supra, the Commission's amended

22

IIFS were based on the following conclusions:

23

258.

24

continuous stream flows to the mouth.

25

259.

26

conditions in the pre-diversion period, and even if it did, Kealia Pond and the delta would

27

further inhibit recruitment. While increasing flows to assess whether or not continuous

28

flows might have existed in the pre-diversion period is not ruled out, such an assessment

29

can be deferred until some future time when the balancing of instream values and

30

offstream uses might be more favorable to such a controlled restoration.

The amended IIFS should not only increase available habitat but also result in

WaikapU Stream has most likely not had continuous flow except under flood
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1

260.

'lao Stream's reproductive and full restorative potential is very limited or

2

prohibited entirely due to the extensive channelization of the 2.5 miles of streambed

3

above the mouth and the 20-foot vertical drop.

4

261.

5

controlled flows. Of the three proposed phases, the 1st phase, totaling 12.5 mgd and

6

comprised of 10.0 mgd for Waihe'e River, 1.6 mgd for North Waiehu Stream, and 0.9

7

mgd for South Waiehu Stream, provide the best balance between instream values and

8

offstream uses, and are the only viable IIFS when stream flows are low and all available

9

practical alternatives are in use.

The most credible proposals for amending the IIFS are USGS's proposed

10

262.

The economic impact of restricting noninstream uses would not apply to water

11

being used in an unreasonable manner, because such uses are not reasonable-beneficial,

12

nor to the costs of practical alternatives, because use of such alternatives is intrinsic to the

13

definition of "reasonable-beneficial."

14
15

H.

WATER USE PERMIT APPLICATIONS ("WUPAs")

16

263.

The WUPAs in this CCH were for high-level diked ground waters: 1) MDWS's

17

Well No. 5332-05 (Kepaniwai Well) for 1.042 mgd; 2) MDWS's Well No. 5332-02 ('lao

18

Tunnel [Kepaniwai]) for 1.359 mgd; 3) HC&S's Well No. 5330-02 ('lao Tunnel [Puako])

19

for 0.100 mgd; and 4) five wells for unknown amounts of water: WWC's Wells No.

20

5132-01 (Waikapu Tunnell), No. 5132-02 (Waikapu Tunnel 2), No. 5332-01 (Black

21

Gorge Tunnel), No. 5333-01 ('lao Needle Tunnell), and No. 5333-02 ('lao Needle

22

Tunnel 2). WUPAs for Waikapu Tunnels 1 and 2 were subsequently excluded, because

23

they were not subject to the 'lao ground water management area designation. FOF 17.

24
25

1.

MDWS's WUPAs

26

264.

MDWS's WUPAs for 1.042 mgd for the Kepaniwai Well (Well No. 5332-05) and

27

1.359 mgd for the 'lao Tunnel (Well No. 5332-02) meet all the criteria for a water use

28

permit. FOF 360-367.

29
30
31
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2.

HC&S's WUPA

2

265.

The application by HC&S for 0.1 mgd from 'lao Tunnel (Well No. 5330-02)

3

states as the method of measurement: "Water from the lao Tunnel is measured at the

4

HC&S Spreckels Ditch at Wailuku Gaging Station along with other stream water."

5

HC&S's WUPA, dated February 25, 2004, and received by CWRM on February 27,

6

2004.

7

266.

8

Diversion, the intake pipe from HC&S's 'lao Tunnel, and the 'lao Stream intake, none of

9

which is separately gauged. In addition to these three sources, the gauged amount

The Wailuku gauging station is located downstream of the South Waiehu

10

includes water diverted by WWC from Waihe'e River via two Ditches: 1) the Waihe'e

11

Ditch via the drop ditch to Spreckels Ditch; and 2) the Spreckels Ditch Diversion on

12

Waihe'e River. FOF 190.

13

267.

14

an interim permit for an estimated, initial allocation of water if the quantity of water

15

consumed under the existing use is not immediately verifiable, but the existing use

16

otherwise meets the conditions of subsection (b) for a permit of an interim permit. An

17

interim permit is valid for such time period specified therein. The commission may issue

18

successive interim permits of limited duration." Section 174C-50(g) continues as follows:

19

"If an interim permit is issued pending verification of the actual quantity of water being

20

consumed under the existing use, a final determination of that quantity shall be made

21

within five years of the filing of the application to continue the existing use. In the final

22

determination, the commission may increase or reduce the amount initially granted the

23

permittee."

24

268.

25

beneficial and refers to permits issued in accordance with sections 174C-51 Application

26

for a permit, 174C-52 Notice, and 174C-53(b) Permit Issuance, regarding standing for

27

persons filing objections.

28

269.

29

parties in this CCH, except for one party that subsequently withdrew, had requested a

30

CCH on all of the high-level, diked ground water sources, which has been combined with

31

the petitions to amend the IIFS for the Na Wai 'Eha streams. FOF 16-18.

According to HRS §174C-50(e) Existing uses: "The commission shall also issue

Subsection (b) of HRS § 174C-50 requires that the existing use be reasonable and

Regarding the latter subsection on standing of persons filing objections, the
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1

270.

2

for a permit, HRS §174C-49(a):

3

On the requirement that the use be reasonable and beneficial and the conditions

a)

The request can be accommodated with the available source of water. The

4

other existing users, MDWS and WWC, continue to withdraw water and have not

5

objected to HC&S's WUPA.

6

b)

The request is for a reasonable-beneficial use. The estimated 0.100 mgd

7

from this ground water source is intermingled with vastly larger amounts of surface water

8

for irrigation ofHC&S's Waihe'e-Hopoi Fields. The Code expressly recognizes

9

agriculture as a beneficial use, HRS § 174C- 2(c), and, for the purpose of this CCH, the

10

Commission has reached conclusions on what are reasonable, economic and efficient

11

uses on these fields: 5958 gad or 21.75 mgd for 3650 irrigated acres, COL 92, supra.

12

Whatever amounts of surface waters for which HC&S might be issued water use permits

13

as existing uses by the Commission for these fields in its future actions on a WUPA

14

under the surface water management area designation, such amounts would be reduced

15

by the amount of the ground water from HC&S' s 'lao Tunnel.

16

c)

The proposed use does not interfere with any existing legal use of water.

17

The other existing users, MDWS and WWC, continue to do so in the amounts they have

18

been withdrawing prior and up to the designation of the 'rao aquifer as a ground water

19

management area.

20

d)

21

The proposed agricultural use is consistent with the public interest. Haw.

Const. art. XI, § 3; HRS I174C-2(c).

22

e)

The lands irrigated by the water HC&S proposes to use are zoned

23

agriculture in the state and county general plans and land use designation and therefore

24

consistent with state and county general plans and land use designations. HRS § 205-4.5;

25

Maui County Code chapters 19.04 and 19.06.
f)

26

The proposed use will not interfere with the rights of DHHL, who has not

27

objected to the proposed use.

28

271.

29

great bulk of irrigation for HC&S' s Waihe' e Hopoi Fields, as well as the possible

30

alternatives to those surface waters, FOF 494-506. The diverted surface waters are also a

31

public trust resource, and any future WUPAs for those sources would also require

Possible practical alternatives are the diverted surface waters that provide the
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1

identifying possible practical alternatives. Thus, both are possible practical alternatives to

2

each other and within the Commission's authority as a matter of law and policy to choose

3

between the two. The high-level diked ground water is the common source for both

4

HC&S's'lao Tunnel and the base flows that compose the origins of the Na Wai 'Eha

5

streams, and it would be more practical to issue a permit for the 'lao Tunnel water and

6

offset the amount of future permits for the surface waters, if any, by that amount, rather

7

than to require HC&S to seal the tunnel and add the amount previously flowing into the

8

Spreckels Ditch to any future permits for surface waters. As for the other possible

9

alternatives identified in FOF 494-506, the final determination of whether they are

10

practical or not will be made in the decisions on the surface water WUPAs. If some or all

11

of those possible alternatives are found to be practical by the Commission, the amounts

12

of surface waters that meet the conditions for a permit will be reduced by the amounts of

13

alternative sources that have been found to be practical alternatives.

14
15

3.

WWC's WUPAs

16

272.

WWC's WUPAs are for unknown amounts of water for No. 5332-01 (Black

17

Gorge Tunnel), No. 5333-01 Clao Needle Tunnel 1), and No. 5333-02 CIao Needle

18

Tunnel 2). FOF 17.

19

273.

20

Stream above all diversions (See Figure 3). Development of the 'lao Tunnel (Well No.

21

5332-02) caused the Black Gorge Tunnel to go dry. There is no information available to

22

quantify the effects of 'lao Needle Tunnels No.1 and No.2 on 'lao Stream's total flow.

23

FOF 148.

24

274.

25

could entertain issuing an interim permit, but WWC describes the amounts as "current

26

and historical amounts delivered from those tunnels to the lao Stream," WWC Proposed

27

FOF 880. For an interim permit, the Code requires "an estimated, initial allocation of

28

water if the quantity of water consumed under the existing use is not immediately

29

verifiable," and an interim permit is issued "pending verification of the actual quantity of

30

water being consumed under the existing use." HRS §174C-50(e)&(e). The Commission

Black Gorge Tunnel and 'lao Needle Tunnels No.1 and No.2 discharge into 'lao

As with HC&S's WUPA for 'lao Tunnel (Well No. 5330-02), the Commission
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1

interprets these provisions as requiring an estimation of the amount, not just a general

2

statement as provided by WWc.

3

275.

4

Spreckels Ditch, WWC's three tunnels discharge into 'lao Stream upstream of all

5

diversions, and whatever amounts of water they discharge have been incorporated into

6

the current IIFS for 'lao Stream. Therefore, even ifWWC were able to quantify the

7

amounts discharged by the three tunnels, they are not being used by WWC as separate

8

and distinct sources of water from WWC's surface water diversions oClao Stream and

9

do not qualify for water use permits from the high-level, diked ground waters.

Furthermore, unlike HC&S's 'lao Tunnel, which discharges offstream into the

10

276.

WWC's WUPA for its portion of the 'lao Tunnel (Well No 5332-02) that it shares

11

with MDWS was not complete and not included in this CCH. During the CCH, WWC

12

attempted to amend its WUPA to cover the amount in excess of that used by MDWS, or

13

0.227 mgd. WWC Proposed FOF 830, 878. WWC may file a new-use WUPA for that

14

amount.
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III.

1

DECISION AND ORDER

2
3

A.

THE AMENDED INTERIM INSTREAM FLOW STANDARDS
The current IIFS for Waihe'e River and Waiehu, 'lao, and Waikapu Streams are

4

5

those adopted by the Commission on October 19, 1988, with an effective date of

6

December 10, 1988, which "shall be the amount of water flowing in each stream on the

7

effective date of this standard, and as that flow may naturally vary throughout the year

8

and from year to year without further amounts of water being diverted offstream through

9

new or expanded diversions, and under the stream conditions existing on the effective

10

date of the standard." HAR §13-169-48.

11

Waihe'e River

12

1.

13

The amended IIFS is as follows:
1)

14

above all diversions at gauging station 16614000 near an altitude

15

of about 605 feet, the flow will remain as designated on December 10,

16

1988, currently estimated by USGS, based on data from 1984-2005, as Q90

17

of 24 mgd, Q70 of 29 mgd, and Qso of 34 mgd;

18

2)

19

10 mgd, unless the flow at about 605 feet is less, at which time the flow

20

will be the corresponding amount;

21

3)

22

amount, estimated at 6.0 mgd 2 when reduced by losses into the streambed

23

that are estimated as averaging 4 mgd, with estimates ranging from 2.1 to

24

5.9 mgd.

just downstream of the Spreckels Ditch diversion, the flow will be

at the mouth of the River, the flow will be the corresponding

25
26

2.

27

The amended IIFS for North Waiehu Stream is as follows:

Waiehu Stream

above all diversions near an altitude of 880 feet, the flow will

28

1)

29

remain as designated on December 10, 1988, currently estimated by USGS,
USGS estimated stream flow at the mouth of 6.5 mgd as corresponding to 10 mgd below the Spreckels
Ditch after deducting 4 mgd in losses. Since these numbers are only approximations, stream flow at the
mouth has been estimated at 6.0 mgd instead of 6.5 mgd.

2

185

1

based on record extension techniques of 1911 to 1917 data projected to

2

1984-2005, as

3

Q50

4

2)

5

unless the flow at altitude 880 feet is less, at which time the flow will be

6

the corresponding amount.

7

Q90

of 1.4 mgd to 2.7 mgd,

Q70

of2.3 mgd to 2.7 mgd, and

of 3.1 mgd to 3.6 mgd (See Table 9); and
1.6 mgd immediately below the North Waiehu Ditch diversion,

The amended IIFS for South Waiehu Stream is as follows:

8

1)

9

remain as designated on December 10, 1988, currently estimated by USGS,

above all diversions near an altitude of 870 feet, the flow will

10

based on record extension techniques of 1910 to 1917 data projected to

11

1984-2008, as

12

Q50

13

2)

14

the flow at altitude 870 feet is less, at which time the flow will be the

15

corresponding amount.

16

Q90

of 1.3 mgd to 2.0 mgd,

Q70

of 1.9 mgd to 2.8 mgd, and

of 2.4 mgd to 4.2 mgd (See Table 9); and
0.9 mgd immediately below the Spreckels Ditch diversion, unless

The amended IIFS for the mouth ofWaiehu Stream is as follows:

17

1)

the corresponding amount, estimated at 0.6 mgd when reduced by

18

estimated losses of 1.3 mgd between the North Waiehu Ditch and the

19

confluence of North and South Waiehu Stream and 0.6 mgd between the

20

confluence of North and South Waiehu Stream and the mouth.

21

'lao Stream

22

3.

23

The IIFS for' lao Stream will remain as follows:

24

1)

25

remain as designated on December 10, 1988, currently estimated by USGS,

26

on the basis of 22 years of complete records (climate years 1984-2005), as

27

a Q90 flow of 13 mgd; a Q70 flow of 18 mgd; and a Q50 flow of 25 mgd,

28

(See Table 9);

above all diversions near an altitude of 780 feet, the flow will

29
30

4.

Waikapfi Stream

31

The IIFS for Waikapu Stream will remain as follows:
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1

1)

above all diversions near an altitude of 880 feet, the flow will

2

remain as designated on December 10, 1988, currently estimated by USGS,

3

based on record extension techniques of 1911 to 1917 data projected to

4

1984-2005, as

5

Qso of 4.8 mgd to 6.3 mgd (See Table 9);

Q90

of3.3 mgd to 4.6 mgd,

Q70

of3.9 mgd to 5.2 mgd, and

6

7

The flows established below the diversions may be augmented by the amounts

8

necessary to meet the requirements of future downstream water-use pennittees. COL 4,

9

supra.

10
11

5.

12

The Commission staff shall immediately confer with HC&S, WWC, and other

13

relevant parties to establish a timetable for addressing the approximately 12.48 mgd in

14

preventable system losses. The highest priority is leakage from HC&S's unlined Waiale

15

Reservoir. The Commission has found in the past that merely requiring parties to address

16

losses has not resulted in prompt remedying of losses. Accordingly, after some

17

discussion, the Commission has deliberately opted to place the burden and motivation to

18

address loss squarely upon the parties in control of those systems. The IIFS will be

19

implemented as stated below, and the result is that HC&S and WWC will have to

20

aggressively addressimmediately remedy significant system losses or face far greater

21

reductions in water to meet their needs. In weighing the needs of instream resources and

22

competing offstream uses; changes in stream levels over the past 90 years and changes in

23

aquifer recharge levels; the Commission detennined that this was a fair decision.

24

Implementation

HC&S shall provide to Commission staff monthly groundwater use reports

25

documenting the volume of water pumped from Well No.7 that include groundwater

26

levels and salinity measurements in order to accurately measure the current sustainable

27

yield from this source which has not been steadily pumped since the time irrigation

28

practices changed.

29

The existing diversions and gates were designed to divert stream flows and cannot

30

control diversions so that specific flow rates remain in the streams. At least the Iao-

31

Waikapl1 and 'Iao-Maniania Ditch diversion also returns stream flows at a point
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1

downstream, thereby disrupting stream flows. New diversion infrastructures and new

2

gauges will have to be provided on all four streams. While the lIFS for' lao and Waikapu

3

Streams are not amended, in the future permitting process, permittees will have to

4

measure or gauge the amounts they are diverting to comply with their permits. Present

5

diversion structures that disrupt stream flows will have to be modified, in order to allow

6

recruitment of stream life past the diversions. This also applies to 'lao and Waikapu

7

Streams, even though their lIFS have not been amended. In the case of 'lao Stream, if a

8

bypass of the 20-foot vertical concrete drop is constructed, there will most likely be

9

recruitment of stream life during high-flow periods when the stream flows continuously.

10

For Waikapu Stream, flash-flood periods when the stream flow may be continuous will

11

be useful to determine if recruitment can occur, despite Kealia Pond and the delta at the

12

mouth.

13

The Commission staff shall confer with the parties and other relevant parties to

14

determine the locations of stream-gauging stations and their estimated costs and possible

15

sources of funding.

16

Installation and maintenance of stream gauges immediately below the main

17

diversions identified in the lIFS shall be the responsibility of the parties doing the

18

diversions, as part of their responsibilities to report on the amount of their diversions and

19

to ensure that the lIFS below their diversions are met. Construction of bypasses of

20

diversions that current disrupt stream flows will also be the responsibility of the diverters.

21

However, the Commission expects action on implementing the lIFS for Waihe'e

22

River and Waiehu Stream to take place immediately, before diversions that disrupt

23

stream flow are modified, so that estimates of streambed losses in the lower reaches can

24

be confirmed or recalculated, and for immediate increases in available habitat. Existing

25

diversions on Waihee River and Waiehu streams that can be easily modified shall

26

complete the necessary changes to implement the lIFS in no less than two months.

27

Existing diversions that require re-engineering shall initiate design for such re-

28

engineering within two months and action within one year. All diverters from these

29

streams shall provide quarterly written progress reports to the Commission until the lIFS

30

is fully implemented and shall report back before the Commission within one year at a

31

public meeting to report on their efforts.
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1

Commission staff shall also confer with the Division of Aquatic Resources, Maui

2

County, and other parties to address the vertical impediments in the channelized portion

3

of 'lao Stream, in South Waiehu Stream below the Spreckels Ditch diversion, and at the

4

mouth of Waiehu Stream, in order to develop methods of allowing upstream migration to

5

circumvent these obstacles.

6

From time to time, as determined by the Commission, staff and the parties shall

7

report on the progress of and impediments to implementing the amended IIFS and their

8

impacts on instream values and offstream uses. The deadine for existing-use WUPAs for

9

surface water diversions in the Nfi Wai 'Ehfi surface water management area was April 30,

10

2009, and the subsequent WUPA process should begin to identify the issues concerning

11

the impacts on offstream uses.

12

The amended IIFS were based on the best-available estimates of stream flows,

13

which, in the case of two streams, Waiehu and Waikapii Streams, were derived through

14

record-extension techniques from actual data for the years 1910-1917. Stream flows in

15

Hawai'i have decreased significantly over a 90-year period. Moreover, for Waihe'e River

16

and' lao Stream, while actual data from 1984-2005 were used, average (or mean)

17

monthly total stream flows for Waihe' e River for the three 8-year periods 1984-1991,

18

1992-1999, and 2000-2007, have been observed to have decreased by about 25 percent.

19

In this same period, 'lao Stream's average monthly stream flows have decreased by 10

20

percent. There are no data for Waiehu and Waikapii Streams during this time period, but

21

it is reasonable to assume that comparable decreases have been occurring in those two

22

streams. Commission staff shall work with federal and state partners, the diverters and

23

other parties to increase the critical scientific data and information relating to the aquatic

24

resources in these streams, particularly in the Waihee River and Waiehu Stream, to study

25

and document the effects of stream restoration.

26

Any party claiming to be negatively impacted as a result of the IIFS shall monitor

27

and document, in cooperation with Commission staff, the impact upon instream or

28

noninstream uses, including economic impacts. Data shall be provided to the

29

Commission staff to substantiate any claims. Likewise, any party claiming that negative

30

impacts are a direct result of actions (i.e., diverting too much water, violating the IIFS)

31

caused by another party, shall monitor and document the impact upon instream or
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1

noninstream uses, including economic impacts. Data shall be provided to the

2

Commission staff to substantiate any claims.

3

"Interim instream flow standards are by their nature temporary and subject to

4

change. Consequently, any reliance upon the interim standards shall be at the water user's

5

own risk." HAR § 13-169-43(b). This decision is based on having weighed the best

6

evidence presently available to the Commission. Therefore, should there be changes to

7

the operational status ofHC&S, WWC, or MDWS, or changes to the current water uses

8

as declared by any of the parties to this proceeding, that party shall provide written

9

notification to the Commission. If the Commission determines that there are substantial

10

changes in water needs, the Commission shall reassess the IIFS for the Na Wai 'Eha

11

streams.

12

6.

13

The Commission Has Met Its Public Trust Duties

14
15

"The State ... shall conserve and protect Hawaii's ... water ... and shall promote

16

the development and utilization of these resources in a manner consistent with their

17

conservation and in furtherance of the self-sufficiency of the State.,,3 "The state water

18

resources trust thus embodies a duel mandate of 1) protection and 2)maximum reasonable

19

and beneficial use.,,4 "(T)he object is not maximum consumptive use, but rather the most

20

equitable, reasonable and beneficial allocation of state water resources, with full

21

recognition that resource protection also constitutes 'use. ",5 "(R)eason and necessity

22

dictate that the public trust may have to accommodate offstream diversions inconsistent

23

with the mandate of protection, to the unavoidable impairment of public instream uses

24

and values.,,6 The Commission on Water Resource Management is tasked by state law

25

with the responsibility to "weigh competing public and private water uses on a case-by-

26

case basis, ... accommodating both instream and offstream uses where feasible."?

27

Haw. Canst, art. XI, § 1.
In re Water Use Pennit Applications, 94 Haw. 97,451, 9 P.3d 409,451 (2000) (Waiaho1e I).
5 Waiaho1e I, 94 Haw. at 140, 9 P.3d at 452.
6 Waiahole 1,94 Haw. at 141,9 P.3d at 453.
7 Waiahole I, 94 Haw. at 142, 9 P.3d at 454.

3

4
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1

Mark Twain's witticism that "whiskey is for drinking and water is for fighting" is

2

apropos, given the immense task of establishing instream flow standards in regions where

3

there is insufficient surface water to meet the cumulative needs of resources and uses.

4

The Commission in the instant case followed the mandates of the law as described

5

in the Constitution, state statutes and the Hawaii Supreme Court decisions. The

6

deliberative process was long, involved much debate, discussion and review of the

7

record. At the end of the deliberative process, Commissioners reached agreement on

8

instream flow standards which the majority felt represented the best balance of the

9

mandated values and trust responsibilities.

10

It is unfortunate that Commissioner Miike has chosen to portray the majority

11

decision as a failure of our duties as trustees ofthe state's public water resources. As in

12

any difficult decision, reasonable minds may reach different conclusions. Indeed, this

13

very fact is likely the reason the law places the responsibility to establish minimum

14

stream flows upon a Commission of seven, rather than upon one individual. The majority

15

of Commissioners have respected the varying opinions within the Commission in

16

reaching our decision, including Commissioner Miike's opinion. We will continue to

17

respect those differences despite the allegations in the dissent, and merely say the dissent

18

does not accurately reflect the deliberative process or the basis for the majority decision.

19

On another issue, the Commission is sensitive to the fact that over the course of

20

the past two years we have established IIFS in 28 streams in east Maui and are now

21

establishing IIFS in four streams in west Maui using two very different procedures which

22

may confuse casual observers. Accordingly, a brief explanation of the differences

23

between the east Maui proceedings and the Na Wai Eha contested case hearing process is

24

warranted given the high public interest in both matters.

25

The first significant distinction between Na Wai Eha and east Maui is the

26

jurisdiction of the Commission over the use of surface water diverted from the streams.

27

Na Wai Eha is a surface water management area, whereas east Maui is not. The

28

Commission has far broader authority over diversions of stream waters in a surface water

29

management area.

30
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The four streams ofNa Wai Eha were designated by the Commission as a surface
2

water management area in April 2008. This is the first, and only, designated surface

3

water management area in the State. The effect of the designation is that entities who are

4

currently diverting water from these streams must obtain existing use permits in order to

5

continue any diversion from these streams after the IIFS is established. The Commission

6

is the entity which will review these water use permit applications (WUPA). Applicants

7

must show that their offstream uses are reasonable and beneficial and that there are no

8

practical alternative resources. In other words, existing diverters do not have a continued

9

right to divert waters even if the volume of the diversion is below the minimum levels of

10

water mandated to remain in the stream under the IIFS.

11

In the east Maui situation, the streams are not designated surface water

12

management areas. Accordingly, parties with existing diversions may continue their

13

diversions without additional review by the Commission, provided the minimum stream

14

flow levels established by the IIFS are met even with the diversions. Due to this fact, in

15

east Maui the Commission placed a series of general conditions in its decision to ensure

16

that the Commission will have improved data regarding stream flows and diversions,

17

diverted water will be used responsibly, and that there is transparency and accountability

18

of the end us of all diverted water.

19

In Na Wai Eha, the Commission made a collective finding on the reasonableness

20

of the noninstream uses in order to weigh instream and noninstream uses to establish the

21

IIFS. The Commission did not make the final determination of the amounts of

22

noninstream uses that meet the statutory requirements for water use permits, as that will

23

be done through the WUPA process. Accordingly, in the WUPA process the

24

Commission will determine if particular offstream uses warrant permits to divert stream

25

waters and the conditions that shall be placed upon such diversions in order to ensure

26

responsible water use and accountability of this public trust resource.

27

While some parties and even the hearings officer appeared focused on one user

28

almost to the exclusion of all other matters, some Commissioners were troubled by

29

broader water issues in the region that need to be addressed, including: the County taking

30

responsibility to reduce reliance upon stream waters; the need to obtain improved data on

31

stream flows and restoration benefits; changes in aquifer recharge levels; WWC's
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1

transition from agriculture; and the use of a scarce resource for golf course irrigation.

2

These issues will be addressed by the Commission in the subsequent WUPAs from the

3

continuing diverters as well as from parties seeking new diversions.

4

The second significant distinction between Na Wai Eha and east Maui is the

5

process by which the Commission established the IIFS. In Na Wai Eha the Commission

6

established the IIFS through an adversarial, contested case procedure, whereas the IIFS in

7

east Maui was established through the Commission's normal course of business in a

8

quasi-legislative process. Future Commissions should take note of the distinction

9

between the two procedures and make a conscious decision which to use in future IIFS

10

proceedings. The choice of which process to use is up to the Commission when acting

11

upon a petition to amend IIFS.

12

In Na Wai Eha, the Commission opted to place the petition to amend IIFS into a

13

contested case proceeding. That immediately meant the entire process was conducted

14

similar to a trial, with lawyers, expert and other witnesses in an adversarial proceeding

15

wherein only admitted parties and their witnesses have the opportunity to testify, all of

16

which is overseen by a hearings officer. The hearings officer issues a draft decision,

17

which is reviewed by the Commission, which is responsible for the final decision.

18

During the entire contested case procedure, the Commission acts similar to a judge in

19

court. Commissioners are barred from speaking with outside persons about the case,

20

must deliberate among themselves in private, may only consider the evidence in the

21

record from the hearing, and issue a final decision and order without public hearing.

22

Conversely, in reviewing the east Maui petitions, the Commission opted to review

23

the petitions to amend IIFS in the same manner in which it ordinarily conducts business,

24

through a quasi-legislative process. In quasi-legislative proceedings the Commission acts

25

similar to a legislature. Commission staff works directly with petitioners, diverters of

26

water and the general public to obtain information, conduct site visits and studies, hold

27

public hearings to gather testimony, and develop recommendations for the Commission.

28

Commissioners conduct site visits to the streams, view adjacent stream uses, diversion

29

systems and offstream uses, all with public participation. Commissioners hold multiple

30

public hearings at which they directly hear testimony from anyone, may only deliberate

31

in public, and issue a final decision in a public meeting.
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The quasi-legislative process used in east Maui certainly demanded a lot more
2

time from Commissioners and staff. However, from the viewpoint of Commission, there

3

is a great deal of value in being able to hear testimony from the public and to be able to

4

question and continue gathering infOlmation for consideration up to the decision point.

5

From the viewpoint of the public, the quasi-legislative process provides a more inclusive

6

and transparent deliberative process which fosters accountable and responsive

7

government.

8

Hawaii has been fortunate compared to many regions around the world in that we

9

have abundant sources of clean water. However, these resources are not infinite, and due

10

to changing weather patterns and demands, in many parts of our state we have reached or

11

exceeded the capacity of existing water resources. Over the past half a century stream

12

flows have dropped considerably due to changing weather patterns; our state has

13

experienced significant drought this past decade; with the exception of Oahu our County

14

water systems are not integrated and development has strained convenient sources and is

15

not necessarily near additional groundwater sources. Easy reclamation and reuse has

16

been accomplished, but the infrastructure investments to develop new and larger

17

alternative sources and recycling is daunting to local government. The practice of

18

passing the responsibility to develop water onto the private sector has the unintended

19

consequence of fueling higher-cost development, which may not address the broader

20

public demand for workforce housing, public facilities and open space, and food

21

sustainability.

22

The Commission's role in both Na Wai Eha and east Maui is immediately focused

23

on the narrow issue of minimum stream flows. However, due to the convergence of the

24

above-referenced circumstances, the Commission is also issuing a decision which forces

25

all parties to address critical water issues which have been avoided for far too long.

26

Diverters, including the County, will need to invest in water systems and infrastructure to

27

increase effective use and conservation of water. Larger diverters facing ongoing and

28

growing needs, including the County, should explore joint development of reclamation

29

and water recycling in order to address their needs without returning to these streams.

30
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The Commission should continue establishing IIFS across the state to foster

2

improved management of Hawaii's water resources. The quasi-legislative process used

3

in east Maui created a template for a non-adversarial process which requires all parties to

4

wisely manage this precious resource island-style - where we recognize our

5

interdependence and the needs of our resources and our people - and we make the hard

6

decisions that are necessary. Given growing populations, changing weather patterns, and

7

critical resource and policy needs, we need more responsive and nimble water decisions

8

and less decades-long litigation over a few isolated cases.
The Commission did meet its public trust responsibilities in Na Wai Eha.

9
10
11
12

B.

WATER USE PERMIT APPLICATIONS FOR DIKED, HIGH-LEVEL
WELL AND TUNNEL SOURCES

13

MDWS

14

1.

15

MDWS is awarded water use permits for the existing use of 1.042 mgd for the

16

Kepaniwai Well (Well No. 5332-05) and 1.359 mgd for the 'lao Tunnel (Well No. 5332-

17

02), subject to the standard conditions for a ground water permit. (Attachment A.)

18
19
20

2.

HC&S

21

HC&S is awarded a limited water use permit of I-year duration for 0.1 mgd from

22

'lao Tunnel (Well No. 5330-02), subject to the standard conditions for a ground water

23

permit. (Attachment A.)

24

HC&S must verify the actual quantity of water being consumed under the existing

25

use. The Commission may continue to issue successive one-year limited water use

26

permits, if the current permits expire before the actual quantity of water being consumed

27

is verified. A final determination shall be made within five years of the filing ofHC&S's

28

WUPA. In the final determination, the Commission may increase or reduce the amount

29

initially granted to HC&S.

30
31
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1

3.

WWC

2

WWC's WUPAs No. 684 (Well No. 5333-01, 'lao Needle Tunnell), No. 686

3

(Well No. 5333-02, 'lao Needle Tunnel 2), and No. 685 (Well No. 5332-01, Black Gorge

4

Tunnel) are denied.

5

These three tunnels discharge into 'lao Stream upstream of all diversions, and

6

whatever amounts of water they discharge have been incorporated into the current IIFS

7

for 'lao Stream. Therefore, even if WWC were able to quantifY the amounts discharged

8

by the three tunnels, they are not being used by WWC as separate and distinct sources of

9

water from WWC's surface water diversions of 'lao Stream and do not qualifY for water

lOuse permits from the high-level, diked ground waters.
11

WWC's WUPA for its portion ofthe 'lao Tunnel (Well No 5332-02) that it shares

12

with MDWS was not complete and not included in this CCH. During the CCH, WWC

13

attempted to amend its WUPA to cover the amount in excess of that used by MDWS, or

14

0.227 mgd. WWC may file a new-use WUPA for that amount.

15
16
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Figure 2: Waiehu Stream and Diversions
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Figure 3: lao Stream and Diversions
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Figure 4: Waikapu Stream and Diversions
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Figure 5: Na Wai Eha Streams and Diversions
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Table 1: Kuleana Ditch/Pipe by Stream Source
Kuleana System

Stream Source

Ditch Source

Reservoir Source

Waihe'e Valley North Ditch

Waihe'e

Spreckels

-

Waihe'e Valley South Ditch

Waihe'e

Spreckels

-

Field 4 Pipe

Waihe'e

Spreckels

4

North Waiehu Pipe

North Waiehu

North Waiehu

-

Reservoir 27 Pipe

Waihe'e

Waihe'e

27

Cerizos Ditch

South Waiehu

-

-

Field 31 Pipe

Waihe'e

Spreckels

-

Puuohala Pipe

'lao

'Iao-Maniania

45

'Iao-Maniania Pipe

'lao

'Iao-Maniania

-

Piihana-Mill Pipe

Waihe'e/'lao

Waihe 'e/'lao-Maniania

-

Piihana-Field 49 Pipe

Waihe 'e/'lao

Waihe 'ej'lao-Maniania

-

Duey Ditch

'lao

-

-

Wailuku Town Ditch

'Iao/Waihe'e

Waihe 'e/lao-Maniania

-

Reservoir 10 Pipe

'lao

'Iao-Waikapu

10

Waiko Road Pipe

'lao

'Iao-Waikapu

10

Pellegrino Ditch

Waikapu

-

-

Reservoir 1/Alboro Ditch

Waikapu

Waikapu

1

(Exh. 0-7; see also Cerizo WDT 9/14/07, Pellegrino WDT 9/14/07, and Duey WDT 9/14/07; Exh. 0-99). WWC FOF
152.
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Table 2: Water Deliveries by Ditch System, 2006 1

Kuleana System

Delivery Amount

Waihe'e Valley North Ditch

0.95 mgd

Waihe' e Valley South Ditch

2.60 mgd

Field 4 Pipe

0.09 mgd

North Waiehu Pipe

0.16 mgd

Reservoir 27 Pipe

1.35 mgd

Puuohala Pipe

0.01 mgd

'Iao-Maniania Pipe

0.06 mgd

Piihana-Mill Pipe

<0.01 mgd

Piihana-Field Pipe

<0.01 mgd

Wailuku Town Ditch

0.04 mgd

Reservoir 10 Pipe

0.06 mgd

Waiko Road Pipe

<0.01 mgd

Reservoir 1 Ditch/Alboro Ditch

0.84 mgd

Total Deliveries

6.16 mgd2

1Some of the numbers presented in WWC FOF 172 are incorrect, when compared to tables presented for
each of the source streams; i.e., compare WWC FOF 172 with WWC FOF 413'; 543, 657, and 759.
2Counting deliveries reported by HC&S and Hui/MTF, 6.84 mgd was delivered to kuleana lands. See
footnote 2 in Table 7.

(Exh. 0-7, Exh. A-213.) WWC FOF 413,543,657, 759.
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Table 3: Waihe'e River Waters: Ditch and Kuleanas

Kuleana System

Type of Gauge

Waihe'e Valley North

No Gauge

Ditch

Waihe'e Valley South
Ditch

Weir

TMK and Name
3-2-03:24

Majorie Barrett

3-2-03:30

Lawrence Koki

3-2-004:007

Dinnah K.L. Goo

3-2-004:008

Dinnah K.L. Goo

3-2-004:009

Dinnah K.L. Goo

3-2-004:010

Dinnah K.L. Goo

3-2-04: 11

Richard Emoto/Roys Ellis

3-2-004:012

Rays Ellis

3-2-04: 13

Julia & Stanley Faustino

3-2-04: 14

Nattie Kalanui

3-2-004:015

Michael Rodrigues

3-2-004:016

Michael Rodrigues

3-2-04:017

Nathan Kanae/Michael Rodrigues

3-2-002:037

William "Ka'u" Freitas

3-2-004:002

Kenneth Kahalekai

3-2-004:003

Kenneth Kahalekai

3-2-004:018

Kaniloa Kamaunu

3-2-004:019

Kenneth Kahalekai

3-2-05:11

Burt Sakata

3-2-05:15

Burt Sakata

3-2-05:16

Ronald Nakata

3-2-05: 17

Peter Fritz/Burt Sakata

3-2-05:20

Lorraine Anakalea

3-2-05:21

Scott Linden

3-2-05:22

James & Kenneth Kahalekai

3-2-05:23

Nalia & Kenneth Kahalekai

3-2-05:024

Kenneth Kahalekai
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Table 3 (continued): Waihe'e River Waters: Ditch and Kuleanas

Kuleana System

Type of Gauge

TMKandName
3-2-05:025

Kenneth Kahalekai

3-2-05:027:

Kenneth Kahalekai

3-2-05:31

Thomas Texeira

3-2-05:032

Thomas Texeira

3-2-05:036

Kenneth Kahalekai

3-2-05:039

Burt Sakata

3-2-06:001

Charlene Kana

3-2-06:04

D. Furukawa/Cordell Chang

3-2-06:10

James Murakami

3-2-06:18

Jacob & Charlene Kana

3-2-07:10

Noel Texeira

3-2-07:16

Bryan Sarasin

3-2-11:06

Willie & Janet Goo/Dinnah K.L. Goo

3-2-11 :07

James & Barbara Goo/Dinnah K.L. Goo

3-2-11:19

Jeffrey & Gale Goo/Dinnah K.L. Goo

3-2-11 :65

Lawrence & Diannah Goo/Dinnah K.L. Goo

3-2-11 :66

Joni Kawamura/Ester Goo/Dinnah K.L. Goo

3-2-11 :67

Joni Kawamura/Willie Goo/Dinnah K.L.
Goo

Field 4 Pipe

Reservoir 27

1 V2 inch meter

No Gauge

3-2-07:17

Leonard Kaili/James Kaili, Jr.

3-2-07: 18

Merle Ideoka

3-2-07:021

Donald Miyashiro/Waihe' e School

3-2-18:05

Alex Buttaro

3-2-18:06

Heinrich Eisenburger

3-2-18:07

Clarence & Magdalen Hoopi

3-2-18:09

Donalee Singer

3-2-18:14

William Morris
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Table 3 (continued): Waihe'e River Waters: Ditch and Kuleanas

Kuleana System

Piihana - Mill Pipe

Type of Gauge

3 inch meter

TMKandName
3-2-18:16

Lester Nakama

3-2-18:17

David & Donalee Singer

3-2-18:44

Cook Trust

3-2-18:45

Louis Silva/Magdalen Hoopi

3-2-18:46

Louis Silva/Magdalen Hoopi

3-4-21 :08

Elmer & N aone Ching

3-4-21:09

Terumi Eya

3-4-21 :37

Robert Fujioka

3-4-24:22

Alfred & Patricia De Mello/Alfred Santiago

3-4-24:27

Alson & Vera De Mello Trust/Alfred
Santiago

Piihana - Field 49 Pipe

Wailuku Town Ditch/Pipe

1 Y2 inch meter

4 inch meter

3-4-25:42

Ronald Kim/Robert Kim

3-4-33: 14

Charles & Judy Dando

3-4-31 :08

Winifred L. Nakoa Cockett

3-4-31 :09

Annie Aola

3-4-31: 10

Gaznen Elizares

3-4-31: 11

Annie Aola

3-4-04:72

Jo Ann Howard

3-4-04:78

Val & Lianne Ogata

3-4-07:42

Anne & Vernon J.K. Bal

(Exh. D-7.) WWC FOF 414.

206

Table 4: North Waiehu Stream Waters: Ditch and Kuleanas

Kuleana System

Type of Gauge

TMKandName

North Waiehu Pipe

no gauge

3-2-018:21

William Robinson

3-2-18:14

Donnalee Singer

3-2-18:15

Donnalee Singer

3-2-18:17

Donnalee Singer

3-2-18:27

Magdalen Hoopii

3-2-18:31

Magdalen Hoopii

3-2-18:32

Magdalen Hoopii

3-2-18:33

Magdalen Hoopii

3-2-18:34

Donnalee Singer

3-2-18:40

Kenneth Lee

(Exh. D-7, Hoopii, Tr. 12/4/07, pp. 196-207, Sinter, Tr. 12113/07, p. 29.) WWC FOF 658.
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Table 5: 'lao Stream Waters: Ditch and Kuleanas

Kuleana System

Type of Gauge

'Iao-Maniania Pipe

meter

Puuohala Pipe

Waiko Road

Reservoir 10

meter

meter

meter

TMK and Name
3-3-02:17

Harold Graham

3-3-02:18

Henry Ito's Orchid & Garden

3-3-02:03

Valentine Haleakala

3-3-02:25

Henry Kailiehu

3-3-02:29

Gary & Evelyn Brito Trust

3-5-04: 14

Avery Chumbley

3-5-04:18

Avery Chumbley

3-5-04:57

Glenn McClean

3-5-04:38

Hammi Sanamura

3-5-04:39

Roger Yamaoka

3-5-04:41

Robert & Claire Pinto

3-5-04:42

Royal & Earlette Vida

3-5-04:44

Donald Vida

3-5-04:51

Robert Pinto

3-5-04:56

Leslie Vida

3-5-04:91

Leslie Jr. & Michelle Vida

3-5-04:100

Annie Vida

(Exh. D-7; Brito, Tr. 12/7/07, pp. 29-38.) WWC FOF 544.

208

Table 6: Waikapu Stream Waters: Ditch and Kuleanas

Kuleana System

Type of Gauge

Reservoir 1

no gauge

TMK and Name
3-6-05: 19

David KaliponilAlfred Santiago
through Colin Kaliiponi

3-6-06:01

Barbara Pawn

3-6-06:09

Clayton Suzuki Trust

3-6-06: 13

Clayton Suzuki Trust

3-6-06: 17

Barbara Pawn

3-6-06:21

Mae BalmoreslNadao Makimoto

3-6-06:22

Sakae & Bernadette Inouye

3-6-06:24

David Kaliponi/Alfred Santiago
through Colin Kaliiponi

3-6-06:25

Elaine Mullaney/Crystal Alboro

3-6-06:27

Jinsei & Patricia Miyashiro

3-6-06:29

Elaine Mullaney/Crystal Alboro

3-6-06:33

Barbara Pawn

3-6-06:42

Sharlee Dieguez

(Exh. D-7; Exh. A-194.) WWC FOF 761.
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Table 7: Total Water Deliveries To All Users, 2005 and 2006

2005

2006

40.11 mgd

31.04 mgd

9.98 mgd

10.88 mgd

Surface water: 'Iao-Waikapu Ditch

0.71 mgd

1.08 mgd

Groundwater: 'lao Tunnel

1.59 mgd

1.76 mgd

Kuleana System Users

6.84 mgd

6.84 mgd 1

WWC Delivery Agreements

1.42 mgd

2.37 mgd

60.65 mgd

53.97 mgd

-1.59 mgd

-1.76 mgd

-0.4 mgd

-0.4 mgd

58.66 mgd

51.81 mgd

4.31 mgd

3.80 mgd

62.97 mgd

55.61 mgd

HC&S:
Waiale Reservoir (Waihe'e-Hopoi Fields)
Leased Fields Clao-Waikapu Fields)
MDWS:

Total Use: All Users
Minus ground water contributions from:
MDWS's 'lao Tunnel (Well No. 5332-02), and
-

'lao Tunnels (Well Numbers 5332-02 and 5330-02)

2

Total Surface Water Use: All Users
Plus WWC's estimated of7.34 percent system losses3
Total Surface Water Deliveries, including system losses

lCompare with Table 2, with total deliveries of 6.16 mgd. Table Ts total of 6.84 mgd includes kuleana
diversions not accounted for by WWC but reported by HC&S and Hui/MTF. FOF 227.
'
2Approximately 0.3 mgd added to the ditch system by WWC from MDWS's 'lao Tunnel (Well No. 5332-02)
and 0.1 mgd from HC&S's 'lao Tunnel (Well No. 5330-02). FOF 153-154. See also text accompanying Table 7.
3FO F 374.
(Exh. E-3, E-4, and A-138, as modified by FOF 227 for the kuleana users.)
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Table 8: Water Diverted by WWC (and HC&S) From Na Wai 'Eha,
Estimates for 2005 and 2006 1

Diversion Source

2005

2006

Waihe'e River

37.09 mgd

29.72 mgd

Waiehu Stream
'lao Stream
Waikapu Stream

Total: 2

1.41 (+3) mgd

1.38 (+3) mgd

13.68 (+4) mgd

13.53 (+4) mgd

4.32 mgd

56.50 (+7) mgd

4.31 mgd

48.94 (+7) mgd

IExcludes a low of 2-3 mgd during dry periods to a maximum of 10-15 mgd during wet periods diverted by
HC&S for South Waiehu Stream; and a low of 3-4 mgd during dry periods to a high of about 20 mgd during wet
periods diverted by HC&S for 'Tao Stream.
If we assume HC&S diverts an average of about 3 mgd from South Waiehu Stream and about 4 mgd
from 'lao Stream, the total quantity of water diverted from the four streams, 63.50 mgd in 2005 and
55.94 mgd in 2006, approximates the total surface water deliveries, including losses, of 62.97 mgd in
2005 and 55.61 mgd in 2006 in Table 7.

2

(Exh. A-138, E-3, E-4.)
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Table 9: Comparisons of Diversions versus Q Flows (mgd)

Gate
Capacity/Setting l
Waihe'e River

90/52

Waiehu Stream
North Waiehu
South Waiehu
Subtotal

511.5
no gauge 4

'lao Stream

60/20
no gaugeS

Subtotal
Waikapu Stream

5/3

Total:

160/76.5 6

3

Diversions2
2005 2006

--

37.09 29.72

24

1.41
3.00
4.41

1.38
3.00
4.38

13.68 13.53
4.00 4.00
17.68 17.53
4.32

4.31

63.50 55.94

Q90

1.4-2.7
1.3-2.0
2.7-4.7
13

3.3-4.6

43-46.3

Q70

3

29

2.3-2.7
1.9-2.8
4.2-5.5
18

QSo

3

34

3.1-3.6
2.4-4.2
5.5-7.8
25

3.9-5.2

4.8-6.3

55.1-57.7

69.3-73.1

) FOF 180, 185, 186-187, 193, 195, 199.
2

Table 8.

3

FOF 107, 113, 119, 126, 133.

4 Not

gaged, but HC&S reports diverting 2-3 mgd during dry periods to a maximum of 10-15 mgd during wet periods.

FOF 211.
Not gaged, but HC&S reports diverting a low of 3-4 mgd during dry periods to a high of about 20 mgd during wet
periods. FOF 212.

5

Gate settings are increased by 35 mgd, because HC&S reports diverting a high of 15 mgd from South Waiehu and 20
mgd from 'lao Streams during wet periods. Therefore, maximum amounts of water that can be diverted by gate settings
would be 111.5 mgd: 1) 52 mgd for Waihe'e River; 2) 16.5 mgd for Waiehu Stream; 3) 40 mgd for 'lao Stream; and 4) 3
mgd for WaikapQ Stream.

6
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Table 10: Estimates of irrigation requirements I by Fares for the Waihe'e-Hopoi and 'IaoWaikapu Fields in gallons per acre per day (gad).

Median

Minimum

50%

80%2 90%

95%

Maximum

Waihe' e-Hopoi

5323

4211

5317

5674

5834

5953

6005

'Iao-Waikapu

4755

3648

4752

5150

5330

5466

5558

I If the

specified amounts were applied to all acres, the columns denote the percent of acres
whose irrigation requirements would have been met during the reference period. "Minimum"
refers to the lowest amount of water that would have met requirements for all acres at some time
during the reference period, which would have been a small percentage of time for the entire
reference period. "Maximum" refers to the amount of water that would have met requirements
for all acres during all of the reference period.
probability is the industry standard for satisfying crop irrigation requirements. COL 74;
FOF 457.

2 80 %

Source: Exhibit A-80, pp. 6-7, Tables 2 and 3.
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Table 11: Irrigation requirements for the Waihe'e-Hopoi and 'Iao-Waikapu Fields, calculated as
a 5 percent increase over Fares's estimates I , in gallons per acre per day (gad).

Median

Minimum

50%

80%2 90%

95%

Waihe' e-Hopoi

5589

4422

5583

5958

6126 6251

6305

'Iao-Waikapu

4993

3830

4990

5408

5597

5836

5739

Maximum

ISeeTable 10.

280% probability is the industry standard for satisfying crop irrigation requirements. COL 74;
FOF 457.

Source: Table 10; COL 66-93.
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Table 12: HC&S's water deliveries, losses and over-Use, 2005-2006, in million gallons per day
(mgd).

Fields

Deliveries

Use

Requirements

Waihe'e-Hopoi

35.58

22.87 19.96 1

Over-Use

Losses

2.91

12.71
(36% of deliveries)

, Iao-Waikapu

10.43

10.262

0.17
(2% of deliveries)

7.67 3
Total:

46.01

5.844

1.83

33.13 5 (72%)
30.546 25.80

12.88 (28%)
4.74 (18% over requirements)

13350 acres planted at the time, multiplied by 5958 gad (see table 11, 80% probability).
2When

Field 920 is included, use averaged 7716 gad, or 10.26 mgd for 1330 acres. FOF 441

Field 920's 250 acres are excluded, use averaged 7098 gad, or 7.67 mgd for 1080 acres.
FOF 443. Therefore, Field 920 used 2.59 mgd, or an average of 10,360 gad on its 250 acres
during 2005-2006. It has been taken out of production.

3 When

4 1080

acres, multiplied by 5408 gad (see table 11, 80% probability).

5 Includes

Field 920.

6Excludes

Field 920.

Source: COL 235.

215

Table 13: Current and future uses, reasonable uses, practical alternatives, and net reasonable use,
in million gallons per day (mgd).
Current/future uses

Reasonable uses

Practical alternatives Net use

Kuleana
3.71 1
Lands/MCLT

3.71

MDWS

3.2

3.2

none

WWC: uses

8.29 3
2.0

not applicable

1.71

3.2

3.20
losses 4.31
HC&S:
Waihe'e-Hopoi Fields:
uses

24.92 6
14.25
not applicable

2

losses 12
'Iao-Waikapii Fields:
uses

none
6.06

losses 0.17

Total:

64.55

8

not applicable

41.09

12.67

28.42

Source: COL 219-236.
iConsumptive requirements of 1.71 mgd, plus 1.5-2.5 mgd (2 mgd average) for MCLT.
2practical alternative for MCLT is the underlying basal aquifer.
3 The maximum amount under WWC's Water Delivery Agreements. FOF 257.
42.37 mgd in current use.
50 nty 2.37 mgd were being used in 2006, of which 1.17 mgd had practical alternatives. The remaining 1.2 mgd had no practical
alternatives.
6HC&S used an average of 6828 gad on 3350 acres in 2005-2006, but an additional 300 acres will have to be irrigated because of
the closure ofMLP, whose wastewaters previously irrigated these acres. Compare 24.92 mgd here for 3650 acres to the use of
22.87 mgd in Table 12, which was for 3350 acres.
7 3650 acres x 5958 gad = 21.75 mgd.
89.5 mgd from Well NO.7.
9HC&S used an average of7098 gad on 1080 acres in 2005-2006 (table 12), or 7.67 mgd. An additional 40 acres has been placed
into production, for a total of 1120 acres at a rate of 7098 gad, or 7.95 mgd.
1°1120 acres x 5408 gad = 6.06 mgd.
IIIncorporated into the 2 mgd in reasonable losses for the Waihe'e-Hopoi Fields.
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Table 14: Controlled flows proposed by USGS, in million gallons per day (mgd).

151 Phase

2 nd Phase

3rd Phase

10.0 (QIOO = 14)

17.0

30.0

North Waiehu 2

1.6 (= QIOO)

2.2

2.9

South Waiehu3

0.9 (QIOO = 1.5)

1.3

1.6

'Iao 4

9.5 (QIOO = 7.1)

16.0

22.0

Waikapu s

none

none

none

Total

22.0

36.5

56.5

1 Just

downstream of Spreckels Ditch.

2Be low

North Waiehu Ditch.

3

Below Spreckels Ditch.

4

Below 'Iao-Maniania Ditch.

5

No controlled releases.

Source: FOF 611-617.
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Table 15 : Average, median, and 90%-maximum requirements, in million gallons per day (mgd).

.

1

37.92 mgd

median requirements?

36.10 mgd

90%-maximum 3 requirements: 3

38.74-39.66 mgd

average reqmrements:

luses the 80% probability as the average requirement for HC&S. See table 11. Thus, for the
Waihe'e-Hopoi Fields, 3650 acres are multiplied by 5958 gad, and for the 'Iao-Waikapu Fields,
1120 acres are multiplied by 5408 gad, for a total of21.75 mgd + 6.06 mgd = 27.81 mgd.
Adding the 2 mgd in reasonable losses for HC&S and the net uses of 1.71 mgd for kuleana lands,
3.2 mgd for MDWS, and 3.20 for WWC, the total is 37.92 mgd.
2 uses

the median requirements for HC&S in table 11, and compares Qso flows to the three
possible IIFS to estimate whether or not water available for offstream uses in these three
scenarios would be sufficient to meet requirements. Because stream flows rise with rainfall and
irrigation requirements drop with rainfall, the assumption is that the requirements would be at
about the median level when flows are at Qso and that flows of Qso would be sufficient to meet
the minimum to median requirements (4422 gad to 5589 gad for the Waihe'e-Hopoi Fields and
3830 gad to 4993 gad for the 'Iao-Waikapu Fields).
3compares requirements, Q90 flows and the three possible IIFS to estimate whether water
available for offstream uses would be sufficient to meet requirements. Assumes that
requirements rise as stream flows decrease, because of the correlation with rainfall, and that
when flows are at Q90 levels, requirements would be at the 90% to maximum levels (6126 gad to
6305 gad for the Waihe'e-Hopoi Fields and 5597 gad to 5836 gad for the 'Iao-Waikapu Fields).
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Table 16: Qso flows, proposed controlled releases, and water available for offstream uses with
and without offsets for practical alternatives for HC&S, in millions of gallons per day (mgd).

Qso flow

71.3

minus 1st phase flow

12.5

71.3

minus 2nd phase flow

71.3

20.5

minus 3rd phase flow

49.3

net flows available
for offstream uses

58.8

50.8

22.0

total requirements without practical alternatives for HC&S I

36.10

total requirements with practical alternative of 9.5 mgd for HC&S2

26.60

median requirements of 5589 gad for 3650 acres for Waihe'e-Hopoi Fields, plus 4993 gad for
1120 acres for 'Iao-Waikapl1 Fields (table 11), plus 1.71 mgd for kuleana lands, 3.2 mgd for
MDWS, 3.20 mgd for WWC (2.0 mgd in losses and 1.20 in uses), and 2.0 mgd in losses for
HC&S.
I

2from Well No.7.
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Table 17: Q90 flows, proposed controlled releases, and water available for offstream uses with
and without practical alternatives for HC&S, in millon gallons per day (mgd).

Q90

flow

less 1sl phase flow

44.8

44.8

44.8

12.5

less 2nd phase flow

20.5

less 3rd phase flow

49.3

net flows available
for offstream use

32.3

24.3

0

total requirements without practical alternatives for HC&S I

38.74-39.66

total requirements with practical alternative of9.5 mgd for HC&S

29.24-30.16

Irequirements range from 6126 gad at the 90% level to 6305 gad at the maximum level for
Waihe'e-Hopoi Fields, and from 5597 gad at the 90% level to 5836 gad at the maximum level
for 'Iao-Waikapu Fields. Table 11. See table 15, footnote 3, for how total requirements are
calculated.
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Table 18: Summary of current and future allowable diversions, in million gallons per day (mgd).
current/future requirements
kuleanalMCLT 3.71

practical alternatives

net requirements

2.0

1.71

MDWS

3.2

none

3.2

WWC: uses
losses:

2.37
2.0

1.17
not applicable

1.20
2.0

9.5 (part-time)
not applicable

12.25 (up to 21.75)
2.0

HC&S:
Waihe'e-Hopoi Fields:
uses: 21.75
losses: 2.0

'Iao-Waikapu Fields:
uses:
6.06
none
6.06
losses: incorporated into the 2 mgd in reasonable losses for the Waihe-e-Hopoi Fields
Total:

41.09

12.67 (9.5 mgd)
part-time l )

28.42 (37.92 mgd
. I)
part-hme

'When stream flows exceed the IIFS totals of 12.5 mgd, up to 37.92 mgd may be diverted. When less than 37.92
mgd is available, HC&S must use up to 9.5 mgd from Well No.7 to make up the difference.
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Table 19: Summary of amended IIFS for the Na Wai 'Eha Streams, in million gallons per day
(mgd).

estimated flow at mouth
Waihe e River
North Waiehu &
South Waiehu
Streams2

10.0 Gust downstream of Spreckels Ditch) 6.5
1.6 (below North Waiehu Ditch)
0.9 (below Spreckels Ditch)
0.6

'lao Stream

status quo

none

Waikapu Stream
Total

status quo
12.5

none
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STANDARD GROUND WATER USE PERMIT CONDITIONS
1.

The water described in this water use pennit may only be taken from the location described and used for
the reasonable-beneficial use described at the location described above. Reasonable beneficial uses means
"the use of water in such a quantity as is necessary for economic and efficient utilization which is both
reasonable and consistent with State and County land use plans and the public interest." (HRS § 174C-3)

2.

The right to use ground water is a shared use right.

3.

The water use must at all times meet the requirements set forth in HRS § 174C-49(a), which means that it:
a.
Can be accommodated with the available water source;
b.
Is a reasonable-beneficial use as defined in HRS § 174C-3;
c.
Will not interfere with any existing legal use of water;
d.
e.
f.
g.

Is consistent with the public interest;
Is consistent with State and County general plans and land use designations;
Is consistent with County land use plans and policies; and
Will not interfere with the rights of the Department of Hawaiian Home Lands as provided in
section 221 of the Hawaiian Homes Commission Act and HRS § 174C-I01(a).

4.

The ground water use here must not interfere with surface or other ground water rights or reservations.

5.

The ground water use here must not interfere with interim or permanent instream flow standards. If it does,
then:
a.
A separate water use permit for surface water must be obtained in the case an area is also
designated as a surface water management area;
b.
The interim or pennanent instream flow standard, as applicable, must be amended.

6.

The water use authorized here is subject to the requirements of the Hawaiian Homes Commission Act, as
amended, if applicable.

7.

The water use permit application and submittal, as amended, approved by the Commission at its meeting
are incorporated into this permit by reference.

8.

Any modification of the pennit tenns, conditions, or uses may only be made with the express written
consent of the Commission.

9.

This permit may be modified by the Commission and the amount of water initially granted to the permittee
may be reduced if the Commission determines it is necessary to:
a.
protect the water sources (quantity or quality);
b.
meet other legal obligations including other correlative rights;
c.
d.
e.

insure adequate conservation measures;
require efficiency of water uses;
reserve water for future uses, provided that all1egal existing uses of water as of June, 1987 shall
be protected;

f.

meet legal obligations to the Department of Hawaiian Home Lands, if applicable; or
carry out such other necessary and proper exercise of the State's and the Commission's police
powers under law as may be required.

g.

ATTACHMENT A
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Prior to any reduction, the Commission shall give notice of its proposed action to the permittee and provide
the permittee an opportunity to be heard.
10.

An approved flowmeter(s) must be installed to measure monthly withdrawals and a monthly record of
withdrawals, salinity, temperature, and pumping times must be kept and reported to the Commission on
Water Resource Management on forms provided by the Commission on a monthly basis (attached).

11.

This permit shall be subject to the Commission's periodic review for the applicable Aquifer System Area's
sustainable yield. The amount of water authorized by this permit may be reduced by the Commission if the
sustainable yield of the applicable Aquifer System Area, or relevant modified aquiferCs), is reduced.

12.

A permit may be transferred, in whole or in part, from the permittee to another, if:
a.
The conditions of use of the permit, including, but not limited to, place, quantity, and purpose of
the use, remain the same; and
b.
The Commission is informed of the transfer within ninety days.
Failure to infonn the department of the transfer invalidates the transfer and constitutes a ground for
revocation of the permit. A transfer, which involves a change in any condition of the permit, including a
change in use covered in HRS § 174C-57, is also invalid and constitutes a ground for revocation.

13.

The use(s) authorized by law and by this pennit do not constitute ownership rights.

14.

The permittee shall request modification of the permit as necessary to comply with all applicable laws,
rules, and ordinances that will affect the permittee's water use.

15.

The permittee understands that under HRS § 174C-58(4), that partial or total nonuse, for reasons other than
conservation, of the water allowed by this permit for a period of four (4) continuous years or more may
result in a permanent revocation as to the amount of water not in use. The Commission and the permittee
may enter into a written agreement that, for reasons satisfactory to the Commission, any period of nonuse
may not apply towards the four-year period. Any period of nonuse which is caused by a declaration of
water shortage pursuant to section HRS § 174C-62 shall not apply towards the four-year period of
forfeiture.

16.

The permittee shall prepare and submit a water shortage plan within 30 days of the issuance of this permit
as required by HAR § 13-171-42(c). The permittee's water shortage plan shall identify what the permittee
is willing to do should the Commission declare a water shortage in the applicable Ground Water
Management Area.

17.

The water use pennit shall be subject to the Commission's establislunent of instream standards and policies
relating to the Stream Protection and Management (SPAM) program, as well as legislative mandates to
protect stream resources.

18.

The permittee understands that any willful violation of any of the above conditions or any provisions of
HRS § l74C or HAR § 13-171 may result in the suspension or revocation of this pennit.

19.

Special conditions in the attached cover transmittal letter are incorporated herein by reference.
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The foregoing FINDINGS OF FACT, CONCLUSIONS OF LAW, AND DECISION AND
ORDER ARE HEREBY ADOPTED.
IT IS SO ORDERED.
DATED: HONOLULU, HAWAII, _ _,J_U_N_l_0_2_0l0

_

COMMISSION ON WATER RESOURCE MANAGEMENT
STATE OF HAWAII

By:
LAU

SUMNER ERDMAN, Commissioner

NEAL S. FUJIWARA, Commissioner

CHIYO

DONNA FAY

.
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The foregoing FINDINGS OF FACT, CONCLUSIONS OF LAW, AND DECISION AND
ORDER ARE HEREBY ADOPTED.
IT IS SO ORDERED.
DATED: HONOLULU, HAWAII, _ _J_UN_l_0_2_01_0_ _
COMMISSION ON WATER RESOURCE MANAGEMENT
STATE OF HAWAII

By:
LAURA H. THIELEN, Chairperson

WILLIAM D. BALFOUR, JR., Commissioner

SUMNER ERDMAN, Commissioner

NEAL S. FUJIWARA, Commissioner

CHIYOME L. FUKINO, M.D., Commissioner

DONNA FAY K. KIYOSAKI, P.E., Commissioner
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The foregoing FINDINGS OF FACT, CONCLUSIONS OF LAW, AND DECISION AND
ORDER ARE HEREBY ADOPTED.
IT IS SO ORDERED.

JU_N_1_0_2_010
DATED: HONOLULU, HAWAII, _ _

_

COMMISSION ON WATER RESOURCE MANAGEMENT
STATE OF HAWAII

By:
LAURA H. THIELEN, Chairperson

WILLIAM D. BALFOUR, JR., Commissioner

SUMNER ERDMAN, Commissioner

CHIYOME L. FUKINO, M.D., Commissioner

DONNA FAY K. KIYOSAKI, P.E., Commissioner
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DISSENTING OPINION OF THE
HEARINGS OFFICER/COMMISSIONER
LAWRENCE H. MIlKE

1

Dissenting Opinion of Hearings Officer/Commissioner Lawrence Miike

2

I dissent from the Commission's majority on the amended IIFS.

3

In this Commission's 1997 WaHihole Ditch Combined Contested Case: Findings of

4

Fact, Conclusions of Law and Decision and Order, it set forth the following policy: "Where

5

scientific evidence is preliminary and not yet conclusive regarding the management of fresh

6

water resources which are part of the public trust, it is prudent to adopt 'precautionary principles'

7

in protecting the resource. That is, where there are present or potential threats of serious damage,

8

lack of full scientific certainty should not be a basis for postponing effective measures to prevent

9

environmental degradation...In addition, where uncertainty exists, a trustee's duty to protect the

10

resource mitigates in favor of choosing presumptions that also protect the resource." Conclusions

11

of Law, p. 33.

12

Had this been only a statement of policy of the Commission members at that time, the

13

present Commission might have had the option to replace the policy with its own. However, that

14

option is no longer available. In its review of the Commission's decision, the Hawai'i Supreme

15

Court concluded: "So defined, the precautionary principle simply restates the Commission's

16

duties under the constitution and the Code. Indeed, the lack of full scientific certainty does not

17

extinguish the presumption in favor of public trust purposes or vitiate the Commission's

18

affirmative duty to protect such purposes wherever feasible ... Uncertainty regarding the exact

19

level of protection necessary justifies neither the least protection feasible nor the absence of

20

protection." 94 Haw. 97, at 155.

21

Furthermore, when the Waiahole Commission concluded that resource protection was "a

22

categorical imperative and the precondition to all subsequent considerations," the Court's

23

response was that "(g)iven the diverse and not necessarily complementary range of water uses,

24

even among public trust uses alone, we consider it neither feasible nor prudent to designate

25

absolute priorities between broad categories of use under the water resources trust." 94 Haw. 97,

26

at 142. And as for private commercial uses, the Court stated that "the public trust has never been

27

understood to safeguard rights of exclusive use for private commercial gain," 94 Haw. 97, at 138,

28

and that "insofar as the public trust, by nature and definition, establishes use consistent with trust

29

purposes as the norm or 'default' condition .. .it effectively prescribes a 'higher level of scrutiny'

30

for private commercial uses ... In practical terms, this means that the burden ultimately lies with

1

those seeking or approving such uses to justify them in light of the purposes protected by the

2

trust." 94 Haw. 97, at 142.

3

The majority now turns all of these responsibilities on their heads. Where uncertainty

4

exists, they choose presumptions that protect offstream uses for private commercial purposes and

5

provide the least protection feasible or no protection at all to the waters ofNii Wai 'Ehii. They

6

prescribe a higher level of scrutiny for resource restoration and not for private commercial uses.

7

And even when trust purposes themselves have no absolute priority, they give absolute priority

8

to one of the private commercial users in this contested case.

9

On offstream uses, my dissent from the majority is specifically on HC&S. We have no

10

disagreement on kuleana/MCLT, MDWS, and WWC, where we agree on current/future

11

requirements, practical alternatives, and net requirements. On HC&S' s irrigation requirements,

12

we have a moderate difference, 21.75 versus 20.71 mgd for the Waihe'e-Hopoi Fields, and 6.06

13

versus 5.77 mgd for the 'Iao-Waikapii Fields, a total difference of 1.33 mgd, or about five

14

percent. But it is an example of the majority consistently choosing presumptions in favor of

15

HC&S and to the detriment of stream restoration. The most significant difference is the

16

assignment of9.5 versus 18.54 mgd to HC&S's Well No.7 as a practical alternative. We both

17

agree that Well No.7 should be used only during dry-weather conditions, when available stream

18

flows are insufficient to meet offstream requirements, but then the majority arbitrarily reduces

19

Well No. 7's capacity in half.

20

On instream uses or stream restoration, the majority assigns whatever is left after taking

21

care of offstream uses, a total of 12.5 mgd, with 10.0 mgd to Waihe'e River and 1.6 mgd to the

22

North branch and 0.9 mgd to the South branch ofWaiehu Stream. These are the lowest ofthree

23

proposed controlled flows by USGS.

24

These flows do not qualify as "restorations": 1) 10 mgd for Waihe' e River is 4 mgd less

25

than its lowest recorded flow of 14 mgd, 2) the 1.6 mgd for North Waiehu is the lowest recorded

26

flow for that branch; and 3) 0.9 mgd is 0.6 mgd less than the lowest recorded flow of 1.5 mgd for

27

South Waiehu. Only the lowest of USGS's proposed controlled flow for 'lao Stream of9.5 mgd

28

is more than the lowest recorded flow of 7.1 mgd, but the majority refused to restore any water to

29

that stream. By reducing Well No.7 as a practical alternative from approximately 19 mgd to 9.5

30

mgd, 'lao Stream's restoration gave way to HC&S's irrigation requirements, because only 9.5

31

mgd, and not 19 mgd, would be available from Well No.7.
2

1

The following summarizes the process undertaken by the majority:

2

The irrigation model used by both Fares and HC&S are data-driven; i.e., its principal

3

elements are evapotranspiration rates and rainfall. HC&S provided a number of plausible reasons

4

why the results of the model are used only as a starting point, with actual amounts being applied

5

reflecting adjustments to actual day-to-day operations. COL 90. However, Fares's estimates

6

could be as much as 30 percent higher than what HC&S would have calculated. COL 89. I would

7

have used Fares' estimates as HC&S's irrigation requirements, with the 30% accounting for

8

adjustments to reasonable inefficiencies in day-to-day operations. But the majority chose to add

9

an additional 5% (compare tables 10 and 11). Thus, in the face of uncertainty over HC&S's

10

irrigation requirements, for which the lack of data was HC&S's own choosing, the majority

11

chose presumptions in favor ofHC&S's offstream uses, to the detriment of protecting the

12

resource.

13

The majority chose not to restore any waters into 'lao Stream, on the rationale that the

14

downstream portions of the stream were so degraded that its reproductive potential was poor or

15

nonexistent. Yet they agree that the stream retained its potential for recruitment and growth of

16

healthy populations of stream animals from other streams, particularly if a bypass of the 20-foot

17

vertical drop was constructed and the diversions were revised to allow upstream migration.

18

However, even given the potential for healthy populations of stream life, the majority declined to

19

amend the IIFS for 'lao Stream nor to add the 9.5 mgd to Waihe'e River and North and South

20

Waiehu Streams. In both cases, the majority again chose presumptions to the detriment, and not

21

protection, of instream values. Moreover, restoration of the Na Wai 'EM. waters is of importance

22

for traditional and customary purposes. FOF 34-62, 233-234. In addition to its duty to resolve

23

uncertainty in favor of resource protection, the Commission has a duty to take feasible actions to

24

reasonably protect native Hawaiian rights. Ka Pa'akai 0 Ka'aina v Land Use Commission, 94

25

Haw. 31, at 47.

26

On Well No.7 as a practical alternative for HC&S, two 17.5 mgd pumps can pump water

27

to the surface, from which 14 mgd can be pumped into the Waihe' e Ditch, and 800 acres of the

28

Waihe'e-Hopoi Fields could be directly irrigated (translating into 4.77 mgd if the majority's per

29

acre irrigation requirements were used, and 4.54 mgd if my estimates were used), or

30

approximately 19 mgd. FOF 494-497. I was in agreement that daily pumping at those levels

31

might not be sustainable, and therefore agreed that Well No.7 should be used only when
3

1

available stream waters were insufficient to meet irrigation requirements. Moreover, as the

2

analysis of irrigation requirements and available stream waters shows (to be addressed later),

3

Well No.7 would be used less than half of the time, and even under dry conditions, not all of its

4

designated capacity would be used. But the majority halved the practical amount from Well No.

5

7. The majority would not even entertain 19 mgd as the amount, with a decrease if that amount

6

could not be sustained. Again, the majority without any credible foundation chose 9.5 mgd as the

7

practical alternative from Well No.7 to protect HC&S's interests, to the detriment of stream

8

resources.

9

The reduction of Well No.7 as an alternative source from 19 to 9.5 mgd enabled the

10

majority of the Commission to balance this reduction against its refusal to amend the IIFS of 'lao

11

Stream to 9.5 mgd. If the majority had kept Well No.7 at 19 mgd and still refused to add 9.5

12

mgd to 'lao Stream, they would have made available for offstream uses 9.5 mgd more than what

13

was reasonable-beneficial, without explanation as to why that amount should not be added to the

14

total IIFS.

15

I would have joined the majority had they not reduced the water available as a practical

16

alternative from Well No.7 from 18.54 mgd to an arbitrary 9.5 mgd, and had kept the total IIFS

17

at 22 mgd instead of reducing it to 12.5 mgd. However, even that approach would likely not have

18

met the balancing test of the Code. In amending the interim instream flow standards, the

19

Commission "shall weigh the importance of the present or potential instream values with the

20

importance of the present or potential uses of water for noninstream purposes, including the

21

economic impact of restricting such uses." COL 4. The process of arriving at either 9.5 mgd or

22

my proposed 22 mgd as the total amended IIFS entailed no such weighing. The amended IIFS

23

were the amounts of water remaining after all offstream requirements were met; i.e., a residual-

24

not a balanced-approach. Such an approach does not rise even to the level of the "least

25

protection feasible."

26

A weighing between instream values and offstream purposes should begin with what

27

would be considered reasonable restoration efforts, followed by an assessment of their impacts

28

on offstream purposes, including the economic impact of restricting such offstream uses.

29

30

Reasonable restoration efforts might be to increase: 1) Waihe' e River's IIFS to 17.0 mgd,
or USGS's phase II flow; 2) North Waiehu Stream's IIFS to 2.9 mgd and South Waiehu

4

1

Stream's IIFS to 1.6 mgd, or USGS's phase III flow; and 3) 'lao Stream's IIFS to 9.5 mgd, or

2

USGS's phase I flow. These amended flows would total 29.4 mgd.

3

In brief, the reasons for selecting these IIFS are as follows: For Waihe'e River, 17.0 mgd

4

would be 3 mgd over its lowest recorded flow of 14 mgd and provide a more reasonable base for

5

restoration of stream flora and fauna. Natural variations in stream flows below 17 mgd are built

6

into the IIFS, which only establishes the upper limit of the IIFS and recognizes that there will be

7

times when the actual stream flow will be less. For North and South Waiehu Streams, a modest

8

total increase of2.0 mgd over the phase I flow would increase flows to phase III, a large gain for

9

a small increase. And for 'lao Stream, 9.5 mgd was USGS's lowest recommendation, the

10
11

stream's phase I flow, yet still higher than the lowest recorded flow of 7.1 mgd.
If we substitute 29.4 mgd for 22 mgd in the amended IIFS, stream waters available for

12

offstream uses at median flows and requirements would decrease from my estimates of

13

reasonable/beneficial uses (based on Fares's estimates, instead of adding 5% more) of 49.3 mgd

14

to 41.9 mgd, still more than sufficient to meet the total requirements of 34.87 mgd even without

15

using Well No.7.

16

If we perform the same analysis for when stream flows are low and requirements are high,

17

available stream waters would decrease from 22.8 to 15.4 mgd. Requirements even with full use

18

of 18.54 mgd from Well No.7 would be 18.83-19.71 mgd, or a shortfall of3.43 to 4.31 mgd.

19

Thus, with total stream restoration of 29.4 mgd, apportioned among Waihe'e River,

20

North and South Waiehu Streams, and 'lao Streams as described above, the shortfall for

21

offstream uses would be about 4 mgd, and only for periods of low stream flows. During the 10%

22

of the time that total requirements would be about my estimate of38 mgd, there would be a

23

shortfall of about 10.5%. For those periods between the Q90 and Qso flows, there would be

24

periods ranging from a 10% shortfall to no shortfalls at all.

25

What would be the economic impact of this shortfall on offstream reasonable-beneficial

26

uses? Of the total average reasonable-beneficial uses of 36.59 mgd, 8.11 mgd are for kuleana

27

lands, MDWS, and WWC, and 28.48 mgd are for HC&S (using my estimate ofHC&S's

28

reasonable/beneficial use). These apportionments equal 77.8% for HC&S, and 22.2% for all

29

other users.

30
31

At low stream flows, where total requirements are about 38 mgd, other users would still
require 8.11 mgd, or 21.3% of the total, and HC&S's requirements would increase to 29.89 mgd,
5

1

or 78.7% of the total. Ifwe apportion shortfalls according to the percents used, at low stream

2

flows, where the total shortfall is estimated at 4 mgd, HC&S would be apportioned 3.15 mgd, or

3

10.5% of its requirements. If HC&S were made responsible for the entire shortfall of 4 mgd, then

4

it would be 13.4% short of requirements.

5

6
7

What would be the impact on HC&S's economic viability ifit had to endure such
reductions in its irrigation requirements?
Approximately 5300 irrigated and unirrigated acres ofHC&S's sugar plantation, or about

8

15 percent of the roughly 35,000 acres HC&S uses for sugar cane cultivation, are located in

9

HC&S's "West Maui Fields." FOF 417. Chan-Halbrendt, OHA's expert witness, concluded that

10

'the relevant issue requiring analysis is the economic impact of decreasing the supply, or

11

increasing the cost, of water to approximately 15 percent ofHC&S's fields. Absent that analysis,

12

there is no reason to suppose that cessation of all sugar cultivation would be an economically

13

rational response." FOF 543.

14

HC&S stated that if reductions in its use ofNa Wai 'Eha stream water were of such a

15

magnitude as to force HC&S not to cultivate the 5300 acres that comprise the West Maui Fields,

16

HC&S would not be a viable operation. FOF 532. But rather than providing an analysis of the

17

magnitude of reductions that would lead to that result, HC&S instead outlined the consequences

18

ifits entire 35,000 acre sugar operations were ended. FOF 532.

19

Even ifHC&S had provided an economic analysis of the impact of closing down its West

20

Maui operations on its entire sugar operations and had concluded that such closure would mean

21

closing down its entire 35,000-acre enterprise, the Commission-including this Commissioner-

22

never contemplated such a scenario. The salient point was as identified by Chan-Halbrendt: "the

23

economic impact of decreasing the supply, or increasing the cost, of water to approximately 15

24

percent ofHC&S's fields." Instead, HC&S chose to leap to its doomsday scenario--the drastic

25

consequences to Maui county and the state if it were to close its entire sugar operations.

26

Absent an economic analysis by HC&S, the Commission cannot assume that HC&S's

27

doomsday scenario would result from an occasional 10.5 to 13.4 percent decrease of its irrigation

28

requirements for 15 percent of its entire operations. Those decreases equate to only 1.6 to 2.0

29

percent of its irrigation requirements for its entire 35,000-acre operations, and then only on an

30

occasional basis. In the absence of any information supporting its doomsday scenario, the

6

1

Commission could not assume that HC&S's assertions overcame the presumption in favor of the

2

public trust resource, the streams ofNa Wai 'Eha.

3

Therefore, the Commission had good reasons to restore the streams by at least 29.4 mgd,

4

and it would have been HC&S's burden to petition the Commission to amend the IIFS again. By

5

giving HC&S more stream waters than required to operate its West Maui Fields, the

6

Commission's majority has forgotten that the purpose ofthis contested case was to restore Na

7

Wai 'Eha's waters to reasonable levels that struck a balance between instream and offstream uses.

8

Instead, the Commission's majority took this as an opportunity to provide HC&S with all of its

9

water requirements-and I have argued that even more than that was granted-and treated the

10

IIFS not as stream restoration, but as leftovers, acting as a reservoir for future offstream uses.

11

The law's directive is clear: the object of the state water resources trust "is not maximum

12

consumptive use, but rather the most equitable, reasonable, and beneficial allocation of state

13

water resources, with full recognition that resource protection also constitutes use." COL 11.

14

This is my sixteenth year involved in state water resources issues, first as a

15

Commissioner in the original Waiahole Contested Case, then as the hearings officer for the two

16

remands from the Hawai'i Supreme Court, and now again as a Commissioner and the hearings

17

officer in this contested case, where I was the only Commissioner to have heard and reviewed all

18

the evidence. I have specified two possible alternatives to the Commission's majority decision

19

to show that they could easily have reached a more balanced result. As the Supreme Court has

20

said: "Uncertainty regarding the exact level of protection necessary justifies neither the least

21

protection feasible nor the absence of protection." 94 Haw. 97, at 155. By its decision, the

22

majority has failed in its duties under the Constitution and the State Water Code as trustee of the

23

state's public water resources.

24

25
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ABSTRACT
The need to sustain the ecological values of rivers is widely recognised and
embraced in policy and legislation. Here we examine a widely used approach
for evaluating effects of changing flow regimes, the Instream Flow Incremental
Methodology (IFIM), in particular physical habitat simulation using PHABSIM/
RHYHABSIM. We review IFIM procedures and discuss limitations of habitat
simulation with specific reference to New Zealand. Our objectives are to
encourage a critical re-evaluation of IFIM and improve its application so that it
takes into account known but frequently unaddressed problems. These generic
problems are compounded by a limited knowledge of many species, the lack of
rigorous description of habitat requirements, the fact that habitat suitability
curves have been developed for a very limited range of conditions and a narrow
view of flow requirements. The New Zealand IFIM experience has usually been
limited to an evaluation of the effects of minimum streamflows on various life
stages of a few species of fish and on food production for a small reach of
stream. Rarely has consideration been given to transferability of results, or
changes in water temperature or water quality with changing flow regimes.
River mouth openings, flushing flow requirements, maintenance of lateral and
longitudinal stream processes and maintenance of river channel processes are
essential components of an environmental flow assessment, but have often not
been considered. We also found that the IFIM process is often confused with
one of its basic steps—using models to simulate a relationship between
streamflow and in-channel physical habitat.
Keywords: IFIM, PHABSIM, RHYHABSIM, instream flow, environmental flow,
limitations, critique

© October 2003, Department of Conservation. This paper may be cited as:
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1. Introduction
Water engineering has profoundly improved living standards by: providing
fresh drinking water, water for irrigation, energy and transport and flood
control—but often at significant environmental, and human, cost (Revenga et
al. 2000; Mueller & Marsh 2002). The need to sustain the ecological values of
rivers is widely recognised and embraced in policy and legislation (e.g. the
Canadian policy of No-Net-Loss of productive habitat: DFO 1986; New Zealand
Resource Management Act 1991: MFE 1998; the Australian policy for water
resources: Cullen 1994; South African Water Law 1998: King et al. 1999).
However, establishment of flow requirements to sustain these ecological values
of rivers is one of the most contentious issues facing water managers worldwide
(Dunbar & Acreman 2001).
Here we examine a widely used approach (Dunbar et al. 1998; King et al. 1999)
for evaluating effects of changing flow regimes, the Instream Flow Incremental
Methodology (IFIM) (Bovee 1982). There has often been confusion between the
IFIM process and the tools used and steps taken (Table 1) to quantify changes
(Stalnaker et al. 1995) (e.g. MFE 1998). IFIM addresses the decision making
environment as well as the techniques for quantifying incremental differences
in habitat in a stream that result from alternative flow regimes (MESC 2001).
We have few concerns about IFIM as a process. Our concerns relate to one of
the key IFIM tools—physical habitat simulation using PHABSIM1 (Milhous et al.
1981, 1989; MESC 2001) (or RHYHABSIM, the simplified variant used in New
Zealand: Jowett 1996). In New Zealand, physical habitat simulation of flows
within the river channel has been the focus, with little discussion of problems
or uncertainties being articulated in the literature (but see Scott & Shirvell
1987; Castleberry et al. 1996). For example, in the ‘Flow guidelines for instream
values’ the MFE (1998) stated IFIM ‘… has been used in a number of situations
in New Zealand and is well suited to the physical and ecological characteristics
of New Zealand rivers.’ In contrast, the appropriateness of PHABSIM has been
questioned internationally and alternative methodologies developed (e.g.
Australia: Arthington et al. 1992, Thoms & Swirepik 1998; China: Xia et al. 2001;
Germany: Freistühler et al. 2001; Italy: Buffagni 2001; South Africa: King &
Louw 1998, Brown & King 2000). According to Day & Hudson (2001) and
Hudson (2002) a broader perspective is being increasingly adopted.
In North America, where IFIM-PHABSIM is widely used, major differences of
opinion concerning habitat changes and biological responses to changing flow
regimes have occurred in expert testimony (e.g. Colorado: Gordon 1995;
California: Williams et al. 1997). An expert panel convened through the court
considered uncertainty and instream flow standards (Castleberry et al. 1996;
Williams et al. 1997). All participants agreed that currently no scientifically
defensible method exists for defining the instream flows needed to protect
particular species of fish or aquatic ecosystems. However, the panel was split

1

6

Physical HABitat SIMulation (PHABSIM); River HYdraulics and HABitat SIMulation (RHYHABSIM).
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TABLE 1. IFIM PROJECT PHASES AND ACTIVITY SUMMARY (BASED ON
STALNAKER ET AL. 1995 AND MESC 2001).
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on the future role of physical habitat simulation as undertaken in IFIM. Two
views emerged:
1. With modification and careful use, IFIM-habitat simulation might produce
useful information; and
2. IFIM-habitat simulation should be abandoned.
There was agreement that users of PHABSIM, or some modification of it, must
take into account the following (Castleberry et al. 1996):
• Sampling and measurement problems associated with representing a river
reach with selected transects and with the hydraulic and substrate data
collected at transects.
• Sampling and measurement problems associated with developing the
[habitat] suitability curves.
• Problems with assigning biological meaning to the habitat statistic estimated
by PHABSIM, weighted usable area (see below).
In addition to methodological, morphological and ecological problems
associated with IFIM, Bovee et al. (1998) (the originators of IFIM) stated: ‘IFIM
… is widely misconstrued, misinterpreted, and in some cases misused’.
In this paper we briefly review flow regime terminology and IFIM procedures,
and then discuss limitations of habitat simulation—with specific reference to
New Zealand conditions, and how habitat simulations have been applied here.
Our objectives are to encourage a critical re-evaluation of IFIM and improve the
way in which IFIM is used.

2. Flow objectives and
terminology
There are inconsistencies in the definitions and usage of flow objective
terminology. Dunbar & Acreman (2001) attributed the origin of the term ‘instream
flow’ to North America, while ‘environmental flow’ has been commonly used in
South Africa and Australia. They use the terms interchangeably to describe ‘… the
use of freshwater science and hydrology to manage the ecological impact of river
regulation’. In fact, ‘minimum flow’, ‘instream flow’/‘in-channel flow’ and
‘environmental flow’ are not synonymous—the terminology reflects a paradigm
shift (MESC 2001; Hudson 2002).

2.1

MINIMUM FLOW
Minimum flows are often a subjectively determined water level or flow,
retained for the purpose of survival of a particular fish species. As discussed in
Stalnaker (1994) and Stalnaker et al. (1995), in the western United States the
concept of retaining ‘minimum flows’ in streams developed in response to the
severe declines in fisheries and amenity values because of water developments.

8
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This exploitation of water for ‘off-stream’ benefits, such as irrigation
agriculture, with little regard to the degradation of the instream aquatic
environment, was the norm in water resource management internationally (e.g.
Collier et al. 1996). Water flowing to the sea was considered wasted: ‘The
residual flow (at the estuary) should be zero … unless there are reasoned
arguments to the contrary’ (Law 1972; quoted in Dunbar et al. 1998). The
reasoned arguments included allowing some flow for fish passage for sea-run
trout 2 and salmon and for cooling holding pools to prevent fish kills because of
high temperatures.
Instream flow assessment methods were developed in the 1960s and 1970s
based on hydrologic analysis of the water supply and hydraulic geometry
relations, coupled with observations of habitat quality and fish ecology.
Application of these methods usually resulted in the specification of a minimum
flow below which water could not be withdrawn or withheld, usually to ensure
the survival of a target species of fish (often salmonids) in a river.
One of the serious problems with this ‘low flow’ approach was that biologists
distinguished between only two river conditions with respect to fish habitat:
the level below which disaster would occur and all other flows (MESC 2001).
While aquatic life could tolerate an extreme low flow event over the short term,
over extended periods these flows were unsustainable.

2.2

INSTREAM FLOW
Instream flows are an objective balance of the flow regime needs of in-channel
users (e.g. fish and water sports) and off-channel uses (e.g. irrigation). In the
early 1970s a series of reviews and workshops concluded: ‘In general … it was
not possible to systematically relate instream habitat values to instream flows
using the technologies existing at that time’ (Nestler et al. 1989). This led to the
development of the Instream Flow Incremental Methodology (IFIM) by a multiagency group led by the United States Fish and Wildlife Service.
‘IFIM is based on the analysis of habitat for stream-dwelling organisms under
alternative management treatments. One could logically question why habitat
was chosen as the decision variable … when there are so many other factors
(such as stream productivity or fishing mortality) that can potentially influence
fish populations. The simplest reason … is that IFIM was designed to quantify
environmental impacts, and impacts [on] … habitat are the most direct and
quantifiable’ (Stalnaker et al. 1995).
PHABSIM (Milhous et al. 1981, and its variants) predicts how physical habitat
(depth, velocity, substrate and sometimes an index of cover) changes with flow
and combines this information with habitat suitability criteria (HSC) to
determine an index of the amount of habitat available over the range of
streamflows (the weighted usable area: WUA).
Management alternatives are evaluated for various uses (e.g. hydro-peaking
flows, recreation, fisheries and downstream consumption) by incrementally

2

Scientific names are listed in Appendix 1.
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changing the flow. The outcomes of the simulations and flow negotiations are
usually recommendations for a range of flows (e.g. seasonal, wet and dry year
flows) necessary for fish passage, to provide sufficient instream habitat for
particular species and life stages and to ensure that flow-dependent water
quality requirements are met (e.g. temperature and dissolved oxygen, which are
modelled with other tools) (Stalnaker et al. 1995). In addition, instream flows
may also be specified to remove excessive fine sediment from the riverbed
(flushing flows, Milhous 1996).
Theoretically, IFIM-PHABSIM applications are not limited to low flows in a fixed
channel but, in practice, dealing with channel evolution is problematic (Bovee
et al. 1998), and as of 2001 IFIM programs have lacked guidelines or models for
assessing out-of-channel flow requirements (MESC 2001). Usually IFIMPHABSIM use has been limited to determining low flow requirements within
existing stream channels (so that instream flows are synonymous with inchannel flows), for a fixed bed, for selected river reaches.

2.3

ENVIRONMENTAL FLOW REGIMES
Environmental flows address ecosystem needs, and maintenance of flowdependent ecosystem structures and processes, at various scales (e.g. Thoms &
Parsons 2002). Environmental flows provide a flow regime for the river corridor
(i.e. the channel, the floodplain and the transitional upland fringe) and
receiving waters (e.g. lake, coastal zone), for the purpose of maintaining
ecosystem structure (e.g. wetlands, oxbow lakes) and processes (e.g. nutrient
cycling; sediment flux) (Hudson 2002).
In the river corridor, flow regimes are required to maintain lateral (riverine–
riparian–floodplain), longitudinal (headwater–riverine–estuary) and vertical
(riverine–groundwater) processes (e.g. nutrient dynamics and energy flow) (Junk
et al. 1989; Ward & Stanford 1995). Hill et al. (1991) have argued that multiple flow
regimes are needed to maintain biotic and abiotic resources: (1) floodflows, that
form floodplain and valley features; (2) overbank flows, that maintain surrounding
riparian habitats, adjacent upland habitats, water tables and soil saturation zones;
(3) in-channel flows that keep immediate stream banks and channels functioning;
and (4) in-channel flows that meet critical fish requirements. Further, there is a
need to determine how altered streamflows affect channels, transport sediments
and influence vegetation (Hill et al. 1991). Indeed, various studies have shown that
floodplain sediment is replenished by overbank flows and sedimentation and that it
is crucial for the germination of cottonwood trees (Rood & Mahoney 1993); organic
carbon budgets (McGinness et al. 2002; Olley 2002); and fish habitat (Snyder et al.
in press) (see Section 6.2.6).
For environmental flows, downstream effects must be explicitly considered.
Flow manipulations can modify water quality in deltas, estuaries and adjacent
wetlands (e.g. salt wedge position, California Water Commission 1994; Abam
2001); can limit fish passage (e.g. river mouth closure, McDowall 1995); and
habitat availability (e.g. Oyebande, 2001); and can significantly modify productivity (Yin et al. 1997), morphology and hydrodynamics of the coastal zone
(Kirk 1991; Abam 2001).
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The challenge is to determine the critical features of the frequency, duration,
rate of change and timing of flows to be applied to particular rivers (e.g. Richter
et al. 1996, 1997; Poff et al. 1997) so that the ecosystem needs, as determined
by comparison to reference sites or conditions, will be met (Hudson 2002).
Approaches to determining the environmental flow requirements have been
developed in Australia (holistic approach: Arlington & Zalucki 1998, Arthington
et al. 1992; expert panel assessment method: Swales & Harris 1995; scientific
panel assessment method: Thoms et al. 1996; Thoms & Swirepik 1998); South
Africa (building block methodology: Arthington 1998, King & Louw 1998;
DRIFT: Brown & King 2000); and North America (Bartholow et al. 1993; Nestler
et al. 1993; Stanford et al. 1996; Toth 1996; Richter et al. 1996).

3. IFIM—physical habitat
simulation
3.1

IFIM FRAMEWORK AND APPLICABILITY
IFIM is a decision-making tool that includes quantifying the incremental
differences in instream habitat that result from alternative instream flow
regimes. The purpose of physical habitat simulation is to relate changes in
streamflow to changes in physical habitat for various life stages of a species of
fish or other organisms, for food production, for riparian vegetation or for a
recreational activity. Changes in streamflow may be linked, through biological
considerations, to environmental and social, political and economic outcomes
(Stalnaker et al. 1995).
As noted, the simplest reason for basing the analysis on habitat is that impacts
on habitat are the most direct and quantifiable (Stalnaker et al. 1995). Further,
limits of habitat supply must, by some means, control the size and dynamics of
fish populations (Nehring & Andersen 1993; Minns et al. 1995; Cunjak &
Therrien 1997).
Two of the most important aspects of any PHABSIM study are that it is set in the
IFIM framework (Table 1) and that it is adequately planned (MESC 2001). There
are several phases and various activities in an IFIM analysis and the first,
problem identification, determines the scope of the problem and determines if
PHABSIM is appropriate and sufficient.
‘In any IFIM application, care should be taken to ensure that the factors that control
the instream habitat have been fully considered prior to the use of PHABSIM. For
example, … where the sole limit to habitat is water quality [an] … IFIM study in
such a situation may be appropriately limited to only water quality induced limits to
habitat quality and quantity. That is, an IFIM study may be appropriately conducted
without use of PHABSIM if physical habitat is determined not to be a major limiting
variable ... Use of PHABSIM for a study and interpretation of WUA results will be
different if physical habitat is one of the factors limiting target species populations
than if it is not limiting’ (MESC 2001).
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‘The IFIM study may also incorporate models and/or expert knowledge to assess
water quality [e.g. QUAL-2E: Brown & Barnwell 1987], water temperature [e.g.
see Bartholow 2002], geomorphology, or other characteristic features of the
stream and its current and proposed flow regimes that could influence habitat or
populations of aquatic organisms within the stream corridor.’ (MESC 2001). These
variables must be evaluated on a stream system basis (Stalnaker et al. 1995).
For comprehensive reviews of the IFIM process and guidance consult Stalnaker
et al. (1995); Bovee et al. (1998) and MESC (2001).
The New Zealand instream flow guidelines (MFE 1998) provide an IFIM-type
framework, but describe IFIM as a habitat assessment method, with explicit
reference to RHYHABSIM. The emphasis in New Zealand IFIM studies has been
on habitat modelling per se, as undertaken with the original PHABSIM models
(Milhous et al. 1981).

3.2

PHABSIM COMPARED WITH RHYHABSIM
PHABSIM and RHYHABSIM both calculate water depths and velocities (there are
fewer options in RHYHABSIM), and both use HSC to compute an index of the
amount of microhabitat available for different aquatic species or uses, at
different streamflows. However, PHABSIM has evolved to include additional
capabilities such as nose velocities, point velocities, shear stress, conditional
cover, conditional velocity, contiguous width, minimum area exclusion,
proximity to shore habitat, stranding, various aggregation methods and
competition analysis (MESC 2001).
These developments in PHABSIM capabilities are illustrated for conditional
velocity. Drift-feeding fish are known to feed across velocity differentials, from
a slow-moderate focal point into faster surrounding water (Hayes et al. in
press). PHABSIM can calculate habitat area conditioned by adjacent velocities
within a specified distance (e.g. the sight feeding distance). Usable area is
calculated as the sum of lower velocity habitat where there is higher velocity
feeding habitat within the specified search distance (MESC 2001).
In addition, a new generation of habitat management models, for use within the
IFIM framework, have been developed. Modeling involves integration of
contemporary fish population models with spatio-temporal habitat models.
These models require considerable knowledge of the fish population, including
seasonal and annual mortality rates, seasonal patterns of movement within the
stream network and estimates of habitat carrying capacity for each life stage
(e.g. SALMOD: Bartholow et al. 1993, 1997; Williamson et al. 1993; e.g. SIAM:
Bartholow et al. 2003).
In this critique we limit discussion primarily to the more basic functions of
PHABSIM in the IFIM process.
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3.3

PHYSICAL HABITAT SIMULATION OVERVIEW
PHABSIM/RHYHABSIM simulation is undertaken in five steps.
1. Study areas are selected.
2. The hydro-geomorphology of the study area is surveyed and hydraulic models
calibrated so that changes in depth and velocity can be simulated at different
streamflows.
3. HSC are selected or developed to represent how ‘suitability’ for a species and
life stage varies with habitat variables (specifically depth, velocity, substrate,
and perhaps cover).
4. The hydraulic model is coupled with the HSC to simulate how WUA (the index
of habitat quality-quantity), varies with streamflow.
5. WUA-streamflow relationships for individual species and life stages are
calculated. These relations are interpreted to develop an instream flow
recommendation.
Study reaches are delineated and study sites are selected based on an evaluation
of streamflow changes downstream (tributaries and diversions); spatial
zonation of channel form, fish species and water quality; and identification of
critical habitat types, representative reaches or habitat units (Section 4).
One-dimensional (1D) hydraulic modelling, as undertaken by PHABSIM and
RHYHABSIM, is based on measurements of water depths and water velocities at
specific locations across a stream at different flows (three flows are
recommended: MESC 2001). Depending on the modelling option selected in
PHABSIM, water surface elevations may also be measured. These data are used
to calibrate the hydraulic models and then predict depths and velocities across
the channel at flows different from those measured (Stalnaker et al. 1995).
Numerous points are measured across the channel (often 20 or more). Each
point forms a cell with a width determined by the measurement spacing across
the channel, and the length by the sampling strategy (e.g. half the distance to
the downstream transect, or a proportion of the total length of channel
represented by the sampling location). These ‘stream cells’ are typically metres
wide and tens to hundreds of metres long.
Some recent studies have replaced transect-based 1D hydraulic models with
two-dimensional (2D) and three-dimensional (3D) models that may allow better
definition of depths and velocities in the modelled reach (Crowder & Diplas
2000; Kondolf et al. 2000; Waddle et al. 2000). These more sophisticated
models require large amounts of data for their detailed descriptions of the
channel geometry, with the accuracy of the results dependent on the accuracy
and spatial resolution of the topographic measurements (e.g. Leclerc et al.
1995; Ghanem et al. 1996). Models may have fixed cell sizes (e.g. Rangitata
River: 2 m by 2 m, Duncan & Hicks 2001), or may define an irregular
triangulated mesh where the survey intensity increases with the increasing
complexity of the bed. An example of the later is River2D (Blackburn & Steffler
2002), which evolved from a combination of PHABSIM with CDC2D (Ghanem et
al. 1996), and has been used by the originators of IFIM (Waddle et al. 2000).
River2D maps substrate to define bed roughness not only for hydraulic
modelling but also as an attribute for habitat modelling (Blackburn & Steffler
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2002). Such 2D models use ‘shallow water equations’ to predict the variation in
water depth and velocity across the channel and downstream.
In the next step, habitat availability is simulated for each cell using indices that
assign a relative value between 0 and 1 for each habitat attribute, to indicate
how suitable that attribute is for a particular species and life stage. The
univariate curves that are generated are the HSC or preference curves, and may
reflect habitat preferences or suitability as defined by water depth, velocity and
channel index (channel index represents substrate (in RHYHABSIM) and/or
cover or other immobile variables important in determining the physical habitat
requirements of the target species; MESC 2001). The HSC may be derived from
existing literature, expert opinion or data collected (such as by snorkelling and
electro-fishing) (Bullock & Gustard 1992; Gordon et al. 1992; Jowett &
Richardson 1995).
‘PHABSIM results are very sensitive to HSC. A PHABSIM analysis report should
either justify transferring habitat suitability criteria developed elsewhere to the
study stream, refer to development of HSC curves specifically for the study in
question, or document the agreements by which consensus on HSC curves for
the study was attained’ (MESC 2001). Various approaches are taken to factor
assorted biases out of the habitat suitability data, but HSC remain indices that
are used as weights of suitability (Stalnaker et al. 1995). Calibration, verification
and validation of short-term habitat use, individual fish behaviour, long-term
habitat availability and population response are integral to IFIM but, up to 1995,
have seldom been undertaken (Stalnaker 1994; Stalnaker et al. 1995).
Estimates of depth, velocity and substrate at different flow levels are combined
with the HSC to provide an index of habitat suitability for individual stream
cells of the streambed. The weighted values for all cells are summed to produce
WUA. There are various ways to sum these data in PHABSIM (but not in
RHYHABSIM). Total habitat is synthesised in most studies by integrating large-

Figure 1. Total habitat is
calculated by combining
microhabitat (WUA) with
other macrohabitat factors
(after Stalnaker et al. 1995).
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scale macrohabitat variables with small-scale microhabitat variables (Fig. 1),
rather than keeping the variables separate.
Results from PHABSIM can be used alone or in a suite of habitat time series
programs to generate monthly or daily habitat time series from the WUAstreamflow relationship and time series data on streamflow. The baseline
habitat time series estimates how much habitat in total would be available for
each life stage of each species over time (Stalnaker et al. 1995). Another more
dynamic approach, SALMOD—a life history-based fluvial salmonid population
dynamics model, has been developed in which a temporally variable habitat
supply (i.e. WUA) is linked with time (flow hydrograph) (Bartholow et al.
1993).

4. Describing rivers
‘In order for a simulation model to be useful in the planning process, its output
must be capable of extrapolation into space and into time. … The study area is a
sample of the conditions found in a larger stream reach, which allows the
extension of the results obtained from the study area over the larger reach’
(Bovee & Milhous 1978).
IFIM handbooks place considerable emphasis on delineating study area
boundaries and river segments (long sections of river with similar water quality,
flow and morphology), on selecting representative reaches or habitats (short
sections of river, or habitats, that represent each segment) and placing transects
(survey lines across streams) for microhabitat description (Bovee 1997; Bovee &
Milhous 1978).

4.1

STUDY AREA BOUNDARIES
During the problem identification phase of an IFIM analysis, the spatial and
temporal boundaries must be determined.
• For evaluation of water abstraction impacts, the upper study area boundary
could be taken as the uppermost point of abstraction in the stream of interest,
or the point where upstream migration of target fish species is prevented (e.g.
a dam or waterfall). The downstream study area boundary should be placed
where the effects of the proposed action is no longer detectable (Bovee et al.
1998). In practice the lower boundary has often been located where the
stream converges with a large reservoir, another river or the ocean (Bovee et
al. 1998).
• The baseline for comparison of ‘before’ and ‘after’ must be determined (Bovee
& Milhous 1978). MESC (2001) cautions that realistic comparisons must be
made. For abstractions or impoundments, the historic natural flow regime has
often been used as a baseline (i.e. flows without abstraction or impoundment). For example, for the Rangitata Water Conservation Order hearings,
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alternative flow regimes were compared with the habitat availability for the
natural 7-day mean annual low flow (Hudson 2001c).

4.2

STREAM SEGMENTS
‘The stream segment is the basic habitat accounting unit of the IFIM, a first
order subdivision of the study area. Stream segments are relatively long sections
of stream, typified by a geographically homogeneous flow regime. The
discharge at the top of a segment is about the same as at the bottom (±10% or
so). The overall channel geomorphology (slope, sinuosity, channel pattern and
structure, geology, and land use) is usually consistent within segment
boundaries’ (Bovee 1997).
As stated in Section 3.3, total habitat is calculated by integrating large-scale
macrohabitat variables (the stream segment characteristics) with small-scale
microhabitat variables collected at the reach scale (see Section 4.3). The product of
the length of useable stream (macrohabitat, in metres) and habitat area per unit
length of stream (WUA in m2/m) is the total useable habitat (Fig. 1).
The necessity for delineating stream segments of like character is obvious—
significant changes in channel and flow characteristics, water quality, flora and
fauna generally occur as rivers flow downstream from the headwaters to the
sea. For example, in the Tongariro River, New Zealand, there were large
differences in the optimum flow for rainbow trout adults between the lower
river boulder-dominated reach (50 m3/s) and downstream sand bed reach (20
m3/s) (Hudson 2000). This longitudinal variation may also be dynamic in time,
often with greater heterogeneity at lower flows (e.g. Heggenes 1996; Stalnaker
et al. 1996; Giberson & Caissie 1998; Hilderbrand et al. 1999).
Internationally, differences in channel character have been found to affect
sensitivity to changing streamflows (Bovee & Milhous 1978). The effect of
mesohabitat has been widely recognised (e.g. Beschta & Platts 1986; Heede &
Rinne 1990; Rabeni & Jacobson 1993) and has been associated with up to a fivefold difference in mean WUA for Atlantic salmon fry and a three-fold difference
for parr between reaches with different channel form on the same river at the
same discharges (Payne & Lapointe 1997). In the Rangitata River, optimum
flows for food production and brown trout adults occurred at greatly different
flows between (and within) channel types (single thread and braided) for a river
with similar slope and discharge over the study reach (Hudson 2001c) (Table 2).
Examples of downstream changes in species abundance and composition can
be found in Otago, where several species are generally found near the coast
(e.g. banded kokopu and inanga), while others are more widespread (Allibone
1997). McDowall (1993) discusses possible reasons for these types of patterns.
In our experience, IFIM studies in New Zealand have usually neglected an initial
rigorous delineation of river segments. This is considered to lead to difficulties
in extrapolating reach results with any degree of certainty to larger stretches of
river (Bovee 1982; Kershner & Snider 1992; Rabeni & Jacobson 1993; Maddock
& Bird 1996).

16

Hudson et al.—A review of IFIM—instream habitat simulation

TABLE 2. EFFECTS OF CHANNEL TYPE ON HABITAT AVAILABILITY WITH
CONSTANT GRADIENT AND DISCHARGE FOR THE RANGITATA RIVER.
(Remodelled with hydraulic data from Jowett 1998 and Duncan & Hicks 2001, based on Hudson 2001).
REACH

RIVER

CHANNEL TYPE

O P T I M U M F L O W ( m 3/ s )

(km)

AND DOMINANT

& W U A ( m 2/ m )

SUBSTRATE

FOOD PROD.

BROWN TROUT
>50 m3/s

Peel forest

48

Single channel, large boulders

10 m3/s

Arundel

36

Semi-braided, boulders

>80 m3/s

Arundel bridge

33

Single channel, boulders

35 m3/s

Ealing

10

Braided, gravel-cobble

>80

m3/s

18 m2/m
71 m2/m
28 m2/m
76

m2/m

>7 m2/m

50–65 m3/s 19 m 2/m
10 m3/s

12 m2/m

m3/s

16 m2/m

25

Jowett (1998) modelled flows <50 m3/s; Duncan & Hicks (2001) <80 m3/s

4.3

REPRESENTATIVE REACHES
River or stream segments are sub-divided into short reaches in which detailed
microhabitat measurements are undertaken. The underlying premise of the
representative reach survey is that mesohabitat types (e.g. pools, riffles, runs)
tend to occur in a somewhat repetitive pattern. These patterns are well
documented, and well known, in alluvial channels (e.g. riffles tend to be about
7–10 channel widths apart) (e.g. FISRWG 1998). In some situations (e.g.
bedrock-controlled channels) these repetitive patterns do not necessarily
occur, and alternative sampling strategies are required (e.g. habitat mapping;
Morhardt et al. 1983).
The representative reach is commonly 10–15 channel widths long (i.e. two
morphological cycles), and is assumed to contain essentially all of the
mesohabitat types, in the same proportions, as the stream segment (Bovee
1997). Various approaches can be used to select a reach to represent the stream
segment (Bovee 1982) and Dolloff et al. (1997) have shown that the method of
selecting representative reaches is very important. In terms of characterising
the microhabitat attributes of the reach for 1D modelling, transects are usually
placed at the hydraulic controls and major habitat features in the reach (Fig. 2).
For 2D modelling, aerial representations of the stream are used to select
appropriate river reaches.
We found that surveyed reaches have often been very short in New Zealand
IFIM studies (a few channel widths in length) and often did not include the
range of habitats in the segment. This practice risks information loss on critical
habitats (see Section 4.5) and on spatial organisation. Spatial organisation of
habitats can be very important to fish population dynamics as fish utilise
different habitats at different times (e.g. Kocik & Ferreri 1998).
Technology is available to rigorously define habitat variability between river
segments and to determine representative river reaches. Hardy & Addley (2001)
surveyed over 900 km of river channel at 0.5 m resolution using satellite and
airborne remote sensing in a 1-week period, which provided delineations of
riparian and fish habitat. A GIS was used to present a visual representation of
the study reach in terms of its component spatial distributions of depth,
velocity, substrate, cover, distance to features etc. (a GIS can also be used to
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Figure 2. Transect
locations in part of a
representative reach (after
Bovee & Milhous 1978).

derive a number of statistical characterisations to demonstrate the efficacy of
the modelling approaches).
Contrary to recommended practice, IFIM studies in New Zealand have often
neglected to objectively determine study reaches. It follows that there is no
theoretical justification for the subjectively chosen representative reaches nor
is there a valid basis for extrapolating survey results (R.J. Barker, University of
Otago, Department of Mathematics and Statistics, pers. comm.).

4.4

MESOHABITAT TYPING = HABITAT MAPPING
Morhardt et al. (1983) developed habitat mapping (termed ‘mesohabitat typing’
by Bovee (1997) and ‘physical biotopes’ in the European literature) for
situations where regularly repeating patterns (such as a pool–riffle–pool–riffle
sequence) are not evident (i.e. the distribution of mesohabitats is random or
inconsistent). Habitat mapping involves the definition and explicit inventory of
the proportions of mesohabitats in a segment.
The procedure is summarised by Bovee et al. (1998).
• Mesohabitat types are defined for the stream under investigation.
• An on-site inventory is conducted to determine the proportion of the segment
represented by each mesohabitat type.
• Two or more mesohabitat reaches representing each type are selected at
random.
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• Transects are established to represent the mesohabitat type.
• Transects in each mesohabitat type are weighted according to the proportion
of the mesohabitat type in the segment.
• The segment is represented by all transects from all of the mesohabitat types,
combined into a single data set.
A cautionary note is sounded in the American Fisheries Society manual of
common methods of aquatic habitat assessment (Bain et al. 1999): ‘… in the
past two decades fisheries and natural resource agencies have increasingly
employed habitat-based approaches for resource inventory and assessment.
Habitat is now the basis of many forms of species management, mitigation
planning, environmental regulation, and impact assessment … However, the
validity of habitat-based management rests on accurate definitions and
measurements’.
In practice, North American studies usually use detailed classification schemes
to delineate habitat units (Arend 1999a, 1999b). Fast water habitats (falls,
cascades, chutes, rapids and riffles) and slow water habitats (including a variety
of scour pools, such as trench pools along an erosion-resistant bank,
convergence pools where two channels meet, lateral scour pools on the outside
of a bend, and plunge pools downstream of a rock ledge or tree trunk) are
distinguished. Also, various types of dam pool are recognised (e.g. abandoned
channels, backwaters and those behind obstructions).
Several independent studies have shown good relationships between habitat
structure and associated fish assemblages (e.g. Beschta & Platts 1986; Frissell et
al. 1986; Rabeni & Jacobson 1993).
No such classification schemes are widely used in New Zealand, and in much of
the New Zealand fisheries literature mesohabitat terms such as riffles, rapids,
cascades, glides, runs and pools have been used inconsistently (Hudson 1998,
2001a), but the later is also a common problem internationally (Arend 1999b).
In fact, the typology of New Zealand rivers is simplistic (MFE 1998) and the GISbased classification of river types developed for New Zealand (Snelder et al.
1999) does not involve field surveys (which are often necessary to discriminate
and delineate mesohabitat units). Rather, RHYHABSIM uses a hydraulic criterion
to define pools, runs or riffles (Jowett 1993a; Jowett et al. 1996), a well
recognised method that can be applied consistently. Unfortunately, these units
make up only a small sub-set of habitat types (Arend 1999b), and our
calculations show that the Froude number delineations of habitat types have
often been inconsistent with standard definitions (e.g. see Fig. 3). Data from
another region of New Zealand, Otago, also revealed little correspondence
between the habitat units determined in field surveys (ORC 2001) and
RHYHABSIM Froude classifications (Hudson 2001a). This is consistent with a
study by Buffagni et al. (2000), who found that Froude number was not a useful
descriptor of the physical variation between habitat types in the River Ticino,
Italy. It seems that retrospective classification of habitat units using the
hydraulic criterion in RHYHABSIM may be incorrect in many circumstances.
Further, the use of a hydraulic criterion in habitat mapping can make it difficult
to determine the lengths of habitat because pool–riffle–run habitats often do
not have well defined transitions (e.g. Jowett 1993a), and habitat units change
over time (Giberson & Caissie 1998) and with flow (Heggenes 1996;
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Tongariro River: Poutu Pool cs-07 Q 25 cms
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Figure 3. Habitat
delineations using Froude
number are inconsistent
with accepted habitat
descriptions (modeled data
from Jowett et al. 1996).
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Hilderbrand et al. 1999). Where the term pool, run or riffle is used to describe a
structural unit of a river system, water surface slope or some other measure of
longitudinal bed profile may be the most appropriate variable for objective
classification (Jowett 1993a).
For any stratification system by habitat unit to be useful, independent observers
must be able to classify habitat units objectively and consistently (Roper &
Scarnecchia 1995), and be able to estimate dimensions of the habitat units once
the units have been identified (Hankin & Reeves 1988). Good training and
guidelines are essential (Roper & Scarnecchia 1995; see Section 8).
As for representative reach surveys, New Zealand habitat mapping studies have
generally not rigorously rationalised study site selection and so there is no
statistical foundation for extrapolating from subjective habitat mapping survey
results. They have also risked missing critical habitats and underestimating the
importance of the spatial organisation of habitat components. In many studies,
insufficient site information has been provided to allow replication of the study.

4.5

CRITICAL REACHES
Critical reaches are areas in the stream that are particularly sensitive to change
in flow (e.g. riffles and braid bars) and/or are critical to the success of a
particular species’ life stage (Bovee & Milhous 1978). A typical example where
one reach meets both criteria is the riffles in the braided Ashburton River,
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which are sensitive to flow changes and are impediments to salmon migration at
low flow (Hudson 2003).
Critical sections are surveyed if habitat bottlenecks can be identified (Stalnaker
et al. 1995) (e.g. impediments to fish migration, limitations for spawning or
juveniles). Hayes (1998) surveyed only runs and riffles in the Waimea/Wairoa
and Wai-iti Rivers, New Zealand, because the extensive pool habitat is relatively
independent of flow. The riffles and runs are migration impediments and trout
drift-feeding habitat, respectively. In studies of the Rangitata River, particular
attention was given to the role of streamflow in the creation and maintenance
of seep channels (Hudson 2001c, 2003) because of their high productivity,
utilisation by small fish and wading birds (Sagar 1983; Digby 2001) and possible
dewatering at low flow.
MESC (2001) noted that the assumed role of a particular mesohabitat type (e.g.
pool, riffle, backwater) as the limiting factor to success of the species and/or
life stage should be verified. For a single species, different mesohabitat types
may be limiting to different life stages at different times of the year, and
different mesohabitat types may limit other species. Regardless, it is important
that the study site(s) represent(s) the full range of mesohabitat types present in
the study area. This typically involves the use of a representative reach or a
habitat mapping strategy.
In our experience, IFIM studies in New Zealand have seldom explicitly
examined critical reaches or habitats. Hayes (1997) noted that in the Ashburton
River it is uncertain whether past surveys included shallow water habitats (riffle
crests) that inhibit fish passage. Subsequent surveys found impediments
occurred (Hudson 2003). In the Ngaruroro River, a number of habitats, which
may have been critical, were avoided (Wood 1997); ‘A number of fast deep runs
were seen but these were inevitably too fast and deep to be safely gauged … .
Areas of highly developed braiding were avoided on the assumption that at low
flows the river would reduce to a single channel. It was therefore considered
more appropriate to evaluate reaches which were already in single channel
form’.

4.6

TRANSECT LOCATION
As outlined in Section 3.3, in 1D modelling, habitats are described by transects
across a stream channel and microhabitat variables are measured (water depth,
velocity and substrate-cover) at numerous points. Considerable emphasis is
placed on transect locations to determine hydraulic controls and to describe
habitats (Bovee 1978, 1997). Transects are required at hydraulic controls if a
water surface profile program is used to calculate reach hydraulics (dark lines in
Fig. 2), but may be omitted if hydraulics are calculated from measured depths
and velocities. The reason for the emphasis on transect location is simple: too
few and/or incorrect locations and descriptions of transects produce WUA
relations that are meaningless (Williams 1996; Bovee 1997).
(Recall that in 2D modelling, an explicit aerial representation of the stream is
used rather than isolated transects that yield data for extrapolation; Waddle
1998.)

Science for Conservation 231

21

In stratified random sampling of representative reaches, transects must be
relatively closely spaced. Simonson et al. (1994) showed that for wide streams
(wider than 35 m), 20 transects spaced every two mean-stream-widths apart are
required to achieve mean values within 5% of the true value 95% of the time.
For habitat mapping surveys, Morhardt et al. (1983) pointed out that ‘… it may
be desirable to have more than one transect in each habitat type, but that
decision should be an intentional part of the sampling design’. In their example
of ‘one transect in each habitat type’, Morhardt et al. (1983) delineated
components of a pool, and placed transects in the head, middle and tail of the
pool. They also placed transects in the chute immediately above the pool, in a
gravel run and in high- and low-gradient boulder runs. This is similar to
sampling ‘physical biotopes’. Padmore (1998) described transects spaced at 5–
10 m intervals, depending on hydraulic variation, to describe one complete
biotope sequence. This contrasts with some New Zealand applications, where
transects have been placed hundreds of metres to kilometres apart. In fact,
habitat simulation applications in New Zealand often have had problematic
transect placement.
• Critical habitats (e.g. impediments to fish passage, and mid-channel bar
reaches) have often not been explicitly surveyed.
• Transects were often very narrow relative to the active river channel width,
and very widely spaced apart.
• Representative reach sections have been short (a few channel widths in
length) rather than the 10–15 channel widths common internationally.
• Habitat mapping transects have been located without rationalisation of the
sampling strategy.
• Sections that were too deep to wade, too shallow to jet boat or too shallow to
gauge, have been avoided.
• Hydraulically complex sites have been avoided.
These tendencies are not unusual. Commenting on North American work in
particular, the developers of IFIM (Waddle et al. 1997) stated: ‘In our
experience, many [1D] applications … avoid important habitat areas in
complex channels due to large field data collection and analytical resource
requirements. Two-dimensional models provide a means to overcome some of
these difficulties’.
Uncertainties in transect data can have severe repercussions. In one study on
the Feather River, California, there was equal probability that optimal habitat
occurred at 71 m3/s as at 14 m3/s (over a 10-km reach) even when uncertainty in
the transect data were ignored (Williams 1996). In other simulations, where
transects were weighted by the proportion of mesohabitat, the confidence
decreased. When the uncertainty in the transect data is taken into account, the
analysis shows that estimates of WUA can become practically meaningless. For
these reasons, Castleberry et al. (1996) stated that estimates of WUA should not
be presented without confidence intervals.
We are not aware of any comprehensive studies of total errors in habitat
simulation nor are we aware of any New Zealand studies which have reported
confidence limits, even when uncertainties in the transect data have been
ignored.
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4.7

MICROHABITAT SUITABILITY
Although other physical variables, if they are hydraulic or structural in nature,
can be used to define habitat suitability (Bovee et al. 1998), we restrict our
discussion to the four most often used variables (see Section 3.3): depth,
velocity, substrate and cover (the later two may be referred to as channel
index).

4.7.1

Depth and velocity
In wadeable streams, depth can often be measured with a reasonable accuracy
by trained observers (Wang et al. 1996). At some locations depth can fluctuate
by several centimetres at constant discharge, but this can be detected and
measurements standardised (e.g. the low point of fluctuations). Bed levels often
vary considerably around individual cobbles or boulders, potentially generating
differences between depth measurements taken using wading rods (having a c.
8-cm-wide base plate) and those using survey rods (having a pointed shaft
which can be placed between rocks). Placement should be explicitly described
and standardised to avoid generating differences in measurement (these may be
in the order of the low flow regime water levels being negotiated).
Velocity normally refers to the mean water column velocity rather than the
velocity at the expected location of a fish or aquatic animals in the water
column (the nose velocity or focal point velocity). In fact, mean water column
velocity may not be the best measure of velocity. Vertical velocity profiles often
deviate substantially from the commonly assumed logarithmic profile even in
simple gravel-bed river channels (citations in Kondolf et al. 2000) such that the
highest velocities are sometimes near the bed. For a relatively straight channel
with a tranquil flow appearance, Kondolf et al. (2000) found the velocity at 0.6
depths (the hydrological standard; the mean of 0.2 and 0.8 depth) was generally
a small overestimate of the vertically averaged velocity and sometimes it was an
underestimate by almost 60%. They suggested that in steep channels with large
roughness elements flow patterns would be even more complex.
Nose (focal point) velocities can be simulated in PHABSIM-2 (Bovee 1986), and
later versions, but results are highly variable (Gan & McMahon 1990; Bovee et
al. 1998; Milhous 1999b). In a cobble-bed stream Milhous (1999b) reported that
most calculated nose velocities were acceptable (less than 30% error), but that
errors in the other 15% of cases exceeded 100%.
Orth (1987) and Scott & Shirvell (1987) explicitly suggested that mean water
column velocity is inappropriate for describing fish habitat preference, arguing that
conditions at 0.6 depth are not what fish perceive or respond to when selecting
positions. By changing the velocity measurement point from the hydrological
standard to 15 cm above the streambed, the velocity may be closer to what fish
perceive or respond to when selecting positions. However, the ecological
significance of a 15-cm depth for velocity measurements is questionable. In one
study (Milhous 1999b), twice as much WUA was calculated to be available for adult
rainbow trout when nose velocities estimates, rather than mean column velocities,
were used.
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Bovee et al. (1998) also suggest bed shear stress as an alternative microhabitat
variable. This may be appropriate for New Zealand conditions because many
New Zealand native fish species are small (less than 150 mm long) and benthic
(McDowall 1990). Bed shear stress can be modelled in the latest version of
PHABSIM (MESC 2001) or externally using outputs from RHYHABSIM.

4.7.2

Substrate
Substrate is described in terms of organic detritus, various size ranges of sediment
particles and rock. Bovee & Cochnaur (1977) started with eight categories for their
channel index; adjustments were made by Bovee (1982) and the classification was
revised in the 1986 IFIM manual (Bovee 1986). The current IFIM manual (Bovee
1997) uses the Bovee (1986) classification (Table 3).
The increase in the number of size classes was biologically driven (e.g. chinook
salmon use a narrow range of substrates for spawning; Platts et al. 1979), and
the size class breaks were standardised to conventional geomorphicengineering definitions.
In IFIM analysis the emphasis has usually been on describing surface materials.
Typically, surface materials are significantly coarser than subsurface materials,
but veneers of fine material may overlie coarse material. Logically, both the
surface and subsurface material should be considered in habitat assessment.
The surface material provides the hydraulic roughness of the channel for
hydraulic calculations and provides shelter for animals. The subsurface
materials are also an important habitat in which many bottom-dwelling fish
reside, invertebrate communities proliferate (citations in Collier & Scarsbrook
2000) and both fish and invertebrate egg incubation and hatching occurs
(Reiser 1998).
Description of substrate for PHABSIM modelling is problematic. Kondolf (2000)
indicated there is no evidence that visual estimates of substrate size classes, as
normally undertaken for PHABSIM, are reproducible between investigators and
TABLE 3.

SUBSTRATE TYPES AND SIZE CLASSES USED IN IFIM.

SUBSTRATE TYPE

IFIM MANUALS

& SIZE CLASS (mm)

(BOVEE 1986, 1997)

NEW ZEALAND PRACTICE

Organic debris

Logs, branches, leaf litter

(1) Vegetation
(2) Silt/Mud (<0.06 mm)

(JOWETT 1996)

0.0002 to 0.004

Clay

0.004 to 0.06

Silt

0.06 to 2

Sand

(3) Sand

2 to 4

Very fine gravel

(4) Fine gravel (2 to 8 mm)

4 to 8

Fine gravel

8 to 16

Medium gravel

16 to 32

Coarse gravel

32 to 64

Very coarse gravel

64 to 128

Small cobble

128 to 256

Large cobble

256 to 512

Small boulder

512 to 1024

Medium boulder

>1024

Large boulder

Bedrock

Four classes
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(5) Gravel (8-64 mm)

(6) Cobble (64-256 mm)
(7) Boulder (>256 mm)

(8) Bedrock
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other studies found poor precision in substrate determination (Platts et al.1983;
Wang et al. 1996). Changes in substrate over time need to be recognised
(Giberson & Caissie 1998).
In New Zealand practice, similar substrate characterisation problems are
evident. Inconsistent definitions of substrate size classes have been used (e.g.
cobbles have been classed as boulders; Hudson 2001a). Substrate has often been
assumed, or reported, to be consistent across the channel (Mosley 1983; Glova
& Duncan 1985), but this is unlikely for gravel-bed rivers (Powell 1998). Mosley
(1983), using visual observation to classify substrate sizes for habitat simulation
in four braided gravel-bed rivers in Canterbury, reported: ‘No lateral variation in
bed sediment character was apparent across the channels surveyed, so that as
discharge and channel width increased, the newly inundated stream bed was
composed of sediment with a grain size distribution broadly similar to that
already under water.’ However, in a resurvey of one river, Mosley & Tindale
(1983) noted, ‘There is great variability of both surface and bulk sediment in the
study reach …. [Spatial variability] … is broadly consistent with models of grainsize variation ….’
In New Zealand habitat simulations, about half the categories of sediment size
classes are used (Table 3) compared to international practice, resulting in the
clustering of size distribution data into broad categories in the HSC. Habitat
availability may be overestimated or underestimated as an artefact of the size
classes used. According to Hudson (2001b), preference indices ranged from
0.36 to 1.0 for the cobble class for small longfin eels, a range that spans from
below average to optimum habitat in modelling. He suggested that a larger
number of substrate classes would have reduced the variability within each
class to better reflect the observed relation between substrate and use.
Consistent and defendable measures of bed material (substrate) composition
are required to avoid many of the problems apparent in the fisheries literature
(Kondolf 1998, 2000). The hydrodynamics of bed-sediment interactions and
ecological consequences are complex (e.g. Sear 1993). For example, brown
trout avoid spawning in loose clean gravel, and spawn in gravels with some
interstitial silt (McDowall 1990). Deposition of a layer of fine material over the
spawning bed may be beneficial (if it prevents deposition of material in the egg
pocket) or detrimental (if it impedes flow through the redd or emergence of
fry) (Bjornn & Reiser 1991). Simple indices of bed material do not describe
these conditions (Kondolf 1998, 2000). The preferred approach would be to
use a continuous function of sediment size in the computation of habitat
availability.
In addition to their particle size, the embeddedness of cobble and boulders can be
assessed. Embeddedness is an index of the degree to which these larger particles
are surrounded or covered by finer sediment (Platts et al. 1983). As embeddedness
increases, biotic productivity of the substrate is considered to decrease (e.g.
Lapointe & Payne 1996; Milhous 1996). However, embeddedness has not been used
in New Zealand habitat descriptions or habitat simulation, although embeddedness
is thought to be important (e.g. for eels: D.J. Jellyman, NIWA, pers. comm.; and
wrybills and other wading birds: K.F.D. Hughey, Lincoln University, pers. comm.).
Embeddedness should be investigated as a habitat suitability index; and to
determine flushing flow requirements.
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4.7.3

Cover
Refuge elements like macrophytes (weeds), woody debris, undercut banks and
river shading (Cullen 1994) are important habitats of fish (Orth & Maughan
1982). For example, comparisons of the density of adult brown trout to
percentage habitat area available in two creeks in California showed that over
90% of the fish were found in less than 2% of the total habitat available
(Kershner & Snider 1992), specifically in lateral scour pools with complex
woody debris. Cover is also important for New Zealand’s native species
(McDowall 1990; Hanchett 1990; Rowe et al. 1992, 1999; see Section 6.2.3), but
has not been included in New Zealand IFIM studies.
While cover is recognised as important, there is little agreement on what
constitutes cover and a poor understanding of how it can be quantified for use
in IFIM studies (Scott & Shirvell 1987). Furthermore, cover changes with
streamflow (Orth & Maughan 1982). Bovee (1986) recommends using
conditional criteria. For example, some fish use shallow water if there is
overhead cover, but they will only use stream cells in deeper areas where cover
(or surface turbulence) is absent. This can be depicted in PHABSIM using two
depth-suitability curves, with and without cover.
In 2D modelling, large cover elements can be included in habitat simulations
(Leclerc et al. 1995; Bovee 1996; Ghanem et al. 1996; Crowder & Diplas 2000;
Waddle et al. 2000), but these may be too large-scaled for many species.

4.8

HYDRAULIC-HABITAT SIMULATION
There are numerous criticisms of statistical and hydraulic methods used during
the hydraulic modelling process (summarised by Mathur et al. 1985; Scott &
Shirvell 1987; Kondolf et al. 2000). PHABSIM and RHYHABSIM are appropriate
for only steady, gradually varied, subcritical flows. These conditions may not be
met in steep streams, during hydro-peaking flows or at low flows when bedrock
is exposed (McMahon 1992). As models are difficult to calibrate (Osborne et al.
1988; Ghanem et al. 1996), in many applications complex hydraulic sites,
which may be biologically significant, are avoided (see Sections 4.5 and 4.6).
Gan & McMahon (1990) stated that the potential for ‘fudging’ results within
PHABSIM is considerable. The WUA-flow relationship obtained depended on a
broad range of choices exercised within PHABSIM for a given set of inputs. Not
only can different flow simulation models be chosen, the models themselves
have a range of simulation options. RHYHABSIM (Jowett 1996) (used in New
Zealand to simulate river hydraulics and habitat as WUA) has fewer options for
modelling hydraulics (Gordon et al. 1992). Although modelling results are
easier to replicate it is uncertain how a broad range of hydraulic conditions can
be adequately modelled. Only once the hydraulics are adequately calibrated,
should the simulation proceed (Bovee 1997).
To describe flow patterns in river channels, 1D models break the reach into
discrete cells, each having a uniform depth and velocity (Bovee 1978). While
the length of the cells may be tens or even hundreds of meters long (i.e. from
transect to transect), the width of each cell may be relatively narrow (typically
transect point measurements are 1–2 m apart for streams and small rivers).
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Frequent measurements across a channel are a hydrological convention. The
implication of this survey strategy is that cross channel variation is of greater
importance than variations along the channel.
In reality flow patterns are complex and vary both spatially and temporally
across and along the channel. Wakes and high velocity gradients occur around
boulders, root wads, debris and bed formations. Boulders and rock clusters
create low shear stress zones that play an important role in determining the
diversity of periphyton (slime and filamentous green algae) and invertebrates in
a stream (‘microcluster refugia’; Biggs et al. 1997). These local variations in
flow, such as velocity gradients and transverse flow, within a cell cannot be
simulated with 1D models (Crowder & Diplas 2000). This was evident in Poutu
Pool, Tongariro River, where the 1D model predicted smooth streamlines
between the seven cross sections (Jowett et al. 1996). However, flow patterns
in this reach are highly disrupted with boulders creating lees, eddies and chutes
(unpubl. data).
Even within relatively uniform channels modelling may not describe the flow
variability particularly well. Kondolf et al. (2000) described the findings of Bartz
(1990). He compared the measured and modelled velocities for each vertical
calculated by PHABSIM and found mean errors ranging from 4.6% to 12.8% and
standard deviations from 29.6% to 42.7% for small and large streams.
As mentioned in Section 3.3, alternative approaches involving 2D and 3D
models and hydrological equations may lead to greater accuracy and resolution
in hydraulic simulation, and allow modelling flows around bed clusters (Biggs et
al. 1997) and at the bedform scale, which are important to fish (Davis &
Barmuta 1989; Shirvell 1989). 2D models have not been used routinely in New
Zealand but their use has increased in North America (Leclerc et al. 1995;
Crowder & Diplas 2000). The flexible mesh of River2D allows more detailed
flow simulation in complex areas (e.g. around large boulders, riffles, deep
channels along near vertical banks) compared to the fixed grid modelling that
has been used in New Zealand (see Section 3.3; also, Waimakariri River: Duncan
2001).
Bovee (1996) was of the opinion that the advantages of 2D hydraulic modelling
became apparent in spatially explicit habitat models. In detailed surveys and 2D
modelling, fish abundance was significantly correlated with indices of habitat
heterogeneity, suggesting that for some species habitat structure may be as, or
more, important than habitat availability (Stewart 2000). Kocik & Ferreri (1998)
suggested that functionally discrete habitat units occur within rivers and that
the spatial organisation of these units influences fish population dynamics.
A major issue in modelling is that fish appear to respond to features in their
hydraulic environment, such as velocity gradients, over very small longitudinal
scales (Kondolf et al. 2000). For example, salmonids may hold in the flow
separation zone downstream of a boulder, with minimal tail beat, while the
current only millimetres overhead is as high as 60–70 cm/s (Bachman 1984).
Hayes & Jowett (1994) observed that brown trout dart from velocity shelters
into fast water to feed. These vertical velocity gradients can only be crudely
approximated (Kondolf et al. 2000) and small-scale features, such as boulders,
root-wads and other obstructions, can be simulated in the 2D flexible mesh
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models, but the survey requirements are onerous (Crowder & Diplas 2000;
Waddle et al. 2000).
Generally, there is a major disparity between the scale at which habitat is
modelled and the scale at which HSC have been derived. Bult et al. (1998)
suggested that current habitat modelling may be improved by more explicit use
of time and space scales. Hayes et al. (in press) illustrated the conditional nature
of habitat selection on multiple scales which may have profound impacts on the
nature of HSC. Research is required to establish appropriate scales for
measuring and modelling, which may vary between species and life stages. As a
starting point, spatial resolutions of 1–2 m may be appropriate for salmonids
(e.g. Grant & Kramer 1990; Hill & Grossman 1993; Hughes 1998).

5. Habitat suitability criteria
(HSC)
5.1

APPLICABILITY AND TRANSFERABILITY
‘The greatest single constraint to the proper implementation of IFIM analysis is
the use of accurately derived habitat suitability curves …’ (Gore & Nestler
1988). Use of curves that do not accurately characterise the utilised or preferred
habitat for a species can cause significant error (Bozek & Rahel 1992; Thomas &
Bovee 1993; Glozier et al. 1997).
In IFIM analysis, habitat suitability curves are obtained from a library of species
curves (e.g. Bovee 1978; Jowett 1996), developed by an expert panel (Bovee et
al. 1998) or, preferably, are developed in the river in question (Bovee 1986;
Gore 1987). The transferability of the curves should be tested in the study reach
(Bovee et al. 1998) and this has been a policy in some jurisdictions (Stalnaker
1994). If transferability tests are not undertaken it is uncertain which, if any,
habitat suitability curves are appropriate since there are often considerable
differences in the shape, position and amount of habitat predicted depending
on the HSC used and life stage considered (Fig. 4).
Few studies have been published involving transferability tests or HSC verification
(e.g. Armour & Taylor 1991; Thomas & Bovee 1993; Stalnaker 1994). The reliability
and robustness of the test procedures have been extensively evaluated in several
rivers. Glozier et al. (1997) tested the hypothesis that habitat suitability curves for a
widely distributed North American forage minnow were similar in two rivers in
Canada. The work involved evaluation of library and local curves and application of
Thomas & Bovee’s (1993) transferability tests for habitat suitability curves. The
authors found these tests did not provide a definitive answer on HSC
transferability—the tests often failed because the test statistic was not applicable to
the raw data.

28

Hudson et al.—A review of IFIM—instream habitat simulation

Figure 4. Shape and
position of the WUA-flow
relationship with the HSC
and by life stage (modeled
from data in ORC 2001).
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5.2

SAMPLING PROBLEMS
Preference curves are meant to be obtained from unexploited streams at
carrying capacity (Bovee 1982; Mathur et al. 1985). However, such conditions
are rare at best, especially for high-quality habitats, and are difficult to predict
prior to investigations (Mathur et al. 1985) and difficult to assess. If reaches that
are sampled to determine the curves are not at carrying capacity, the resulting
curve may be flawed and one should expect variation in curves determined at
different times and locations. Mathur et al. (1985) showed that curves
developed for adult smallmouth bass have completely different shapes and the
optimum ‘preferred’ or ‘suitable’ depth and velocity differed by an order of
magnitude between curves for each variable. Differences in curve shapes have
also been reported by Bozek & Rahel (1992) and Glozier et al. (1997).
It would seem to be physically difficult to obtain unbiased estimates of fish
habitat preferences, because fish are highly mobile and respond rapidly to any
kind of intrusion. This is even more problematic where turbidity limits
observation (Gore & Nestler 1988). Several sampling protocols have been
developed to reduce bias but, according to Bovee et al. (1998), there is no
unbiased way of collecting habitat use data.
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Further, preconceived notions, and the method of sampling, may lead to
erroneous results, as suggested by a study by Groves & Chandler (1999). Using
remote underwater video to describe spawning habitat use by chinook salmon
in the Snake River, Colorado, they found spawning depths ranged from 0.2 m to
6.5 m, substrate level water velocity to be 0.1–2.0 m/s (mean column velocity of
0.4–2.1 m/s) and substrate size to be 25–150 mm diameter. These findings
greatly expanded current criteria used to model spawning habitat availability
for these fish in larger rivers.
Bias can be even more difficult to avoid for our primarily small (less than 150
mm), cryptic, benthic and often nocturnal New Zealand native species
(McDowall 1990). For example, while Jowett & Richardson (1995) provided
valuable information on native fish habitat use, only limited ranges of habitat
types (runs and riffles) and conditions (depths of 0.08–0.8 m, 80% being less
than 0.4 m; substrate up to 192 mm) were sampled during the day, in summer.
Their conclusion, that the more common native species have a well-defined
preference for relatively shallow water habitats (Jowett & Richardson 1995;
Richardson & Jowett 1998), has not been supported by other observations (e.g.
Main et al. 1985; Taylor & Main 1987; Taylor 1988; Hayes 1995; Chadderton &
Allibone 2000). Rather, native species have been found to occupy a range of
habitats including deep water (Taylor 1988; Chadderton & Allibone 2000) and
fast flowing yet relatively shallow waters, which cannot be sampled by
conventional methods such as electro-fishing and diver observation (Hayes
1995). Chadderton & Allibone (2000) provided strong evidence for
augmentation of standard sampling procedures (electro-fishing) with traps and
fyke nets in deeper waters.
Timing of sampling may also be problematic at various scales. Instantaneous
measures of physical habitat characteristics are not necessarily related to
instantaneous measures of fish population size, because biological responses
(in terms of population dynamics) are slower than other flow-related
phenomena (Williams et al. 1997). Hence, population size at any particular time
is determined by limiting factors that may have been operating in the past but
no longer are (for example, scouring or dewatering of redds, stranding of the
young of the year, and lethal and sub-lethal temperatures).
Specifically, samples taken during summer low flows may not adequately
describe HSC since the hydraulic characteristics of a habitat changes with flow,
and habitat selection may change with season (e.g. Orth & Maughan 1982).
Temperature-mediated competitive or predatory interactions may cause shifts
in habitat use. Further, water clarity may change with flow, such that increased
turbidity causes a switch in diet from drift to benthic prey, and/or a change in
preferred microhabitat to slower current speeds to compensate for reduced
prey detection (Metcalfe et al. 1997). In addition, habitat preferences of some
species are flood-dependent (e.g. banded kokopu and short jawed kokopu both
require elevated flows for egg deposition and hatching (Charteris et al. 2003).
Species such as lamprey may migrate when the water is dirty as a result of
flooding (McDowall 1990).
On a smaller time scale, transect sampling on a river or stream during the day
may not necessarily give a representative indication of where fish are located in
relation to physical habitat variables. Diel habitat shifts are well documented for
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salmonid species (e.g. rainbow trout: Hill & Grossman 1993; brown trout:
Heggenes et al. 1993; and Atlantic salmon: Metcalfe et al. 1997); wild fish
occupied slower currents at night than during the day. Metcalf et al (1997)
suggested that these shifts may differ between nights depending on the effects
of available light and water temperature on optimal foraging ranges, fish
acceleration and sustained swimming speed.
The previously cited study by Jowett and Richardson (1995) typifies the
problems in sampling native New Zealand species. Many are nocturnal or partly
nocturnal (McDowall 1990) and habitats not occupied during the day may be
important feeding habitats at night, which daytime sampling will miss. Diel,
ontogenetic and seasonal shifts in activity, and pool and riffle habitat use have
been documented in giant kokopu for example (David & Close 2003; Whitehead
et al. 2002).
The redistribution of fish seasonally, diurnally and with changing flows, and the
fact that the availability of usable area may not have an immediate regulatory
effect on the population, are significant considerations for New Zealand
surveys. The tendency in New Zealand has been to use data from one-off
surveys, which are dominated by single, site-specific samples taken in isolation
of past events. The wider relationship between physical and biological variables
must be considered, given that these variables can vary with geology,
evolutionary history, genetic history, physiological pathway development,
ontology, life history, or any combination of these irrespective of available
physical habitat (Castleberry et al. 1996; Williams et al. 1997). Recognition of
the changes in habitat uses in time and space prompted Bovee et al. (1998) to
state ‘We cannot simply define microhabitat requirements for the species in
general, we must specify the life stages, sizes, activities, and time periods for
which our definitions hold’.

5.3
5.3.1

QUANTIFYING HABITAT SUITABILITY
HSC development
The original application of IFIM treated habitat suitability curves as probability
functions. The peak of the curve was given a weighting value of one and
represented the optimum value of a variable for use by a given life stage of a
given fish species. The tails of the curve received a weighting of zero (Bovee
1978, 1982). Mathur et al. (1985) pointed out three problems with this: (1)
habitat suitability curves are not probability functions but only ratios based on
counts of fish relative to a maximum that was encountered on dates of
observations; (2) a curve is only correct when the variables are statistically
independent; and (3) two of the key variables, depth and velocity, are known to
be related.
This is fundamentally important (Beecher et al. 1997): ‘Do depth and velocity
preferences determined at one flow predict fish distributions at another flow? If
not, then the instream flow incremental methodology (IFIM) will not be useful
for evaluating the effect of different flow on fish.’ These authors (1995; 1997)
claimed to show that depth and velocity preferences are independent of flow
for juvenile steelhead. Jager & Pert (1997) and Williams (1997) disputed the
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methodology and findings of Beecher et al., and other studies have shown
changes in preference for microhabitat variables with changes in streamflow
and other factors (see Section 4.7), casting doubt on the ability of simple
indices to describe habitat.
Bovee et al. (1998) pointed out that multivariate criteria overcome the
problems of assumed independence of variables, but these HSC are not widely
used. Further, they produce a single maximum value that does not reflect
thresholds. Alternative approaches to develop habitat suitability curves have
been proposed. Guay et al. (2000) used logistic regression to construct a
multivariate statistical model which produced an index representing the
probability of observing fish under specific habitat conditions. The multivariate
index had a far greater ability to represent fish distributions and habitat
preferences than did habitat suitability curves.
Another promising approach is the application of individual-based models (IBM;
first developed by Cheslak & Jacobson 1990). Braaten et al. (1997) proposed
using a feeding model as an alternative to habitat suitability curves for driftfeeders. Hayes et al. (in press) have coupled a feeding model with the River2D
implementation of PHABSIM.

5.3.2

WUA computation
As presented earlier (Section 3.3), habitat suitability curves are combined with
the computed cell water depth, velocity and substrate to calculate the WUA, the
results varying with the method of computation used. Gan & McMahon (1990)
evaluated the results from three methods—the multiplicative (most commonly
used, e.g. RHYHABSIM), geometric mean and minimum value approaches—and
found that WUA for brown trout fry varied from 145 to 2990 m2 per 1000 m
length of river, juvenile WUA varied from 663 to 2442 m2 per 1000 m and adult
WUA varied from 565 to 2167 m2 per 1000 m for the upper Tongariro River.
In addition, binary criteria (Bovee et al. 1994; Bovee et al. 1998) have also been
used for these calculations. For a given discharge and preference, WUA values
can vary by an order of magnitude (Milhous et al. 1989; Gan & McMahon 1990;
Kormann et al. 1994; Bovee et al. 1998; Milhous 1999a). In addition, both the
shape and position of the WUA-flow relationship can change with the method
of computation (Fig. 5) so it is crucial that confidence intervals be presented for
all WUA-discharge relationships before PHABSIM or RHYHABSIM results are
presented to decision makers (Castleberry et al. 1996; Williams 1996).

5.3.3

Biological meaning of WUA
WUA implicitly considers each habitat unit as biologically equivalent (Bovee
1982) but, as pointed out by Orth (1987) and Scott & Shirvell (1987), large areas
of less than optimum habitat do not have the same productive capacity as small
areas of optimum habitat. Thus, as in Figure 5, the binary score may be an
optimistic prediction of suitable habitat (over half the channel width). The
actual optimum habitat may occur at a discharge of 45 m3/s, with an extremely
small area of high quality habitat (a combined score of 0.5, with a WUA of 2.5
m2/m of channel, i.e. about 5% of the width). Further, several combinations of
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WUA (m2/m)

Figure 5. Comparison of
WUA calculation using
multiplicative
(RHYHABSIM), binary and
threshold methods for
spawning rainbow trout in
the Judges Pool, Tongariro
River (modeled from data in
Jowett et al. 1996).

depth, velocity and substrate can give the same amount of WUA, none of which
may support a similar biomass (Mathur et al. 1985).
The big issue in interpretation is which approach (if any) is correct? As stated by
Gan & McMahon (1990): ‘Of greater concern [than hydraulic modelling
options] are the options producing variable results in habitat computations.
There are no techniques that validate the results and hence their acceptance
must rest entirely on the realism of the biological assumptions that are made.’
Shirvell (1989) found that c.70% of the spawning area actually used by chinook
salmon in the Nechako River, British Columbia, was predicted to be unusable,
while 87% of the area predicted as usable has never had recorded use. Similarly,
Geist & Dauble (1998) reported aggregation of chinook spawning redds in
definite clusters even though suitable spawning areas were widely distributed.
These clusters tended to occur in areas with complex channel patterns rather
than where the channel was straight and simple. Further, the patchy
distribution in relation to available depth, substrate and velocity suggested that
the fish have relatively specific spawning habitat requirements that were only
partially explained by microhabitat characteristics used in habitat simulation.
Similar discrepancies have been found on a bedform scale (areas of square
metres to tens of square metres). From the above study on the Nechako River,
Shirvell (1989) noted spawning exclusively on the downstream side of
bedforms and spawning in extremely limited areas with groundwater
upwelling, although apparently suitable habitat was available elsewhere. Trials
showed that PHABSIM predicted 210% to 660% more spawning habitat was
available than historically had ever been used.
Habitat simulation assumes that areas of the stream not occupied by fish are
useless, but these areas may still be critical to the fisheries. For example, Jowett
(1992) found food production was critical for brown trout abundance in New
Zealand. These areas may be dismissed as unproductive if simulation models
focusing on one or two species are used as the only means of assessing available
instream habitat. Also, the focus on low-flow habitat use can be problematic.
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For example, New Zealand backwater areas may be important flood refugia but
may only be used at times of high flow. We again emphasise the importance of
testing these assumptions and taking a broader view before relying on IFIM to
specify a minimum acceptable streamflow. A mesoHABSIM analysis
(Parasiewicz 2001) would be instructive is showing the dynamics of critical
features such as seepage channels (e.g. Hudson 2001b, 2003).
A fundamental assumption in physical habitat simulation in IFIM is that there is
a positive relationship between potential fish biomass and WUA. The MFE
(1998) guidelines state (without citations) that studies have found correlations
between habitat availability and animal abundance for many species. A frequently cited example is the ‘brown trout model’ of Jowett (1992).3 A positive
relationship has also been found in some streams in the United States (e.g.
Conder & Annear 1987; Milhous 1999a), but there have been many more
observations of poor or negative correlations (Orth & Maughan 1982; Mathur et
al. 1985; Irvine et al. 1987; Orth 1987; Pert & Erman 1994; Shirvell 1994; Zorn &
Seelbach 1995; Bourgeois et al. 1996). Indeed, Scott & Shirvell (1987) suggested
that the frequency of a positive linear relationship between WUA and fish
abundance or biomass is so low that it may be due to chance alone. Orth (1987)
stated that a consistent relation between WUA and fish biomass cannot occur
because instantaneous counts of fish are related to past habitat limitations for
any life stage (see Section 5.2). Hence, instantaneous estimates of suitability
should not be related to instantaneous population size (Kormann et al. 1994).
Further, there is a broad range of other important factors determining fish
abundance (see Section 4 and footnote 3). According to Pert & Erman (1994)
describing fish populations in terms of biomass may yield a false interpretation of
optimal habitat for the population as a whole. Jowett (1992) recommended that the
relationship between WUA and fish abundance should be demonstrated before the
method can be considered valid for assessment of instream flow requirements.
A lack of a relationship, or a weak relationship, between WUA and fish
abundance is not surprising. In fact, the developers of IFIM physical habitat
simulation (Milhous 1999a) recently stated: ‘Analysis of the relation between
physical habitat and the populations of aquatic animals shows that the physical
habitat is a necessary but not sufficient condition for a viable population of
aquatic animals…. there are many interactions between species, life stages, or
other variables that influence the state of the ecosystem that are not
modelled….’
The aggregation of the suitabilities of all the cells into a single index of habitat
availability (WUA m2/m) contains no location information. It also masks the
considerable variation that often occurs between individual transects in a reach
(Fig. 6). One advantage of 2D modelling is that the individual suitability indices,
and combined (weighted) indices, can be compared with observed fish
locations on the aerial representation of the stream.
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Nineteen variables were positively correlated and three negatively correlated with trout abundance.
In order, highest correlations were with a temperature preference factor, total invertebrate biomass,
% sand, winter temperature, % cobble, total caddis fly biomass, then % WUA for brown trout adults.
Twenty-eight percent of total invertebrate biomass was explained by % WUA (Waters 1976 food
production curve).
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Figure 6. Differences in
WUA-flow relationship
between transects (xs) of
the Poutu Pool, Tongariro
River (modeled from data in
Jowett et al. 1996).
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6. Additional considerations in
physical habitat simulations
From a biological perspective, a major criticism of physical habitat simulation
has been that it focuses on the physical microhabitat variables discussed in
Section 4.7 (Scott & Shirvell 1987; Shirvell 1989; Gordon et al. 1992) as the
primary determinants of species use. Implicit in the use of the method is the
assumption that physical habitat characteristics are limiting to aquatic species
(see Section 3.1), although this assumption is not usually stated (Hicks & Reeves
1994) or tested.
Stream communities are structured by a combination of biotic and abiotic
factors (Winterbourn 1995). These include the following essential determinants
of communities (from Karr et al. 1986), which vary in time and space.
• Water quality: temperature, turbidity, dissolved oxygen, organic and
inorganic chemicals, heavy metals, toxic substances.
• Flow regime: water volume, temporal distribution of flows.
• Habitat structure: substrate type, water depth and velocity, spatial and
temporal complexity of physical habitat.
• Energy source: type, amount, and particle size of organic material entering
stream, seasonal pattern of energy availability.
• Biotic interactions: competition, predation, disease, parasitism.
Several instream biological processes may limit community structure, such as
predation, competition, food availability, dominance hierarchies among
individuals, territorial boundaries, fish swimming ability, body morphology, disease
and density-dependent mortality. All may complicate habitat-population
relationships (Castleberry et al. 1996; Hayes et al. 1996; Williams et al. 1997) and
may vary in space and time.
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The 1D models routinely used in IFIM (i.e. PHABSIM and RHYHABSIM) struggle
to account for: habitat structure (Hill et al. 1991); habitat and flow complexity
in space and time; channel evolution over time; energy source and influence of
biotic interactions (Bovee 1996; Bovee et al. 1998). For the purposes of our
review, we have classified criticisms of current IFIM methodology into three
broad categories: biotic, abiotic and methodological, with a focus on 1D
hydraulic models as have been routinely used in New Zealand. These categories
are interrelated, addressing wider ecological issues that should be considered
when setting minimum flow requirements.

6.1

BIOTIC FACTORS
Instream biological processes are likely to have important implications for fish
migrations, daily movements within a stream and selection of foraging areas by
fish. Their effects on habitat utilisation by aquatic organisms should not be
underestimated (NRC 1996). Unfortunately, according to Milhous (1999a): ‘A
significant limitation is that there are many interactions between species, life
stages, and other variables that influence the state of the ecosystem that are not
modelled by PHABSIM.’

6.1.1

Competition and predation
Fish locations within a stream may vary among species, and among individuals
within a population. Species distribution patterns are often the result of biotic
interactions mediated by abiotic conditions (e.g. the effect of temperature on
three fish species by Taniguchi et al. 1998). The presence of competing or
predatory individuals can influence habitat selection by fish (Orth 1987).
However, the role of competition or predation may change spatially and
temporally, with temperature, water quality, flow or life stage. Thus, a species
may be eliminated by a predator in some areas, but persist in refugia where
abiotic conditions exclude or inhibit the predators (e.g. Rahel 1984; Taniguchi
et al. 1998).
In New Zealand there is evidence that introduced fishes have caused significant
changes in the distribution pattern of the native fish fauna (McDowall 1990;
Minns 1990; Townsend & Crowl 1991; Crowl et al. 1992; McIntosh et al. 1994).
Many native fishes show little distributional overlap with introduced fishes and
are characterised by fragmented populations, which are vulnerable to
extinction as a result of chance events (Crowl et al. 1992; McIntosh et al. 1994).
Interspecific competition or predation has also been documented between
native species (Main 1988; Chadderton 1990; Hanchet 1990; McDowall &
Allibone 1994; Chadderton & Allibone 2000). Thus, flows that force vulnerable
species from refugia, or which enable predators or competitors to gain access
to such areas, have implications for the survival of some species.
Competition or predation effects may be further complicated by the influence
of temperature and/or season. Taniguchi et al. (1998) demonstrated changes in
competitive ability with temperature change, with cooler temperatures
favouring brown trout, whereas at warmer temperatures chub became
competitively dominant. Although we are not aware of any temperature-
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mediated responses studies in New Zealand, such results have implications for
the timing of sampling and may be important in Central North and South Island
rivers where large temperature fluctuations occur. Competitive or predatory
interactions between individuals or species therefore may complicate instream
flow assessments. Species-specific analyses of microhabitat availability tend to
ignore the effects of these interactions under changing environmental
conditions such as crowding at low flows.

6.1.2

Fish migrations including diadromy
Diadromy as a specialised form of migration is a dominant behavioural
characteristic of New Zealand fish fauna (McDowall 1988). Almost half of the
native fauna and nearly two-thirds of the total fauna are diadromous, these
species customarily spending part of their life cycles in the sea (McDowall
1993). Migrations within streams associated with spawning have been
documented for common river galaxiids (Cadwallader 1976) and roundhead
galaxiids (Moore et al.1999), and are postulated for giant and banded kokopu
(McDowall 1990).
Recognition of the existence of obligatory migrations of organisms within
stream systems is a critical issue in developing models to explain or predict fish
and invertebrate abundance or distributions in New Zealand (McDowall 1993).
The ‘assumption that fish abundance will reflect habitat suitability (or vice
versa) is likely to break down where migration is a critical life history
component’ if factors affecting migration have not been quantified and
modelled (McDowall 1993). McDowall (1993) stated that there are no explicit
data on controls of inland penetration by native New Zealand freshwater fish
species, but suggested several factors such as distance (e.g. for inanga, common
bully); flow impediments (e.g. rapids: for smelt; vertical falls or long cascades:
for bluegilled bully, redfinned bully and torrentfish); and lack of suitable habitat
upstream (e.g. for shortfin eels).
It is critical that in developing flow requirements, upstream and downstream
linkages are maintained. Only where migratory access does not limit population
size can these pathways be ignored. IFIM needs to and can take into
consideration critical reaches for fish passage, but this appears to have been
rarely considered in New Zealand instream flow applications.

6.2

ABIOTIC FACTORS
Macrohabitat is the set of abiotic conditions such as hydrology, channel
morphology, thermal regime, chemical properties or other characteristics in a
segment of river that define suitability for use by organisms (Bovee et al. 1998).
Macrohabitat controls the longitudinal distribution of aquatic organisms
(Shelford 1911: longitudinal succession; and Vannote et al. 1980: the River
Continuum Concept). Many physical processes respond to changes in flow
regimes and have implications for biological communities.
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6.2.1

Water quality
It has often been assumed that water quality is not limiting in New Zealand
rivers (Biggs et al. 1990; Close & Davies-Colley 1990). However, point and
diffuse sources of contamination occur in New Zealand from agriculture,
forestry, industry and urban areas (Hoare & Rowe 1992; MFE 1997). Further,
flow manipulation might alter chemical water quality (e.g. type and amount of
contaminants released from reservoirs) and physical attributes (e.g.
temperature, dissolved oxygen) (NRC 1992) as well as assimilative capacity. If
these factors are thought to change and potentially affect habitat suitability for
the target species, associated models—simulating the affects of temperature
and water quality—can be run with PHABSIM (see Section 3.1). Sediment
quality has also been modelled for instream flow assessment (ASACE 2002).

6.2.2

Temperature
Modeling flow manipulation effects on stream temperature has been routine in
IFIM applications in the United States (Stalnaker et al. 1995). Although water
abstractions and low flows can significantly increase stream temperatures in
New Zealand rivers (e.g. Ngaruroro River: Grant 1977; Hurunui River: Hockey
et al. 1982), the biological effects have not been well documented. Generally
known effects of temperature include (ANZECC 1999) influences on:
• the physiology of the biota (e.g. on growth and metabolism, reproduction
timing and success, mobility and migration patterns and production)
• ecosystem functioning (such as through changes in the rate of microbial
processes and altered oxygen solubility).
In the Australian National Water Quality Management Strategy draft guidelines
(ANZECC 1999), reference was made to earlier thermal effluent guidelines that
recommended that the maximum permissible change in the temperature of any
inland or marine waters should be 2°C. Alternatively, a lesser change (per unit
time) could be set, based on effects of long-term exposure.
The preferred temperature ranges and tolerances are known for many New
Zealand aquatic species. For example, banded kokopu prefer temperatures of c.
15–18°C, and temperatures around 30°C are lethal (Richardson et al. 1994).
Brown trout spawn in winter and egg mortality increases when water
temperature exceeds c. 10°C (Scott & Poynter 1991). The optimum
temperature range for adult trout is 12–19°C, and the lethal temperature is 25–
30°C, depending on acclimatisation temperature (citations in Elliot 1994).
Snails, riffle beetles and a few species of caddisfly are particularly resistant to
high water temperatures (Jowett 1997), whereas stoneflies are particularly
sensitive and are usually restricted to rivers with summer water temperatures
that do not exceed 19°C (Quinn & Hickey 1990; Quinn et al. 1994).
Temperatures of 24–26°C are lethal to many stream invertebrates (Jowett
1997).
Effects of flow manipulation on stream temperatures should be routinely
considered in New Zealand IFIM analysis.
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6.2.3

Refugia/cover
The importance of cover for salmonids was introduced in Section 4.7.3. A number
of galaxiid species are associated predominantly with native forest in New Zealand
(Hanchet 1990; McDowall 1990; McDowall et al. 1996) and may require coarse
woody debris for cover and instream habitat formation (Hicks & Reeves 1994;
Rowe & Smith 2003). Foods of terrestrial origin are important for several New
Zealand fishes (McDowall 1990). For example, the four largest galaxiids—short
jawed kokopu, banded kokopu, koaro and giant kokopu—take terrestrial food
items and favour waters with strong riparian vegetation (Main 1988; Main & Lyon
1988; Chadderton 1990; Hanchet 1990; McDowall 1990; McDowall et al. 1996;
Bonnett 2000; Bonnett & Sykes 2002). Riparian and instream debris may provide
food, overhead cover, temperature mediation, flood refugia and shelter (Main 1988;
Collier 1995; Chadderton & Allibone 2000).

6.2.4

Groundwater linkages
The hyporheic biotype is a distinct community with a large degree of
interaction with surface flows. It can have a rich fauna which as yet has
received limited attention within New Zealand (but see Collier & Scarsbrook
2000). Post-graduate research suggested that the zone may also act as refugia for
surface-dwelling invertebrates (Scarsbrook 1995; Olsen 1998). However,
reduced stream flows may dewater the upper hyporheic, and linkages can be
lost through fines deposition that results from lowered stream velocities (Ward
& Stanford 1995).
Groundwater outflow areas in riverbeds can also be preferred spawning
habitats (Junk et al. 1989). For example, groundwater upwelling is a
prerequisite for spawning success of brook trout (Blanchfield & Ridgway 1997)
and the roundhead galaxiid is known to spawn near the head of upwelling
subsurface flows (Allibone 1997; Allibone & Townsend 1997; Moore et al.
1999). Hence, groundwater–channel interchange may provide important
spawning habitat, but may be damaged by dewatering and the build-up of sand
and fines on the streambed (Petts & Maddock 1994). It follows that a model not
addressing subsurface flow will be seriously incomplete in its evaluation of
habitat for spawning (Kondolf et al. 2000). Hence when establishing
environmental flows, maintenance of groundwater exchange processes need to
be considered, and catered for; again these have been rarely considered in New
Zealand applications of IFIM.

6.2.5

Instream flow variability
Early attempts at regulating stream flows usually established a minimum flow,
but it was soon recognised that this failed to provide for environmental needs
or multiple uses (Stalnaker 1979). As discussed in Section 2, the necessary
periodic high flows that move bed material, flush sediment, rejuvenate the
floodplain and generally maintain the structural characteristics of a stream
channel were most often overlooked. The need for flow variability is evident (as
summarised in Poff & Ward 1989; NRC 1992; Poff et al. 1997), yet MFE (1998)
has stated: ‘To date [New Zealand] water managers have rarely considered flow
variability when setting flow regimes. The normal practice has been to set
minimum flows and without considering of the duration of low flow’.
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New Zealand streams have been considered physically dominated systems in
which biological interactions take a secondary role to climatic and physicochemical factors (Winterbourn et al. 1981; Cowie 1985; Winterbourn 1995).
Disturbance is a primary organising factor in many New Zealand streams, which
represent physically harsh environments (Winterbourn 1997). More
specifically, the frequency, intensity and magnitude of spate and flood events
can determine taxonomic composition, biomass and abundance in stream
communities in New Zealand (Scrimgeour et al. 1988; Quinn & Hickey 1990;
Winterbourn 1997; Biggs et al. 1999). Floods can result in large sediment input
or substrate scouring that could reduce the spawning success of some fishes or
decrease production of some aquatic invertebrates. Major floods can cause
substantial reductions in taxonomic richness, and total invertebrate biomass
and density (Sagar 1986; Scrimgeour et al. 1988; Quinn & Hickey 1990). In
general flood flows need to exceed c. 20 times the median flow to have
significant effects on invertebrate abundance and taxonomic richness (Quinn &
Hickey 1990). However, smaller more frequent events are capable of having
significant influence (Clausen & Biggs 1997), supporting the importance of the
frequency of flooding.
As stated in Section 5.2, habitat preference curves are meant to be obtained
from unexploited streams at carrying capacity. Such conditions must be rare in
high-disturbance New Zealand streams, and any habitat measurements taken
during summer low flows (normal practise internationally and here) will have
limited relevance.
As noted by Biggs (2000), a reduction in base flow velocity with abstraction or
diversion of flow has the potential to greatly enhance the peak biomass of
periphyton in enriched gravel- or cobble-bed streams. Phytoplankton and
macrophyte growth is often enhanced in warm water at low flows (MFE 1992),
particularly if the flow is relatively stable (Henriques 1987). Relatively high
flows (around three times the median flow) are required to flush out this
material (Clausen & Biggs 1997).
Sustained periods of low flows can lead to encroachment of weed species (e.g.
crack willow Salix fragilis, broom Cytisus scoparius and gorse Ulex
europaeus) onto riverbeds (e.g. Waitaki catchment: Maloney et al. 1999), thus
reducing the areas of exposed gravel bed required by many terrestrial species
for breeding and foraging. In addition, exotic weeds are thought to stabilise
gravel bars, promote channel incision and decrease shallow-water foraging
areas for these species and increase their risk of predation (citations in
O’Donnell 2000). However, according to Hudson (2003), exceptional counts of
key threatened bird species were related to the timing of channel clearing
floods and subsequent steady low flows in the Ashburton River. There was no
relationship between bird numbers and breeding period low flows.
Although the spawning and larval rearing habitat requirements of many New
Zealand native fish are poorly known, some species are known to lay their eggs
beneath stones (flathead galaxids: Allibone & Townsend 1997; common river
galaxiids: Cadwallader 1976) or on stream banks (inanga, banded kokopu:
McDowall 1990) and would be equally vulnerable to siltation, or dehydration
arising from prolonged lowering of water levels.
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In contrast to the negative effects of flooding outlined above, floods at a
watershed level may be critically important in refreshing stream systems, and
fundamental to the maintenance of long-term productivity (Swanston 1991).
Such floods can be responsible for creating habitats and increasing complexity
by adding or redistributing gravel and wood, which may in turn increase stream
productivity or provide refugia for fishes. Periodic flushing flows are also
required to flush spawning redds (Milhous 1996) and feeding areas (Berkman &
Rabeni 1987), with associated beneficial effects for stream fish communities
(Lapointe & Payne 1996). Flushing flows may be required to induce spawning
and egg hatch (banded kokopu, inanga: McDowall 1990).
Assessment of flow variability was the essence of an IFIM analysis from the
onset, because it was recognised that minimum flows provide minimum
protection (Stalnaker 1979; Stalnaker et al. 1995; Bovee et al. 1998). This
applies not only to the active river channel, but also to the maintenance of the
channel and riparian margin and receiving waters (Hudson 2002).
Consideration must also be given to high flows as a population control. Bovee
et al. (1994) found that population-related habitat limitations of bass in the
Huron River, United States, were associated with high flows more often than
with low flows (although both occurred). They noted that IFIM negotiations
that focus only on minimum flows may preclude viable water management
options and ignore significant biological events.

6.2.6

Lateral linkages
Overbank flows are required to develop and maintain riverine–riparian–
floodplain-transitional upland fringe features and processes (see Section 2.3).
Lateral movement of water into the floodplain during high flows, as well as
contributing necessary water to the floodplain, puts the river system in contact
with floodplain resources such as macroinvertebrates and microinvertebrates
(Junk et al. 1989; Kellerhals & Church 1989; Sedell et al. 1989). As high flows
decline, water returning from both terrestrial and aquatic systems on the
floodplain brings food resources such as forest litter back to the mainstream
(Junk et al 1989; McGinness et al. 2002; Olley 2002). Floodplains, particularly
their aquatic component, probably represent a strategic supply of biota, food
organisms and habitat for riverine animals.
Consequently, the extension of the River Continuum Concept beyond the idea
that a river’s carbon load comes solely from upstream has been suggested.
Pulsing of river discharge is considered to be critically important in maintaining
lateral exchanges through river margins (Junk et al. 1989) and should be
incorporated into approaches assessing the flow needs of a particular river
(Hudson 2002; Thoms & Parsons 2002). Depending on the river, the interaction
between floodplain and riparian areas, and land and river management
practices, may be a key issue in sustaining river resources and in maintaining
ecosystem integrity (Minshall et al. 1985; Junk et al. 1989; Kelly & Harwell
1990; Auble et al. 1994; Duel et al. 1994; McGinness et al. 2002).
Lateral and longitudinal linkages undoubtedly are important for native fish in
New Zealand rivers (e.g. Collier 1995; Edwards & Huryn 1995; Harding &
Winterbourn 1995; Townsend et al. 1997). Cyclical floods that inundate
floodplains may provide access to or refresh critical habitats for fish species
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(Junk et al. 1989). New Zealand species for which this is likely include inanga,
banded kokopu, eels and giant kokopu, which are often found in stranded
oxbows or flood channels (Taylor 1988; Chadderton 1990).
Terrestrial plant communities also require regular inundations. Fewer
inundations and lower soil moisture levels may have implications for specialist
riparian species that require soils that are seasonally waterlogged for seed bed
preparation, distribution and watering of the seed (Rood & Mahoney 1993).
Within New Zealand some riparian flood plain species (e.g. the threatened
plants Oleria polia, O. hectorii and Pittosporum obcordatum) are known to
favour sites variously affected by flooding and siltation; they may be maintained
by periodic flood disturbance that reduces competition from taller trees
(Clarkson & Clarkson 1994; Rogers 1996) and that promotes periodic
establishment of new cohorts (e.g. P. obcordatum; Clarkson & Clarkson 1994).
Flood plain communities have been rarely considered in New Zealand when
setting environmental flows, and certainly are not catered for by IFIM
methodologies used in this country. However, the need to include these
features has been explicitly recommended in recent IFIM practice: ‘If the
stream has a floodplain, it should be measured routinely as a functional part of
the river channel’ (Bovee 1997).

6.2.7

Longitudinal linkages
In addition to the upstream passage requirements, flows are required to
maintain river mouth openings and provide favourable flow conditions for
passage of diadromous species (see Section 6.1.2). Equally challenging for river
managers is determining the inflow needs of bays and estuaries. Estuaries and
their adjacent wetlands—coastal vegetative areas with inundated or saturated
soils—serve as important spawning grounds for many species of fishes and
support a variety of migratory birds (Sedell et al. 1989). These areas depend on
inflow of fresh water from rivers and streams; tidal variance and estuarine
structure are crucial for spawning and fish passage (McDowall 1988, 1990).
Abstraction of instream water resources may damage these ecological processes
(Drinkwater & Frank 1994). Flow manipulations in rivers can significantly
modify productivity (Yin et al. 1997), and morphology and hydrodynamics of
the coastal zone (Kirk 1991). Negative changes to migration patterns, spawning
habitat, species diversity and distribution and the production of lower trophic
levels as well as fisheries have all been documented following severe hydraulic
modifications (Drinkwater & Frank 1994). The collapse of the toheroa
population in Te Waewae Bay (Carbines 1997) immediately followed the
diversion of the Waiau River to Doubtful Sound. International studies (e.g. Yin
et al. 1997) suggest the collapse is probably due to loss of sediment and/or
nutrient flux from the river.

6.2.8

Channel evolution
In physical habitat simulation the channel structure (width, bed configuration
and substrate composition) is assumed to be constant over the range of flows of
concern (Petts & Maddock 1994). However, changes in channel morphology, in
response to the changed flow and sediment transport regimes (resulting from
changing flow regimes and/or reservoir trapping), alter the hydraulic
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characteristics of the channel (depth, velocity and shear stress distribution),
substrate characteristics (Petts 1979; Williams & Wolman 1984) and space and
shelter availability (Petts 1989). For example, because of sediment trapping
behind dams, downstream scour often occurs (Williams & Wolman 1984).
Channel width changes also occurred, with a tendency to narrower widths with
smaller flows and vegetation encroachment. Such changes will have a major
impact upon both benthic invertebrates and fish (Welcomme 1979; Milhous
1982).
Deposition in regulated rivers may occur because peak flows are reduced but
the sediment supply continues from tributary streams. For example, in the
Colorado River below Glen Canyon Dam, Arizona, deposition occurred at the
confluence of every major tributary (Howard & Dolan 1981). The bed may trap
fine sediment thus cementing silt in the bed (Reid et al. 1997; ASACE 2002), or
fine material may be removed from the bed (Petts 1984). In addition, channel
changes can alter the nature of river–floodplain interactions, and isolate the
main river from its river plain, eliminating access to backwaters, floodplain
lakes and marshes (Petts 1989).
There are two types of issue related to channel dynamics and stability (Bovee et
al. 1998): determining flow requirements to prevent the channel from
changing; and predicting how channel changes are likely to affect instream
habitat. Understanding the influence of changing flow regimes on habitat
structure remains a neglected research area in stream ecology (Hill et al. 1991;
Biggs et al. 2001; Power 2001) and the techniques available to predict channel
responses to changes in flow regime or sediment transport are crude (Bovee et
al. 1998). A non-changing bed has almost invariably been assumed in IFIM
studies.

6.3

MICROHABITAT INTERACTIONS
The assumption of independence of variables—that depth and velocity
preferences determined at one flow predict fish distributions at another flow
(Section 5.3.1)—has been questioned from the onset of IFIM. Gore & Judy
(1981), Orth & Maughan (1982), Mathur et al. (1985), Morin et al. 1986), Orth
(1987), Scott & Shirvell (1987) and Gore & Nestler (1988) suggested that
optimum values and ranges of HSC values change with changing physical
environment (and with the age structure of the population). For example,
Shirvell (1990) found that juvenile steelhead used areas of stream with different
water velocities at different flows, which suggests that the microhabitat
preferences of juvenile steelhead may be a function of flow. Pert & Erman
(1994) and Shirvell (1994) found that adult rainbow trout and juvenile coho and
chinook salmon moved to new positions within a stream after changes in
streamflow, i.e. their new locations were characterised by a new set of
microhabitat preferences. Shirvell (1994) also found that when the primary
purpose was feeding, fish selected optimal positions along velocity gradients as
suggested by Fausch (1984). However, when the primary purpose was avoiding
predators, fish selected optimal positions along light gradients as found by
Heggenes et al. (1993). Dedual (2000) found rainbow trout fry depth and
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velocity preferences changed in the Hinemaiaia River, North Island, as flow
changed.
These results have important implications for habitat simulation, at least for
salmonids. Habitat use and preference curves collected at one narrow range of
discharges may be inappropriate for assessing potential fish responses at other
discharges, and they may affect predictions of the effects of changes in
streamflow on fish habitat (Pert & Erman 1994; Shirvell 1994).
This situation is less clear for native fish in New Zealand. A study by Jowett &
Richardson (1994) examined habitat use in normal and flood conditions on the
Pohangina River, North Island, for four depth-stratified lanes below 0.75 m
deep. Data on smelt, shortfin eels, Cran’s bully and upland bully indicated that
more work is required but it seems likely habitat variables are probably not
independent in their effect on fish position choice. This dependence leads to a
skew of fish distributions within a stream (Scott & Shirvell 1987). Alternative
approaches to HSC development are required (see Sections 3.1 and 5.3.2).

7. Verification and validation
Verification and validation are considered essential components of an IFIM
analysis (Table 1) (Stalnaker et al. 1995). ‘Backcasting’ (Bovee 1982) is one
technique: it is a historical analysis using effective habitat time series analysis
designed to evaluate past habitats. Historical records of fish standing crop are
used to back-calculate year-class strength and growth histories. Potential
historic habitat limitations can be identified (e.g. extreme low flows during
droughts) and can then be examined in terms of indicators of population
response (e.g. year-class strength, growth rates, adult survival). Good habitat
years and poor habitat years can be used to ‘calibrate’ the habitat time series and
establish validity for the model simulations.
Field verification is the official policy of the US Fish and Wildlife Service
because of concerns related to the transferability of habitat-use criteria (see
Section 5.1). Unfortunately, many, if not most, past applications of IFIM have
not involved collecting sufficient data to verify that the models had behaved as
intended or that assumptions (e.g. that fish populations respond to habitat
limiting events) were valid (Stalnaker 1994, Stalnaker et al. 1995).
Validation is also required to address the basic statistical questions about
sampling procedures and HSC development (see Sections 4.3 and 4.4). Model
results need to be compared with independent, randomly collected data, as is
the ordinary practice in science, but no PHABSIM study seems to have been
verified in this way (Williams et al. 1997). Theoretically, this remarkable lapse
from scientific practice is by itself grounds for dismissing the study results
(John G. Williams, consultant, Davis, California, pers. comm.).
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8. Training
Criticisms of IFIM analysis from a sampling theory viewpoint have included
concerns raised by users of the methodology in western North America
(Armour & Taylor 1991). These authors reported that most users of the
methodology felt that some level of training of field workers was essential to
standardise different levels of experience for sampling different streams and
different reaches of the same stream (Armour & Taylor 1991). Wang et al.
(1996) concurred and also emphasised that if transect measurements of
physical habitat characteristics in streams are used, initial field training must be
adequate to achieve reasonable accuracy, precision and repeatability of
measurements among streams, and even between different reaches of the same
stream.
Inexperience and inadequate training of field researchers can also lead to
uncertainty in measurement of cross-sectional transects and the frequency of
measurements along a transect (Shirvell 1989; Simonson et al. 1994), both of
which can have important consequences for the way the stream is sampled
(Shirvell 1989). Problems in the identification of habitat units, and in the
description of substrate and cover, were discussed in Section 4.

9. Resource Management Act
considerations
In New Zealand, the Resource Management Act 1991 (RMA) establishes a broad
environmental ethos within which management of natural resources (including
rivers) is to focus on sustainability, in terms of ecological functions, intrinsic
values and potential value for future generations. To date, however, there has
been little discussion of what the RMA actually means in practical, flow-related
terms (Day & Hudson 2001). Managers have often focused exclusively on low
flows and their ability to provide adequate habitat for recreational and
commercial fisheries (see Section 2). Landscape, recreational and Maori
traditional uses of New Zealand waterways are sometimes acknowledged, yet
with the possible exception of a few major consents, these alternative needs
seem to rarely have had much influence on setting and maintaining flow
requirements in New Zealand.
Currently, regulated stream flows sometimes define how much water can be
released from a dam and how much water should be left in a river after
abstraction. Minimum specified flows, often determined by rules or regulations,
are used by power companies and local bodies to maintain flows at low levels
for extended periods, and there is some concern that the low flow value may
become a maximum as well as a minimum flow. Should this happen, it would be
difficult, legally, to re-negotiate environmental flow requirements.
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Many New Zealand IFIM analyses have focused on setting a minimum flow to
maintain water depths and velocities for a few target species in selected river
reaches. Arbitrary ‘acceptable losses’ of habitat (in the Wellington region, a
one-third loss) have been suggested (Jowett 1993b). These limitations are
counter to best international practice and the spirit and intent of the Resource
Management Act.
Internationally it has been demonstrated that the magnitude, frequency,
duration, timing and the rate of change in flow are important components of
river ecosystems (Poff et al. 1997). In New Zealand there has been little
acknowledgement of the need for flushing flows for spawning and feeding of
native species as well as for introduced salmonids, or for the periodic flooding
of riparian, floodplain and estuarine areas, particularly with regard to their
effects on New Zealand native fishes (McDowall 1990, 1995).
We believe that in New Zealand there is also a need to broaden our focus away
from the concept of a single minimum flow and move to the environmental
flow concept (see Section 2). That is, not only do we need to broaden the
spatial focus of IFIM assessments, but also to broaden the target species. Given
the lack of detailed understanding of many of the life history requirements of
New Zealand’s native fish species, it is poor management practice to assume
that minimum flow guidelines established for salmonids will necessarily be
adequate to maintain ecologically viable populations of native fish species.
In terms of interpreting WUA-discharge relations, and determining an
appropriate level of ecosystem protection, the MFE (1998) flow guidelines state
flows can be set so that they:
‘1. Maintain optimum levels of fish habitat;
2. Retain a percentage of habitat at average or median flow; or
3. Provide a minimum amount of habitat.
4. Flows can also be set at the point of inflection in the habitat/flow relationship.
This is possibly the most common method of assessing minimum flow
requirements using habitat methods. While there is no percentage or absolute
value associated with this level of protection, it is a point of diminishing
return where proportionally more habitat is lost with decreasing flow than is
gained with increasing flow.’
As mentioned earlier, maintaining optimum habitat levels is a requirement in
some jurisdictions (Canada, Australia, South Africa and parts of the United
States; see Section 2.3). Even providing a minimum amount of habitat implies
considerable ecosystem knowledge. We do not know the basic habitat
requirements of many of our native species and much is still being learned
regarding well known species such as brown trout which may change how we
describe their requirements in habitat simulation (e.g. Hayes et al. in press).
A current tool, ‘inflection points’ (point 4, above), can be unreliable (Gippel &
Stewardson 1998) and imply both a hydro-morphological and biological
meaning to the shape of WUA-flow relations that should be demonstrated with
each use. Another tool, mesoHABSIM analysis (Parasiewicz 2001), documents
the variation in the spatial distribution and amount of mesohabitat with
changing streamflow, and the mesohabitat changes can then be related back to
inflection points in WUA-flow relations (e.g. dewatering of seep channels and
braids: Hudson 2001c, 2003).
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Maintaining environmental flows is considered to be an acceptable cost to
society. Examples include capping water takes on the Murray River, Australia, at
1993/1994 levels, with a view to progressive reductions (Rogers et al. 1997);
reductions in total water supply for urban and agricultural use in California
(California Water Commission 1994); and compensation flows in the Snake and
Columbia Rivers system (worth $350 US million per year) (Prendergast 1994).
Maclin & Sicchio (1999) have described over 50 dams in the United States that
have been removed primarily for ecological reasons.
Environmentally sustainable flow regimes are not necessarily incompatible with
the needs of other water users. The objective of the flow negotiating process is
to rigorously determine the instream flow requirements for environmental and
other instream uses, and to balance the environmental needs with the social and
economic needs of the community. This, in our opinion, is the essence of IFIM
and of the Resource Management Act.

10. Summary and
recommendations
By our paper we wish to encourage a re-evaluation of the use of the instream
flow incremental methodology (IFIM) in New Zealand, particularly the use of
habitat simulation models. We were concerned that habitat simulation
(specifically RHYHABSIM, the New Zealand variant of PHABSIM) was being
promoted as ‘the tool’ for recommending minimum flows in streams, without
consideration of limitations in the methodology, limitations in how the
modelling is applied or limitations in perspectives.
Since the development of IFIM there has been continued significant criticism of
the biological, physical and methodological basis of its associated physical
habitat simulation (e.g. Mathur et al. 1985; Scott & Shirvell 1987; Shirvell 1989,
1994; Bourgeois et al. 1996; Heggenes 1996; Williams 1996; Kondolf et al.
2000). The IFIM developers have acknowledged some of the criticisms: ‘…
there are many interactions between species, life stages, and other variables
that influence the state of the ecosystem that are not modelled by PHABSIM
[and] … the physical habitat is a necessary but not sufficient condition for a
viable population of aquatic animals …’ (Milhous 1999a). However, in our
opinion, limitations and criticisms have been essentially treated as truisms and
ignored.
Leading experts in instream flows, in response to a court-ordered review,
concluded: ‘… there is now no scientifically defensible method for defining
flow standards …’ and ‘We have divergent views on PHABSIM. Some of us think
that, with modification and careful use, it might produce useful information.
Others think it should simply be abandoned’ (Castleberry et al. 1996). This
panel outlined how PHABSIM (or its variants) should be used, indicating a
variety of problems that should be addressed (e.g. sampling and measurement
problems describing rivers, see Sections 4 and 5.2; sampling and measurement
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problems associated with HSC, see Section 5; and problems with assigning
biological meaning to WUA, see Section 5.3.3) (Castleberry et al. 1996). We
address these below.
In addition, there are issues in the mechanics of undertaking a habitat
simulation analysis.

10.1

PROBLEMS DESCRIBING RIVERS
For particular reaches of a river, a wide divergence in outcomes is possible
because of sampling problems (e.g. Wang et al. 1996; Williams 1996; Dollof et
al. 1997; Hudson 2001a), the methods of calculation within PHABSIM for a
given reach (Gan & McMahon 1990), hydraulics modelling problems (e.g.
Kondolf et al. 2000), choice of habitat suitability curve for a particular species
and life stage (e.g. Glozier et al. 1997) and weight given to particular species
and life stages in recommending a flow regime.
One aspect of sampling is transect placement. Often complex reaches, or
difficult reaches (e.g. too deep to wade, to shallow to jetboat), are avoided.
Transects placed for habitat mapping can also be problematic, because major
habitat units are often improperly defined both in field surveys and in the
retrospective delineation of habitat types using a hydraulic criterion (e.g.
Jowett 1993; Roper & Scarnecchia 1995; Hudson 2001a). Approaches are
available to rigorously define habitat variability between river segments and to
determine appropriate sampling locations within these segments (e.g. Hardy &
Addley 2001).
In terms of substrate, Kondolf (2000) stated there is no evidence that visual
estimates of substrate size classes, as normally undertaken for PHABSIM, are
reproducible between investigators. In fact, in one New Zealand river, an
investigator reported contradictory findings regarding substrate variability in
two separate studies (Mosley 1983; Mosley & Tindale 1983).
At a reach scale, there is an inability to model complex hydraulics in PHABSIM
and equivalent 1D models (Kondolf et al. 2000). Waddle et al. (1997) suggested
that 2D models may provide a means to overcome some of these difficulties,
although appropriate river reaches must still be selected, and appropriate sites
surveyed at appropriate scales.
Gan & Mahon (1990) demonstrated that many options can be exercised both
between and within programs in the PHABSIM suite, such that a wide variety of
results can be obtained from a single set of data. There are fewer options in
RHYHABSIM (the variant used in New Zealand), which increases repeatability
but probably at the expense of accuracy.
Assuming PHABSIM procedures are correctly followed and sampling transects
are perfectly placed, uncertainties in estimates of WUA may be great. In one
study, a five-fold difference in the flow that would yield peak WUA was
estimated for a river in California, for a given species and life stage (Williams
1996). To aid interpretation of WUA estimates, they should always be presented
with confidence intervals (Castleberry et al. 1996).
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Changing hydro-geomorphic characteristics profoundly influences the WUAstreamflow relationship (e.g. within and between braided and single channel
reaches: Beschta & Platts 1986; Heede & Rinne 1990; Rabeni & Jacobson 1993;
Payne & Lapointe 1997; Hudson 2001c; Table 2). Correctly describing these
changes is an inference problem in which information obtained from a
relatively small sample is extrapolated to a population (a length of river that
varies both in time and in space). There is no theoretical justification for
subjectively chosen sampling sites. According to Williams (1996), there is often
no valid statistical basis for extrapolating from such survey results.
There is also the problem of developing appropriate metrics, at appropriate
scales, for describing habitat attributes of ecological importance (e.g. Bult et al.
1998; Kocik & Ferreri 1998; Crowder & Diplas 2000; Kondolf et al. 2000). In
hydraulic modelling transects are placed tens to hundreds or more metres apart
in 1D modelling and the survey grids for 2D models have spacings of metres to
tens of metre. The actual area of use by fish and other aquatic animals is often in
the order of a metre (Grant & Kramer 1990; Hill & Grossman 1993; Hughes
1998). Flexible mesh models (e.g. Rivers2D: Blackburn & Steffler 2002) provide
the flexibility to model complex structures (e.g. riffles, rootwads) at an
appropriate scale. Fixed grid models (e.g. Duncan & Hicks 2001) can not
effectively model these complex features.
The complex relations between structure, microhabitat and use are also
problematic. Flexible survey and computational grids can be used to describe
habitat variability in 2D hydraulic modelling. However, as noted by Freeman et
al. (1997) and Stewart (2000), habitat structure may more strongly influence
habitat suitability for many stream animals (e.g. salmonids, small mouth bass,
and many cyprinids) than does the occurrence of a particular range of
microhabitat conditions used in PHABSIM (i.e. depth, velocity, substrate). A
MesoHABITAT approach, in which changes to habitat structures are assessed, is
probably more meaningful (Parasiewicz 2001).

10.2

PROBLEMS WITH HABITAT SUITABILITY
CURVES
Habitat suitability curves, although critically important (Gore & Nestler 1988),
remain one of the most controversial aspects of PHABSIM (e.g. Armour & Taylor
1991; Glozier et al. 1997). There are significant problems in translating
observations into biologically meaningful habitat suitability curves (e.g. Guay et
al. 2000; Hayes et al. in press).
Currently there are large gaps in our knowledge of detailed life histories and
habitat requirements of New Zealand fish species, particularly galaxiids. This
applies to instream habitat requirements and behavioural characteristics, as
well as estuarine and ocean requirements of New Zealand’s diadromous fishes.
Widely used habitat suitability curves were developed from a limited range of
environments and from a narrow range of conditions, but the indices have been
applied generally, without testing (e.g. Chadderton & Allibone 2000; Bonnett &
Sykes 2002).
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Although validation of habitat suitability curves is required by agencies such as
the United States Fish and Wildlife Service, reviews have shown that there are
few studies that have done so (Armour & Taylor 1991; Thomas & Bovee 1993;
Stalnaker et al. 1995). More procedures to develop HSC (five in Bovee et al.
1998), and to test transferability (Thomas & Bovee 1993) have been developed.
However, different methods of deriving habitat suitability curves produce
different results (e.g. Beecher 1995) and Glozier et al. (1997) could not
recommend the use of Thomas & Bovee’s (1993) transferability tests as a
definitive answer on HSC transferability. Glozier et al. (1997) supported the
suggestions from previous researchers that HSC are best generated on a system
specific basis.
Glozier et al. (1997) and Freeman et al. (1997) suggested that other variables (in
addition to depth, velocity and substrate) determine fish distribution and a
study of chinook salmon supported this (Geist & Dauble 1998). It would seem
that conventional habitat suitability curves do not adequately describe critical
flow-dependent features of a habitat. In addition, critical requirements such as
groundwater upwelling in salmon spawning areas are known but not modelled
resulting in unrealistically high estimates of habitat availability and use (Shirvell
1989; Geist & Dauble 1998).
Promising alternative approaches to develop HSC have been proposed (Braaten
et al. 1997; Guay et al. 2000; Hayes et al. 2003).

10.3

PROBLEMS WITH BIOLOGICAL MEANING OF WUA
The index of habitat availability that PHABSIM generates—WUA in m 2/m—is
difficult to imbue with biological meaning (Orth 1987; Heggenes 1996). It
provides no meaning as an indicator of where fish are located. One advantage of
2D modelling is that spatial patterns can be discerned (e.g. Waddle et al. 1997).
Most studies are based on the assumption that there is a positive relationship
between fish biomass and WUA, however this relationship (in terms of fish
abundance) should be demonstrated before the IFIM-PHABSIM method can be
considered valid for assessment of instream flow requirements (Jowett 1992).
Positive relationship have been found between fish abundance and WUA in
some streams in the United States (e.g. Conder & Annear 1987; Milhous 1999a)
and between brown trout WUA and food WUA in New Zealand (Jowett 1992),
but in the latter many other variables are required to explain fish abundance
(see footnote 3). There are many more observations of poor or negative
correlations (e.g. Orth & Maughan 1982; Irvine et al. 1987; Pert & Erman 1994;
Zorn & Seelbach 1995; Bourgeois et al. 1996). For example, it is estimated that
there is virtually no available habitat for spawning or young fish at flows that
occur more than 75% of the time in the lower Tongariro River. In contrast,
Jowett et al. (1996) report spawning in the De Latours reach and relatively high
densities of young fish below the SH1 bridge.
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10.4

FROM MINIMUM FLOWS TO ENVIRONMENTAL
FLOWS
In New Zealand IFIM studies, a narrow perspective of streamflow requirements
has usually been taken: the focus has often been on minimum flow (survival
flows) for target fish species without consideration of critical elements such as
flow variability, and maintenance of ecosystem processes. Stream temperature
and water quality are two overriding constraints on habitat availability, both
depend on flow conditions and yet neither are normally rigorously considered
in setting streamflow regimes in New Zealand.
Rather than minimum flows, environmental flows should be the focus.
Environmental flows provide a flow regime for the river corridor (i.e. the
channel itself as well as the floodplain, and the transitional upland fringe) and
receiving waters (e.g. coastal zone), for the purpose of maintaining ecosystem
structure (e.g. wetlands, oxbow lakes) and processes (e.g. nutrient cycling;
sediment flux) in their own right (Hudson 2002). To satisfy the spirit and intent
of the Resource Management Act, environmental flows, not minimum flows, are
required (Day & Hudson 2001).

10.5

SUGGESTED APPROACH
An ecosystem approach to flow regime management involves at least the
following steps (Hudson 2002).
• Determine the physical nature of the entire riverine ecosystem at multiple
scales (river segments of similar discharge and sediment regimes; river
reaches; habitat structures and communities; and microhabitats).
• Identify the significant ecological requirements and processes associated with
the significant physical structures and flow characteristics in the river
corridor (in-channel flow; riparian flows, floodplain and upland fringe
forming flows).
• Identify the significant ecological requirements and processes associated with
the significant physical structures and flow characteristics in receiving waters
(e.g. other rivers, deltas and nearshore zone of lakes and the ocean).
• Identify the key hydro-geomorphological drivers, and the implications of
change (e.g. impoundments reducing flow and sediment) on physical habitat
structure and processes.
• Derive key management goals and objectives for each of the significant
structures and processes for each segment of the river.
• Evaluate and implement management options.
• Critically evaluate outcomes and enhance the science, goals and policies.
There are several major challenges in implementing these steps (Hudson 2002;
Thoms & Parsons 2002). The expert panel (e.g. Thoms & Swirepik 1998) and
building block methodologies (e.g. King & Louw 1998; Arthington 1998)
provide guidance.
Regarding the last point above, modelling results are often taken as gospel, in
spite of expert knowledge and known limitations. To quote Platts (1981):
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‘Stream inventory garbage in—reliable analysis out: only in fairy tales.’ This is
recognised by Castleberry et al. (1996) who cautioned that an analytic method
should not become a substitute for common sense, critical thinking about
stream ecology or careful evaluation of the consequences of flow modification.
It would be prudent to treat flow manipulations as experiments. Management
objectives and expectations must be explicitly stated and based on the best
available knowledge; management approaches must be viewed as hypotheses to
be tested by research and monitoring; management must also be able to adapt to
new information and understanding; and public understanding and
involvement are required (Hudson 2002).
To make informed decisions, managers require measures of confidence on
scientific recommendations (e.g. flow regimes). They need to accept the
existence of uncertainty and make decisions that will both protect resources
and allow development of knowledge that will reduce the uncertainty
(Castleberry et al. 1996). Comprehensive monitoring and assessment is
required, and both success and failure of habitat improvements, and flow
regime recommendations, must be reported, in order to learn and provide
better advice (Hudson 2002).
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Appendix 1
COMMON AND SCIENTIFIC NAMES OF
ANIMALS MENTIONED
SCIENTIFIC NAME

COMMON NAME

Fish
Anguilla australis

Shortfin eel

Anguilla dieffenbachii

Longfin eel

Cheimarrichthys fosteri

Torrentfish

Galaxias anomalus

Roundhead galaxias

Galaxias argenteus

Giant kokopu

Galaxias brevipinnis

Koaro

Galaxias fasciatus

Banded kokopu

Galaxias maculatus

Inanga

Galaxias postvectis

Short jawed kokopu

Galaxias prognathus

Longjaw galaxias

Galaxias vulgaris

Common (river) galaxias

Gobiomorphus cotidianus

Common bully

Gobiomorphus breviceps

Upland bully

Gobiomorphus buttoni

Redfinned bully

Gobiomorphus hubbsi

Bluegilled bully

Micropterus dolomieui

Smallmouth bass

Oncorhynchus kisutch

Coho salmon

Oncorhynchus mykiss

Rainbow troutSteelhead trout

Oncorhynchus tshawytscha

Chinook salmon

Retropinna retropinna

Common smelt

Salmo trutta

Brown trout

Salmo salar

Atlantic salmon

Salvelinus fontinalis

Brook trout

Invertebrates
Paphies ventricosa
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Abstract. Habitat selection (‘‘preference’’) models are widely used to manage fish and
wildlife. Their use assumes that (1) habitat with high animal densities (highly selected
habitat) is high quality habitat, and low densities indicate low quality habitat; and (2) animal
populations respond positively to the availability of highly selected habitat. These assumptions are increasingly questioned but very difficult to test. We evaluated these assumptions in an individual-based model (IBM) of stream trout that reproduces many natural
complexities and habitat selection behaviors. Trout in the IBM select habitat to maximize
their potential fitness, a function of growth potential (including food competition) and
mortality risks. We know each habitat cell’s intrinsic habitat quality, the fitness potential
a trout in the cell would experience in the absence of competition. There was no strong
relation between fitness potential and the density of fish in the IBM; cells where fitness
potential was high but density low were common for all age classes, and fitness potential
was not proportional to density. This result was consistent at high and low abundance and
high and low overall habitat quality. We developed a statistical model of trout density
observed in the IBM as a function of the four habitat variables that vary among cells. We
then tested the ability of modeled mean density to predict population response to habitat
changes resulting from stream flow modification. Modeled density partially explained population response to flow, but only at flows near the flow at which the density model was
developed, and not for groups (e.g., juveniles) experiencing strong competition for habitat.
Modeled density predicted population response opposite that observed for age-0 trout and
incorrectly predicted response of all age classes to major changes in flow. These results
make sense if habitat selection is understood as an emergent property of (1) the mechanisms
by which habitat affects fitness, (2) habitat availability, (3) population abundance and size
structure, and (4) how individuals compete with each other. We identified eight reasons
why animal density may not reflect habitat quality and several inherent limitations of habitat
selection modeling.
Key words: complexity; habitat modeling; habitat preference; habitat quality; habitat selection;
individual-based model; trout; virtual ecology.

INTRODUCTION
Habitat selection models (often referred to as ‘‘preference’’ or ‘‘habitat index’’ models) are widely used
to evaluate habitat quality and predict effects of habitat
alteration on animal populations. One habitat selection
model for fish, the physical habitat simulation system
(PHABSIM; Bovee et al. 1998), has been a basis for
management decisions at hundreds of water projects in
many countries, and similar approaches (e.g., U.S. Fish
and Wildlife Service [USFWS] 1980) are widely used
for managing terrestrial wildlife habitat. Habitat selection modeling involves observing the frequency with
which animals use various habitat types and the availability of the habitat types; the ratio of habitat use to
habitat availability is then transformed into a measure
of habitat selection (Manly et al. 2002). Common meaManuscript received 4 February 2003; revised 11 March 2003;
accepted 14 March 2003. Corresponding Editor: F. J. Rahel.
4 E-mail: LRA@Northcoast.com

sures of habitat selection include a habitat selection
probability function (the estimated probability that any
observation of an animal falls within a specified habitat
type, if all types are equally available), animal density
(number of animals observed divided by the area of
the habitat type), and ‘‘suitability indexes’’ scaled between zero and one (used by PHABSIM). The most
highly selected habitat types are assumed to be most
beneficial, and management activities are then directed
towards providing more of the selected habitat.
The popularity of habitat selection modeling likely
results from its simplicity and empirical basis. However, the approach is coming under increasing criticism
(Scott et al. 2002). For example, Van Horne (1983),
Garshelis (2000), and Burgman et al. (2001) have
pointed out key problems with using habitat selection
models to manage habitat. In addition to a variety of
measurement, statistical, and scale issues, Garshelis
(2000) identifies two ‘‘fatal flaws.’’ First is the as-
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sumption that an animal is more likely to use a habitat
type if more of that type is available. This assumption
could be violated if the habitat type offers abundant or
nonlimiting resources (e.g., animals may need habitat
for resting and hiding, but a small area of such habitat
may be sufficient). The second flaw (also addressed by
Van Horne 1983) is the assumption that highly selected
habitat provides high fitness potential or carrying capacity. Garshelis (2000) provides five reasons to question this assumption: (1) habitat types used only for
short times or in small amounts may still be critical to
fitness; (2) if resources are abundant or nonlimiting,
the apparent selection for them is likely to be arbitrary;
(3) some animals may require a mix of habitat types;
(4) competition can exclude all but dominant individuals from the best habitat; and (5) it is possible that
none of the observed habitat provides a sustainable
level of fitness, or that even rarely used habitat provides
adequate fitness. A simple simulation study by Hobbs
and Hanley (1990) concluded that habitat selection will
reflect carrying capacity only under special circumstances rarely found in nature (e.g., habitat and animals
are in a state of long-term, stable equilibrium).
If the most selected habitat does not necessarily offer
the highest fitness, then an important question arises:
is habitat quality or selection a better predictor of population response to habitat alteration? Will a population
be enhanced more by providing habitat where fitness
potential is highest, or highly selected habitat? To our
knowledge, this difficult question has not previously
been addressed by either field or simulation studies.
In this paper, we examine relations between intrinsic
habitat quality and observed habitat selection. Whereas
Van Horne (1983) suggested that habitat quality be
defined as a product of animal density and mean individual fitness, presumably at ‘‘carrying capacity,’’ we
follow Garshelis (2000) and Tyre et al. (2001) in defining habitat quality as the individual fitness provided
by the habitat. We use this definition because, at least
in the system we examine, habitat selection is an outcome only of individual decisions made to maximize
potential fitness; habitat units have no intrinsic animal
density or carrying capacity. Also, in our system, we
would have to assume an arbitrary definition of carrying capacity, whereas individual fitness potential is
completely known. Our specific measure of habitat
quality, FP, is the fitness potential a habitat type provides an average animal in the absence of competition.
FP is an intrinsic characteristic of the habitat and can
be evaluated even if animals are absent. FP depends
on both the growth potential and mortality risks presented by a habitat type. In our virtual population, trout
select habitat to maximize a measure that is very similar
to FP except for also representing competition among
trout. In our analyses, habitat quality is equivalent to
one definition of habitat ‘‘preference’’—the function
an individual would use to select among locations varying in physical conditions, in the absence of compet-
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itors (e.g., Rosenfeld and Boss 2001). We define habitat
selection as density (DEN): The number of individuals
observed using a habitat type divided by the area of
habitat of that type available to the population (Manly
et al. 2002).
This paper’s first objective is to examine the assumption that observed habitat selection is a good indicator of habitat quality. This examination is made in
a virtual trout population where habitat quality as FP
is defined and measurable. Using an individual-based
model (IBM) in which trout select habitat to maximize
expected fitness while competing for food and habitat,
we contrast the characteristics of habitat with highest
DEN vs. highest FP. This part of our study is similar
in some ways to the work of Tyre et al. (2001), which
examined the relationship between habitat occupancy
and a single habitat quality variable in a relatively simple IBM. Our study is different in that (1) we use DEN
instead of occupancy as the measure of habitat selection, with habitat units large enough to accommodate
multiple animals; (2) habitat quality is a complex function of four habitat variables that affect both survival
and growth; (3) habitat selection results from individuals continually seeking the best available habitat instead of being a one-time, partially random, dispersal
process.
Our second objective is to compare habitat quality
and habitat selection as predictors of population response to habitat alteration. We compare FP and DEN
as predictors of population response to incremental,
then major, habitat alterations.
METHODS
One use of IBMs is as virtual ecosystems in which
other ecological models and theories can be evaluated
(Grimm 1999, Tyre et al. 2001). In such virtual ecosystems, animal motivations and behaviors, habitat
conditions, and population dynamics can be completely
known and observable while much of the real system’s
complexity remains. The virtual ecosystem approach
also can avoid errors due to scale (Tyre et al. 2001):
In our IBM we observe habitat use by trout at exactly
the same spatial and temporal resolution the fish use
in selecting habitat, which is not possible in real ecosystems. We take advantage of these benefits of IBMs,
using the following four steps. Following Tyre et al.
(2001) we use the word ‘‘simulated’’ to refer to IBM
results and ‘‘modeled’’ to refer to statistical models of
DEN. All the ‘‘data’’ we analyze and model are from
the IBM.
1) Adopt an IBM of a stream trout population. In
this IBM, each individual fish selects the habitat cell
with the highest available fitness potential each day.
Fitness potential varies among habitat cells as a function of four habitat variables and the presence of more
dominant competitors. The IBM includes three age
classes of trout: 0, 1, and 2 yr.
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2) On a single simulation day, observe fish density
in each cell of the IBM. Using these data, build statistical models of how DEN varies with the four habitat
variables.
3) Contrast the statistically modeled DEN with the
known FP, examining how well DEN predicts FP.
4) Contrast the ability of FP and DEN to explain
population response, by simulating a range of stream
flows and evaluating at each the following: (1) areaaveraged FP, (2) area-averaged DEN, and (3) the virtual
population’s response over 90 d.

Virtual trout population
We conducted our experiment using an IBM of a
stream population of coastal cutthroat trout ( Oncorhynchus clarki clarki). The IBM predicts how stream flow
affects habitat availability, trout habitat choice, and
population dynamics. Railsback and Harvey (2001,
2002) describe the IBM’s assumptions, equations, parameter values, and their bases. Here we summarize
how the IBM simulates habitat, growth, survival, FP,
and habitat selection.
The trout IBM uses a one-day time step, with stream
habitat represented as rectangular cells. At the study
site, cells were placed so that (1) hydraulic conditions
were relatively uniform within a cell, while (2) the full
range of natural hydraulics was captured among cells
and (3) cell length and width were greater than a minimum resolution of 1 m, the approximate scale over
which trout select feeding habitat. The habitat variables
that affect trout food intake, growth, and survival are
water depth, velocity, temperature, and turbidity; fraction of the cell containing velocity shelters (FVS) that
reduce the swimming energy needed to capture drifting
food; distance to hiding cover (DHC); production rate
of stationary food (e.g., benthic invertebrates); and
concentration and production rate of drifting food.
Depth, velocity, FVS, and DHC vary among cells; temperature, turbidity, and the three food variables do not.
The IBM assumes that FVS and DHC are constant over
time, but depth and velocity vary with stream flow, as
determined by a hydraulic model.
The daily growth of each trout is a function of food
production rates, the trout’s ability to catch food, competition among trout, and the energetic cost of swimming. The availability of stationary food (e.g., invertebrates eaten off the stream bottom) is independent of
stream flow. The availability of drifting food increases
with flow because the volume of food passing through
a cell increases with both velocity and depth, but the
distance over which a fish can detect and capture drifting food decreases as velocity increases. Swimming
costs increase with velocity, but if a trout has access
to velocity shelter, its swimming costs are reduced by
70%. As a consequence of these processes, growth rate
increases with velocity up to a peak velocity, after
which growth declines; the peak velocity for growth
increases with trout size and is higher for trout using
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velocity shelters. The virtual trout compete for food
and velocity shelters in a size-based hierarchy. Each
cell contains, each day, a fixed amount of food and
velocity shelter; trout move in descending order of size
and the food and shelter area used by larger fish are
not available to smaller fish in the same cell.
Trout survival is partially stochastic. The daily probability of surviving each of several mortality sources
is a deterministic function of habitat and fish conditions, but whether a trout survives each mortality
source, each day, is determined by drawing a random
number and comparing it to the survival probability.
The probability of surviving cannibalism by large trout
is higher at shallow depths and increases with fish
length. Survival of avian and mammalian predators
(e.g., mergansers, otters) increases with increasing
depth and velocity, and is higher for small fish. The
probability of surviving predators also increases as the
cell’s DHC decreases. Starvation risk is a function of
the fraction a fish is of ‘‘healthy’’ weight for its length.
Velocities higher than a fish’s maximum sustainable
swim speed reduce survival, as do depths much less
than a fish’s length (which subject a fish to stranding
and excess predation risk).
The virtual trout move daily to the cell (within a
radius they are assumed to know growth and risk conditions in, equal to 20 times the square of the fish’s
length) that offers the highest value of a fitness indicator ‘‘expected maturity’’ (EM; Railsback et al. 1999).
The value of EM is a fish’s estimated probability of
surviving both starvation and nonstarvation risks over
a future time horizon. For immature fish, EM also includes a term equal to the expected fraction of reproductive size (12 cm length) achieved at the end of the
time horizon; this term encourages small fish to select
habitat that also provides growth toward reproductive
maturity. We use 90 d for the time horizon as it produces adult habitat choice nearly identical to an infinite
horizon while encouraging immature fish to achieve
reproductive maturity in a realistic time. The starvation
survival and growth to reproductive size components
of EM depend on growth rate, and the nonstarvation
survival component depends on predation and other
mortality risks. Fish are not excluded from any cell,
but the value of EM a fish expects from a cell is reduced
if the consumption by larger fish of food or velocity
shelter is sufficient to limit growth. Under ‘‘normal’’
conditions, this approach produces habitat selection behavior closely resembling territoriality (Railsback and
Harvey 2002: see Appendix A), but it also allows model trout to respond realistically to short-term events like
floods and to spatial variation in food availability.
The trout IBM has reproduced a wide range of observed habitat selection patterns, including shifts in
habitat use with flood flows, competition, predation
risk, change in season, and reduced food availability
(Railsback and Harvey 2002); and a number of ob-
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Initial characteristics of the virtual trout popu-

Age

Abundance

Mean
length (cm)

Standard deviation
in length (cm)

0
1
2

300
100
30

6.1
11.6
17.1

0.94
1.1
2.4

Notes: Three age classes are used: age 0 (young-of-year),
age 1, and age 2. For each age class, the model was initialized
with the specified abundance. The length of each fish was
drawn randomly from a normal distribution with the specified
mean and standard deviation.

served population-level phenomena (Railsback et al.
2002).
Habitat input for the IBM was taken from a study
site on Little Jones Creek, Smith River basin, Del Norte
County, California. This site, described by Harvey
(1998) and Railsback and Harvey (2001), is 184 m in
length with widths typically 8–15 m, and contains a
variety of riffles and pools created by bedrock and logs.
To increase the number of fish in our analysis we made
the simulated habitat twice the length of the study site
by simply repeating the entire reach.
The virtual trout population’s initial abundance (Table 1) approximates the highest midsummer population
typically observed at the site. The IBM was initialized
for 1 July 2000, using typical early July conditions for
the study site: flow of 0.44 m3/s, temperature of 128C,
and negligible turbidity.

Evaluation of habitat quality
We defined a habitat cell’s FP to be the potential
fitness an average trout would experience in the absence of competition. FP values for each cell were calculated separately for each age class of trout. The value
of FP for a cell (and trout age class) is the EM that a
trout of the age class’s mean length would obtain in
the cell, assuming (1) the trout is in good condition;
(2) food intake is not reduced by competition; and (3)
the trout has access to velocity shelter for feeding if
the cell has a nonzero FVS.
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linearities, the natural logarithm and square of the habitat variables were also included as potential independent variables. Some independent variables had zero
values, so we added 0.5 before taking their logarithm.
To accommodate interactions among habitat variables,
we included the products of pairs of habitat variables
(depth 3 velocity, depth 3 DHC, etc.) as potential
independent variables. Cells with zero fish were included in the model-fitting input.
Best-subsets multiple regression was used to identify
the best models of fish density. Akaike’s information
criterion (AIC) was used to select the best-fitting parsimonious model (Burnham and Anderson 1998).
These analyses used PROC REG (SAS Institute 1999).
For all three age classes, there were many combinations
of independent variables that provided nearly equally
good models of DEN, having values of AIC within two
units of the minimum. We verified that the ‘‘best-fitting’’ (lowest AIC) model included the same habitat
variables (but different transformations) and the same
interaction terms as most of the other good models,
then used this best-fitting model to represent DEN.

Evaluation of habitat selection as an indicator
of habitat quality
To evaluate the assumption that DEN is a good indicator of habitat quality, we first used contour plots
to compared how FP and DEN vary with depth and
velocity. These plots identify differences in peaks and
trends between FP and DEN.
The second comparison was made by plotting the
value of FP vs. the value of DEN in each cell, using
the same observations used to model DEN. These plots
provide a direct examination of the relation between
observed DEN and known FP in the virtual trout population. We used three criteria for whether observed
DEN was a good indicator of FP: (1) whether cells with
low densities consistently had low FP, (2) whether cells
with high DEN consistently had high FP, and (3) whether there was a significant, positive relation between
DEN and FP.

Evaluation of habitat selection
Statistical models of DEN were generated from simulated habitat and fish location observed from the virtual trout population for 5 July 2000 (Table 2). We
verified that there was little change in habitat selection
by the virtual trout in the surrounding days. Each age
class was modeled separately. The author who developed the statistical models (H. B. Stauffer) was unfamiliar with how habitat selection is simulated in the
virtual trout population.
The dependent variable was trout density, the number of fish in a cell divided by cell area. The habitat
variables that vary among cells—depth, velocity, DHC,
and FVS—were evaluated for inclusion in the density
model as independent variables. To accommodate non-

TABLE 2.

Summary of data used to model habitat selection.

Cell
characteristic

Mean

Minimum

Maximum

Trout density (fish/m )
Age 0
Age 1
Age 2

0.17
0.053
0.015

0.0
0.0
0.0

1.3
0.60
0.27

Area (m2)
Depth (cm)
Velocity (cm/s)
DHC (cm)
FVS

15.1
35
28
250
0.21

4.0
4
1
0
0.0

42.0
141
148
900
1.0

2

Notes: Observations were made from 174 habitat cells. The
number of cells with zero fish is 97 for age 0, 136 for age 1,
and 159 for age 2.
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We repeated this cellwise comparison of FP and DEN
to test two common assumptions about the relationship
between observed habitat selection and habitat quality:
That observed habitat selection better reflects habitat
quality when (1) population density is high (so more
of the ‘‘usable’’ habitat is occupied), and (2) habitat
quality is generally low (so the population is more
‘‘habitat limited’’). The first assumption was tested by
examining FP vs. DEN with one-third of the fish abundance shown in Table 1. The second assumption was
tested by examining FP vs. DEN from simulations in
which the best habitat for adult trout (deep pools) was
replaced by shallower, faster habitat. Railsback et al.
(2002) showed (using the same IBM) that this ‘‘no
pools’’ habitat produced substantially lower growth and
abundance of adult trout.

Comparison of habitat quality and selection
as predictors of population response
We conducted simulation experiments to contrast
how well FP and DEN predict population response to
changes in habitat. The experiments used a sensitivity
analysis approach, simulating population response over
a range of stream flows. The first (‘‘low-flow’’) experiment examined flows over a range including the
flow (0.44 m3/s) used to model DEN, but the second
(‘‘high-flow’’) experiment examined higher flows.
For the low-flow experiment, we simulated the virtual trout population at stream flows from 0.3 to 1.0
m3/s at increments of 0.1 m3/s. As flow increases, cell
depths and velocities generally increase and additional
cells become available as the stream widens. We evaluated the response of each age class over a 90-d period
of steady flow and temperature.
We examined a measure of trout population response
chosen to match the objective trout use in selecting
habitat, making this measure as directly related to habitat choice as possible. The virtual trout select habitat
with the objective of maximizing EM, which for trout
near and above the minimum size of reproductive maturity (our age-1 and age-2 trout) is essentially the
trout’s expected probability of survival over a time horizon. Therefore, for age-1 and age-2 trout, we used
survival rate over the 90-d simulation (number of trout
alive at the end of the simulation divided by the initial
number) as the population response variable. For age
0, EM encourages trout to seek habitat providing
growth as well as survival, so for age-0 trout we used
production (change in total biomass of the age class)
as the response variable. Because survival is partially
stochastic, we compared the flow scenarios using 20
replicate simulation runs that differed only in the random numbers used in mortality simulations.
At each flow rate, we evaluated the FP in each habitat
cell for an average fish of each age class and evaluated
the density of each age class from our statistical models
of DEN. Overall DEN and FP for the total simulated
stream is the area-weighted mean over all cells. If the

density model predicted a cell to have negative density,
we set the cell’s DEN to zero.
Some of the simulated population responses to flow
may occur because stream area increases with flow. To
eliminate this effect, we (1) adjusted the initial trout
abundance so all simulations started with the same trout
density (number per total stream area), and (2) divided
production of age-0 trout by stream area before analysis.
The high-flow experiment was identical to the lowflow experiment except that flows ranged from 2.0 to
6.0 m3/s at intervals of 1.0 m3/s. This experiment was
designed to determine whether the habitat selection
model is less successful at predicting population response under conditions less similar to those occurring
when the data used to fit the statistical model of DEN
were observed. (This experiment also typifies a common application of PHABSIM: using a model developed at low flow to assess the need for higher flow
releases from existing dams.)
RESULTS

Relation between habitat quality
and habitat selection
DEN models.—The statistical models of DEN included all four habitat variables as predictors of age-0
and age-1 trout density (Table 3), and had more nonlinear than linear terms. The model for age 0 included
four interaction terms, but the age-1 model included
only one (depth 3 FVS). For age-2 trout density, DHC
and FVS appeared only in the interaction terms. The
statistical models explained about half the variation in
observed trout density, with r 2 between 0.45 and 0.54.
Variation in FP and DEN over depth and velocity.—
Contour plots for each age class (Fig. 1) compare how
FP and DEN vary over wide ranges of depth and velocity, for trout with access to nearby hiding cover and
velocity shelter for feeding. For each age class, there
are qualitative differences between FP and modeled
DEN. For age-0 trout, FP is highest at high depths, yet
DEN is greatest at low depths and zero in the range
where FP is highest. For age-1 trout, FP is highest at
low to intermediate velocity and high depth, while DEN
peaks at intermediate depth and increases continuously
with velocity. Similarly, FP for age-2 trout is highest
at low to intermediate velocity and high depth, but DEN
increases continuously with velocity and depth. (These
plots are not comparable to PHABSIM ‘‘preference criteria’’ because of differences between our habitat modeling methods and those typically used in PHABSIM.
Especially, we use cell-average velocity and treat velocity shelter as a separate variable, whereas PHABSIM
criteria use velocities observed at the fish’s exact location.)
Habitat selection as an indicator of habitat
quality.—The fish densities observed from IBM habitat
cells have little relation to FP in the same cell (Fig. 2).
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Habitat selection models.
Parameter values

Parameter

Age 0

Age 1

Intercept
Depth
ln(Depth 1 0.5)
(Depth)2
Velocity
(Velocity)2
DHC
(DHC)2
FVS
ln(FVS 1 0.5)
(FVS)2
Depth 3 velocity
Depth 3 DHC
Depth 3 FVS
Velocity 3 DHC
Velocity 3 FVS

4.58
0.00606

0.212
0.0115
20.152
0.0000586
0.000408

Model statistics
r2
Adjusted r2
Root MSE

20.0000218
20.00661
0.0000425
20.00154
1.10 3 1026
210.4
6.13
4.13
20.0000993
9.77 3 1026
20.0105
7.82 3 1026

0.54
0.50
0.19

Our first criterion for whether DEN is a good indicator
of FP—whether cells with low densities consistently
have low FP—is clearly not met. For all age classes,
there are a number of cells with low or zero trout density but higher FP than many of the occupied cells. Our
second criterion for DEN as an indicator of FP—whether cells with high observed densities consistently have
high FP—is partially met. In general, cells with high
DEN have high FP. However, for ages 0 and 1 many
of the cells with highest density have FP well below
the maximum. Finally, for none of the age classes is
there a strong, positive relation between observed density and FP. Fig. 2 indicates that it would be risky to
assume, for example, that habitat cells with highest
density clearly have higher FP than cells with half (or
even one third) the maximum density. For cells with
nonzero density, the slope of FP with DEN is significant
only for age-0 trout (P . 0.5 for age 1 and 2). However,
age-0 density explains only 24% of the variation in FP
and the slope is low.
To support the assumption that FP is proportional to
DEN (e.g., that a 50% increase in DEN indicates a 50%
increase in FP), there must be a linear relation between
FP and density and FP must be zero when density is
zero. Our results do not support such an assumption.
Our comparison of FP vs. DEN with trout abundance
reduced by two-thirds (Fig. 3, left column) does not
consistently confirm the assumption that habitat selection better reflects habitat quality at high densities. For
age-2 trout, the relation between FP and DEN appears
stronger at higher fish density (Fig. 2 vs. Fig. 3). At
the reduced abundance, all age-2 trout occupied cells
of equally high FP. However, for age-0 and age-1 trout,
the relation between FP and DEN was, if anything,
clearer at low abundance.

20.000445
4.75 3 1026

Age 2
0.00431
20.000585
0.0000138
3.96 3 1026

20.156

0.00493

0.45
0.42
0.09

20.000789
29.82 3 1027
0.00168

0.46
0.44
0.04

Similarly, we found little support for the assumption
that habitat selection better reflects habitat quality
when overall habitat quality is low (Fig. 3, right column). With high-quality pools removed, the relation
between FP and DEN may be slightly stronger for
age-2 trout (Fig. 3 vs. Fig. 2), but there was little qualitative change in this relation for other age classes.

Comparison of habitat quality and selection as
predictors of population response
Low-flow experiment.—These experiments tested
whether the areal mean FP and DEN could predict population response over a range of flows. The low-flow
experiment examined flows near the flow at which DEN
was modeled. Over these flows, age-0 trout production
actually declines as FP and DEN increase (Fig. 4A, B).
For age-1 and age-2 trout, there are strong, positive
relations between survival and both FP and DEN (Fig.
4C–F). For both FP and DEN, the intercept of the relation is large (.0.6) for age-1 and age-2 fish, indicating that survival was not proportional to FP or DEN.
Logically, we expect survival to approach zero as FP
or DEN approaches zero, which would not occur if the
relations in Fig. 4C–F were extrapolated linearly back
toward zero—evidence that population response is not
linear with respect to these habitat measures over wide
ranges.
High-flow experiment.—The second experiment produced qualitatively different results. When stream flow
was varied from 2.0 to 6.0 m3/s, population response
was positive with respect to FP for age-0 and age-2
trout (Fig. 5A, E). However, population response was
negative with respect to DEN for these two age classes
(Fig. 5B, 5F). For age-1 trout, population survival was
not clearly related to either FP or DEN (Fig. 5B).
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FIG. 1. Variation in FP (left column) and DEN (right column) over depth and velocity for average age-0, age-1, and
age-2 virtual trout. The value of DHC is 100 cm, and trout have access to velocity shelters (FVS 5 0.5).

DISCUSSION

Relation between habitat selection
and habitat quality
Our analyses confirm the two ‘‘fatal flaws’’ of habitat
selection modeling identified by Garshelis (2000), especially the riskiness of assuming that observed habitat
selection reflects the intrinsic quality of habitat. With

habitat quality defined as the fitness potential a habitat
cell offers an individual in the absence of competition
(FP), and fish actively selecting the habitat that offers
highest available fitness potential, we found no strong
relation between FP and DEN. When we used trout
density observed from the virtual population to fit statistical models of DEN, we found substantial differences in how modeled DEN and FP vary over habitat
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FIG. 2. Relation between FP and DEN observed in the
IBM on one day, for age-0, age-1, and age-2 trout. Each point
represents one cell, with DEN equal to the number of fish in
the cell divided by cell area.

gradients (Fig. 1). In a direct comparison of FP and
observed fish density in each habitat cell (Fig. 2), cells
with highest densities generally had relatively high FP,
but for none of the age classes was there a strong,
positive relationship supporting the assumption that an
increase in DEN reflects an increase in FP. These results
were consistent even when fish abundance and overall
habitat quality were strongly altered. These differences
between FP and modeled DEN occurred despite com-
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plete knowledge of the scales and variables driving
habitat selection.
The simplest explanation for the lack of close, positive relations between FP and DEN is competition for
food and velocity shelters. A cell offering high FP in
the absence of competition may actually offer low fitness potential after larger fish have consumed the cell’s
food or velocity shelter space. Most fish are forced to
use cells with lower quality than they would in the
absence of competitors (as observed in real trout by
Gowan and Fausch 2002). Because the largest fish are
the best competitors and use the most resources per
individual, competition tends to produce low densities
of large fish in the highest quality habitat.
However, competition does not explain the weak
relation between DEN and FP observed even among
age-2 trout, the dominant competitors. We also identified the following seven reasons why density was
sometimes low in habitat with high fitness potential,
yet habitat with relatively low fitness was sometimes
occupied; and why there was no positive linear relation
between FP and DEN. These reasons also apply to real
animal populations in which habitat selection is driven
by spatial variation in growth potential and mortality
risk and individuals compete via dominance hierarchies.
Unused habitat.—The number of age-2 trout appears
too small to use all the available high quality habitat.
This effect (also noted by Tyre et al. 2001) can explain
why some patches of high quality habitat have low
animal density. Factors other than habitat may commonly keep abundance too low for all high quality
habitat to be occupied.
Individual variability.—The fitness value of habitat
can vary sharply with animal size (compare among ages
in Fig. 1). Individual variation in size and, therefore,
the fitness benefits of various habitat types, undoubtedly introduces variability in the relation between density and fitness potential.
Discontinuous nature of habitat selection.—Animals
do not necessarily have a continuous gradient of habitat
quality to select from. Once a high quality patch is
fully occupied by dominant individuals, the next-mostdominant individuals are forced to occupy the patch
with next-best quality, whether that patch offers fitness
5% less or 50% less than that of the best patch.
Nonlinear relations between habitat quality and resource availability.—Habitat with highest food availability does not necessarily provide highest fitness. An
individual can use only a limited amount of food, so
increasing food availability does not necessarily result
in higher fitness, but it can increase the density of animals a patch can support. Consider two patches, the
first with low mortality risks but food sufficient only
for one individual, and the second with higher mortality
risks but much more food. The first patch provides
higher fitness for the first individual, offering sufficient
food and lower risks. However, additional individuals
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FIG. 3. Relation between FP and DEN observed in each cell, with virtual trout abundance reduced by two-thirds (left
column) and with deep pools removed from the modeled habitat (right column).

will use the second patch (because no food remains in
the first), and at higher densities than in the first patch
(because food is available for more animals). Such nonlinear relations between resource availability and fitness potential can cause density to vary widely even
over narrow ranges of habitat quality.
Variation in food ‘‘catchability’’ or quality.—Habitat conditions that make food easy to catch can offer
higher fitness to the first individuals while supporting
lower densities. For example, a cell of low velocity
allows a drift-feeding trout to catch food over a large
area. A few trout may consume all the food, providing
them with high fitness. In contrast, a cell with the same
amount of food but with higher water velocity limits
each fish to feeding over a smaller area. The highvelocity cell provides lower fitness to each fish because
the difficulty of catching food limits food intake, but

fish density can be higher because each fish uses up
less of the available food. Similar effects have been
observed in mammals. Hobbs and Swift (1985) found
that deer habitat with small amounts of high quality
food provided higher fitness but supported lower densities than other habitat. Powell (1994) found that fishers spent little time in the habitat where they caught
their primary prey, the easily caught porcupine, and
more time in habitat where they hunted hare, which is
less important to fisher diet but more difficult to catch.
Consequently, the fishers were more likely to be observed in the lower-quality hare habitat.
Uncontested resources.—Relations between habitat
quality and selection can be confounded by resources
that are abundant and therefore have little effect on
density (Garshelis 2000). In the virtual trout population, velocity shelters for feeding and hiding cover have
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FIG. 4. Relation between habitat and virtual population response over 90 d in the low-flow sensitivity experiment. Habitat
variables are areal average FP (left column) and areal average DEN (right column). The population response variable for
age-0 trout (A and B) is biomass production per area (g/m2). For age-1 (C and D) and age-2 (E and F) trout, the population
response variable is the survival rate. Population response is mean of 20 replicate runs; error bars represent 6 1 SE.

strong effects on fitness. However, velocity shelter
space is relatively abundant and there is no competition
for hiding cover, so fish density is much more likely
to be limited by food availability. Uncontested resources may have important effects on fitness benefits offered by a habitat patch, but animal density in the patch

is more likely limited by resources like food that individuals deplete.
Limited knowledge of the habitat.—While mobile animals may explore large areas over their lifetime, they
have limited knowledge of current conditions in surrounding habitat, especially for short-term habitat se-
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FIG. 5. Relation between habitat and virtual population response in the high-flow sensitivity experiment. Figure format
is identical to that of Fig. 4.

lection decisions. Therefore, it is possible that an animal may not use habitat offering higher quality simply
because the habitat is too far away to know about with
adequate certainty.
In addition to the above ecological explanations, the
different trends in FP and DEN over habitat variables
observed in Fig. 1 may result in part from statistical
uncertainty in our models of DEN. Uncertainty is es-

pecially a concern in modeling DEN at high depth and
velocity: in our virtual population (as in real streams),
fewer observations are available at habitat extremes.
Artifacts of cell size are a potential confounding factor in the relation between FP and DEN that appear
not to be important in this study. Consider two cells
in which conditions are such that 2 m2 of cell area is
needed to support each trout. If one cell has an area of
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3.5 m2, it can support only one trout, with a resulting
density of 0.3 fish/m2. If the second cell has an area of
4.1 m2, it can support two trout, at a density of 0.5 fish/
m2. The apparent difference in density is an artifact of
cell area. Such artifacts could induce noise in the relation between FP and DEN, and tend to make density
of large fish lower in smaller cells. To determine whether cell size has an important effect on this relation, we
included cell size as well as observed density in stepwise regressions of FP. These analyses used the data
presented in Fig. 2, including only cells with non-zero
densities. Cell size did not enter the stepwise regression
as a significant covariate for any of the three age classes, indicating that artifacts of cell size are not an important cause of the weak relation between trout density
and FP.
We expect that the relationship between habitat quality and selection varies with the scale used in the comparison. In our study, DEN and FP were evaluated at
the same scale that individual animals use in selecting
habitat, so competition among individuals is an important complicating factor. At much larger scales, animal density may be more closely related to changes
in habitat quality (e.g., to large-scale variation in availability of food and hiding cover; Morris 1987).

Ability of FP and DEN to predict
population responses
One important result of the low-flow sensitivity
experiment, in which we simulated small changes in
habitat by varying stream flow, is that the response of
age-0 trout was opposite that predicted by both FP and
DEN. There is sufficient overlap in habitat between
age-0 and older trout that providing higher average FP
(or DEN) for age-0 trout actually reduced their production by increasing competition with larger trout.
This result suggests that for animals with low ability
to compete for habitat, habitat selection models such
as PHABSIM can be misleading predictors of responses to habitat alteration.
For age-1 and age-2 trout in the low-flow sensitivity
experiment, population response was positively related
to both FP and DEN, with DEN explaining more variation in population response than FP. However, the
high-flow experiment showed that DEN can be a misleading predictor of population response to more than
minor changes in habitat availability: the age-2 survival
rate followed the trends indicated by FP, not DEN. This
result indicates that the common practice of using habitat models (such as PHABSIM ‘‘suitability criteria’’)
at different sites or over wide flow ranges can incorrectly predict even the direction in which population
responds to habitat change.
That DEN more closely correlated to population response than FP in the low-flow experiment yet incorrectly predicted population trends in the high-flow experiment is not surprising. In the virtual trout population and, presumably, in populations of real animals
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that are good at finding habitat that provides high fitness, habitat selection is an emergent property of the
habitat quality function (how the fitness potential of an
individual animal varies with habitat characteristics),
habitat availability (the characteristics of the available
habitat patches), the number and characteristics of the
individual animals, and how the animals compete. In
the low-flow experiment, we held all these factors constant except for making small changes in habitat availability, so it is not surprising that the DEN observed
at a flow of 0.44 m3/s was a good predictor of habitat
use and trout production over flows of 0.1–1.0 m3/s.
The high-flow experiment, however, made larger
changes in habitat availability. At least three factors
explain why modeled DEN was a poor predictor of
population response under different habitat conditions.
First, we extrapolated the DEN models beyond the
data ranges used to fit them. Extrapolation error was
especially likely for age-1 and age-2 fish, for which
DEN increases with velocity (Fig. 1).
Second, if we consider habitat selection as emerging
from habitat availability and other factors, we expect
the relation between DEN and habitat variables to
change as habitat availability is altered. In fact, when
we model DEN from habitat selection observed in the
virtual trout at a high flow (4.0 m3/s), we find it differs
from the original DEN model (Fig. 6; compare to Fig.
1). Compared to density modeled at 0.44 m3/s, age-0
density at the higher flow peaked at greater depth. This
shift in peak density occurs simply because more deep
habitat is available: fitness for age-0 trout increases
with depth (Fig. 1), and at higher flow there is not only
more deep habitat, but more deep habitat unoccupied
by larger trout. Density of other age classes changed
but retained similar general trends over depth and velocity.
Third, the importance of habitat as a factor determining population response can change as habitat
availability changes. Age-1 and age-2 survival varied
over a much smaller range in the high-flow experiment,
indicating that habitat had less effect at the higher
flows. A simple mechanism provides a likely explanation: at higher flows, more food is available in most
cells, so more fish can inhabit the cells offering lowest
mortality risk. With fewer fish inhabiting marginal
cells, the population is less subject to habitat effects.
In fact, we observed that the density of fish in occupied
cells was higher at higher flows, especially for age-1
trout.
Even though population response was correlated
with DEN in the low-flow sensitivity experiment, DEN
models are not often useful for predicting population
response to habitat alteration. In no case was population
response proportional to DEN (or FP), which means
that the slope and intercept of the relation between
average DEN and population response must be known
to predict population response from a change in the
availability of selected habitat. However, the slope and
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intercept can only be known by manipulating habitat
and observing population response, which makes habitat modeling unnecessary.

Limitations of habitat modeling

FIG. 6. Habitat selection in the virtual trout population at
high flow. This figure is identical to the right column of Fig.
1, except that DEN was modeled from observations taken at
a flow of 4.0 m3/s. Mean density (fish/m2) is constant between
Fig. 1 and this figure.

In our experiments, we encountered the following
problems that appear to be inherent limitations of habitat modeling as a way to predict consequences of habitat alteration.
1) Relations between habitat selection and habitat
variables can be too complex to model well statistically. Even with uncertainties eliminated by using a
virtual population, we could explain only half the variation in density (Table 3). Similarly, Hirzel et al.
(2001) and Tyre et al. (2001) found high levels of unexplained variation in statistical models of habitat occupancy fit to synthetic data with no measurement error.
One cause of this complexity is that cells with very
different habitat characteristics can provide equal fitness (Fig. 1).
2) Factors other than habitat have important effects
on population response. Competition among individuals can strongly affect population response, and competition can create complex secondary effects of habitat
alteration such as the negative relation between DEN
and age-0 trout production observed in our sensitivity
experiment. In our high-flow sensitivity experiment, FP
and DEN had little or no effect on survival of some
age classes.
3) Observing habitat selection over sufficient ranges
and combinations of habitat variables is difficult, and
extrapolating habitat selection models is difficult to
avoid. Hundreds of unique observations are needed to
capture all combinations of even a few variables. Typically a habitat model is fit to data collected under one
set of conditions (e.g., one stream flow), making extrapolation unavoidable when applying the model to
any other conditions.
4) The most dominant animals are often of greatest
interest and, because they have high fitness, their habitat selection may be important to model. However, the
most dominant animals are observed least often and in
the smallest range of habitat because they are rare and
occupy only the best habitat.
5) Habitat selection (and the fitness value of habitat
to individuals) varies over time, yet habitat selection
models do not consider time. For example, habitat selection by trout varies with such factors as temperature
and day length (Vondracek and Longanecker 1993),
food availability (Wilzbach 1985), fish size (Everest
and Chapman 1972), and the density of competitors
and predators (Fausch and White 1986, Brown and
Moyle 1991, Rosenfeld and Boss 2001). The dependence of habitat selection on factors that change over
time makes habitat selection models difficult to use or
test. We also do not know the time scale over which
observed density–habitat relations are appropriate—
does density vary with habitat over days, months, or
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years? The typical approach to using these models is
the one we were forced to use in the sensitivity experiments: unrealistically assuming that all factors affecting habitat selection are constant.
6) Habitat selection models typically predict response variables of limited or unclear meaning. Our
DEN model predicts the density of trout in each habitat
cell; for comparison to population-level responses, we
had to aggregate the predicted density in each cell into
a predicted response over the entire stream reach. We
encountered such issues as (1) whether to assume there
is an integer number of fish in each cell or whether to
assume, for example, that two cells that each are predicted to contain 0.5 fish total to contain one fish; and
(2) whether negative predicted densities should be
treated as zero fish per cell. Likewise, we assumed the
spatial mean of FP as an aggregate measure of habitat
quality, whereas other measures (e.g., the total area of
cells having high fitness potential) might be more appropriate. These kinds of unsupported assumptions are
required to obtain testable predictions from habitat
models. Furthermore, density predicted from a DEN
model provides no information on important variables
like population production, sustainable harvest rate, or
probability of extinction.
CONCLUSIONS
Our experiments evaluated the potential usefulness
of habitat selection modeling for assessing the fitness
potential provided by habitat and for predicting population responses to habitat alteration. In our virtual
trout population, only two habitat selection modeling
assumptions were supported:
1) Highly selected habitat usually has relatively high
individual fitness value; and
2) Population response varies positively with the
availability of selected habitat if the assessment involves only small changes in conditions (e.g., habitat
availability, animal density) from those used to model
habitat selection and if the animals are not subject to
strong competition for their selected habitat.
A number of habitat modeling assumptions were
contradicted by our experiments. We conclude that:
1) Unoccupied habitat with low selection cannot be
assumed to provide low fitness potential.
2) The fitness potential of habitat cannot be assumed
to vary with habitat selection—a gradient in observed
density does not necessarily indicate a gradient in habitat quality.
3) The ability of habitat selection to represent fitness
potential cannot be assumed to improve when animal
density is high or when overall habitat quality is low.
4) Population response cannot be assumed to vary
positively with the availability of selected habitat for
animals that are subject to strong competition for habitat (e.g., juveniles).
5) Population response cannot be assumed to vary
positively with the availability of selected habitat when
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conditions (habitat availability, population density,
competitive conditions) are substantially different from
those used to model habitat selection.
6) Population response to habitat alteration cannot
be quantitatively predicted by habitat selection modeling, even if population response is linear with the
availability of selected habitat. The slope and intercept
of population response with respect to availability of
selected habitat varies unpredictably among sites.
Given our conclusion that little can be inferred about
the fitness value of habitat from observed habitat selection, we join previous authors (e.g., Hobbs and Hanley 1990) in recommending that habitat selection studies be supplemented with mechanistic approaches to
understanding the fitness value of habitat. Learning
how key fitness elements like growth, survival, and
reproductive success depend on habitat characteristics
seems more likely to produce general and reliable results than is habitat selection modeling alone.
However, we also conclude that there are inherent
limitations to the overall approach of predicting population changes from habitat alone. This study illustrates that even complete and accurate knowledge of
how individual fitness varies with habitat characteristics is inadequate for predicting population response in
many situations. Models like IBMs that represent individual variation and competition in addition to habitat effects, and consider temporal variation, may be
necessary to capture the key mechanisms driving population response to major changes in habitat. For stream
salmonids, neither habitat-based nor individual fitnessbased models have been tested convincingly, with predicted population responses to habitat alteration being
developed and then tested against field data.
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Stream Restoration Benefits
J. Craig Fischenich
ERDC Environmental Laboratory, U.S. Army Corps of Engineers, Vicksburg, Mississippi, USA

More than 1 billion dollars is spent annually restoring degraded streams and rivers
in the United States alone because of the perceived value that healthy streams and
rivers provide. Despite this immense investment, quantifying the beneﬁts from these
projects is often neglected. Without this step, it is difﬁcult to compare restoration
alternatives, prioritize projects, and determine the real returns on investment. While
there are many factors that make quantiﬁcation difﬁcult, a more rigid adherence to
and acceptance of the beneﬁts assessments process will improve the ability of
practitioners and sponsors to assess the value of their investment. Further, current
practice can be improved with the explicit use of conceptual models, establishment
of clear objectives and associated metrics, better predictive tools, quantiﬁcation of
uncertainty, more structured decision methods, and adaptive management. This
chapter provides both a theoretical foundation and a practical framework for the
vital process of assessing the beneﬁts of stream restoration projects.
1. STATE OF THE PRACTICE

these techniques are effective or sustainable over a signiﬁcant period of time [Frissell and Nawa, 1992; Roper et al.,
1997; Pretty et al., 2003; Roni et al., 2005].
In light of the above ﬁndings, it is not surprising that we
have yet to fully account for the return on investment for
completed projects. However, several studies have been completed that provide an indication of some of the economic
beneﬁts that can be derived from stream restoration and
stewardship. Valuation methods have been used to quantify
the value of ﬁsheries as a way of estimating restoration
beneﬁts [Dalton et al., 1998; Stevens et al., 2000; Morey et
al., 2002]. Studies have shown that urban stream restoration,
riparian corridors, and storm water best management practices improve nearby property values [Wiegand et al., 1986;
Paterson et al., 1993; U.S. Environment Protection Agency
(U.S. EPA), 1995; Streiner and Loomis, 1996; Center for
Watershed Protection, 1997], while willingness to pay surveys shed light on the broader value of stream restoration
[McDonald and Johns, 1999; Basnyat et al., 2000; Collins et
al., 2005; Weber and Stewart, 2009].
Within the private sector, no standard of practice has
emerged, and there are few requirements to identify, quantify, and present the beneﬁts of stream restoration projects.
Studies consistently demonstrate that most projects fail to

Recent studies and the development of a comprehensive
database of more than 37,000 projects show that although
over 1 billion dollars is spent on restoration projects each
year [Bernhardt et al., 2005; Wohl et al., 2005], the overwhelming majority of these projects do not have explicit
success criteria, and even fewer projects have postconstruction validation to ensure that the intended project goals are
being achieved [Kondolf, 1995; Kondolf and Micheli, 1995;
Thompson, 2006; Brooks and Lake, 2007; Palmer et al.,
2007]. In the few cases where systematic project assessment
and monitoring were performed, it was found that half or
more of the projects failed to meet the intended goals and
design criteria [Kondolf and Downs, 2004]. Reviews of
habitat restoration efforts focusing on the emplacement of
in-stream structures have generally found little evidence that
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articulate clear objectives [Kondolf and Downs, 2004; Palmer
et al., 2007], so it should come as no surprise that they also
fail to quantify the anticipated beneﬁts. Indeed, the nature of
project formulation generally precludes the need for evaluating beneﬁts; a funding entity decides a stream reach should
be restored for whatever reason and engages a professional to
develop and implement a design. There is little incentive for
the professional to further justify the effort.
Current stream restoration practice usually proceeds with
the identiﬁcation of problem reaches of streams that can be
“ﬁxed” by applying methods that have demonstrated success
in the past. Streams and riparian corridors are generally
viewed as consisting of “good” sections interspersed with
“poor” segments, and it is often believed that the system can
be improved by making the poor segments good. Determining how best to stabilize a stream reach while concurrently
affording the greatest habitat for the species of interest, and
even the desired age cohort of the species of interest, has
become the focus of most conventional restoration efforts.
Federal, state, and other public water resource projects are
developed under a variety of laws, policies, and institutional
directives that sometimes stipulate the application of certain
methods for the quantiﬁcation of beneﬁts (or impacts). The
principles and guidelines (P&G) of the U.S. Water Resources
Council [1983] provide the main basis for evaluating potential
federal water resource projects and their alternatives. The
P&G has guided the U.S. Army Corps of Engineers (USACE),
Bureau of Reclamation, Natural Resource Conservation Service, and Tennessee Valley Authority (TVA) in project formulation since 1983. The analyses of government-funded
stream restoration projects depends upon the agency and
program, but generally centers upon the manipulation of
habitat or, occasionally, changes in water quality. In the case
of restoration actions associated with mitigation, an assessment of the quantity and quality of habitat produced is
usually required.
Habitat-based approaches generally have roots in the Habitat Evaluation Procedure (HEP). HEP was developed in
1980 in response to the need to document nonmonetary
values of ﬁsh and wildlife resources. It is based on the
fundamental assumption that habitat quality and quantity can
be numerically described using Habitat Suitability Index
(HSI) models. HSI models summarize the conceptual understanding of habitat preferences of a target species scaled
between 0.0 (no habitat) and 1.0 (ideal habitat) as functions
of selected environmental variables, based on various
sources of information [Storch, 2002]. In-stream ﬂow methods and tools (e.g., Instream Flow Incremental Methodology
(IFIM) and Physical Habitat Simulation System (PHABSIM)
[Bovee, 1982]) developed by biologists and hydrologists
working for regulatory agencies quantify changes in habitat

as a function of discharge, utilizing HSIs as a basis for
determining habitat quality [Annear et al., 2002].
HSI-based methods have received much criticism because
they use arbitrary classiﬁcation and narrow habitat preference schemes, are rarely validated with independent data, are
not readily transferable across systems due to scale and
behavioral issues, involve species of dubious relevance or
importance, assume that populations respond in lockstep
with habitat availability, or cause complicated trade-offs
[Roloff and Kernohan, 1999; Ferrier, 2002; Gurnell et al.,
2002]. Two major ﬂaws exist in the assumptions of HSI
models [Railsback et al., 2003]: ﬁrst that a species uses the
selected habitat type, even if other habitats were available
and second that the selected habitat provides the resources
for a population to reach a sustainable carrying capacity.
Despite widespread use, controversy has also accompanied
the IFIM, in particular, the hydraulic and habitat models
(PHABSIM) [Mathur et al., 1985; Scott and Shirvell, 1997;
Kondolf et al., 2000; Hudson et al., 2003]. A multiauthored
review produced divergent opinions regarding the scientiﬁc
defensibility of PHABSIM [Castleberry et al., 1996].
Methods for beneﬁts analysis providing alternatives to the
habitat-based tools described above have been developed,
and others are emerging. Improvements have also been
made to the habitat-based methods, especially in the use of
community- rather than species-based index models and in
applications that recognize serially changing needs in complex life histories or settings with distinct seasonality. Several federal agencies have invested heavily in research to
develop tools and methods for valuing ecosystems and for
conducting beneﬁts analyses for aquatic ecosystem restoration projects. The gulf between the state of the science and
practice in this area is indicative of the recent growth of the
ﬁeld and the interest in the topic.
2. ECOSYSTEM ORGANIZATION AND
THE ASSIGNMENT OF VALUE
The National Research Council (NRC) [1992, p. 18]
deﬁned restoration as “the return of the form and function
of an ecosystem to its pre-disturbance condition.” While
other deﬁnitions have been advanced that capture various
nuances of restoration, the reference to form and function is a
common theme and is useful for conceptually organizing
ecosystems. Ecosystem form, or structure, refers to both the
composition of the ecosystem and to its physical and biological organization [NRC, 2005]. Structural characteristics vary
in time and space, are unique to each system, and include, for
example, stream morphology, size and distribution of bed
sediments, composition of the riparian vegetation community,
and the stream’s hydrodynamic signature.
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Ecosystem functions are the physical, chemical, and biological processes that create and sustain an ecosystem [Fischenich, 2005]. Functions include, for example, movement of
water and sediment, decay of organic matter and cycling of
nutrients, and growth and development of the organisms utilizing the ecosystem. Functions are largely responsible for the
“self-organizing” and dynamic characteristics of ecosystems.
Structure and function are closely linked in river corridors
such that change to one is likely to affect the other.
The term ecosystem services emerged in the early 1980s to
describe human-valued uses of ecosystems [Mooney and
Ehrlich, 1997]. These uses are a derivative of the system’s
functions and structural characteristics and can be direct (e.g.,
recreational ﬁshing, potable water, and transportation) or
indirect (e.g., nutrient retention, ﬂood control, and habitat
provision). Several efforts have been made to deﬁne ecosystem services for streams and other aquatic ecosystems, but a
consensus has yet to emerge.
Values are an estimate, usually subjective, of worth, merit,
quality, or importance. Values can be expressed in economic
(monetary) terms or using other (generally qualitative)
means. Ecosystem values can be related to directly consumed outputs, such as water, food, recreation, or timber; or
indirect uses that arise from the functions occurring within
the ecosystem, such as habitat, water quality, and ﬂood
control. Thus, values are derived from certain ecosystem
characteristics that, in turn, are determined by the underlying
functions. Values can thus be applied to the ecosystem itself,
to one or more of its structural elements or functions, or to
any of the derived uses (services).
Farber et al. [2002, p. 387] state, “As humans are only one
of many species in an ecosystem, the values they place on
ecosystem functions, structures and processes may differ
signiﬁcantly from the values of those ecosystem characteristics to species or the maintenance (health) of the ecosystem
itself.” The basis for those values can be instrumental, subjective, or intrinsic [Sagoff, 1996]. The instrumental value of
streams stems from the fact that they provide products and
services necessary for human well-being. Streams also have
subjective value insofar as people happen to want, like, and
enjoy them; at least this is the case for healthy streams.
The intrinsic value of streams lies in the belief that they
have value for their own sake, beyond that which can be
ascribed to anthropocentric needs. This latter view has a
cultural basis for Americans who, regardless of religious
faith, tend to consider nature sacred and deserving protection
[Kempton et al., 1995]. Intrinsic values also have a pragmatic
foundation; they promote ecological sustainability because
they implicitly value future ecosystem uses that may not be
highly valued in the present, but prove critical in time.
Potential future values, spiritual qualities, aesthetics, the abil-
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ity of exposure to natural settings to attenuate stress, inspire
art, or catalyze maturation, as well as other, related roles
cannot be easily monetized or quantiﬁed, but they are important and discussed by growing literatures [e.g., Freeman,
1993; NRC, 2005].
Figure 1 provides a schematic representation of the relationships among ecosystem structure and functions, ecosystem services, and the ways in which systems can be valued.
The ﬁgure also introduces three fundamental strategies for
organizing metrics used in beneﬁts analyses. These include
an approach based upon an assessment of the functional
condition of the overall ecosystem, one based on an assessment of services, and an objective-based approach that focuses on functions and conditions directly related to the
project objectives. These strategies are developed further in
the following sections.
3. BENEFITS ASSESSMENT FRAMEWORK
Quantiﬁcation of stream restoration beneﬁts requires a prediction of changes in the state or condition of streams over
time and assignment of a value to those changes. Motivation
for assessing the beneﬁts is generally one or more of the
following: (1) to justify spending on restoration initiatives,
(2) to prioritize restoration projects in the face of limited
budgets; (3) to compare the beneﬁts of different alternatives,
projects, or programs; (4) to maximize the environmental
beneﬁts per dollar spent; and (5) to ensure that mitigation
requirements are met or to calculate banking credits.
Results that emerge from a beneﬁts assessment are fundamentally inﬂuenced by the way in which the beneﬁts question is framed. To provide meaningful input to decision
makers, it is important that computed beneﬁts and costs
reasonably reﬂect important changes that occur to the ecosystem as a consequence of the restoration actions. The
general strategy best suited to characterizing the beneﬁts and

Figure 1. Organization of potential valuation metric sets and characterization strategies.
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selection of the appropriate analysis scales are also important
considerations that must be addressed for all projects.
3.1. Benefits Measure Change
Restoration does not create new ecosystems, but rather
causes a change or changes in the condition or character of
ecosystems over time. It is important to note also that ecosystems are not static; their condition changes over time in
response to both natural and anthropocentric inﬂuences.
Consequently, the appropriate basis for evaluating project
beneﬁts is the changes over time in the “state” of the ecosystem, as reﬂected by key metrics. Figure 2 shows the basis for
comparison that serves as a benchmark for discussions in this
chapter. The baseline is referred to as the future withoutproject (FWOP) condition and is represented by the projected system beneﬁts over the planning time frame (50 years
in this example) in the absence of any action. The incremental beneﬁt afforded by each of the alternatives is the area
between the beneﬁt curve for a given alternative and the
curve for the FWOP condition.
In cases for which beneﬁts are monetized, the area under
the curve in Figure 2 is a net economic beneﬁt that can be
expressed in terms of total dollars and can be converted to a
present value, average annual value, etc., by applying basic
economic formulae. In those instances, relative ranking of
the alternatives is clear-cut, and determination of overall
project worth can be made by dividing the project beneﬁts
by the costs, yielding a beneﬁt/cost ratio or by calculating the

net difference between beneﬁts and costs. The latter approach is used for federal projects.
Difﬁculties in assignment of monetary values to ecosystems have limited the application of beneﬁt cost methods for
ecosystem restoration projects. When the units for metrics
are not dollars, other decision support methods may be needed to evaluate alternatives. Techniques such as cost effectiveness evaluations and incremental cost assessments are often
used as a way of comparing alternatives for which the beneﬁts are described using a nonmonetary metric. Various Multi
Criteria Decision Analysis (MCDA) methods can be helpful
when there is not a common metric set for all alternatives.
An example of a nonmonetary metric commonly used for
stream restoration projects is the expression of output in
terms of the associated “habitat” created or restored. More
speciﬁcally, the output is the product of the quantity of
desired habitat (in acres or miles of stream) multiplied by a
modiﬁer (usually indexed from 0 to 1.0) representing the
“quality” of the habitat. This habitat-quality metric is often
referred to in terms of “habitat units.” The same comparison
strategy as shown in Figure 2 applies except that beneﬁts are
expressed as habitat units rather than dollars.
3.2. Metric Assessment Strategies
Figure 1 presents three alternative metrics strategies that
can be used for beneﬁts assessment. The lower two alternatives, objective-based and ecosystem service-based, are similar in that they rely upon identiﬁcation and quantiﬁcation of

Figure 2. Schematic representation of beneﬁt curves for restoration alternatives. The shaded area represents the net
beneﬁts for alternative 3.
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key ecosystem functions or services as the basis for assessing beneﬁts. These approaches are consistent with some
existing practices for beneﬁts quantiﬁcation, and outputs can
be expressed in monetary terms or in other nonmonetary
units that convey ecosystem value or beneﬁt. The third
strategy, ecosystem-based, has its origins in mitigation practice and seeks to value changes from restoration in terms of
overall ecosystem quality.
An important consideration for the objective- and servicebased methods is identiﬁcation of the ecosystem functions or
services that are to be included in the analysis and those that are
to be excluded. The valuation exercise, particularly when used
to compare alternatives as opposed to broader analyses (such
as the documentation of a program’s value), may focus on only
a subset of these factors, for example, habitat and water quality
improvement, while ignoring all other factors. The ideal solution is to limit the considered factors to those that have a clear
effect on decision making while omitting all others.
There has been a growing advocacy for the use of hydrologic and geomorphic metrics as a fundamental basis for
evaluating aquatic ecosystem restoration projects. The concept stems from the realization that hydrology and geomorphic processes are overriding forces that inﬂuence almost all
other functions. The Nature Conservancy (TNC), for example,
advocates reestablishing or replicating the natural hydrologic
variability in river systems as a necessary means to restore
native biodiversity [Richter et al., 2003]. The objective-based
strategy is geared toward this basic approach, while acknowledging that speciﬁc objectives for each project might suggest
the inclusion of additional metrics. While there is no consensus as to which speciﬁc hydrogeomorphic metrics are most
ecologically relevant, methods exist to quantify many hydrologic and geomorphic parameters with reasonable certainty
and replicability.
Both the objective-based and ecosystem service strategies
can utilize biological metrics. Examples include community
composition, species populations, provision of habitat, and
maintenance of biodiversity. Most biological metrics are
correlated to physical changes caused by restoration, requiring an understanding of the associated hydrogeomorphic
processes but imposing additional data assessment, modeling, or other predictive techniques to translate these abiotic
changes into the biological metric of interest. Furthermore,
they are subject to many independent drivers outside the
arena of restoration tools. This adds analytical complexity,
uncertainty, and costs to most beneﬁt evaluations. Biologically based metrics may be more socially or ecologically
relevant and meaningful to decision makers in many cases,
potentially justifying the added costs and uncertainties.
The use of service-based concepts for assessing ecosystems has gained considerable policy support in recent years.
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The Millennium Assessment, a formal effort by an international group of economists and ecologists to promote the
consideration of services in decision making, illustrated the
wide-ranging importance of ecosystem services [Millennium
Ecosystem Assessment, 2005]. Most services can be monetized, providing consistent units for valuation. Services also
tend to have more meaning to the general public, and decision makers then do basic ecosystem functions. In practice,
however, services require the prediction of the supporting
hydrologic, geomorphic, and biological processes, as well as
analyses to impart a social value to those functions. Monetization adds yet an additional level of analysis and associated
uncertainty. Signiﬁcant advances are needed in relevant social, economic, and policy science for ecosystem services to
move from a conceptual to an operational framework for
decision making [Brauman et al., 2007; Daily et al., 2009].
The ecosystem-based strategy is founded on the notion
that ecosystems form a convenient scale of organization that
is understandable by the scientiﬁc community, decision makers, and the public. Under this strategy, restoration beneﬁts
can be expressed in terms of the type of the ecosystem and
the degree to which its potential functionality is restored. In
the simplest terms, a system’s health or functionality can be
expressed as a percentage of some reference condition, for
example, the restoration action might improve a stream condition from 70% to 90% functional. One basis for determining functionality would be to evaluate key structure or
process metrics or ecosystem services, in much the same way
that the hydrogeomorphic (HGM) approach is applied to
wetlands for mitigation [Smith et al., 1995].
An additional modiﬁer can be applied to assign a value to
various ecosystems allowing for an easier comparison of
beneﬁts across diverse project settings (e.g., a stream, a
wetland, and an estuary). The value modiﬁer can be based
upon the regional or national signiﬁcance of the resource and
might be established as a matter of policy. For example,
recent studies emphasizing the value of headwater streams
might suggest that they receive a higher signiﬁcance rating as
a matter of national policy than third- to ﬁfth-order urban
streams. Some classiﬁcation scheme(s) sensitive to scale
hierarchies would be necessary to apply this approach. Signiﬁcance ratings for various ecosystems do not presently
exist, although the USACE does have a method for considering signiﬁcance when evaluating ecosystem restoration
projects.
Figure 3 provides systematic representation of these various
metric strategies and relative analytical complexity, uncertainty,
and study costs for each. It demonstrates that almost all ecosystem restoration projects build from assessment of geomorphic
and hydrologic conditions and that additional uncertainty, complexity, and cost is associated with metric sets that become
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Figure 3. Metric formulation strategies and associated uncertainty, complexity, and cost.

further removed from these foundational factors. Exceptions
exist: the restoration of riparian systems as a means of addressing energy, nutrient, or other water quality problems
being a notable example. The evaluation of a biological
metric typically involves assessing hydrologic or geomorphic
consequences of restoration actions (e.g., depth, velocity, and
substrate size), then converting these to some biologically
relevant metric (e.g., habitat quality, diversity, and community structure). Conversion of these factors into services (e.g.,
recreational ﬁshing) involves yet another level of effort with
associated uncertainty, complexity, cost, and independent
variables intrinsic to resource utilization. Monetizing goods
and services represents yet a higher level of complexity.
Comprehensive valuation of aquatic ecosystems should be
viewed as a practical improbability. The recognition that our
knowledge is imperfect is at the root of issues with aggregation of assessments to higher scales and composite valuation
of whole ecosystems. Multiplying one range of uncertain
values by another, perhaps iteratively, let alone critical interdependencies and unforeseen behaviors of processes, services, and valuations, create the need for caveats regarding
the state of the science. This does not imply no ecosystem
valuation can be accomplished, simply that comprehensive
valuation and summation of ecosystem goods and services to
arrive at a total value is both unlikely and unnecessary.
3.3. Scalar Considerations
Identiﬁcation of the spatial scale of the restoration effects
is a key factor in the analysis independent from the metric set
used for the analysis. The direct footprint of the project is
obviously included, but projects affect ecosystem processes
such that both direct and indirect impacts may extend beyond
this footprint. Consideration of these impacts will yield a
more inclusive analysis, but may be more difﬁcult to accurately quantify. The study limits should extend beyond areas

of direct impact to incorporate areas with indirect or secondary effects likely to affect management decisions.
The temporal scale of the analysis (the period of time over
which beneﬁts and costs are distributed) can play a crucial role
in determining the results. Most restoration measures cause
long-term (and potentially irreversible) changes to the ecosystem such that the project “life” is effectively indeﬁnite. However, both beneﬁts and costs become more uncertain and less
meaningful with time from the present, suggesting practical
limits for the analysis period. For federal water resource projects, 50 years has become the norm. Twenty years may be a
reasonable time frame for some stream restoration projects,
but the long time required for riparian system development
and the equally slow response to some disturbances suggest
that longer periods might provide better estimates of beneﬁt.
Costs and beneﬁts from stream restoration projects are
unlikely to be constant over time. In order to accurately
calculate beneﬁts, the annual time streams of estimated beneﬁts and costs must be translated into total values at a
common point in time. A common and accepted practice is
to establish a “base year” (usually when a project becomes
operational) then use appropriate methods to convert future
beneﬁts and costs to a “present value” for the base year. If
projects or alternatives with different project lives must be
compared, values are often amortized over the project time
horizon, yielding annualized beneﬁts and costs.
Empirical evidence suggests that humans value immediate
or near-term resources at higher levels than those acquired in
the distant future [NOAA, 1999]. Thus, discounting has been
introduced to address this time preference. The present value
of a future beneﬁt or cost is computed from:
PV ¼ FV =ð1 þ iÞn ;

ð1Þ

where PV is the present value of a beneﬁt or cost, FV is its
future value, i is the discount rate, and n is the number of
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periods (generally years) between the base year and when the
beneﬁt or cost occurs. For example, assume that a future
beneﬁt of a stream restoration project is an expanded catch of
salmon valued at $1,000,000 in year 10. The present value of
that beneﬁt, assuming a 4% discount rate, is
PV ¼ $1;000;000=ð1 þ 0:04Þ10
PV ¼ $675;584:
Discounting is mechanically easy, but is not without its
critics. No agreement exists on the correct discount rate, and
some object to the application of discounting to nonmonetary
metrics. Discount rate selection can profoundly inﬂuence
beneﬁt-cost analyses. The Congressional Budget Ofﬁce recommends a 2% rate based on the long-term cost of borrowing for the federal government. Since 1992, the Ofﬁce of
Management and Budget has recommended 7%, based on
the marginal pretax rate of return on an average investment in
the private sector in recent years. These ﬁgures roughly
bound prevailing opinions regarding appropriate rates.
4. CONDUCTING BENEFIT ANALYSES
Beneﬁts analysis involves multiple steps, many of which
are common to all assessments and some that depend upon
the speciﬁc project characteristics, metric set, and valuation
techniques that are applied. These steps are summarized
here:
1. Determine the purpose of the assessment. The assessment scope depends upon the potential use of the results.
Common applications include the following: (1) relative
comparison of different alternatives, (2) meeting mitigation
requirements, and (3) determining if the beneﬁts warrant
overall costs.
2. Ensure a sound qualitative understanding of the ecosystem. This may require the development of a conceptual
model representing a clear understanding of the causal mechanisms for degradation and the means to achieve restoration objectives.
3. Characterize the restoration alternatives under consideration. Speciﬁcally, deﬁne (1) how the various actions inﬂuence the ecosystem processes or condition to yield desired
improvements, (2) adaptive management opportunities and
how they may affect outcomes, and (3) life cycle costs for
each alternative (including any adverse impacts).
4. Determine the general metric strategy and select speciﬁc
metrics. This decision is based on results of previous steps,
an understanding of the advantages and limitations of each
strategy, available resources, policies, and so on.
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5. Determine the spatial and temporal scopes of the
analysis.
6. Forecast the parameters of interest. This may be the
most complex and critical step in the process, potentially
involving different models and analytical tools as well as the
application of professional judgment.
7. Conduct any needed sensitivity and uncertainty analyses.
8. Apply any additional valuation approaches, if necessary
(e.g., monetization of outputs, application of signiﬁcance
modiﬁers, etc.).
9. Make any needed comparisons and carefully document
the process and results.
10. Monitor and adaptively manage the project.
4.1. Metric Selection Factors
Metrics can be (1) measurable system properties that quantify the degree of objective achievement [Reichert et al.,
2007], (2) mathematical functions developed for the purpose
of assigning a value, as in the case of the ecosystem-based
approach, or (3) ecological indicators. Metrics that can be
directly measured relate to the physical, chemical, biological,
or even social system attributes needed to affect the desired
system response. The U.S. EPA [1991] distinguishes indicators on the basis of whether they best measure stresses,
exposures, or responses. An accurate portrayal of the condition of a system when using indirect measures requires the
use of suites of indicators, each in their appropriate role
[Schulze, 1999].
No universally applicable metric set has been developed
for stream restoration projects. Appropriate metrics for restoration projects heavily depend upon the project objectives,
beneﬁts assessment strategy, and other factors unique to the
individual project. Direct measures are preferred to indicators for the purpose of quantifying beneﬁts because the direct
measures are more speciﬁc and more easily correlated to
restoration actions. However, multiple metrics including
both direct measures and indicators are often needed to
characterize beneﬁts, especially given the long response and
recovery times for some systems. Table 1 provides examples
of indicators and direct measures for a few ecosystem services and processes.
Good metrics should measure the level of performance,
raise awareness and understanding, measure progress toward
programmatic goals and objectives, and support decision
making. The best metrics possess the following attributes:
1. They are scientiﬁcally veriﬁable. Two independent assessments would yield similar results.
2. They are cost-effective. The technology required to
generate data for the metrics is economically feasible and
does not require an intensive deployment of labor.
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Table 1. Example Indicators and Measures for Select Functionsa
Function

Description

Indicators

Measures

Maintain water quality Water quality parameters are
directly tied to support of
biologic community.
Riparian communities trap, retain,
and remove constituents of surface
and overland flow, improving
water quality.
Water quality influences potential
use for consumption, irrigation,
and other purposes.

watershed conditions
(% impervious surface)
stream order
presence/absence/abundance
of key indicator biota
abnormal forms or behaviors;
unusual mortalities of indicator
species
plant, fish, and invertebrate
density, diversity, distribution,
and health
riparian buffer condition

conventional water quality measures
(e.g., d.o., ph, conductivity,
turbidity, tds, salinity, temperature,
suspended sediment)
bacterial counts
metals and trace element sampling
nutrient (n, p) tests
rates of sediment deposition in
channel and riparian corridor

Quality and quantity
of sediments

Organisms often evolve under
specific sediment regimes, and
these must be preserved for the
ecological health of the system.
Sediment yield and character are
primary variables in determining
the physical character of the
system.

change in banks, pools, and bars
acceptable relative to other
similar streams
distribution, abundance, health,
and diversity of aquatic biota
presence of indicator species
macroinvertebrate survey
Redd counts
Secchi depth

sediment grain size distribution
embeddedness
sediment yield
sediment concentration and load by
type/fraction
armor layer size and thickness
depth to bedrock
sediment mineralogy

Maintain surface/
subsurface water
connections and
processes

Provides bidirectional flow
pathways from open channel to
subsurface soils, mitigating flood
and draught impacts, maintaining
base flow.
Allows exchange of chemicals
and nutrients.
Provides habitat and pathways
for organisms.
Maintains subsurface capacity to
store water.

invertebrates found in the
hyporheic zone
moist soil conditions,
hydrophytic vegetation
adjacent wetlands, hydric soil
indicators
groundwater elevation fluctuations
watershed % impervious surface
soil porosity

flux in groundwater levels
stream base flow
hyporheic macroinvertebrate
distribution, density, and diversity
isotope dating
water chemistry profiles
temperature recording
texture, structure, moisture, redox,
and porosity of adjacent soils

Regulate chemical
processes and
nutrient cycles

Provides for complex chemical
reactions to maintain equilibrium
and supply required elements
to biota.
Provides for acquisition,
breakdown, storage, conversion,
and transformation of nutrients
within recurrent patterns.

presence of seasonal debris in
riparian area
presence/absence of indicator
species and their health
presence/absence of photosynthesis,
fecal matter, biofilms, and
decomposition products
riparian vegetation composition
and vigor
changes in algae, periphyton,
or macrophyte communities
changes in trophic indicators

BOD (CBOD and NBOD) and DOC.
stable carbon isotope analyses
cell counts, atp concentration,
respiration rates, uptake of
labeled substances
redox potential
ion exchange capacity
adsorption capacity
dissolution/precipitation rates
decomposition rates
plant growth rates, biomass
production

a

From Fischenich [2005].

a

From Fischenich [2005].
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3. They are easy to communicate to a wide audience. The
public would understand the scale and context and be able to
interpret the metric with little additional explanation.
4. They are changeable by human intervention. The metric
would have a causal relationship between the state of the
system and the variables that are under a decision maker’s
control. Metrics that are independent of human action do not
inform a management, policy-making, or design process.
5. They are credible. It would be perceived by most of the
stakeholders as accurately measuring what it is intended to
measure.
6. They are scalable. It would be directional, whether qualitative (best, good, or worst) or quantitative, as appropriate.
7. They are relevant. It would reﬂect the priorities of the
public and other stakeholders and enhance the ability of
managers and/or regulators to faithfully execute their stewardship responsibilities. There is no point assembling a metric no one cares about.
8. They are sensitive enough to capture the minimum
meaningful level of change or make the smallest distinctions
that are still signiﬁcant, and it would have uncertainty
bounds that are easy to communicate.
9. They are minimally redundant in that what it measures is
not essentially reﬂected by another metric in the set being
used.
10. They are transparent such that use of the metric avoids
“readily unapparent and/or known agendas.”
4.2. Ecosystem-Based Approach
The ecosystem-based approach is intended to provide a
mechanism for assigning beneﬁts that allows for comparisons across ecosystem types, facilitating prioritization and
trade-off decisions in the face of limited budgets. It also
offers the advantage of presenting beneﬁts in terms that are
relevant to and easily understood by scientists and the general public alike: the ecosystem itself. People generally understand the intrinsic value and importance of streams,
wetlands, lakes, and estuaries. By scaling the system based
upon the degree to which it functions or its overall integrity,
and further delineating ecosystem types by more reﬁned
classiﬁcations, this method can integrate a variety of factors
that contribute to decisions regarding the beneﬁts or value of
restoration actions.
The ecosystem-based approach requires three steps: (1)
classiﬁcation of the stream, (2) assignment of a value to each
stream class, and (3) determination of the functionality of the
stream relative to reference standards for the range of conditions to be evaluated. The ecosystem-based approach is not
presently developed for stream systems and is presented
herein as a concept that can serve as a basis for conducting
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beneﬁts analyses, recognizing that considerable work is
needed before it can be practically implemented. Many of
the concepts draw upon the HGM approach to assessing
wetland function [Smith et al., 1995].
The development phase is carried out by an interdisciplinary team of experts (Team) and begins with the classiﬁcation
of streams into regional subclasses. Alternatively, an existing
classiﬁcation scheme [e.g., Rosgen, 1994] can be used provided it adequately delineates streams by function and value.
The Team then develops a functional proﬁle that describes
the physical, chemical, and biological characteristics (functions) of the regional subclass, identiﬁes which functions are
most important, and determines ecosystem and landscape
attributes and processes that inﬂuence each function. The
functional proﬁle is based on the experience and expertise
of the Team and information collected from reference
streams. Reference streams are selected from a reference
domain (a deﬁned geographic area) and represent sites that
exhibit a range of variation within a particular stream type
including sites that have been degraded or disturbed as well
as those sites that have had little disturbance.
The Team next develops assessment models and calibrates
them based on data collected from the reference streams.
These models deﬁne the relationship between critical attributes and processes of the ecosystem and surrounding landscape and the capacity of a stream to perform a function. The
assessment model results in a functional capacity index (FCI)
(0–1.0), which estimates the capacity of a stream to perform
a function relative to other streams from the same regional
subclass in the reference domain. The standards used to scale
functional indices are reference standards or the conditions
under which the highest, sustainable level of function is
achieved across the suite of functions performed by reference
streams in a regional subclass.
In the implementation of this method, the assessment
model is applied to the FWOP as well as to each restoration
alternative to determine the FCI at various points in time over
the planning period. The frequency of computation depends
upon the anticipated change in the condition of the system
and the need to accurately portray the changes in the quality
of the system over time. If changes are linear, calculating an
FCI at the beginning and end of the study period is adequate.
Nonlinear response, thresholds, and variable implementation
schedules may demand calculation of time steps on the order
of decades or years. If the quantity of stream length or area
differs among the alternatives and the FWOP, then it should
be calculated at each time step as well.
Calculation of overall beneﬁt proceeds as described for
Figure 2. The stream length or ecosystem area is multiplied
by the FCI and by the value for that particular system for
both the alternatives and the FWOP. The beneﬁts are the
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difference between the computed product for the alternative
and FWOP. The value term could be expressed any number
of ways ranging from an overall monetary value determined
from detailed data collection and analysis to a simple semiquantitative scale based upon factors related to ecosystem
signiﬁcance, public utilization, production of services, etc.
The value term can be eliminated in circumstances where it
does not affect decisions, for example, when simply comparing alternatives in the same ecosystem type.
4.3. Objective-Based Approach
The objective-based approach to assessing beneﬁts of ecosystem restoration is very closely linked to the restoration
process itself. Speciﬁcally, metrics that have ecological signiﬁcance and are closely related to restoration objectives are
used to assess project effectiveness or as a proxy for the
beneﬁts. The method relies upon a careful assessment of the
conditions and processes for the ecosystem in order to evaluate causal mechanisms for degradation, critical limiting
factors, and likely effects of management actions relative to
the physical, chemical, and biological condition of the system. Without this sound theoretical understanding, it would
be difﬁcult, if not impossible, to develop performance criteria and meaningful measures of ecological condition.
Selected metrics should meet the criteria presented in
section 4.1 and should be the most efﬁcient way of reﬂecting
the ecological effects of the proposed restoration work. They
should be geared toward measuring change, generally in
terms of both quantity and quality of some key physical,
chemical, or biological condition or process. The objectivebased strategy is generally consistent with the current state of
practice in that it promotes identiﬁcation of speciﬁc metrics
related to ecological quality. These include, for example,
(1) natural processes and dynamic properties that drive ecosystem self-design (i.e., hydrology and geomorphology) and
(2) desired ecological end points (e.g., wildlife habitat).
Scientists have increasingly emphasized the need to focus
upon processes rather than structure or form when developing stream restoration designs [Kondolf, 1998; Bain et al.,
2000; Bennett et al., 2009]. The concept stems from recognition that habitat restoration will not be effective in the long
term unless the ecological processes that sustain habitats are
also maintained. Because habitat and biological health are
closely aligned with watershed hydrology and geomorphology, proxy metrics for the effects of alternatives on these
ecological services can be based on predicted hydrologic and
geomorphic changes. Changes in these attributes are more
directly linked to typical stream restoration actions and thus
can be more readily and accurately predicted with an acceptable degree of uncertainty within study budget and time

constraints. Metrics based on hydrologic and geomorphic
outcomes must be ecologically meaningful, however, and
thus would necessarily be place-speciﬁc and based on the
central issues of concern.
Hydrologic metrics include measures of frequency, duration,
magnitude, timing, and rate of change of ﬂow. Each of these
aspects of ﬂow is an important determinant of the chemical and
biological features and functions of stream ecosystems. The
magnitude of ﬂow is important for channel formation, sediment
transport, and solute ﬂux [Doyle et al., 2005]. Flow duration is
critical to biological processes and communities, while the
timing of high and low ﬂows exerts strong inﬂuence on biological community structure [Poff and Ward, 1989]. It must be
recognized explicitly that rivers may respond to disturbance in
episodic, complex, and unpredictable ways, especially if certain threshold conditions are crossed.
Potentially relevant geomorphic metrics include those ecologically relevant processes and structural characteristics
affected by restoration measures. Examples of geomorphic
processes included erosion, sediment transport and deposition, evolution of channel form, and changes in the channel
morphology. Structural metrics include composition of bed
material, presence of important ﬂoodplain features, riparian
zone organization, channel cross section, planform, and slope.
It is important that the selected metrics relate directly to
relevant degradation and restoration processes as well as the
ecological health of the system.
4.4. Service-Based Approach
Ecosystem services have been deﬁned as “the conditions
and processes through which natural ecosystems, and the
species that make them up, sustain and fulﬁll human life”
[Daily, 1997, p. 3]. As this deﬁnition implies, ecosystem
services can be viewed as the link between the natural
properties of ecosystems and human welfare. That is, the
service concept connects an ecological focus on “what ecosystems do” with an economic focus on how ecosystems
satisfy human needs. As such, the concept embodies both an
ecological and human dimensions. Table 2 provides a list of
example ecosystem services and the various ways in which
they can beneﬁt society. Information in Table 2 is extracted
from more comprehensive listings given by Daily et al.
[2000], Stakhiv et al. [2003], Fischenich [2005], and the
Millennium Ecosystem Assessment [2005].
The concept of using ecosystem services as a basis for
decision making, especially within the public sector, has
gained considerable momentum in recent years. Signiﬁcant
investment in service research by the U.S. EPA, USACE, and
Department of Agriculture demonstrate both interest in the
topic and the need to advance scientiﬁc understanding and
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Table 2. Examples of Ecosystem Services Relevant to Streamsa
Services
Provisioning
Food
Freshwater
Fiber and fuel
Transport
Power
Regulating
Flow regulation
Water purification
Sediment processes
Natural hazard regulation
Climate regulation
Cultural
Recreation
Aesthetic
Educational
Spiritual
Supporting
Soil formation
Nutrient cycling

Comments and Examples
production of fish, wild game, and nuts and grains
storage and delivery of water for domestic, industrial, and agricultural use
production of logs, fuel wood, peat, fodder
waterborne movement of goods and people, animal movement, etc.
Hydroelectrical supply
groundwater recharge/discharge; surface storage
retention, recovery, and removal of excess nutrients and pollutants
erosion, transport, sorting and retention of soils and sediments
mitigation of droughts, flood attenuation
influence local and regional temperature, precipitation
fishing, hunting, birding, swimming, boating, etc.
subjective value associated with pleasure derived from viewscapes
opportunities for formal and informal education and training
inspirational or religious values
sediment retention and accumulation of organic matter
storage, recycling, processing, and acquisition of nutrients

a

Adapted from Daily et al. [2000], Stakhiv et al. [2003], Fischenich [2005], and Millennium Ecosystem Assessment [2005].

develop tools before it can be operational. The Council on
Environmental Quality (CEQ) in its draft revision of the
principles and standards for Federal water resource development (P&S) says that “consideration of ecosystem services
can play a key role in evaluating water resource alternatives”
[Council on Environmental Quality, 2009]. Accordingly, it
advises that planning studies identify ecosystem services
associated with the study area and account for any changes
in the quantity or quality of those services in plan formulation, evaluation, and selection.
Despite considerable interest in utilizing service-based approaches for characterizing restoration beneﬁts, several key
challenges remain. First, there is no consensus regarding the
scope of ecosystem services and little agreement upon which
services are most signiﬁcant for streams. Second, servicebased approaches face the same challenge as objective-based
approaches with regard to the integration of multiple metrics;
the issues of interdependencies, double counting, and variable
units must somehow be addressed. Third, in addition to these
challenges, tools to quantify ecosystem service production
functions are lacking, and analyses must build upon predictions of the structural and functional conditions of the system.
This adds to the uncertainty of the predictions as well as the
cost and complexity of the analysis.
The process for conducting a beneﬁts analysis using servicebased approaches essentially mirrors the objective-based approach. The primary differences lie in the added effort of

linking the structural and functional changes to the service
outputs, computing those outputs, and the ﬁxing an economic
value. The additional step of monetizing service beneﬁts is
optional, but provides the convenience of common units for
the cost of the beneﬁts, and consistency among the services.
This facilitates the trade-off and overall investment decision
making, but it can lead to the compromise of overall ecosystem integrity or sustainability if individual services are optimized at the expense of other important ecosystem functions
only because they are more easily monetized or have more
immediate value. Thus, the application of the service-based
approach should include additional analyses as necessary to
ensure ecosystem integrity.
5. TECHNIQUES FOR PREDICTING AND VALUING
ECOSYSTEM OUTPUTS
Methods for characterizing the beneﬁts of ecosystem restoration efforts can be classiﬁed in numerous ways. One division
is to separate those beneﬁts that can be monetized from those
that cannot or should not. The distinction is not always clear
because an economic value can theoretically be placed upon
any beneﬁt, although practical limits exist in available methods and acceptable uncertainty. In this section, approaches for
predicting outputs are described in terms of the types of
models typically used. Model outputs sometimes have sufﬁcient meaning for decision making, and no further action is
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needed. In other cases, the outputs require valuation, usually
in monetary terms. Monetizing beneﬁts facilitates trade-offs
and other difﬁcult decisions, but the techniques for monetization of ecological outputs are often contentious.
5.1. Predictive Models
Many types of quantitative models have been developed to
indicate ecological response (outputs) to natural and managed changes in ecosystem conditions. They vary widely in
structure, assumptions, data and expertise requirements, and
utility. While the emphasis here is on numerical models,
ecological models useful for this purpose can also include
statistical models, which develop relationships between and
among variables based on sampled-data distributions. Statistical models can be particularly useful in close conjunction
with natural reference conditions, which can be regarded as a
form of physical model often useful in restoration.
Numerical models fall into two basically different output
categories: index models and actual output estimation models
[Stakhiv et al., 2003]. Index models typically use species
habitat, community habitat, biotic integrity, and functional
capacity indexes to reﬂect relative quality of a system anchored in some optimal condition of maximum quality and
varying downward toward zero as conditions change from
optimum. Quality indices and geographical area are typically
“integrated” by multiplying unit area (e.g., 1 acre) by the unit
quality index and summing the multiples. One example of the
product of this multiplication is the habitat unit of HEP [U.S.
Fish and Wildlife Service (U.S. FWS), 1981], which in ideal
circumstances can be compared directly to other habitat units
of different spatial quantities and quality index values. Alternatively, Index of Biotic Integrity (IBI) [Karr, 1981] and
some other multimetric index models scale over a broader
range and are intended to reﬂect biological health relative to
unimpacted reference conditions independent of stream
length or area. Examples of index models are listed in Table 3.
Actual output estimation models include statistical and
process simulation models that are typically developed from
theoretical mathematical descriptors of process and form but
may be hybrid models including both theoretical and empirical elements (statistical equations). Their common intent is
to simulate natural process rates and output amounts as
closely as needed for the model purpose. They generate
model outputs in physical units matching the actual ecosystem output measured in the ﬁeld. Examples include number
of days per year of ﬂoodplain inundation, numbers of ﬁsh per
mile, or average input of organic matter per acre of riparian
habitat per year. Of the model types, the physical process
models are most common and useful for predicting restoration beneﬁts, while statistical models may be most robust.

The number of process-based models with potential application to a stream restoration projects is far too great to permit
a summary in this document. Included are various hydrologic,
hydraulic, water quality, sediment transport, and geomorphic
models that are useful in predicting relevant physical and
chemical characteristics over time. A number of biological
process models have relevance including those focusing on
trophic structure, community composition and interaction,
species populations, nutrient and energy utilization, growth
and succession, and similar important processes.
Determining the “best” models to use for evaluating restoration of stream ecosystems is situational, depending on a number
of factors including the speciﬁc processes or conditions needing
evaluation, required accuracy, available resources (expertise,
time, funding), needed data, and institutional acceptability. In
many cases, the “correct” model does not exist, and a model
must be developed or adapted to meet the needs of the speciﬁc
project and circumstances. An examination of existing models
by Stakhiv et al. [2003] yielded the following conclusions:
1. Species-habitat models are sensitive to signiﬁcant effects at the species level but are not inclusive enough to
formulate for restored natural ecosystem integrity.
2. Community-habitat models are inclusive enough to
formulate for more natural ecosystem integrity but may be
insensitive to signiﬁcant effects at the species level.
3. Index models (e.g., HEP/HSI, IBI, and HGM) are most
widely available but tend to exclude important systems context, require greater planner and stakeholder interpretation,
and may require both community and species level index
models for analysis.
4. Process simulation models (e.g., Hydrologic Engineering Center (HEC) River Analysis System (RAS) and Comprehensive Aquatic Systems Model (CASM)) are less
available but more output and process explicit. They can
incorporate complete systems contexts, can provide simultaneous output for conditions of naturalness and signiﬁcant
resources, and are superior for organizing lessons learned
into improved model structure.
5. As ecosystem planning conditions grow more complicated and the science improves, the advantages of process
simulation models outweigh the expediency and lower-cost
advantages of index models.
5.2. Economic Valuation
The concept of economic value rests squarely on the “utilitarian” premise that human welfare derives from the satisfaction of preferences. For the purposes of assessing the
economic value of ecosystem functions or services, it is important to note that measuring the value of something using
dollars does not require its purchase and selling in markets. It

FISCHENICH

57

Table 3. Example Index Models and Methods
Method

Description

Applicability

Habitat Evaluation Procedures Procedure for assessing habitat based upon
Broadly used for a variety of ecosystems, but widely
(HEP)
habitat quality as reflected by suitability
criticized as overly simplistic. Results are not
U.S. FWS [1980, 1981]
indices multiplied by habitat quantity.
transferrable across systems or scales.
Developed for wetlands and questions remain
Hydrogeomorphic Approach
Functional capacity determined by size of
for Assessing Wetland
wetland. Capacity of a wetland to perform
regarding the applicability to other systems and
Functions (HGM)
a function relative to other wetlands within
across different classifications. Sound statistical
Smith et al. [1995]
a regional wetland subclass in a reference
basis but requires significant investment in time
domain.
to develop models.
Index of Biotic Integrity (IBI) Determination of integrity of a particular reach Has been applied to various systems. Scores can be
compared to a reference site based upon
compared with similar habitat types in the same
Karr [1981]
multiple metrics. Several variants have been
region, with regions defined as part of the
developed for regional applications.
assessment process. Simplicity is a benefit and
a limitation. May be less robust in simple, speciespoor or guild-poor contexts.
Instream Flow Incremental
Index model that calculates the amount of
Primarily applicable to situations involving changes
Methodology (IFIM)
microhabitat available for different fish life
clearly related to discharge or stage. Results are
Bovee [1982]
stages at varying flow levels for selected
theoretically comparable across classes. Most widely
fish species.
used method for streams despite numerous criticisms.
Riverine Community Habitat Measures habitat based upon velocity-depth
Underlying concept is broadly applicable to streams,
Assessment and Restoration
distributions as compared to a reference
but existing models are limited to situations where
Concept (RCHARC)
condition standard. Variants of the
model variables are applicable. Results not
method include other parameters.
Nestler et al. [1995]
transferable across ecosystems or scales.
Rapid Bioassessment
Subjective score of the quality of conditions
RBP is applied within the classification of low or
Protocols (RBP)
for taxonomic groups.
high gradient streams and not for comparison
Plafkin et al. [1989]
across stream types. Extremely subjective, but
quick and easy to apply.
Wildlife Community Habitat
Index based on the relationship of native
WCHE is applied to forested wetland types and is not
Evaluation (WCHE)
vertebrate species richness to several habitat
intended for comparison across systems.
Schroeder [1996]
variables including habitat edge and isolation
Applicability for streams may be limited regionally
and topically.

can be measured by estimating how much purchasing power
(dollars) people would be willing to give up to obtain it (or
would need to be paid to give it up), if they were forced to
make a choice. Thus, economic value deﬁned in strict economic terms is the aggregate willingness to pay (WTP) in
dollars for services expected from an ecosystem or the willingness to accept the loss of those services [NRC, 2005].
Methods for assigning economic value to environmental
outputs can be classiﬁed in terms of the way in which preferences are expressed by an individual and by the availability of supporting markets (see Figure 4). Preferences that
serve as the basis for economic valuation can be revealed (e.g.,
in purchasing decisions) or stated (e.g., through surveys).
Revealed and stated preference methods within surrogate
and hypothetical markets are used to capture values of ecosystem goods and services that are not incorporated in existing market values. Table 4 provides a summary of the more
common valuation methods used for ecosystem restoration.

Conducting site-speciﬁc valuation studies using these valuation approaches can be time consuming and expensive
[McComb et al., 2006]. Beneﬁts transfer techniques are
methods used to infer a value for an ecosystem or service
based upon data collected from another similar ecosystem
[Wilson and Hoehn, 2006]. Beneﬁt transfer offers an economical approach to assess ecosystem services values in
decision making. Although problems with the method persist
and criticisms are common, beneﬁt transfer techniques have
become more accurate for estimating ecosystem services
values as valuation studies have grown over the years and
through the application of simple guidelines, developed by
economists, for improving validity and accuracy [Wilson and
Hoehn, 2006; Plummer, 2009].
Adequate data, let alone complete data, are often not
available when making decisions. In these cases, more informed decisions are promoted by using alternative analytical strategies. Qualitative discussions of the beneﬁts could be
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Figure 4. Economic valuation methods.

included in cases where quantitative analysis is not possible.
Such discussions should address speciﬁcally why such quantitative analysis is not feasible and the reasons why the
qualitative data is relevant. Breakeven analysis can be used
in cases where risk or valuation data is lacking to estimate the
number of units affected or willingness-to-pay value required
to “break even” on a given project. Decision makers can
determine whether the breakeven estimate is reasonable or
not. Bounded analysis could be used when values are available for high-end and low-end scenarios for ecosystem services and environmental quality to create upper and lower
bounds for the value [University of Washington, 2009].
There are many challenges to ecosystem valuation. Those
who afﬁrm the intrinsic value of ecosystems often object to
the very idea of quantifying the value of environmental
goods and services, comparing this to trying to value human
life [NRC, 2005]. Environmental resources are particularly
hard to quantify due to their broad range of intangible beneﬁts and multiple value options [Hussen, 2001]. Accounting
for the full range of values from aquatic ecosystems without
“double counting” can be difﬁcult, especially when multiple
valuation methods are used [Randall, 1991]. The lack of
markets make valuation in economic terms reliant upon
methods that are often criticized [Freeman, 1993]. The selection of appropriate metrics for nonmonetary beneﬁts is
difﬁcult and contentious, and there are no generally accepted
standards.
6. OTHER ANALYTICAL METHODS
6.1. Benefit Cost Analysis
The key to all complex decisions is a skillful evaluation of
trade-offs, in this case between various restoration alternatives and doing nothing. No existing decision-making protocol will establish, by itself, which of these choices to make,
although protocols can certainly help organize the informa-

tion [Cairns, 2006]. One common strategy is to evaluate the
potential return on the investment in terms of beneﬁts (monetary or otherwise) relative to the costs.
The formal process for this evaluation when the investment is a public expenditure is often referred to as beneﬁtcost analysis (BCA). The 1936 U.S. Flood Control Act,
which required that the beneﬁts of ﬂood-control projects
exceed their costs, caused the USACE to develop and adopt
BCA as a basis for evaluating projects. Since then, costbeneﬁt techniques have gradually developed to the extent
that substantial guidance now exists on how public projects
should be appraised, and BCA methods are employed by
agencies in many countries around the world [Tevﬁk, 1996].
Economic valuation plays a central role in the application
of BCA, since BCA requires an estimate of the beneﬁts and
costs of each alternative using a common method (economic
valuation) and metric (dollars) so that the two can be compared [NRC, 2005]. Comparison of costs and beneﬁts allows
an explicit consideration of trade-offs that are almost inevitably involved in restoration projects. These evaluations are
particularly useful for (1) comparing the relative beneﬁts and
costs of different alternatives to select the preferred alternative and (2) determining whether the beneﬁts are “worth” the
costs.
Ideally, BCA provides objective information to a decision
maker about quantiﬁable costs and beneﬁts in common terms
(dollars). The decision maker may then compare the costs
and beneﬁts of the decision and make a more informed
decision than possible without them. In practice, the application of BCA is quite complicated. Beneﬁts and costs are
often difﬁcult to identify, difﬁcult to measure or monetize,
and highly uncertain [NRC, 1999]. Additionally, although
the BCA process aims for objectivity, analysts must make
many subjective decisions and assumptions. These might
include the choice of discount rate, whether and how to value
environmental amenities (which are not traded in a marketplace), and what categories of beneﬁts and costs to use. For
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Table 4. Methods for Economic Valuationa
Method

Applicable To

Description and Importance

Market Techniques
The value is estimated from the price
in commercial markets (law of supply
and demand)
Damage cost avoided, Indirect use values: flood
Value of organic pollutant’s removal
replacement cost or
protection, avoided erosion, estimated from the cost of building\
substitute cost
pollution control, water
running treatment plant (substitute
retention, etc.,
cost). Value of flood control derived
from damage if flooding would occur
(damage cost avoided).

Market price

Direct use values, especially
wetland products.

Productivity method

For specific wetland goods
and services: water, soils,
humidity in the air . . .

Travel cost

Recreation and tourism

Hedonic pricing

Some aspects of indirect
use, future use and nonuse
values

Contingent valuation

Recreation, tourism and
nonuse values

Contingent choice
method

For all wetland goods and
services

Benefit transfer
method

For ecosystem services
in general and recreational
uses in particular

a

Constraints and Limitations

Market imperfections (subsidies,
lack of transparency) and policy
distort the market price.
Assumes that cost of avoided
damage or substitutes match the
original benefit. External
circumstances may change the
value of the original expected
benefit and the method may
therefore lead to under- or
overestimates. Insurance companies
interested in this method.
Estimates economic values for wetland
Although methodology is
products\services that contribute to the
straightforward and data
production of commercially marketed
requirements are limited, the
goods
method only works for some goods
or services.
Nonmarket Techniques
The recreational value of a site
Only provides an estimate.
is estimated from the amount of
Overestimates stem from other
money that people spend on reaching
reasons for traveling to that area.
the site.
Requires a large amount of
quantitative data.
Used when wetland values influence
Captures people’s willingness to pay
the price of marketed goods. Clean air, for perceived benefits. Requires
large surface of water or aesthetic
awareness of the link between the
views increase price of houses or land.
environmental attributes and
benefits, else value not reflected in
price. Very data intensive.
Asks people directly how much they
Possible bias in interview techniques.
are willing to pay for specific services. The most controversial of the
It is often the only way to estimate
nonmarket methods but one of the
nonuse values. Also referred to as a
only ways to assign monetary
“stated preference method.”
values to nonuse values of
ecosystems that do not involve
market purchases.
Estimate values based on asking people Willingness to pay is inferred from
to make trade-offs among sets of
trade-offs that include cost attribute.
ecosystem or environmental services
This is a very good method to help
decision makers to rank policy
options.
Estimates economic values by
Used if it is too expensive to conduct
transferring existing benefit estimates
a new full economic valuation for
from studies already completed for
a specific site. Only as accurate as
another location or context.
the initial study. Extrapolation
limited to sites with the same
characteristics.

Adapted from U.S. Army Corps of Engineers [2004].
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federal water resource projects, guidance like the P&G is
used to ensure that subjective decisions are made as consistently as possible across projects and agencies.
6.2. Cost Effectiveness and Incremental Cost Analysis
(CE/ICA)
CE/ICA is a form of efﬁciency analysis that serves to
reﬁne and illustrate trade-offs among a set of alternatives for
which the beneﬁts are expressed in a single or aggregated
nonmonetary metric. The combined use of CE/ICA allows
the optimization of ecosystem restoration outputs, supply
side (outputs) without consideration for the demand (measured by WTP). The approach is widely used on federal
water resource development projects, and tools exist to help
in its implementation (Institute for Water Resources Planning
Suite (IWRPLAN), downloadable public domain model for
conducting CE/ICA analyses, U.S. Army Corps of Engineers
Institute for Water Resources, Washington, D. C., available
at http://www.pmcl.com/iwrplan/GenInfoOverview.asp
IWRPLAN 2010, site accessed 1 August 2010). Cost effectiveness (CE) analysis weighs the costs of each project plan
against its nonmonetary measure of output. The CE analysis
screens out plans that are not cost effective from further
consideration to ensure that the least cost alternative plan is
identiﬁed for each possible level of output. Any particular
plan is not cost effective if the same or a larger output level
could be produced by another plan at less cost, or if a larger
output level could be produced by another plan at the same
cost. The plans that remain after this screening process is
performed deﬁne the “CE frontier,” or the set of cost-effective (or “nondominated”) plans associated with successively
higher possible levels of ecosystem outputs.
Once all cost-effective plans have been identiﬁed, incremental cost (IC) analysis can be used to help answer “What level of
restoration output is worth it?” The IC analysis identiﬁes
incremental costs per unit output gained from moving from
one plan to the next higher-output plan. This information helps
to identify plans that capture production efﬁciencies with
respect to the predicted output along different segments of the
CE frontier (i.e., output ranges). The technique may not identify a single “best” plan, but it does eliminate those plans that
are demonstrably inferior to others, and it provides useful
information to support decision making.
6.3. Techniques for Comparing Dissimilar Metrics
Given the multitude and diversity of ecosystem functions
and services that could serve as a basis for evaluating restoration beneﬁts, situations involving multiple metrics with
different units of measure are not uncommon. Techniques

facilitating comparisons and trade-offs have been well-studied and may be coarsely divided into four categories: (1) For
simpler decision problems, direct comparison of dissimilar
metrics may be straightforward, rapid, and require little or
no analysis beyond a qualitative comparison and evaluation.
(2) Dissimilar metrics may be converted into consistent units
(e.g., dollars/acre, habitat units, etc.) for direct comparison
[Daily et al., 2000]. (3) Transformation or normalization of
metrics to an equivalent scale represents a third option for
metric comparison [Yoe, 2002]. (4) MCDA provides a useful
framework for comparing dissimilar metrics to inform environmental decision making [Gregory and Keeney, 2002],
where normalized metrics are combined with value judgments of those involved in the decision to create an alternative metric for decision making.
7. CRITICAL CONSIDERATIONS IN CONDUCTING
BENEFITS ANALYSES
7.1. Conceptual Models
One of the greatest deﬁciencies in our endeavors to realize
the potential beneﬁts of stream restoration lies in the lack of
quality and coherency of available data and our capacity to
effectively communicate our understanding as a basis for
informed decision making [Hillman and Brierley, 2005]. The
range of responses of river systems to disturbance events,
whether natural or man-made, induces an inordinate degree
of complexity and uncertainty in our interpretation of trends
and rates of change and likely future states/conditions. Such
phenomena cannot be effectively appraised through blackbox exercises. Rather, system-speciﬁc insights of the causal
mechanisms for degradation and likely restoration trajectories over time are required. These must be communicated
appropriately to key decision makers and stakeholders in the
stream restoration process.
Conceptual models are descriptions of the general functional
relationships among essential components of a system. They
tell the story of “how the system works” with respect to key
processes and attributes and, in the case of ecosystem restoration, how the proposed alternatives aim to alter those processes
or attributes to beneﬁt the system [Fischenich, 2008]. Conceptual models should be required as a ﬁrst step in the planning
process, as they provide a key link between early planning
(e.g., an effective statement of problem, need, opportunity, and
constraint) and later evaluation and implementation.
Conceptual models can be invaluable in supporting beneﬁts
analyses because they provide key linkages among ecosystem
components and processes and help identify appropriate metrics
for the measurement of project outcomes. They provide feedback to, and help formulate, goals and objectives, indicators,
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and management strategies. Conceptual models also play an
important role in determining indicators for monitoring and are
an invaluable tool to help interpret monitoring results and explore alternative courses of management. Detailed guidance on
the development of conceptual models is given by Fischenich
[2008], and a tool to assist the preparation of conceptual models
is publicly available [Dalyander and Fischenich, 2010].
7.2. Nonlinearity and Thresholds
Natural processes tend to vary over time and space, as well
as between species, communities, and geologic, physiographic, or ecological settings. The ecosystem services these
natural processes provide are therefore also highly variable.
Ecosystem services are also affected by thresholds and limiting functions that inﬂuence natural processes as well as
changes in the values that might be applied as opinions and
needs change over time. Improvements in the understanding
and quantiﬁcation of nonlinearities in ecosystem functions
are likely to provide more realistic ecosystem service values.
Many ecological functions are likely to be characterized by
a tendency to level off (i.e., asymptotic relationship) or change
dramatically (i.e., ecological thresholds) over time and space,
as is the case with certain ecological processes such as population growth, predator-prey interactions, and species-area
relationships [Cain et al., 2008]. However, such nonlinear
relationships between ecological traits and ecosystem function, and ecosystem function and service delivery, have not
been explored in depth, quantitatively or conceptually.
Stream and riparian habitats and conditions are highly
variable and patchy. Efforts to restore riverine systems
should seek to reinstate processes that create the variability
in temporal regimes and spatial diversity that characterize
healthy systems. Insofar as these characteristics are important to ecosystem function and health, they should be accounted for in the calculation of beneﬁts. This might suggest
the selection of metrics that quantify or at least capture the
presence or absence of dynamism and key thresholds. Additionally, the “resolution” of forecasting efforts may need to
be sufﬁciently ﬁne that they capture important variability in
beneﬁt streams and certainly must capture the effects of
thresholds.

temporal and spatial variability in a nonequilibrium or multiequilibrium view of ecosystem functioning [Landres et al.,
1999].
All stream restoration projects face uncertainties, with the
principal sources including (1) incomplete description and
understanding of relevant ecosystem structure and function,
(2) imprecise relationships between restoration actions and
corresponding outcomes, (3) variable opinions and weightings
regarding the values of ecosystem services, and (4) unpredictable and highly stochastic events and interactions affecting
key processes (e.g., ﬂooding, ﬁre, regional climate change,
etc.).
Most components within beneﬁt-cost analysis do not have
one value but are best captured as being within a range of
values (see Figure 5 for example). With enough information,
beneﬁts and costs can be expressed as probability distribution functions. Analytical tools can be used to provide beneﬁt-cost information as probabilities to better account for
uncertainty. There are a number of ways in which uncertainty
and associated risks can be identiﬁed and addressed for
steam restoration, providing decision makers with important
information that can inﬂuence the selected alternative as well
as expectations for the project’s beneﬁts: (1) identify and
document study elements contributing to signiﬁcant uncertainty, (2) employ scenario analyses to bound possible outcomes and assess the sensitivity of outcomes to judgments
regarding key inputs, (3) use Monte Carlo analysis to provide
probability estimates of outcomes when feasible, and (4) use
conﬁdence intervals or probability distributions as opposed
to point estimates to describe uncertainty whenever possible.
A widely used criterion for decision making is to choose the
alternative that yields the greatest net beneﬁt. Using Figure 5
as an example, Alt 1 yields the maximum predicted net beneﬁt.
Decisions might change when uncertainty is quantiﬁed, however. For example, Alt 4 may be preferred over Alt 1 in Figure
5 because, although it has a lower predicted outcome, the

7.3. Uncertainty
The natural variability of river systems, and the range of
spatial and temporal scales over which processes interact,
introduce complexity into ecosystem-based approaches to
stream rehabilitation [Everard and Powell, 2002]. The emerging approach is essentially probabilistic rather than deterministic, recognizing the central place of disturbance-driven
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Figure 5. Inﬂuence of uncertainty on decision making.
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range of likely outcomes may be regarded as more attractive.
The uncertainty of the outcome of an alternative means that
while the beneﬁts could be excellent, they also have a chance
of being poor. In general, faced with the choice between
alternatives that generate the same expected value but with
different ranges of outcomes, most people would choose the
alternative with the lowest variability, implying that they are
“risk averse” [NRC, 2005]. Alt 2 would be preferred to Alt 3 in
Figure 5 following this logic.
Although considerable uncertainty exists regarding the
value of ecosystem services, there is often the possibility of
reducing this uncertainty over time through learning. An
adaptive management program can increase the likelihood
of achieving desired project outcomes in the face of uncertainty. When adaptive management is employed, alternatives
with a greater range of uncertainty in outcome may be
attractive to decision makers because, in theory, the more
poorly performing outcomes will be eliminated through the
adaptive management actions, increasing the likelihood of
attaining the maximum result. Thus, if either Alt 1 or Alt 4 in
Figure 5 includes adaptive management, it would likely be
preferred because of the elimination of the lower part of the
uncertainty bar.
7.4. Monitoring and Adaptive Management
Adaptive management recognizes that decisions are based
on the best available, yet often incomplete and imperfect
scientiﬁc data, information, and understanding [Walters,

1997]. Importantly, adaptive management provides a decision-making framework that can adjust management actions
based on newly acquired information and monitored outcomes of previous decisions. This adaptive decision-making
process can increase the chances that management goals and
objectives (e.g., ecosystem restoration or sustainability) will
be achieved despite uncertainties.
There are many beneﬁts to the development and implementation of an adaptive management program for stream
restoration projects, virtually assuring a reasonable return on
investment. For the purpose of beneﬁts analyses, greatest
return is an increased probability of achieving the maximum
beneﬁts from the ecosystem restoration action. From a probabilistic standpoint, these potential beneﬁts can be described
using Figure 6.
Each of the lines shown on the graph represents a
potential project outcome over a given period, and each of
these outcomes has an associated probability set shown to
the right of each line. The ﬁrst probability is for the full set
of outcomes, while the second is for only the solid lines.
The dashed lines represent outcomes that adaptive management practices will prevent. Thus, the total beneﬁts can be
regarded as the sum of the products of the beneﬁts for each
possible trajectory multiplied by their probability. By eliminating the poorly performing trajectories (dashed lines),
the overall probabilistic project beneﬁts will increase due
to the elimination of poorly scoring outcomes as well as
the restructuring of the probabilities for the higher scoring
outcomes.

Figure 6. Quantiﬁcation of the beneﬁts of adaptive management.
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Monitoring is a signiﬁcant component of an adaptive management program. Additionally, project-level monitoring can
(1) conﬁrm that a project was implemented as intended,
(2) provide feedback regarding the effects of the project relative to expectations, and (3) support management decisions
based on trends and outcomes. Metascale monitoring can be
used to document or increase program effectiveness in both
ecosystem restoration (where multiple restoration actions or
projects have occurred) and regulatory arenas (such as mitigation programs). To the extent practical, monitoring programs
should be geared toward maximizing these beneﬁts and contributing to a better understanding of the beneﬁts of stream
restoration.
8. DISCUSSION
Despite annual investments of over 1 billion U.S. dollars
in aquatic habitat rehabilitation activities, very little is spent
on monitoring or on evaluating these projects. Consequently,
little information exists with which to assess project outcomes or determine if the beneﬁts are worth the costs. Retrospective investigations of completed projects would
provide useful information regarding the efﬁcacy of various
restoration strategies and possibly some indications as to the
beneﬁts derived from investments.
On a go forward basis, estimating beneﬁts from stream
restoration projects provides a useful means for comparing
alternatives, prioritizing projects, and assessing overall return
on investment. Critical factors in the estimation of beneﬁts
include identiﬁcation of an appropriate strategy, selection of
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the most effective metrics, and a determination whether or not
to monetize the beneﬁts. Use of ecosystem service-based
concepts for calculating beneﬁts has gained considerable interest in recent years, and efforts are underway to develop new
tools and data to support these approaches.
Interest has also grown in using more direct hydrologic and
geomorphic metrics as indicators for ecological and servicebased beneﬁts sought from most stream restoration projects.
The basis for this interest stems from the fact that management measures to achieve restoration objectives typically
involve manipulation of hydrology or geomorphology, and
tools to quantify and predict related metrics are much more
developed than those for evaluating biological or servicebased outputs. Decreased study cost and complexity along
with the reduced uncertainty offset possible ambiguities due
to the proxy nature of the metrics.
Table 5 presents a matrix that considers different classes of
metrics for measuring the effects of alternatives on ecosystem support services and includes an assessment of how they
compare relative to time and cost of implementation, associated uncertainty, and overall credibility. Of course, speciﬁc
judgments made in any planning case would necessarily
consider place- and situation-speciﬁc circumstances when
selecting metrics.
Some economists argue that use and nonuse preferences for
changes in ecosystem services can be directly estimated using
stated preferences techniques such as “contingent valuation,”
which essentially involves sophisticated public surveys. These
surveys elicit the choices that survey respondents would make
if they had to pay for alternative states of nature. However,

Table 5. Options for Measuring Alternative Effects on Ecosystem Benefits
Basis for Evaluation
Hydrologic and geomorphic
structure and processes

Example Performance Metrics

Hydrograph shape; frequency of floodplain
inundation; physical habitat distribution;
sediment transport capacity
Biological structure and function Index of Biotic Integrity; habitat suitability
for a species or community; species
richness; population estimates
Services rendered
Recreation use-days; number of
(non-monetized)
catchable fish; tons of cargo; tons of
nitrogen removed
Ecosystem functional capacity
A classified ecosystem scaled by the
functionality relative to reference
conditions and (optionally) public
significance
Economic value
Increase in property values adjacent to
restored streams; commercial fishery yield;
WTP for recreational opportunities

Time and Cost
of Analysis
low

Uncertainty
in Estimates

Scientific
Credibility

low to moderate high

low to moderate moderate to high moderate to high

moderate to high high

moderate to high

low to high

moderate to high unknown

high

high

low to high
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many objections to this approach have been articulated outside
as well as within the economics profession. One important
conceptual criticism argues that people do not view ecological
services as individual consumers; instead, people view and
express their preferences for such services collectively through
environmental laws and other public policies.
Fischenich [2005] outlined principles necessary for the
effective restoration of streams. A common theme of these
principles is the understanding of key processes that occur
within a system to create conditions important to the ecosystem’s character and maintenance. In other words, we must
know how the system operates, or functions, in order to make
good management decisions. This concept is fundamental to
restoring and managing ecosystems. It is equally fundamental to the assessment of the beneﬁts from restoration projects.
Selection of an appropriate method and associated metrics
are largely inﬂuenced by this level of understanding.
Several measures can be employed to improve beneﬁt
analyses, independently of the method or metrics that are
utilized. Quantifying and documenting the uncertainty associated with predicted conditions provides decision makers
with valuable information. The considered development and
use of speciﬁc conceptual ecological models guide not only
decisions regarding ecosystem restoration process, but also
metric selection and beneﬁts quantiﬁcation efforts. Monitoring and adaptive management programs are important not
only as follow-ups to the project implementation, but also
during the formulation process. Decisions regarding the potential for adaptive management actions can inﬂuence decisions and affect overall project beneﬁts.
The principal and overarching output of ecosystem restoration should be improvement to the natural integrity of
the system. In the narrow sense deﬁned by Karr [1981],
ecosystem integrity is the relative completeness of natural
ecosystem function, structure, and associated complexity,
which reﬂects the system’s resilience and sustainability.
Measuring this important and integrative characteristic
would provide the best means by which to assess stream
and other ecosystem restoration efforts. Some suggest that
this can be accomplished by assessing the ecosystem structure and functions [e.g., Schneider and Kay, 1995], while
others argue for a more socially based perspective such as
critical ecosystem services [e.g., Daily et al., 2000]. Considerable research is underway to evaluate the alternative
existing methods and develop new approaches for assessing
beneﬁts. Ecosystem integrity might be a useful concept for
assessing the various models and methods that are developed from these efforts.
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