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Executive Summary

A Systems Approach for Investigating Water, Energy, and Food
Scenarios in EastCentral Maui

A report of The University of Texas at Austin to thepdno Initiative
Carey W. King, Ph.D.

The rain follows the foreDLNR, 2011) From Hawaii s forest come st
this rain, and the water in these streams enables much of the cultural, ecological, and economic value on
t he i s | and sre sustaihability is linked to ftswusewf water resources. The Island of Maui is
certainly no different. In many ways, Maui exemplifies the need for Hawsiilentsto consider how
they will adapt to climatic and economic changes that originate bothiitmn and from without the
Hawaiian Islands.

The worldés biophysical and climate systems are
in human socieeconomic systems. Not only in Hawaii, but all over the world there is an increasing need
to engage in as many coherent energy, water, and agriculture policies as are [fkigsioét al., 2013)
Constraints in water resources can easily translate to constraints in energy and food prodiction.
ensureMa u i 0 gernl poospgrityt is crucial toesoheMa ui 6 s soci et al conflicts
report exists to provide information to the people of Hawaii such that they can facilitate further discussion
as to their desired use of watettfre context of a sustainable future for Hawaii.

This report seeks to inform actions for Hawasustainale water use in agriculture on East Maui
using asystems approachThis systems approach considers water as available for multiple purposes to
consider how Maui 6s water resources can BFmmased t o
water perspective, sustainability is narrowly defined as not drawing on groundwater beyond maximum
sustainable yield. This report explicitly does not addihe litigation issues related to instream flows and
native uses of watetUlupono commissioned this report to address the following questions:

A Is the current use of energy and water for agriculture sustainable?
A Do we have enough water to meet sotiy 6s goal s of increased | ocal
production without causing unintended consequences?
A How much food and electrical and fuel energy can we produce from the East Maui watershed
while sustainably stewarding our water resou?ces
A Whatare the impacts to the broader Maui water and energy systems?
A What do we know about how much can water supply be increased through watershed
management and restoration and at what cost?

System Scenarios

The analysis described ithis report focusesmthe water and energy inputs and outputs for
producing both biofuel feedstocks in the Central Plain of Maui and food crops in UpcouMaui. The
system water, food, and energy scenarios in this
are becoming increasingly constrained due to changes in climate, increasing native and visitor
populations, and movements and legal rulings to reduce water diversions from streams for both
environmental and native cultural reasons (e.g. taro farming).



The water availability for different scenarios is based upon the precipitation, surface water, and
groundwater on the Eastern (Haleakala) portion of Maui. Most of the 330 million gallons per day (MGD)
of average surface water runoff is already used for sammope (se€igure E-1). While there appears
to be a large amount of groundwater resource available, the costs are prohibitive for accessing the bulk of
that water. Manynew water supplies such as more pipelines, groundwates,weitlaimed water
facilities, and desalination are constrained by the available capital required to invest in new fresh and
potable water sourcesThere is some opportunity to reclaim more wastewater that is already being
reclaimed. Two strategies (i)dreased water conservation and demand management and (ii) increased
wastewater treatment for reclaimed water use, have been determined to be the most promising options for
matching Maupotablewater demand with supply (see Sect®Band(DWS, 2010).

Maui Water Resources and Use
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Figure E-1. Approximately400 million gallonsof water per day (MGD), on average, are used for irrigation and
municipal supply on MauReclaimed watepotentialsupplyfrom treated wastewatés ~15 MGD, and20-30% of
wastewater is ircurrent use (Wastewater Community Working Group 20H)).estimagd 330 million gallons of
surface water are available for use each day (Kinoshita and Zhou 1999, -I3blEg&tMaui Irrigation capacity =

445 MGD. 1040% of 70 in/yr of rain becomes surface water of ~@40 MGD (Gingerich and Oki, 2000)

The scenariopresented in this report are structured to provide insight into the following questions
about water, energy, and food on Maui:

1 How does a smaller crop footprint (e.g. land use) for sugar cane relate to water use,
groundwater sustainability, and yield?

1 How muchliquid biofuel can be produced from sugar cameother bioenergy feedstocks,

Central Maui?

How do alternative biofuel crops compaireterms of water consumpti@n

How much water and lareteneeded to grow a significant shardadally-consumed meat,

dairy, fruits, and vegetables for Maui?

T How does aombimatos df eapsfdr biofuels and food relate to surface water use,
groundwater sustainability, and broader sustainability goals for Hawaii and Maui?

= =4

The scenarios bobedgiimnwi tslcemafical it h-def modedsi t hiec
situation as described by Hawaiian Commercial and Sugar (HC&S) in ExhibiolGCWRM, 2010)

E-2



This calibration scenario verifi es altematve st¢efagos mod e |
are simulated on a smaller total crop footprint of 23,000 acres in Central Maui (eastern side) instead of the
current 30,000 acres. Three alternative biofuel crops are modeled: sweet sorghum, cassava, and
banagrass.

In addition b the biofuel scenarios, two food production scenarios are included. One food scenario is
based on a concept of irrigated pasture for giedsattle to produce both beef and milk (or other dairy
products). Milk and beef production serve as proxy indaratfor output of consumer products from use
of pasture | and. The second food scenario is f
agricultureo. Thus, the food scenarios present (
diary, proein, and fruit and vegetable$he scenarios are defined as follows:

Calibrationi 30,000 acres sugar cane, water defi€he calibration scenario assumes approximately
30,000 acres of sugar cane grown on current HC&S land using the average irrigaion f
Exhibit G-1 of (CWRM, 2010) Results are calculated for sugar and molasses production.

Scenario I 30,000 acres sugar cane, full wat€his scenario is the same as the calibration scenario,
except groundwater pumping is increased to delivefithhevater needs to the sugar cane crop.
Results are calculated for ethanol production.

Scenario 2i 23,000 acres sugar cane, full wat€his scenario is a reduced footprint for sugar cane
production to compare the water and yield to the calibratienast and Scenario 1. Results are
calculated for sugar and molasses production (Scenario 2s) and ethanol production (Scenario 2e).

Scenario 3 23,000 acres sweet sorghum, full wafEhis scenario is to compare sweet sorghum biofuel
production and watareeds to that of other biofuel crops.

Scenario 4 23,000 acres cassava, full wat€éhis scenario is to compare cassava biofuel production and
water needs to that of other Dbiofuel crops. T
yield (Scenai o 4 5s) representative of existing commer
cassava yield (Scenario 4i¢lieved possible by Ulupono Initiative

Scenario § 23,000 acres banagrass, full wafkmis scenario is to compare anticipated banagrassdbio
production and water needs to that of other biofuel crops.

Scenario G 5,850 acres pastur&his scenario models beef and milk production from gfed<attle in
UpcountryMaui.

Scenario 7i 1,000 acres diversified agriculturéhis scenario modslfruit and vegetable production in
UpcountryMaui.

Scenarios 8 System energy and food scenaribsh e se f our Osystemd scenari o:¢
Scenarios 6 and 7 to each of the biofuel Scenarios 2, 3, 4, and 5.

Water Resource Sustainability

In considering multiple uses of water on Maui, one measure of water resource sustainability is the
balance of groundwater extraction and recharge. To use an aquifer sustainably, one must not continually
extract more water from an aquifer than seeps in fraimfall and irrigation. The Department of Land
and Natural Resources has established sustainable aquifer yields to help manage groundWétsomuse
Okamoto Corporation, 2008)

E-3



As shown in previous studies, the irrigation of sugar can€entral Maui enables groundwater
extraction higher than that of the sustainable gielidthe Kahului(1 million gallons per day, MGD, or
0.4 billion gallons per year, BGYand Paia aquifer&¥ MGD, or 2.5 BGY)because the surface irrigation
water from the East Maui Irrigation system effectively recharges the aquifers. The |efésgss in
Figure E2 show that while 19 BGY of water is extracted to irrigate sugar cane, there is 18 BGY of
recharge, leaving a net groundwater extraction of 1 BGY or less. However, the results of Scenario 1
show that irrigating the same 30,000 acres of sugar cane td &llficrop water needs creates a
substantial net water depletion of 13 BGY due to the sgumatityof East Maui Irrigation EMI) system
surface water but much more groundwater extraction (35 BGY). This result reinforces why, in an average
rainfall year,30,000 acres of sugar caneCantral Maui cannot be sustainably fully irrigated.

Groundwater Balance for all Scenarios
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Figure E-2. The groundwater extraction, recharge from irrigation, and net groundwater extraction provide summary
metrics to compare the groumdter sistainability of all scenarios. Plotted values assawezage ranthly rain and
EMI ditch flows Numbers might not add due to rounding.

Scenarios 5 show that growing biofuel crops on 23,000 acrgSéantral Mauienables full irrigation
of each cadidate crop while maintaining aquifer sustainabiliylly irritating 23,000 acres of sugar cane
(Scenario 2) provides approximately the same total biomass yield as the current practice of partially
irrigating 30,000 acres (calibration scenari@yowing cassava and sweet sorghum requires much less
water, although the assumption of less water for sweet sorghum correspancsativelylow yield for
Hawaiian conditions.The 5,850 acres gfasture in Upcountrivlaui for intense beef and milk production
would require significant irrigation (5 BGY), assumed to come solely from groundwater. The irrigation
requirements for 1,000 acres of diversified agriculture are minimal compared to the other crops.



The four combined ener gywaeaehgiloundveaterdextrdcsion that s gither s ¢ e n ¢
positive or well below the estimated sustainable yieldsCemtral Maui and Upcountry aquifers (Paia,
Kahului, and Makawao).

Energy and FoodSustainability

The energy and f ood prscaharicstcande viewed astrdladve fo thetotal 6 s y s
Maui consumption for those product&igure E3 shows how each of the system scenarios cormipare
the present Acalibrationo #rsagaraBacheystent sceddio adtbe acr e
same production of milk (100% of Maui consumption), bddf4 of Maui consumption), and fruits and
vegetables (69% of Maui consumption). The amount of gross electricity generated from renewable
energy includes thdiomass generation from the biofuel feedstocks as well as existing wind and
hydropower generation on Maui. The renewable generation on Maui is now dominated by wind power,
and all renewable sources range between 22% and 28% of the gross electricityogenetat island.

System Energy & Food Scenarios
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food scenarios All &ystenbenergy and foodcenarios, by their definition, meet the saraecpntage of local milk,
beef, and fruits & vegetables.h e cal i brati on scenari o representing tod:

no biofuel.

The amount of liquid biofuels, ethanol in all cases, varies considerably among the scenarios. The
percemage of liquid fuels is calculated as the energy content in ethanol divided by the energy content of
Maui 6s gasoline consumpti on. Very little biofuel
assuming the low yields from recent Hawaii crop tr{&lashimoto, 2012, Hashimoto et al., 201R)Jore
extensive crop trial information is needed to verify if sweet sorghum can be grown in Hawaii with the
same yields as netnopical regions.Twenty-three thousand acres of sugame converted to ethanol
could produce 32% of Maui 6s gasoline energy consu
from banagrass (using cellulosic materials). Ethanol production from cassava could range from 26% to
40% of Maui gasoline energy csumption depending upon how much the cassava yield could be
increased from known 6éstandarddé yields.



The water balance calculations were repeated when assuming the low ditch flow year of 1962 in
which the EMI ditch system delivered approximately 28% leasewthan an average yeain this
fi d r o wcehatiodthe 23,000 acres of cassava is still modeled to have net groundwater advarge
when applying full irrigation. The 23,000 acre sugar cane and banagrass scenarios would operate at a
substantial nelss of groundwater of 16 BGY relative to a 1 BGY net gain in an average ditch flow year.

Conclusion

Overall, there is a significant opportunity to meet multiple sustainability goals using the same or
les®er quantity of water for largscale farming obiofuel crops inCentral Maui These multiple goals
include more local food, increased renewable energy, and sustainable groundwater Maagean
create triple the economic value is gets from each gallon of water used in agriculture, while consuming
one third less water thabentral Mauiuses today.

If less surface water is needed for agricultur€ann t r a | Maui , then O6newly a\y
could be used for irrigating other lands for food production, the water could remain in streams for
purposes of enhancing biodiversity cultural uses of water, and/or the water could be available to deal with
potential reductions in future rainfall. The status qgoiculture inCentral Maui currentlyoperats at a
water deficit wi allpattermsdbat\Havaiiararairgfall hag beenrdacreasing at a rapid
rate the last few decades. These declines in rainfall are consistent with expectations from rising
temperatures from climate change. Thus, there is the distinct possibility that Haveaitad will
continue to decrease in the future. More drodglgrant and less watéungry cropsare likely tobe
needed if onlyto deal with decreased rainfalind increased water demands for municipal us&s.
thinking systematically about watereuen the island in short and long terms, Mstakeholderfiave the
potential toproactively adapto a changing world such that thprotect theimost importanand valuable
resources

More scientific and commercial research will be needed to dehjtisharacterize the opportunities
highlighted in this report before commercial agricultural companies or government could be confident in
making the investments needed to change codrBe. critical needs for scientific ancbmmercial
research are:

A Wwatershed management and restoration to understand costs and hydrological impact

A Aquifer characterization, particularly for the major aquifers affected by ground water pumping and
possible

A Precommercial bioenergy crop trials on cassava at the scaliedé¢e affirmatively determine yield
and harvest requirements

A Integration analysis of use of curtailed wind energy for water pumping in agriculture and municipal
systems

If the same cooperative support from the Maui stakeholders that made this regsibstepextends to
the next phase of inquiry, we are confident that Maui can realize the opportunities they collective have.



A Systems Approach for Investigating Water, Energy, and Food
Scenarios in EastCentral Maui

A report of The University of Texas Austin to the Ulupono Initiative

Carey W. King, Ph.D.

1. Introduction

The rain follows the foreDLNR, 2011}. Fr om Hawai i 6 s f that coledt mucloahe st r e
this rain, and the water in these streams enables much of the cultural, ecological, and ecdneroit va
theislandsHawai i 6 s f ut ur e ®itssuseaof waterresbuicdsy The Islandl of Mauieisd
certainly no different.In many ways, Maui exemplifies the need for Hawagsidentdo consider how
they will adapt toclimatic and econmic changes that originate both from within and from without the
Hawaiian Islands.

Maui has locations thaire some othe wettest and driest placea Earth Maui 6s desert
(leeward areasieceive an average of less than 400 millimeters of pamyear, similar to the Sonoran
Desert.Yetjustan hour 6s lesPuvoe &wawi in Mauna Kahal awai (t
where soméocationscollect more than 9,000 millimeteisf rainfall per year, about three times as much
as the Amazon.For arelatively smallisland, thee contrastsin precipitationare staggeringd and the
disparity is the source of both significabenefitsand significant conflicts on Maui. Agriculture and
tourism are Maui 6s maj or e c o0nbumthey terad da hawe iogposiec ; b ot
waterneeds. Agriculture dependand has dependedh redistributing water resources frostreams to
current (and formemlantationsaround the islandvieanwhile, tourism greatly benefits fraample flows
in the streamsral waterfalls that have made Maui famous.

Maui 6s cul t ufadors into evater allacgtiens. el redatively recenflast two centuries)
plantation culture that is enabled by laigmale water transfersonflicts with the centurie®ld native
culture that deeply identifies with and depends on water remaining in its natural saftimtpwaii
plantation agriculture has lost economic competitiveness over the last few decades, particularly sugar
cane production, lawsuits have arisen over how ® water once diverted for cropshe declining
availability of waterd due to macrescale precipitation cyclegerhapsrelated toclimate changed
exacerbates these pressures, putting different sexdtswsiety at odds with each other.

T h e wo rphydidalsandixlimate systems are changing, in turn pressuring changes for adaptation
in human socieeconomic system$Not only in Hawaii, but all over the world there is an increasing need
to engage in as many coherent energy, water, and agricultureepaliiare possib(&ing et al., 2013)
Constraints in water resources can easily translate to constraints in energy and food prodinision.
report presents a systems view of water and energy usestCentral Maui to continue the discussion of
how to view the use of water resources.

1.1 Report focus and context

To ensureMa u i 6 gernl poosperityit is crucial to esoheMa ui 6 s soci et al conf |
water. This report exists to provide infoation to the people of Hawaii such that they can facilitate
further discussion as to their desired use of water in the context of a sustainable future for Hawaii. For
many, a future sustainable Hawaii includes reducing consumption of oil, aygiheblwot d 6 s mo st

! http://hawaii.gov/dInr/rain



valuable primary energy resource. Hawaii is dependent on oil for both transportation and electricity
production, and there are viable renewable electricity technologies, particularly wind turbines,
photovoltaic panels, and solar hot water systetimat can reduce the use of oil products for electricity and

hot water. In addition to using electricity as an energy carrier for transportation (e.g. electric cars), liquid
biofuels, such as ethanol, can substitute for gasoline in cars and truckedause biofuelarederived

from crops that need water, it takes much more water to drive a mile on biofuels than it does on gasoline
(Gerbend_.eenes et al., 2009, King and Webber, 2008)

This report seeks to inform actions for Hawasustainability. There are many definitions of the
word sustainabilityas related to issgeof economy, the environment, and social relationshigghe
Hawaii 2050 Sustainability Plan was created by the Hawaii 2050 Sustainability Task Force during a 2
year citizen and stakeholder engagement praé¢éssaii, 2008) This reporfor the Ulupono Initiatives
relevant to four of the five specific goals of the Hawaii 2050 SustainabBitity.

1 Living Sustainably is part of our daily practice in Hawai'i.

1 Our diversified and globallgompetitive economy enables us to meaningfully live, work and
play in Hawai'i.

1 Our natural resources are responsibly and respectfully used, replenished and preserved for

future generations.

Of the priority actions for 2020 listed in the Hawaii 2050 Sustaility Plan, this present report
informs possibilities to make progress on five of nine of these actions:

Reduce reliance on fossil (carbbased) fuels.

Develop a more diverse and resilient economy.

Create a sustainability ethic.

Increase productioma consumption of local foods and products, particularly agriculture.

=A =4 =4 =9

Unfortunately, Hawaiid duture might be drier than its padRainfall has been experiencing a
decreasing trend over the last several decadesFHgeee 1), and if this trend continues, there can be
significant negative consequences for Hawaiian Islgiiiaz and Giambelluca, 2012, Frazier et al.,
2011) To date, there has already been considerable research investibaticlgniatic influences on
short and longerm Hawaii rainfall, and Pacific Ocean cycles such as the El Nifio Southern Oscillation
(ENSO) and Pacific Decadal Oscillation (PDO) show correlations with many wet and dry [{&iazls
and Giambelluca, 2012, Frazier et al., 20IPhere is evidence that rising global temperatures could
reduce Hawaii precipitatioDiaz et al., 2011, Frazier et al., 2011, Giambelluca et al., 20@®)e
potential mechanism could be a rise in average dheights, or lifting condensation level (observed over
the last decade), combined with a stronger trade wind inversion that makes clouds(Blaxtet al.,

2011) These higher and shorter clouds reduce orographic rainfall because of a narrowing of the cloud
contact height with mountain slopes. In addition, climate change might be causing a reduthi®n in
frequency of northeasterly trade winds that are preferential for the islands to collect orographic rainfall,
particularly on northeastern Maui (personal communication, Victoria Keener). Ongoing research is
attempting to validate these hypotheses.
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Figure 1. There has been a significantrease in the rate of changd decreasing precipitatioin Hawaii since
1980 as compared to the overall trend from I2P07. This image is courtesy of Abby Frazier and Tom
Giambelluca frontheir work as part of the Hawaii Rainfall Atl@Srazier et al., 2011, Giambelluca et al., 2013)

The analysis described ithis report focuses othe water and energy inputs and outputs for
producing both biofuel feedstocks in the Central Plain of Maui andofl crops in UpcountryMaui.
Agriculture consumesver 9% of human water use on Ma(dee Sectior2.2.1.3. In this sense, the
water availability for different scenarios is based upon the precipitation, swier, and groundwater
on the Eastern (Haleakala) portion of Malost of the 330 million gallons per day (MGD) of average
surface water runoff is already used for some purposeHgeee2). While there appss to be darge
amount of groundwater resource available, the costs are prohibitive for accessing the bulk of that water.
There is some opportunity to reclaim more wastewater that is already being recl@imeevo strategies
of increasedvater conseration and demand managemérgether withincreased wastewater treatment
for reclaimed water usare the mospromising options for matching Maui water demand with supply (see
Section3.2and(DWS, 2010).

While the analysisf this reportfocuses on crop and biofuels production, résults should be placed
in the context of théocal water availability and demands for other purposes: instream flowsatore
Hawaiian culture, biodiversity, and municipal water. The focus on East and Central Maui implies no
particular restrictions foeither the eastern, central, western pofbns of Maui. The analysis is one of
scenariosand a similar scenario analysis ltbhe done for the rest of Maui and other Hawaligands.



Maui Water Resources and Use
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Figure 2. Approximately400 million gallons of water per day (MGD), on average ased for irrigation and
municipal supply on MauReclaimed watepotentialsupplyfrom treated wastewateés ~15 MGD, and20-30% of
wastewater is irturrent use (Wastewater Community Working Group 20H0).estimated 330 million gallons of
surface wateare available for use each day (Kinoshita and Zhou 1999, Tdble BastMaui Irrigation capacity =
445 MGD. 1040% of 70 in/yr of rain becomes surface water of ~@40 MGD (Gingerich and Oki, 2000)

1.1.1 Visionof Ulupono Initiative

Ulupono uses a systerapproach to understand how partners and projects work together to create the
most impact. Ulupono Initiative strives to improve the quality of life for the people of Hawaii by
investing in Hawaifocused businesses and organizations. Ulupono knows thkaigren impact in their
key mission areas of food, energy and waste will help achieve a vision for a maadigetfcommunity.
Ulupono Initiative invests in innovative organizations to fuel change focusing on helping transform the
Hawai 6i c o rinm livesiot Hawaa citidens. Ulupono Initiative investments span both the for
profit and norprofit sectors to ensure suppdot strong ideas that will catapuit a w atoward grater
self-sufficiency. For more information visit the Ulupono Initiativeebsite (www.ulupono.cori

1.1.2 Stakeholder engagement

During the multiyear investigations supporting the analysis in this report, the author and Ulupono
Initiative representatives met with makawaii knowledge expertsna stakeholders. During the research
for this study, the author presented the scenario analysis concept aetifoinpry resultgo some ofthe
following stakeholder$o receive comments and feedba€kis list of stakeholders in no way implies the
endosement or verification of the findings or conclusions of this report by any of the listed organizations
or individuals as the findings and conclusions are solely those of the author.

1.1.2.1Private businesses, individuals, amah-governmentabrganizations

Hawdian Commercial and Sugar The University of Texas at Austiresearch teanfirst met with
representatives of HC&S in 201@nd HC&S employeegesponded to questions through the
project period into May 2013During 2010, HC&S representatives took the teaman extensive
tour of their agricultural lands, irrigation system, and sugar production facility. The author
greatly appreciates the facilities tour, information exchange, and provided perspectives of the last
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sugar cane plantation in HawaiSpecificappreciation is given to Lee Jakeway, Mae Nakah
Garret HewRick Volner, and Christopher Benjamin

Earth Justice:From the beginning of this projedsaac Moriwakeand Kapua Sprogirovided valuable
insight into the local context of water allo@atiissues in Hawailsaac and Kapua directed the
team to learn the cultural practicetafof ar mi ng at toKeitér andastafdahe role of
traditional farming in Hawaii and its role in a modern Hawaiaac also provided feedback on
preliminary results of the scenario analysis during Spring 2013.

Carl Freedman:The University of Texas at Austiresearch teammetwith Carl at the beginning of the
project in 2010, and his background informatio
Further, his subsequent work for Maui County on water planning and supply options provides a
wealth of data.

Hawaii Community FoundationThe author and Ulupono Initiative representatives presented preliminary
scenario analysis results to Josh Stanbronduthe Spring of 2013. Josh provided valuable
feedback and discussed the context of this re
I nitiative. The author hopes that this report
Initiative as well a®ther similar stakeholder engagement efforts in Hawaii.

Jonathan Likeke Scheuefhe University of Texas at Austiresearch teanmet with Jonathan at the
beginning of the project in 2010. In addition to providing the team with valuable insight and
backgound knowledge into the history of land and water use in Hawaii, Jonathan directed the
team to specific locations on Maui to learn and see for ourselvetrédaen water diversions that
are at the center of many water allocation disputes.

The 6 AituteaThd authdr ilearned much about the history H#waii biofuels research and
development from Bob Shileser. Bob also provided feedback and support on the general approach
of the analysis presented in this report.

Maui Economic Development Boartihe University of Texas team met with representatives of MEDB at
the beginning and end of this project. Specific appreciation for feedback and important
considerations go to Jeanne Skaghn HarrisonandFrank De Rego The author appreciates the
stakeholderengagement work of MEDB and looks forward to this report, and the underlying
model, as being informative and useful for future MEDB community engagement efforts.

Hawai Bioenergy Institute During a presentation of preliminary scenario results in thin@@013,
Kyle Barber and Scott Shibata provided valuable feedback to the author and Ulupono Initiative
on how to compare and present information on different scenarios. They also provided feedback
on some of the underlying parameters governing model tsutpu

The Nature Conservanc¥he author and Ulupono Initiatiy@esented preliminary results to TNC during
Spring 2013.TNC provided valuable feedback on what is and is not known regarding the role of
invasive species reducing water supplies in rainshddslawaii, specifically the northeast
(leeward) side of East MauEpecific appreciatiorgoesto Mark Fox, Stephanie dm, Jody
Kaulukukui, and Mark White.




1.1.2.2State agencies

Commission on Water Resources ManagemBefpartment of Land and Natural Resourcetmte of
Hawaii. An important subset of data used in this report is due to actions and reporting by the
CWRM. The author and Ulupono Initiative met with CWRM representatives in the Spring 2013
to discuss preliminary results and presentation of the resyscific appreciation is given to
William Tam, Lenore Ohye, and Dean Uyeno.

Hawaii Department of AgricultureState of Hawaii:The author and/or Ulupono Initiative met with
Hawaii DOA employees multiple times during the project period to get feedbaagrmultural
scenarios. The insights and feedback from the DOA, péatig Director Russell Kokubyn
helped guide the analysis and scenarios definitions. Specific appreciation is also gigett to S
EnrightandEarl Yamamoto

Hawaii Office of Planing, State of HawaiiJesse Soukin the Office of Planning provided insight into
the history of water allocation and development issues in Hawaii as well as information and data
resources.

1.1.2.3Academic and scientific research (state and federal)

College of Topical Agriculture and Human Resourcddniversity of Hawaii at ManaaMultiple
meetings and exchanges with faculty and research staff at CTAHR provided invaluable
information and feedback for this project. Much of the existing knowleddtaofaii food and
biofuel feedstockcrop development is due to the continuous research and development efforts
within CTAHR. This present report could not have produced the range of scenarios without the
publications and feedback from CTAHR faculty and st3ffecific ajpreciation goes t€harles
Kinoshita, Carl EvensenRichard Ogoshiand Ali Faredor providing information and feedback
on some of the underlying parameters governing model outputs presented in this report.

Department of Geography, University of HawdiiManoa:lf you ask about water resources in Hawaii,
all roads point toTom Giambelluca Specific appreciation goes to Tom and his studdsitty
Frazierfor providing data on monthly rainfall patterns on Maui that were used in the modeling for
this report. Further, the online resources of the Hawaii Rainfall Atlas
(http://rainfall.geography.hawaii.edu/fprovide stakeholders and researchers easy access to
valuable data ohlawaii precipitation patterns.

Hawaii Natural Energy Institute, University of Hawaii at Man®aeliminary scenario results were
presented t&cott Turnin the Spring 2013, and the author appreciates his feedback and insight
into energyrelated issues and history on Hawaii.

U.S. Deparnnent of Energy In Spring 2013 the author and Ulupono Initiative presented preliminary
scenari os results to James Spaet h, a DOE Sen
perspectiveon presentation of the results have prouseful in the preparatioof this report.

EastWest Center, Pacific &jional Integrated Sciences and Assessments (Rb8#&ct Preliminary
results were shown to Victoria Keertercompare to the goals of the Pacific RISA project with
regard to understanding impacts of climatarge to Hawaii.

United States Geological SurveYhe University of Texas at Austin team corresponded with USGS
representatives several times over the course of the project. The streamflow and irrigation ditch
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flow data were crucial to the analysis of s@gos in this report. During meetings and \imail,

the USGS researchers and staff provided valuable feedback and suggestions for analysis.
Specific appreciation goes t8tgophen Anthony, Steve GingerichDelwyn Oki, and Ronald
Rickman.

United States Bpartment of AgricultureThe reporting oHawaii agricultural yield data is crucial for
using those data for scenario analyses such as in this report. Specific appreciatiorVgoks to
Hudsonfor helping the author access and interpret the agricultiatal that he maintains for the
State of Hawaii on behalf of USDA.

1.2 Model Description

The purpose of the model used for this analysis is for high level analysis of planning scenarios. The
model uses the STELL%Asoftware platform to track input water flowisom rainfall, surface water
irrigation ditches, and groundwater wells and output water flows from land use and irrigation practices.
The water output flows are crop evapotranspiratisigation needs, aquifer recharge daexcess water
that omsumetdddby gr owi ng c risonptaphysitkbases medel (e.gitddee mo d e |
not useclimate conditions together with heat and water budge¢stimate crop water use and crop yield
and cannot inform specific irrigation scheduling needs foraijmmal purposesBecause the model is not
physicsbased, there are many data that are necessary inputs to make the model informative. For
example, necessary data are monthly reference evapotranspiration for the land parcels of interest.

The model run®n monthly time steps in order to capture important seasonal patterns in rainfall and
surface water availabilityThe model focuses on high level scenarios rather than detailed operational
proceduresThe Appendix describes the specific model input patamelues and assumptiorisor a
full description of the model inputs, outputalculations, and assiptions,refer tothe separate report
from The University of Texas at Austin to Ulupono Initiative entitlékscription of Model for
Investigating LandWater, Energy, and Food Scenarios in Hawaii

1.3 Data Sources use in Model

The analysis presented in this document is poseifliebecause theelevantinput dataexist In turn,
these data exist because of the countless hours of work and dedicatiofederal, state, and local
government agencies as well as educational institutions and private busifzgbethe author and
Ulupono Initiative are indebted to the researchers and organizations that have made these data available
via past recording andeporting. These available data originate from scientific studies, measurement
systems, and documents related to legal proceedifigs remainder of this section discusses the primary
sources of data and data used form these soBpesific input @ta aad mathematical methods are listed
in the Appendixof this report.

1.3.1 State of Hawai

The project used geographic information syste@®kS) files for Hawaii geography and land use as
obtained from the state Office of Planning webditép://planning.hawaii.gov/gis/These files were used
to define the size and shape of the land parcels used in the scenario analysis. The land parcels were
chosen based upon a subjective tradeoff of several factors: sifi)-52000 acres), single owner,
overlying over a single aquifer, similar climate and/or land use potential, and access to surface irrigation
ditches.

2 http://www.iseesystems.ousoftwares/Education/StellaSoftware.aspx

7


http://planning.hawaii.gov/gis/
http://www.iseesystems.com/softwares/Education/StellaSoftware.aspx

Several documents of Landad\NatawakResodrces (DNRpGominissiemt o f
on Water ResourseManagement (CWRM) were very useful in providing input information to the model
used in this reportSpecificallyinformative was the Compilation of Data Submissions, Part I}ZPEG
01) in May 2010 that includes information submitted and assessed iretonsideration of interim
instream flow standards for 16 surface water hydrologic units on the northeast side of Maui island
(CWRM, 2010) The information provided by Hawaiian Commercial and Sugar (HC&S) made it possible
to include some practical s (water deliveries; water seepage or infiltration; groundwater pump
capacities, typical operation, and location) about the irrigation system on much of land being modeled in
this study.

1.3.2 Maui County

Data on the municipal water supply is included in thedel to ensure perspective on how the
guantity of water for agriculture compares to that for domestic use. The Maui Department of Water
Supply (DWS) website(http://www.co.maui.hi.us provides timely updates orhé monthly water
production for their system.

1.3.3 United States Geological Survey

Two USGS publications were particularly valuable in providing context and information on the water
supply and water balance on East and Central Maui:

1 Effects of Agricultural landUse Changes and Rainfall on GrotMter Recharge in
Central and West Maui, Hawaii, 1926004 (Engott and Vana, 200,7and

1 Median and LowFlow Characteristics for Streams under Natural and Diverted Conditions,
Northeast Mau{Gingerich, 2008)

Additionally, this report used USGS historiclemm gaugelata of mean monthly flow rates within
streams and thierigation ditchesThe mean monthly ditch flows for the Wailoa ditch flow come from the
USGS stream gaye database for gauge number 16588000 at Honopou stream near Huelo, Maui. Annual
mean flow data were also obtained for New Hamakua ditch (USGS gauge: 16589000), Lowrie ditch
(USGS gauge: 16592000), and Haiku ditch (USGS gauge: 16594000).

1.3.4 Universityof Hava i 0 i at Ma no a

Over the past several decades, students, faculty, and temsaat The University of Hawdnave
produced numerous scientific papers, reports, and databases that provide valuable information on the
natural resources of Hawai'i. Severaltlése works were crucial in providing data and insight for input
into this report.

The data within the Hawaii Rainfall Atlabt{p://rainfall.geography.hawaii.ejutas used to estimate
monthly rainfal for each land parcel in the moddihis database, run by the Geography Department of
the University of Hawaii at Manoa, is extremely valuable for characterizing the rainfall patterns across the
Hawaiianlslands Rainfall data used in this project origied from the Rainfall Atlas online resource as
well as GIS files that were provided by Dr. Tom Giambelluca and Abby Frazier.

The Hawaii Bioenergy Master Plan, prepared by the Hawaii Natural Energy Institute, is a tremendous
intellectual resource that pridles good background data on bioenergy crops and relevanceHawzg
situation(HNEI, 2009)
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The Hawaii Agricultural Water Use and Developmdrian produced by the College of Tropical
Agriculture and Human Resources to the Hawaii Department of Agriculture, presents a wide array of
information including crop planting time and known irrigation practices for crops in Hawaii.

Although this presenreport does not focus on the rainshed and benefits of native forest cover to
capturing water from precipitation and fog drip, some information from University of Hawaii researchers
puts the present agricultural water scenarios in perspectBection 3.1 of this report summarizes
important and relevant research of the University of Hawaii Economic Research Organization (UHERO)
on the topic of estimating the costs and benefits of managing invasive species to protect arel enhanc
watersheds.

1.3.5 Company and consultant reports

In addition to studies and reports by the University of Hawaii, the author referenced calculations in
the 2010Black and Veatcliinal report,The Potential for Biofuels Production Haw#@Black & Veatch,
2010)

1.3.6 Various academic/journal literature

The following academic journal articles were useful references for providing input parameter values
for estimating some biofuel @p yields and conversion to ethanol. The articles also provide calibrating
metrics and calculations for checking the results of this present study:

1 Dryland Performance of Sweet Sorghum and Grain Crops for Biofuel in Nebraska
(Wortmann et al., 2010)
o Provided methodology for estimating sugar content from sweet sorghum.
9 Evaluation of Sweet Sorghum for Fermentable Sugar Production Pot¢rtidgth etal.,
1987)
o Provided some early field trial data for growing sweet sorghum in Hawaii
1 Optimizing biofuel production: An economicadysis for selected biofuel feedstock
production in HawaiTran et al., 2011)
o Provides calibrating information for yields and costs of biofuels production in Hawaii

2. Scenarios Descriptions and Results

The water, food, and energy scenarios are based on the areatodlQédaui as designately the
numbered land parcein Figure3. Each scenario assumassingle crop oplantation agriculture in the
Central lowlands of Maui is irrigated from both surface water and groundesteeeded.The surface
water comes from the East Maui Irrigation ditch system that diverts water from streams on the
northeastern windward slopes of Mai@heng, 2012, Gingerich, 2005)Groundwater for irrigation
comes from the existing groundwater pumps that service Hawaiian Commercial and Sugar (HC&S)
agriculturallands(CWRM, 2010) For estimating the need for groundwater pumping, it is assumed that
groundwater pumping only occurs for any given month if the crop evapotranspiration imetd$ing
irrigation lossesexceed the water supplied by rainfall andaceirrigation waterfrom the EMI system
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Figure 3. Central Maui is the focus of this study, and in particular the land paredds Phe colored blocks
represent individual land parcels of the model. Bold red lines dedimeptifers. Thin red lines emanating outward
are streams. Light blue linéaunning across stream®present irrigation ditches.

2.1 Scenarios Descriptions

The water, food, and energy scenarios in this
supplies are becoming increasingly constrained due to changes in ¢limatasing native and visitor
populations and movements and legal rulings teduce water diversions from streams for both
environmental andative cultural reasons (e.g. tdfeyming). Futher, many new water supplies such as
more pipelines, groundwater welleclaimed water facilities, and desalination are constrained by the
available capital required to invest in new fresh and potable water sources.

Worldwide, the agricultural secteonsumes the most water compared to any other economic activity,
and the water use on Maui Island is no differédh Maui, agriculture consumes9(% of total wateisee
Section2.2.1.3. The current agriculal situation on East and Central Maui is that almost all of the
surface water collected by major East Maui Irrigation (EMI) irrigation ditches is used for irrigating
approximately 30,000 acres of sugar cane for HC&® @descriptios of EMI ditch systemn (Cheng,
2012)and (CWRM, 2010). Further, the average water delivery from the EMI system is not enough to
fulfill the full monthly water needs of the gar caneto reach full yield and groundwater is used for
irrigation to supplement the surface wasge Exhibit G1 of (CWRM, 2010).

The scenarios presented in this report are structured to provide insight into the following questions
about waterenergy, and food on Maui:

1 How does a smaller crop footprint (e.g. land use) for sugar cane relate to water use,

groundwater sustainability, and yield?
1 How muchliquid biofuel can be produced from sugar cane in Central Maui?
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How do alternative biofuel crapcomparen terms of water consumpti@n

How much water and land is needed to grow a significant share of meat, dairy, fruits, and
vegetables for Maui?

T How does aombimatos df e@apsfdr biofuels and food relate to surface water use,
groundwatesustainability, and broader sustainability goals for Hawaii and Maui?

=a =

This report does not present a full economic analysis of the costs, revenues, and profits for each
scenario. The scenarios in this report are meant to serve as a basis for discuss$iEntopic of water
use for food and energy on Mawdee (DWS, 2010)for detailed analysis of water suppoptions for
Central Maui.

The scenarios beginwith fAcal i brati onot se enar rdeenftti hcd W abtmesd € lusa t
described by HC&S in Exhibit @ of (CWRM, 2010) Then, alternative scenarios are simulated on a
smaller total crop fotprint of 23,000 acres in Central Maui (eastern side) instead of the current 30,000
acres. As will be showm the scenario resultgrowing sugar cane on 23,000 acres with full irrigation
uses approximately the same quantity of water and to producalardptal yield as 30,000 acres under
water deficit.

Three alternative biofuel crops are modeled: sweet sorghum, cassava, and barfiggasscane,
sweet sor ghum, and cassava are modeled as 6éconve
conmmercial process for converting them to liquid biofuels, namely ethanol. The sugars produced from
sugar cane and sweet sorghum can be fermented into ethanol, and the starch in cassava can be converted
to sugars to produce ethanol in a similar manner amneths produced from corn grain. Banagrass is a
potenfganeroa2ti ond biofuel crop in thhuinsteaditdoes n
cellulose isconverted to liquid fuels. Further, there is not yet a commercial process for conveeting
cellulosic material in banagrass into liquid fuels such as ethanol or synthetic hydrocarbons (e.g. jet fuel,
diesel).

In the context of this report, a full comparison of banagrass to the other croppassiblebecause
of thelack oftechnology @velopmenfor cellulosic biofueld Further, if cellulosic conversion to liquid
fuels becomes commercial, thire significantcellulosicportions of sweet sorghum and sugar cane could
also beconverted to liquid fuels.The main reason that banagrassiduded is that it has undergone a
significant amount of research and testing in Hawaii, and research continues on both banagrass
agriculture and biofuel conversion process

In addition to the biofuel scenarios, two food production scenarios arel@atl®ne food scenario is
based on a concept of irrigated pasture for giedsattle to produce both beef and milk (or other dairy
products). In recent years, the cattle ranching on Maui has dwindled due to lack of rain for pasture grass,
and the paster scenario assumes the need for irrigating the griik and beef production serve as
proxy indicatorsfor outputof consumer products from use of pasture land. There could be other scenarios
for utilization of a relatively large acreage of ranch anstyp@ land on MauiThe other food scenario is
for fruit and vegetable producti on, or Adiversifi
many possible ways to utilize land on Maui for diary, protein, and fruit and vegetables. Futuseanaly
could look at multiple scenarios to produce the same quantity of mass and nutrients (e.g. crops of nuts for
protein instead of beef from cattle).

3 Some valuable feedback upon presenting the scenarios to stakeholders was to avoid comparing- banagrass
based (2 generation) biofuels to those frorff deneration crops such as sugar cane, sweet sorghum, ssadaa
For consistency and clarity, and due to the lack of full economic analysis, the report still often reports various
scenario water and energy outputs together.
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Tablel summarizes the scenarios as follows:

Calibrationi 30,000 acres sugar cane, water defidihe calibration scenario assumes approximately
30,000 acres of sugar cane grown on current HC&S land using the average irrigation from
Exhibit G-1 of (CWRM, 2010) Results are calculated for sugar and molasse&kiption.

Scenario I 30,000 acres sugar cane, full watéhis scenario is the same as the calibration scenario,
except groundwater pumping is increased to deliver the full water needs to the sugar cane crop.
Results are calculated fethanol productio.

Scenario 2/ 23,000 acres sugar cane, full wat€his scenario is a reduced footprint for sugar cane
production to compare the water and yield to the calibration scenario and Scenario 1. Results are
calculated for sugar and molasses production (SieRs)y and ethanol production (Scenario 2e).

Scenario 3 23,000 acres sweet sorghum, full wafBhnis scenario is to compare sweet sorghum biofuel
production and water needs to that of other biofuel crops.

Scenario 4 23,000 acres cassava, full wat€his scenario is to compare cassava biofuel production and
water needs to that of other Dbiofuel crops. T
yield (Scenario 4s) representative of existing
yield (Scenario 4i) based upon internal information to the Ulupono Initiative.

Scenario § 23,000 acres banagrass, full waflhnis scenario is to compare anticipated banagrass biofuel
production and water needs to that of other biofuel crops.

Scenario 6 5,850 acres pastur&his scenario models beef and milk production from gfed<attle in
UpcountryMaui.

Scenario 7i 1,000 acres diversified agricultur€his scenario models fruit and vegetable production in
UpcountryMaui.

Scenarios 8 Systemerergy and food scenario¥hes e fsgstend & cenari os combine t
Scenarios 6 and 7 to each of the biofuel Scenarios 2e, 3, 4s, 4i, and 5.
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Table 1. Land area of each land parcahd description of which land pats are modeled to have crops during each
scenario SC= sugar cane, SS = sweet sorghum, C = cassava, BG = banagrass, DA = diversified agriculture, and P =
irrigated pasture grass.

Scenarios
Parcel s 4s
Area Calibration 1 3 ) 5 6 7 8*
2e 4
(acres)
Pacel1  N/A - - a e e e e o -
Parcel2  N/A -- -- -- -- -- -- -- - --
Parcel 3 N/A -- -- -- -- -- - - - -
Parcel 4 1233 -- -- -- -- -- -- -- - --
Parcel 5 2155 -- -- -- -- -- - - - -
Parcel6 2776 SC sC - -- -- -- -- - --
Parcel 7 2466 SC sC - -- -- - - -- -
Parcel 8 1340 SC sC - -- -- - - -- -
Parcel9 2483 SC SC SC sSsSs C BG - --  Biofuel
Parcel 10 3712 SC SC SC sSsSs C BG - --  Biofuel
Parcel 11 2613 SC SC SC sSsSs C BG - --  Biofuel
Parcel 12 2788 - - - -- -- - - -- -
Parcel 13 4457 - - - -- -- - - -- -
Parcel 14 7079 - - - -- -- - - -- -
Parcel 15 3466 - - - -- -- - - -- -
Parcel 16 5853 -- - - -- - - P - P
Parcel 17 5135 - - - -- -- - - -- -
Parcel 18 1000 - - - -- -- - - DA DA
Parcel 19 1519 SC SC - - - - - - -
Parcel 20 2545 SC SC SC ss C BG - --  Biofuel
Parcel 21 5845 SC SC SC sSss C BG - --  Biofuel
Parcel 22 1941 SC SC sC SsSs C BG - --  Biofuel
C
C

Parcel 23 2459 SC SC SC SS BG -- --  Biofuel
Parcel 24 1227 - - SC SS BG -- --  Biofuel
Parcel 25 2758 -- -- -- -- - - - - -
Parcel 26 2245 -- -- -- - - - - - -
Parcel 27 3523 -- -- -- -- - - - - -
Parcel 28 4478 -- -- -- - - - - - -
Parcel 29 8025 -- -- -- -- - - - - -
Parcel 30 3702 - -- -- - - - - - -
Parcel 31 5838 -- -- -- -- - - - - -
Parcel 32 2789 -- -- -- -- - - - - -
Parcel 33 3320 -- -- -- - - - - - -
Parcel 34 3842 - -- -- -- -- - - - -
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2.2 Scenarios Results: AerageMonthly Surface Water Delivery
For detailed descriptions of all input values and assumptions, see the Appendix.

2.2.1 Water Balance

2.2.1.1Calibrationi 30,000 acres sugar camperated withwater deficit

This calibration scenario serves to ensure that the model parameters and assumptibns close
approximate the known data for water and energy flows on MdGi&S currently farms approximately
35,000 acres of |l and for sugar <cane, but approxi:
Central valley of Maui. The modeling in this syudnly considers these 30,000 acres (Sigeire 3 and
Table 1). These calibration scenarios mimic the reported information that HC&S to the Hawaii
Commission on Water Resmes ManagementCWRM, 2010) There are two main input data to
compare the modeled results of the calibration scenarios to HC&S reported information: monthly surface
water deliveries from EMI and monthly (capacity factor for) groundwater pumpiffee calibration
scenarios assume these two inputs as reported in ExhRibaf@CWRM, 2010)

The calibration scenarios assumed the same pump capacity factors and surface water deliveries as
reported by HC&S ilCWRM, 2010) Scenario Jand all subsguent scenariosassume that irrigation is
applied to fulfill full crop water ned. Further, all subsequent scenarios assume slightly different surface
water deliveries from East Maui Irrigation system ditches {sd#e2). All non-calibration scenarios use
surface ditch inflows based upon stream gauge data for the Wailoa, Lowrie, New Hamakua, and Haiku
ditches as collected by the USGS. See Appendix for description of stream gauge information.

Table 2. Surface waterldws assumed for irrigation ditches in East Maui Irrigation systeonr t he fdAcal i br at
all other scenariogunits: million gallons per day). SousceExhibit G-1 of (CWRM, 2010)and USGS stream
gauges

Calibration

Scenarios, Scenarios
from Exhibit G-1 1-8
of (CWRM, 2010)

January 145 129
February 129 125
March 154 178
April 188 198
May 168 188
June 148 142
July 184 179
August 173 177
September 137 127
October 145 138
November 168 169
December 160 154

Here, two comparisons indicate the sensitivity of the model to an assumption regarding irrigation
system losses, on HC&S land, due to seepage and evaporation in the storage reservoirs. Not considering
the actual application of water to crops via drijgetion, HC&S reported an estimated 10% of irrigation
water is lost due to seepage and evaporation from their irrigation system, primarily due to multiple
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storage reservoirs (see description of Exhibifl & (CWRM, 2010). HC&S further notes that ¢h
seepage is expected to be higher when there is more water in the reservoirs, and this situation occurs
during the wetter months of the winter and spring. Less seepage is expected in the drier months of the
summer.

The model used for this report has aee factors for seepage (equivalent to groundwater recharge in
the model) due to irrigation and evaporation of irrigation water. There is no separate factor for water
seepage from the storage reservolngo assumptions are compared: 3.3%tathl irrigation water is
evaporatedFigure4) and 0% of total irrigation water is evaporatéijure5). Figure4 (and summarizes
the majo water flows tracked in the model, and this structure is repeated throughout this section
describing model results. The units are average daily flow in millions of gallons per day. Seven items are
plotted in the lefhand graphic:

Irrigation: This bladk solid line indicates the monthly combined surface water and groundwater extraction
used for irrigating crops.

Ditch Inflow: This gray solid line indicates the assumed surface water delivery form the EMI system.

HC&S Reported Groundwater Pumpirighis is the quantity of groundwater pumping reported in Exhibit
G-1 of (CWRM, 2010)

Modeled Groundwater Pumpinghis is the modeled groundwatxtractionfor each scenario.

Recharge fronirrigation: This is the calculated quantity of water that seefs tine ground to recharge
aquifers as a result of irrigation that is < 100% efficient.

Modeled Water Deficitlf this value is negative for any given month, there is a shortage of irrigation
water relative to the full crop needs.

HC&S Reported Water Deidit: This is the reported average water deficit by HC&S in Exhibit &f
(CWRM, 2010)

15



Calibration: Sugar Cane, 30K acres, 3.3% Irrigation System Evaporation
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Figure 4. Monthly and annual water balances the calibration scenario modeling 30,000 acres of sugar cane
producing sugar. Here, thessumption is that 3.3% of irrigation water is lost to evaporatod groundwater

pumping occurs as reported by HC&S in ExhibitlGn (CWRM, 2010) A negative AModel ed Wa
indicates not enough surface water and groundwater applieop® cr

Figure 5. Monthly and annual water balances for the calibration scenario modeling 30,000 acres of sugar cane
producing sugar. Here, the assumption is that 0% of irrigation water is lost to evapoaatiogroundwater
pumpingoccurs as reported by HC&S in ExhibitlGin (CWRM, 2010) Anegd i ve fiModel ed Water
indicatesnot enouglsurface wateand groundwater applied to crops
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