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1 Introduction

Water scarcity is becoming a pervasive and pergigt®blem in Texas particularly in the drier
regions containing cities like San Antonio, Austind Corpus Christi while growth causes
emerging problems in Dallas, Fort Worth and HoustABmumber of options are being
considered including Inter-basin water transfelB d) shifting water from surplus to deficit
regions. Potential water transfers can have unéaresr negative impacts on basin of origin,
regional economies, and or on the environment diofywater quality. The Texas water Code
mandates that water transfers should consider esgnenvironmental and water quality
impacts (in section 11.085, (K), (F)) demandinggebons of impacts on water quality, aquatic
and riparian habitat in all affected basins. Whilere are 51 proposed Texas Inter-basin water
transfers in 2006 Texas Water Plan, there is ngocehensive evaluation of or even evaluation

methodology proposed for these transfers.

The water models available in Texas have variougdtions that affect their usefulness in
evaluating IBT induced economic impacts and watelity changes. Water-related models that
deal with hydrologic and environmental issues comiynéocus on the quantity issues such as
water supply and water flow but do not have ecorarniwater quality dimensions (Wurbs,
2003). Models with economic considerations tendoer only restricted areas, for example, the
Edwards aquifer and Nueces, Frio and GuadalupeeBlaasin regions (Gillig et al, 2001;
Watkins Jr & McKinney, 2000). Much of the reseahas been localized looking at only single

or a couple of basins without looking at broadatestide issues.

This research is designed to build a statewide otkgrating economic, hydrologic, and
environment components. Such a model will be ugsexkamine Texas water scarcity issues and

socially optimal water allocation along with théeets of inter-basin water transfers.

We developed an integrated economic, hydrologid,earvironment model covering 21 Texas
riverbasins: Colorado, Brazos-Colorado, Brazosz8seSan Jacinto, Canadian, Red, Sabine,
Guadalupe, San Antonio, Sulphur, Cypress, Nechesh&-Trinity, Trinity, Trinity-San Jacinto,

San Jacinto, Colorado-Lavaca, Lavaca, Lavaca-Gupdaban Antonio-Nueces, and Nueces.



The model is designed to yield information to suppdéfective public water policy making for

state agencies, water management authorities giahe¢ water planning groups.

The surface water aspects of this project are sumeuthin this report. Future research work will
be focused on combining surface and ground waté@ntbgrating the Edwards Aquifer

Groundwater and River System Simulation Model (BDS).
2 Modeling framework

Economic theory indicates that water should becatied to the highest valued users in order to
achieve economic efficiency. Maximizing the econosificiency of water allocation involves
maximizing the economic value gained from the Us@®allocated water. The value of water is
classified into (1) the direct value of water te thater user, and (2) the value that would accrue
to producers and consumers that are affected bytgaif water users and (3) the future value of
water. The value of water and the indirect effectst be considered in the economic analysis of
water (Castle, 1968). An inter-basin transfer cavoive significant costs to the basin of origin
along with the benefits to the receiving basin. ©@ost can involve the opportunity cost to the
basin of origin of potentially reduced future econo growth and prosperity (Keeler, et al,

2002).

While desirable it is difficult to quantify the idct value, and the future value of water, here
the analytical and conceptual model only consitleesdirect use value of water under a

projection of the future adjusted for the constiuctcost of IBTs.
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Where,

S State of nature

c City or county

t Type of user, or sector including municipal,usttial, agricultural,
recreational and other water uses, as well ash fsger flowing into
bays and estuaries

m Month

iorj Inter-basin water transfer project

d River place where water is withdrawn

ENB Expected net benefit from water uses

prob(s) Probability of a flow state of nature
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DQs,c,t,m,d

DTQ,

J,cdt,m

DQc,t,m,d

INFLOWsd m

FLOWout , ,

FLOWin , .

Inverse water demand function in month M as itesaby state of

nature, user type and place

Quantity of water used as it also varies by stéateature, type and

place

Marginal cost function of supplied water as itiga by state of nature,
type and place

Annualized fixed cost of a proposed inter-basgater transfer project

Annual operating cost per unit transferreddqeroposed water

transfer project

Amount of water transferred from an IBT and ubgdector t in

month m

Binary variable indicating whether an IBT in comsted or not

Amount of monthly water withdrawn from a divert®r sector t in

place ¢

Amount of water transferred from a diverter

Maximum amount of water can be withdrawn fromzedier

permitted by water authority

Amount of water supplied by the nature at a rplace

Amount of water flow out from the river p&ato down stream

Amount of water flow in from upstream riyaaces to this river place



STOREafter, .  Amount of water stored at the end of a month reservoir

STOREbefa

s,d,m

Amount of water stored at the beginning of a manth reservoir
TOBAY, Amount of water flow to bay or estuary

RETURN, Amount of water returned to the river place
STORAGE Maximum storage capacity in a reservoir

Capacity Maximum yield of an IBT

Equation (1) is the objective function and gives #imnual expected net benefit accrued from
municipal, industrial, agricultural, and recreaibnsage as well as a minimal value for the fresh
water escaping to bays and estuaries less the ¢o®ts of constructed IBT projects and the

variable costs of the water transferred using trestructed IBTSs.

The problem includes a number of constraints. EgndR) is a water supply and demand
balance linking the economic component to the hgdiioal component. The water demand for

each city or county for different type of uQe.:mwill be supplied from various diverters in a

riverbasin DQ:cima and water transferred from other riverbas[?rTsQS'i'cvd"'m. If d is a source
diverter, D-I-Qs'iv“‘*tvmwill be negative; if d is a destination diverteDr:rQS*i’Cv‘“’m will be positive.

Equation (3) indicates that the water withdraw framliverter for a particular type of use

DQ

setmd should not exceed the permitted amo%%fivmvd . This constraint links the

institutional regulation to the water supply.

Equation (4) is the instream flow balance depicahgach river place, total inflow must be in
balance with total outflows by state of nature am@hth. The left side of the equation is the total

outflows, equaling to the sum of water divertechioynan activitie®Q water transferred

s,c,t,md ?

in DTQ, and water flow to down streaOWout , .. If d is a source diverter for an

gcdtm



DTQ, DTQ,

IBT hedtmwill be negative; otherwise, hedtm will be positive. If d is a reservoir or
end river place in a riverbasin, then total inflost®uld also include reservoir storage at the end

of the monthSTOREAafter, , and outflows would include retention for storaded is last river
place on a riverbasin, outflows will include watiew out to bays and estuarie®BAY, . The

right hand side is the total inflows at this riy@ace, equal to the sum of water supplied by the
naturelNFLOWsq,m, water flow from upstreafalLOWin, , .., and return flowlRETURN, ..

Again, if d is a reservaoir, then total inflows skainclude water stored in the reservoir at the
beginning of the month after discounting reseresmporation loss. Return flows come from

upstream diverted water and once we add groundvratergroundwater diversions.

Equation (5) states the amount of water transfefed an IBT will be equal to the sum of the

amount of water transferred to various destinatmnthis IBT.

Equation (6) states that the amount of water teansdl from an IBT is restricted by the

B

capacity.” is a binary variable indicator. If an IBT is buiﬁ’I =1 and this constraint become

working, and fixed cost for its construction incarsd will be considered in the objective

function. If an IBT is not built,BI =0, then no water will be transferred and fixedtdosits

construction will not incur and thus not be consadiein the objective function.

Equation (7) specifies that water stored at a v@sein any time and any states of nature are

limited by its storage capacity. Therefo®TOREbefa; , , and STOREaftey, will not exceed

,d,m

the maximum storage capacity.

Equation (8) is a storage balance constraint fesarvoir. The states of nature-weighted sum of
water stored at end of the month will be in balaoicereighted sum of water stored at the

beginning of the month in a reservoir.
3 Empirical model specification

The empirical TEXRIVERSIM model is a two stage $tastic programming with recourse
model implemented using the General Algebraic Miodebystem (GAMS). The model



maximizes net statewide welfare while simultanepushsidering environmental, hydrological,
institutional, stochastic climate conditions andwealized IBT fixed and unit variable costs. In
doing this, it chooses optimal IBTs and water atam, instream flows, return flows, reservoir
storage, bays and estuary freshwater outflowsritains 21 riverbasins (see table 1), 46 major
municipal water use cities, 25 major industrial @vatse counties, and all of the agricultural
counties. 51 IBTs are introduced in the model:i¢8rrto-river IBTs and 41 river-to-user IBTs

(see table 20 in appendix).

Table 1: Riverbasins covered in the model

Basin name in GAMS Original basin name(s)

Brazos Brazos and Brazos-San Jacinto rive basins
Colorado Colorado riverbasin and Brazos-Colorado
Canadian Canadian riverbasin

Red Red riverbasin

Sabine Sabine riverbasin

Guadsan Guadalupe-San Antonio riverbasin
Sulphur Sulphur riverbasin

Cypress Cypress riverbasin

Neches Neches riverbasin

NechTrinity Neches-trinity riverbasin

Trinity Trinity riverbasin

TrinitySanJac Trinity-San Jacinto riverbasin

SanJacinto San Jacinto riverbasin

ColLavaca Colorado-Lavaca riverbasin

Lavaca Lavaca riverbasin

LavaGuadl Lavaca-Guadalupe riverbasin

SanioNues San Antonio-Nueces riverbasin

Nueces Nueces riverbasin



The model TEXRIVERSIM maximizes expected welfarewaoulated from municipal and
industrial (M&I) consumers’ surplus, recreationahlefits and net farm income less the cost
from IBTs. Based on the analysis of historicalieai flows, nine states of nature ranging from
very dry to very wet are defined in the model tibeiet climate variability with probabilities
reflective of historical frequency in a 50-yearipdr In turn, these probabilities serve as weights
in the objective function. Therefore, the modedtischastic reflecting nine states of nature for

water flows following the historical climate pattst

Municipal water uses are divided into two classester in major cities where we introduce
explicit demand curves and water from the smalkkgjtwhich we treat as having constant net
marginal benefit from using water up to a maximwnarfity. Municipal water demand for major
cities has constant price elasticitywhile municipal water demand for small citiesnfinitely

price elastic but cannot exceed historical water dajor cities’ water demand is shifted up and
down depending on the rainfall and climatic cormti§ characterizing each state of nature (See
figure 1). The climate shifter is introduced as mhbnaverage temperature (F) times the number
of days without rainfall in a month divided by 100®) as in Griffin and Bell (2006). The

climate elasticity; is represented as the percentage change in quahtitater demand given 1

% change in climate shifter. Therefore, the majoe€ water demand function is follows:
QC = yC F)C‘E‘:lWC‘E‘2

Industrial water demand is also separated intotypes: 25 major industrial counties with
explicit demand curve (McCarl, 1999); and smallusity counties with constant marginal net
water benefit using water up to a maximum amountnigipal and industrial prices are set as
the first block and last block price following Bealhd Griffin (2006). Marginal cost is assumed to

be 50% of the corresponding water price.

Benefits from water use for major cities or majudustrial counties are measured as consumer
surplus, the area below a constant elasticity dencarve and above the marginal cost curve.
Benefits from water use for small cities or smatlustrial counties will be the constant net

marginal net benefit times the amount of water used
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Figure 1 A major city’ water demand curve & its climatefsifactor

Benefits from agricultural water use are represtoteng a linear programming crop mix
representation. Net agricultural income from @tigd and dry land crop production is
considered. Irrigated and dryland crop yields alaityy irrigation water requirements differ by
state of nature, and are developed by using theeBt&riddle procedure (Doorenbos and Pruitt,
1977). The model employs a two-stage stochastigraroming with recourse formulation. The
choice of the crops to grow is decided early inytbar at the first stage when the state of nature
is unknown. At the second stage, harvest and tragavater use can be adjusted when the
amount of water available and state of nature acsvk. Cropland use across the crop mix

patterns employed is restricted to the land aveslab

Recreational water use is gaining importance. Ténet cost method is widely used to estimate
the value of recreational water use, but this yohd our scope. In this project, we assume
recreational water withdraws have constant margietibenefit in all riverbasins. Freshwater
inflows to bays and estuaries are valuable andweumclude a term for this in the objective
function. We did not find appropriate values fadhwater inflows to bays and estuaries.
Currently we assign a net value of $0.01 per ao-ftater which flows out. Higher values may

well be in order.
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4 Data specification

The model involves huge amount of data. The dataused mainly involve water demand,
including water prices and consumption, climategdetop data, IBT data, hydrological data and

state of nature data. Each is described below:
4.1 Water demand

Water is used by various sectors. Water demanditudjea for municipal and industrial interests
in 2010 are drawn from the “2006 Regional WatenPfeom the Texas Water Development
Board (TWDB) website at

(http://www.twdb.state.tx.us/data/popwaterdemandd®i0jections/DemandProjections.asp

Major municipal cities and industrial counties designated as those with annual water use
greater than 2000 and 3000 ac-ft respectivelys Tésults in 46 cities and 25 major industrial

counties being designated.

Municipal and industrial water prices in 2003 araveh from a survey of over 2000
communities in Texas that was done by Bell andf@r{2006). Municipal prices through which
demand curves will be passed are the first blosdepr and industrial water prices are the last
block prices. We assume water prices in year 20d0eal prices same as the nominal prices in
2003. Monthly price elasticity for major cities’ ve&t demand is from the same survey by Bell

and Griffin (2006) while price elasticity for induigl water demand is from Renzetti (1988).

Marginal cost including treatment and operating éoseach city or county is assumed to be
50% of the water prices.

4.2 Climate data

Major cities water demand is sensitive to the ctand climate-driven demand shifter is defined
as monthly average temperature (F) times the nuwitdays without rainfall in a month then
divided by 1000 (W) as developed in Griffin and IR2D06). Monthly average temperature and
precipitation data for identified major cities filve period 1950-2004 are collected from National

11



Climatic Data Center (NCDC). Climate elasticityagopted from the survey results by Bell and

Griffin (2006). Therefore, we could identify themhte effects on major cities’ water demand.
4.3 Crop data

TEXRIVERSIM models agricultural water use and cnognagement choice, so crop data are

needed in the form of crop budgets, crop mix anthsa water irrigated lands in Texas.

Crop budget data including crop yield, price anst@e adapted from Texas Cooperative

Extension data on the websitetp://agecoext.tamu.eduCrop irrigation water requirements

and crop dryland yield are also sensitive to tivaate. Therefore, monthly average temperature
and precipitation data for all agriculture counfiesthe period 1950-2004 are obtained from the
same source of NCDC. The Blaney-Criddle formuladi2obos and Pruitt, 1977) is used to
obtain the climate-driven crop water requiremeAtdryland crop yield is assumed proportional
to the irrigated crop yield depending on how muainfall is available. For example, if rainfall
available is 70% of crop irrigation water requirerhehen 70% of irrigated crop yield is
assigned to the dryland crop yield.

Available agriculture land is defined as acreagerafated land available in a county in 2003
and drawn from the NASS, which serves as an uppérthat the optimal cropland use across

the crop mix patterns can not exceed.

Historical crop mix is extracted from USDA coungyeél statistics as developed by NASS

(ftp://www.nass.usda.gov/pub/nass/county/byyeamt will provide information for agricultural

land constraints with land for irrigated and drylarses having to be a convex combination of
historic crop mix following McCarl(1982), McCarhd Onal(1989, 19913ndGillig et al

(2001). 21 crops from the historical crop mix drerefore included in the model (see table 19 in
Appendix)

4.4 Hydrologic network structure

TEXRIVERSIM model is an integrated economic, hydgital model. When defining the model

it is necessary to introduce a network flow struetilnat represents water flow in the various

12



rivers dividing each basin into a set of reachebrades then linking the reaches to depict water

flows from upstream to downstream as well as pahtdiversion. This is defined as follows

A primary control point in Water Availability Modielg (WAM) (by Texas Commission on
Environmental Quality —-TCEQ) and Water Rights AsayPackage (WRAP) (Wurbs) is named
as a “river place” in the TEXRIVERSIM model. Rivelace is the most important unit in this
model and used to define reaches, reach membersiven flow linkages. All the calculations

are made with reference to the river place.

A secondary control point in WRAP is named as &€éder” in the TEXRIVERSIM model. A
diverter is the actual place that water users ts@me amount of water for particular type of use
and all usages in a reach are assigned to the d@ansriver place.. Diverter is one of the most
fundamental units in the model as well as riveceland most of hydrological data such as
historical water use and permitted diversion aigedaon it.

The area between two adjacent river places is e@fas a reach. Diverters located in that reach
are considered reach members of the down strea@npiace. A river place can contain many
reach members. The diverter-river place mappingglbu link between a diverter and down
stream river place, which enables us to aggregaéstdr based data into the river flow model

features.

The riverbasins contain many reservoirs. A resengdreated as both a diverter and a river

place since it is an actual water diversion pdi@® major reservoirs with a capacity more than
5000 ac-ft are covered in the model. The normabg®® capacitySTORAGE for the major

reservoirs is obtained from Texas Water DeveloprBeaird

(http://www.twdb.state.tx.us/publications/reportst@raonditions/twc pdf archives/latest.pdf

Modeling the riverbasins involves representingrifiers with a series of river places and
connecting them in sequence according to the figer. The mapping between upstream river
place and its consequent down stream river plagerisimportant in modeling water flow

sequence and instream flow balance particulartietermine howrLOWin, , .., FLOWout , ,

and RETURN,, , enter the model.

13



The tuple sector-diverter mapping is directly estea from WRAP output and represents a

particular diverter and type of water use.
4.5 Hydrological data

The hydrological data including naturalized flowusstorical water use, and permitted diversion

mainly obtained from the input data used within WiRAP and WAM.

Naturalized stream inflows represent water infldlagt would have occurred in the absence of

today's water uses, water management facilitiesTéte naturalized inflow is used to calculate

INFLOWS,s 4 m for the instream water flow balance constraint.

Historical water use is used to identify the lesetlemand by the major industrial and municipal

counties and set a limit for water withdrawn focreational or other use.

Texas Commission on Environmental Quality issuemfis to water right holders and specifies

the maximum amount of water that can be divertedmitted diversions for a diverter serve as

an upper bounaD Qecma that the diverter can actually withdraw before Bdnsfers.

Evaporation loss is defined as the percentage tdrveaaporating per unit water stored for a
reservoir. Reservoir evaporation takes away agfdte available supply for diversion and

eventually affects the variabl83 OREbefa, , , andSTOREaftey, .

.d,m

The model reflects the difference between diversiamd consumptive use where a given
proportion of diverted water return flows into aei. Once water is diverted for use, some
percentage of water will return to the river and aditer supply for the downstream users. This
is represented aBETURN , ., in the instream flow balance constraint. Watennret to different
locations after certain period. Recreational useah&00% return flow since there is no
consumptive use. The return flow percentage isinddafrom the EDSIMR model (Gillig, 2001)

(see table 22 in Appendix). It is assumed that inditeerted from one river place will return to
the next downstream river place and no time dedaynsidered in the model.

14



4.6 IBT data

Inter-basin water transfer is the key componentraggbr focus in the TEXRIVERSIM model.
Inter-basin water transfer related data includesptioject name, corresponding fixed, and
variable cost, capacity and as well as the IBT s®and destination locations. These data are
drawn from the Texas Water Plan 2002, 2006 alortly m@gional water planning group reports
(http://www.twdb.state.tx.us/RWPG/main-docs/2006Ri¢leK.asp

Two types of IBTs are included in the model. A IBssociated with more than one diverter is
treated as a River IBT (RIBT), where transferredew# not directly dedicated to a user but
rather is placed in the instream flow of the dexton basin that is used by downstream
diverters. An IBT where the water is dedicatedrty one diverter is treated as User IBT
(UIBT) in which transferred water is assumed deéiddo that diverter. The source and
destination river places are mapped accordingdi ghysical places. 51 possible inter-basin
water transfers (10 RIBTs and 41 UIBTS) are inctugtethe model (see table 20 in Appendix).

4.7 State of nature data

Inter-basin water transfers will not only operatealry years when water is highly needed but
also would operate in wet years when they may aatdeded and in fact will operate across the
spectrum of water availability years. Consequettyaccurate modeling and IBT appraisal we
need to depict the full variety of water flow pdskiies and their relative frequencies of

occurrence. The states of nature define the sttchzest of the model.

Nine states of nature are defined based on the WIR@R historical river flow and climate data
from the years 1949 to 1998 so they depicted camditranging from very dry to very wet.

Years with similar flow and climate condition ane@gped into the nine states and their relative

incidence is used to define the probabiff?™S) . weighted averages of all of the data with

each of the states describing temperature, pratignit, and naturalized flows are then formed.

In turn given the definitions of the nine statesmafure and the associated climate condition, the
stochastic element of the model is defined. Newmoadary states of nature are defined within a

stochastic programming with recourse formulatiothwiarying levels of

15



* naturalized inflows for each river place and month

» agricultural water use, and crop yield for eaclyated crop that is defined in the major
agricultural counties, for each water use month

» agricultural crop yield for each dryland crop tisatlefined in the major agricultural
counties

» water demand quantity through which a constantieigsdemand curve will be passed
for each major municipal water demand city based olmate shift elasticity approach
developed by Griffin and Chang (1990) and lateraied by Bell and Griffin (2006)

» water demand quantity for minor cities

5 Model results and discussion

5.1 Optimal water allocation without IBTs

Once TEXRIVERSIM is constructed, a baseline scenarrun through the model. The “base”
model is defined as a model without IBTs beingtbdihe consequent results are discussed in

the following sections.
5.1.1 Expected net benefit

Table 2 lists the expected net benefits for eaddribiasin. The expected annual net benefits
accruing from Texas surface water use acrossvaltbiasins is $8,450 billion. Municipal water
benefit (“mun”) is the largest component of this@anting 99.88% of the above total benefits.
Agricultural water benefits (“ag”) are $2.44 millipwhile industrial water benefit (“ind”)
accounts for 0.11% of total benefits and reachesge of $9.76 billion. The water benefits from
recreation (“rec”), other (“other”) and the valuefiesh water inflows to a bay (“TOBAY”) are
$99, 7.01, 0.47 million respectively. The net béneflue from municipal and industrial water
use must be carefully interpreted since their benafe measured as area below a constant
elasticity demand curve and above the marginal@aste. That measure is large as price
approaches infinity then the quantity of water @aghes zero yielding very large areas.
However, the net benefits from agriculture, recozetl, other and value of fresh water inflows

to bays and estuaries have real meaning. Thethaneal net income either from agriculture
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production or from other activities. Value fromdghewater flows inflows to bays and estuaries is

very small due to the assumption that its margnesivalue is $0.01/acft.

Trinity, San Jacinto, Guadalupe-San Antonio andz8saare four biggest components of the net
benefit, accounting for 80%. This is not surprisamgce municipal water use is the dominant
contributor and Dallas, and Forth Worth are inThiaity basin, while Houston is in the San
Jacinto basin, and San Antonio in the GuadalupeA$aonio riverbasin. The total benefit from
Trinity-San Jacinto, San Antonio-Nueces, Colora@dwdca, Lavaca, Neches-trinity fiver
riverbasins are less than $0.8 million, reflecting result that little water is used for municipal

purpose.

Municipal water benefit (“mun”) comes from two parfrom 46 major cities (“mun-city”) and
from other minor cities (“mun-other”). In Texasetle are around 960 cities with a range of
population spanning from 1000 to 1 million. Thejpoted surface water demand for the 46
major cities totals 1.146 million ac-ft, accountifog 49.1% of total municipal demand

projection. Therefore, ignoring the small cities\at appropriate. These small cities are assigned
to have constant marginal water benefit of $28@&-8/, which is the lowest price from major
cities.

The results shows that benefit from the small siéiee relatively small, ranging from $0.21
million in Nuces basin to $105 million in Brazosd#a Trinity, San Jacinto, Guadalupe-San
Antonio and Brazos again are four big players artiunicipal water benefit from major cities,
followed by Neches, Red, Colorado, Nueces, andngabMeanwhile, Trinity-San Jacinto, San
Antonio-Nueces, Colorado-Lavaca, Lavaca and Ned@hiesty do not contribute greatly in terms

of net welfare.

Industrial water benefit (“ind”) are also composd#dwo parts: a major industrial part arising
from explicit demands by 25 major industrial coest(“ind-main”) and an other industrial part
arising from the other 230 counties in Texas (“otber”). The projected water demand for these
25 major industrial counties accounts for 55% tdiltcndustrial demand. Therefore, it is
necessary to include the small industrial countigbe model. The net benefits from these major
counties accounts for 96.2% of the welfare, hadmnvglue of $9.39 billion. It does make sense

since the marginal benefit for the rest countiesaamsumed constant to be the lowest ind. price
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from major counties ($570/ac-ft). San Jacinto, BeaZ5uadalupe-San Antonio and Sabine are
four big players in both “ind” and “ind-main” categes, and contribute for 86% and 88%
respectively, while Trinity-San Jacinto, San AntmiNueces and Colorado-Lavaca have zero net
benefits.

The agricultural water benefits for all riverbasiotals $2.44 million. The major agriculture
basins are Guadalupe-San Antonio, Colorado, BramdsNueces with net farm income ranging
from $1.22 to $0.16 million, while Canada, Cyprdssyaca, Neches, Neches-Trinity, Sabine,
San Jacinto, Sulphur, Trinity, and Trinity-San dézido not have any irrigated agricultural
income. In the San Antonio and Guadalupe Riverhasirface water resources currently supply
about 12% and 52% of the water used for all purds&M- Guadalupe-San Antonio). In the
Colorado Riverbasin, only 25% of water is for ieigpn, 66% is for municipal supplies, 8% is
for industrial purposes (WAM-Colorado). In the BoaRiverbasin, surface water resources only
supply for 18% of water use for all purposes whiligated agriculture accounts for 77% of all
water used and is concentrated in the High Plaidssapplied largely from the Ogallala Aquifer
(WAM-Brazos). This implies that majority of irrigah water are from ground water source
(which is not depicted in TEXRIVERSIM), which measonly small percentage of agriculture

production are covered in the model.

Benefits from recreational, other and fresh wataw$ to bays and estuaries are trivial in most
basins. Recreational benefit in Guadalupe-San Ant@aches $95.44 million, indicating that

recreational use is an important competitor therein
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Riverbasin
Brazos
Canadian
ColLavaca
Colorado
Cypress
Guadsan
Lavaca
Neches
NechTrinity
Nueces
Red
Sabine
SanioNues
SanJacinto
Sulphur
Trinity
TrinitySanJac

Total

ag
0.5

0.01

0.6

2.4

ind
2,526
63

136
145
1,333
0.2
508
0.2
0.02
53

1,249

3,289

15

440

9,758

ind-main
2,452
63
90
112

1,330

506

46

1,212

3,289

15

276

9,391

Table 2: Expected net benefit by basin ($ million)

ind-other

74

a7
33
3.6
0.2

0.2
0.0

37

0.1

163

367

mun
532,061
24
365,940
23,084
918,595

453,710

278,786
414,803
108,058
1,584,368
44,825
3,716,093

8,440,348

mun-city m
531,955

365,915
23,068
918,559

453,704

278,786
414,789
108,049
1,584,368
44,820
3,716,002

8,440,016

un-other
106
24
25
16
36

0.2
14
9.1

91

332

other

0.1

o o o o
R N o

N

7.0

outtobay rec
0.07
0.005
0.03
0.02

0.02

0.06
0.01

0.10
0.06
0.006
0.02
0.02
0.06
0.002

0.47

0.3

0.0
0.4

95

99

sum
534,587
87
.01
366,079
23,229
920,031
0.2
454
0.6
278,787
414,856
109,310
0.01
1,587,657
44,841
3,716,532
0.00

8,450,215



Basin
Brazos
Canadian
ColLavaca
Colorado
Cypress
Guadsan
Lavaca
Neches
NechTrinity
Nueces
Red
Sabine
SanioNues
SanJacinto
Sulphur
Trinity
TrinitySanJac

Total

ag
46.02
0.87

127.47

45.3

1.8

9.32

3.1

0.21

234.1

ind

308.21
7.62
94.35
68.81
142.44
0.37
106.48
0.26
0.04
17.77

145.05

377.99
281
307.81

1,580.00

Table 3: Expected water use by basin (thousant) ac-f

ind-main

178.63
7.62
12.55
11.69
136.18

102.54

5.59

80.23

377.99
2.7
21.27

936.99

ind-other

129.58

81.81
57.12
6.26
0.37
3.94
0.26
0.04
12.18

64.82

0.01

0.1

286.54

643.01

mun
462.22
84.65
258.12
59.07
269.44

69.16

62.68
141.88
49.38
399.61
25.22
1,169.51

3,050.95

rnun-city

84.13

168.21
3.29
140.03

46.25

61.94
92.49

17.01

399.61
6.49
845.35

1,864.79

muin-o ther
378.09
84.65
89.91
55.79

129.42

22.92

0.74
49.39

32.37

18.73

324.15

1,186.15

other
1.35
0.03
0.07
8.77

67.56

0.47

4.89

0.75

2.97

0.32

0.45

87.63

outtobay

6,683.83
199.75
78.04
2,661.51
1,570.23
1,848.07
784.63
5,501.06
1,118.00
524.24
9,542.54
6,295.28
565.43
1,649.17
2,382.21
5,696.40
173.19

47,273.59

[ec

3.6

1,060.45

0.13

30.54

0.15

0.08

1,099.53

sum
821.40
93.17
0.06
493.30
127.88
1,585.20
2.17
176.24
5.16
72.79
165.71
224.97
0.21
778.07
28.02
1,477.85
0

6,052.19
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5.1.2 Expected water use by basins and sectors

Socially optimal water allocation states that wateould be allocated to highest value users to
achieve economic efficiency. Generally, municipad andustrial water use creates higher value

than other sectors, so the water demand from gmsers should be satisfied first.

The expected water use in each riverbasin is listéable 3. The “sum” is defined as the total
water use from all sectors (excluding fresh wdtew$ to the bay). There are total of 6.05

million ac-ft of water used across all riverbasiApproximately 3.9% of the water (234,100 ac-
ft) supplies are used in the agricultural sectér12 (1580,000 ac-ft) by industry, 50.5%
(3051,000 ac-ft) in municipalities, while recreai#b water use accounts for 18.5% (1100,000 ac-
ft).

Water use from the small cities is 1186,000 ao+f38.9% of the municipal total. Meanwhile,
water use from the other small industrial counite$03,000 ac-ft, accounting for 40.7% of total
industrial water use. The results verify that ihécessary to include them in the model even
though they do not create high welfare; otherwtise results will be biased. On the other hand,
47.3 million ac-ft of water escapes to bays andasts, approximately 8 times the actual water

use by all sectors.

Guadalupe-San Antonio, Trinity, Brazos, and Samdaare four biggest basins with total of
4.66 million ac-ft water used by all sectors, actmg for 77% of total water use. Water use in
Neches-Trinity, Lavaca, San Antonio-Nueces, Colorhdvaca, Trinity-San Jacinto totals less
than 10,000 ac-ft.

Water distribution among sectors varies signifibaatross riverbasins. In Guadalupe-San
Antonio, recreational water use plays an importal#, reaches 1067,000 ac-ft and is equivalent
to 4 times of municipal consumption, 7.5 timesmafustrial consumption, 23 times of

irrigational water use. Note a large portion of 8an Antonio use is mainly supplied from the

Edwards Aquifer that is out of our current modelguppe.

In the Trinity, water use totals 1477,000 ac-ftjl&79.1% are for municipal, 20.8% are for

industrial. Recreation, other and agriculture usg/\small amount of water.



In the Brazos, water use totals 821,000 ac-ft, elagricultural, industrial, municipal,
recreational water use account for 5.6%, 37.5%3%6nd 0.4% respectively, indicating that

water are mainly used for municipal. This is cowsiswith the WRAP inputs.

In the San Jacinto, total water use reaches 77&0600 which is exclusively used for major
cities (51.4%) and major industrial counties (48)6¥he results do make sense since Houston

and Harris County where Houston is are in San faciverbasins.

In the Colorado, water use totals 493,000 ac-ftoAqit, 25.8% are for agricultural purpose,
19.1% for industrial use, and 52.3% for municipatgose. Therefore, agricultural water use has

relatively larger portion in Colorado than in othieerbasin.
5.1.3 Major cities water use

Table 3 displays socially optimal water allocatnriverbasin. Table 4, 5, and 6 show details
of water allocation for the major cities, major urstirial counties and agricultural counties

respectively.

Forty-six major cities are classified based onhis¢orical municipal surface water use data from
WRAP. Cities like College Station using ground wate main source are excluded in the model.
However, San Antonio is an exception. A large ptté water shortage (78,467 ac-ft) is being
faced by San Antonio due to Edwards Aquifer pumpimgts and rapid population growth. It is
likely the shortage will be supplied by surface @vgiossibly from inter-basin water transfer.
Therefore, it is important to include San Antomahe model. The projected water demand for
these 46 cities totals 1.146 million ac-ft, accangfor 49.1% of total municipal demand.

Dallas, Houston, Fort Worth, Austin and San Antceie the five largest cities, constituting

62.8% of the projected municipal water demand antbad!6 cities.

The optimal water allocation (“Base”) less the podgd water demand gives us the water
shortage faced by each city. If the water shoriad@rge and no ground water source available,
then an inter-basin water transfer may become #oropThe results show that Houston, Austin,
and Dallas water demand is largely met if watapsmally allocated. However, San Antonio,
Arlington, Fort Worth, Tyler, San Angelo, and RouRdck still face large shortages especially
San Antonio and Arlington. This is why entitiesdilan Antonio Water System (supplies water
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for San Antonio), Tarrant Regional Water Distrisei(ves Fort Worth and surrounding
communities in ten counties), North Texas Muniché&lter District (supplies water to cities
such as Plano, Farmersville, Forney, Garland, Mo&yn Mesquite, Princeton, Rockwall, Royse
City, Wylie and Richardson) and Dallas Water Ukt (supplies water to Dallas and

surrounding cities) are actively participating iamy proposed inter-basin water transfer

projects.
Table 4: Major Municipal City Water Use (thousarodfg

City Base* Pre-demand** Difference***

Abilene 22.93 22.87 0.06
Allen 22.25 23.62 -1.37
Arlington 13 79.73 -66.73
Austin 150.82 153.69 -2.87
Beaumont 27.09 26.97 0.12
Bonham 2.2 2.74 -0.54
Cedar Park 3.33 10.92 -7.59
Center 1.64 1.63 0.01
Cleburne 5.7 5.75 -0.05
Coleman 1.26 1.28 -0.02
Conroe 9.34 9.33 0.01
Corpus Christi 61.94 61.83 0.11
Corsicana 0.66 5.83 -5.17
Dallas 388.56 389.34 -0.78
Denison 5.52 5.5 0.02
Denton 29.46 29.6 -0.14
Fort Worth 100.77 149.57 -48.8
Frisco 45.82 45.58 0.24
Garland 40.12 42.85 -2.73
Georgetown 2.69 8.6 -5.91
Gonzales 1.55 1.54 0.01
Graham 1.53 1.53 0
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Grapevine 13.45 135 -0.05

Greenville 5.56 5.55 0.01
Houston 390.27 388.93 1.34
Irving 55.23 55.41 -0.18
Liberty Hill 0.14 0.45 -0.31
Mansfield 9.36 13.54 -4.18
Marlin 251 2.65 -0.14
Marshall 3.29 3.26 0.03
McKinney 22.54 24.67 -2.13
Nacogdoches 7.71 7.65 0.06
Paris 6.24 6.25 -0.01
Plano 64.98 72.62 -7.64
Richardson 32.71 32.46 0.25
Round Rock 5.78 19.63 -13.85
San Angelo 10.31 20.78 -10.47
San Antonio 138.48 216.07 -77.59
Snyder 2.8 2.8 0
Sweetwater 3.02 3.01 0.01
Temple 14.66 20.89 -6.23
Terrell 3.58 3.58 0
Texarkana 6.49 6.47 0.02
Tyler 11.45 25.88 -14.43
Waco 25 24.89 0.11
Weatherford 2.85 5.2 -2.35

* “Base”gives the optimal water allocation under $&line scenario;
** “Pre-demand” gives the projected water demand;

*** “difference” is the gap between the “Base” anthe “pre-demand”
5.1.4 Major industrial counties’ water use

Industrial water counties with average historicaface water use greater than 3000 ac-ft are
classified as major industrial counties. 25 countad! in this category accounting for 55% of
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total industrial demand projection. Brazoria, Herkarrison and Jasper are the four largest

industrial counties, using 70.8% of the water is ttategory.

The optimal level of water use by the major indastounties is listed within the “base” column

of Table 5. Again optimal water allocation is oftess the projected water demand as in the

"difference" column. This shows problems in BraapNueces, Harris, Dallas, Hutchinson,

Tarrant, Harrison, Live Oak and Victoria countiéhe water shortage is largest in Brazoria

County with a shortage of 111,000 ac-ft. Therefarrests within these counties may well seek

alternative strategies to solve the water shorisgjee including IBTs.

County
Angelina
Bastrop
Bell

Bexar
Bowie
Brazoria
Calhoun
Dallas

Fort Bend
Harris
Harrison
Hutchinson
Jasper
Lamar

Live Oak
McLennan
Montgomery
Nueces

Robertson

Table 5: Major industrial counties’ water use (tband ac-ft)

Pre-demand

30.28
5.13
1.14
29.53
2.33
264.34
49.82
37.03
9.87
397.28
85.24
24.06
64.27
5.6
5.84
3.94
2.53
47.98
10.39

Base
30.28
5.13
1.13
29.53
2.33
153.33
79.76
11.83
9.86
375.46
78.33
7.62
64.27
5.59

0
3.94
2.53

10.37

Difference

-111.01
29.94
-25.2
-0.01
-21.82
-6.91
-16.44

-0.01

-5.84

-47.98
-0.02
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Rusk 1.62 3.24 1.62

Smith 4.55 7.99 3.44
Tarrant 17.69 9.44 -8.25
Titus 10.71 10.71 0
Tom Green 2.3 2.3 0
Victoria 32.67 26.89 -5.78

* The column labeled “Base” gives the optimal molate scenario water allocation
** The column labeled “Pre-demand” gives the lewélprojected water demand
*** The column labeled “difference” gives the gaptiween the optimal level and the level of

projected demand
5.1.5 Agriculture water use and production

Table 6 lists agricultural water use by county urdglfferent state of nature. Table 7 and 8 list
the irrigated and dryland crop acres planted. Tagaiculture water use averages 220,000 ac-ft.
Agriculture water use is sensitive to state of reand water use under drier conditions is more
than water use in wet years. Wharton, Medina, Tase® Comanche, and Robertson are the
five largest irrigation water using counties, aatinyg for 85% of total agricultural water use
and 82.3% of total irrigated land. Crop mix diffaayoss counties. In Wharton County, 100,000
ac-ft of water is used largely for rice product(@695 acres) and upland cotton (“CottonU” 205
acres). In Medina, pima cotton (“cottonP”), uplamadton, peanuts and grain sorghum
(“Sorghum”) share 39,000 ac-ft of watdn Tom Green, upland cotton is the major crop
accompanied with a few acres of grain sorghum, wéaed winter wheat (Winwht). In
Comanche, peanuts are the principal irrigated osapg 15,000 ac-feet of water, while in

Robertson upland cotton is the dominant irrigatexghc

Total dryland acres reach 2042,000 acres, whi@@1stimes larger than the total irrigated land
(10,100 acres). Crop dryland acres in each couetynaich larger than the irrigated acres. One
reason is that most irrigation water is from growater source, while it is not covered in our
current surface model. Therefore, majority of lavill be converted to dryland if there is not

enough surface water available. It also verified the agriculture water creates lowest value and
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will be first sacrificed once there is water shgeigroblem in a region in a social optimal point

of view.
5.1.6 Instream water flows and fresh water inflow s to bays and estuaries

Table 9 shows average instream flows at a riverepia a riverbasin. It can be seen that Sabine,
Neches and Trinity have the largest average instwgater flows above 700,000 ac-ft, while
Trinity-San Jacinto have the lowest instream fleas|than 30,000 ac-ft. Monthly instream flows
vary by basin. In the Brazos basin, instream flswigher in December, January, May, while
lower in July, August. In Sabine, instream flowe Argher from January to July, while lower
from August to December. Instream flow dependshemiaturalized stream flow, diversion

amount, return flow, so there is no clear pattern.
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Table 6: Agricultural counties’ water use undefetiént state of nature (thousand ac-ft)

County Average HDry MDry Dry Dnormal Normal Wnormal Wet MWet HWet
Wharton 99.76 126.06 113.12 107.78 105.91 95.22 98.51 89.96 89.00 78.63
Medina 38.86 48.12 40.35 44.63 41.59 37.23 40.55 35.43 32.74 27.94
Tom Green 18.02 20.41 20.16 19.90 19.50 16.90 18.38 16.43 16.91 15.28
Comanche 15.21 18.01 15.13 16.68 17.23 14.55 13.98 14.38 13.45 14.45
Robertson 15.00 19.79 16.69 16.76 17.22 13.91 13.67 13.35 13.92 12.21
Wilson 7.93 8.66 8.50 8.22 8.50 7.73 7.79 7.39 7.51 7.62
Zavala 7.80 7.97 7.94 8.19 8.02 7.74 8.38 7.23 7.04 7.51
Concho 6.02 6.65 6.14 6.75 6.72 5.58 6.29 5.73 5.74 5.29
Mason 2.29 2.64 2.37 2.44 2.57 2.21 2.32 2.08 1.84 2.18
Runnels 2.21 2.47 2.44 241 2.39 2.12 2.23 1.98 2.05 1.85
Nolan 1.27 141 1.30 1.43 1.42 1.18 1.33 1.21 1.22 1.12
Wilbarger 1.04 1.33 1.07 1.21 131 1.05 0.75 0.82 0.72 0.96
Castro 0.46 0.58 0.46 0.52 0.47 0.44 0.50 0.45 0.39 0.35
Baylor 0.42 0.52 0.47 0.50 0.46 0.39 0.46 0.34 0.40 0.31
Hale 0.41 0.43 0.39 0.45 0.47 0.39 0.45 0.39 0.38 0.30
Haskell 0.38 0.45 0.42 0.42 0.44 0.37 0.36 0.35 0.33 0.32
Roberts 0.34 0.47 0.32 0.40 0.38 0.32 0.37 0.30 0.27 0.26
Donley 0.26 0.30 0.27 0.26 0.32 0.27 0.19 0.24 0.21 0.23
Deaf Smith 0.26 0.28 0.25 0.30 0.25 0.25 0.27 0.25 0.22 0.21
Hansford 0.25 0.33 0.24 0.28 0.23 0.25 0.26 0.23 0.23 0.19

San Patricio 0.22 0.24 0.24 0.24 0.23 0.21 0.24 0.19 0.19 0.19



Randall
Carson
Fisher
Swisher
Moore
Wheeler
Dallam
Dickens
Parmer
Croshy
Motley
Cottle
Atascosa
Collingsworth
Hardeman

Total

0.20
0.19
0.18
0.17
0.16
0.15
0.12
0.12
0.12
0.09
0.05
0.03
0.02
0.01
0.01
220.01

0.23
0.24
0.20
0.20
0.20
0.17
0.18
0.14
0.14
0.10
0.06
0.04
0.02
0.02
0.01
269.04

0.20
0.18
0.19
0.16
0.15
0.15
0.11
0.13
0.12
0.10
0.05
0.03
0.02
0.01
0.01
239.87

0.24
0.21
0.21
0.19
0.18
0.15
0.13
0.13
0.13
0.10
0.05
0.03
0.02
0.02
0.01
241.55

0.20
0.21
0.21
0.18
0.15
0.18
0.12
0.13
0.11
0.10
0.06
0.03
0.02
0.02
0.01
237.34

0.20
0.18
0.17
0.16
0.16
0.15
0.13
0.11
0.11
0.08
0.05
0.03
0.02
0.01
0.01
209.87

0.22
0.19
0.19
0.18
0.16
0.12
0.10
0.11
0.12
0.09
0.04
0.02
0.02
0.01
0.01
218.88

0.19
0.17
0.18
0.16
0.14
0.14
0.11
0.10
0.12
0.09
0.04
0.03
0.02
0.01
0.00
200.25

0.17
0.15
0.18
0.15
0.15
0.12
0.11
0.12
0.10
0.09
0.04
0.03
0.02
0.01
0.00
196.20

0.17
0.15
0.16
0.13
0.12
0.13
0.11
0.09
0.09
0.08
0.04
0.03
0.02
0.01
0.00
178.72
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Table 7: Agricultural counties’ irrigated crop asr@cre)

‘ County ‘Corng ‘CottonP FottonU Fl’eanuts F1ice S;Prghum S| oybeans ‘Wheat |Winwht ‘ Sum
‘ Wharton ‘ ‘ ‘ 204.6 | ‘ 3695.4 | | ‘ | ‘ 3900.0
‘ Medina ‘ ‘ 1071.0 ‘ 318.4 | 289.5 ‘ | 173.7 | ‘ | ‘ 1852.5
‘ Comanche ‘ ‘ ‘ | 950.8 ‘ | | ‘ | ‘ 950.8
‘ Tom Green ‘ ‘ ‘ 685.1 | ‘ | 52.4 | ‘ 43.6 | 43.6 ‘ 824.7
‘ Robertson ‘ ‘ ‘77&9 | ‘ | | ‘ | ‘7709
‘ Wilson ‘ ‘ ‘ | 4115 ‘ | | ‘ | ‘ 4115
‘ Zavala ‘ ‘ 95.0 ‘ 176.7 | ‘ | | ‘ 15.8 | 15.8 ‘ 303.4
‘ Concho ‘ ‘ ‘ 284.4 | ‘ | | ‘ | ‘ 284.4
‘ Mason ‘ ‘ ‘ | 1334 ‘ | | ‘ | ‘ 133.4
‘ Runnels ‘ ‘ ‘ 100.9 | ‘ | | ‘ | ‘ 100.9
‘ Wilbarger ‘ ‘ ‘ | 62.4 ‘ | | ‘ | ‘ 62.4
‘ Nolan ‘ ‘ ‘ 60.2 | ‘ | | ‘ | ‘ 60.2
‘ Baylor ‘ ‘ ‘ | ‘ | | ‘ 24.4 | 24.4 ‘ 48.9
‘ Castro ‘ 14.1 ‘ ‘ 55 | ‘ | 2.7 | 0.7 ‘ 12.7 | 12.7 ‘ 48.4
‘ Roberts ‘ ‘ ‘ | ‘ | | ‘ 23.0 | 23.0 ‘ 45.9
‘ Hale ‘ 8.0 ‘ ‘ 12.0 | ‘ | 35 | ‘ 3.9 | 3.9 ‘ 31.4
‘ Hansford ‘ ‘ ‘ | ‘ | 3.2 | ‘ 13.2 | 13.2 ‘ 29.6
‘ Deaf Smith ‘ ‘ ‘ 0.5 | ‘ | 35 | ‘ 10.5 | 105 ‘ 25.0
‘ Haskell ‘ ‘ ‘ 4.0 | 13.1 ‘ | | ‘ 3.8 | 3.8 ‘ 24.6
‘ Carson ‘ ‘ ‘ 1.9 | ‘ | 3.2 | ‘ 8.1 | 8.1 ‘ 21.3
] A |

‘ Donley

‘ 20.7




‘ Moore ‘ ‘ ‘ | ‘ | 2.4 | ‘ 9.0 | 9.0 ‘ 205
‘ Randall ‘ ‘ ‘ | ‘ | 1.8 | 0.4 ‘ 9.1 | 9.1 ‘ 20.3
‘ Dallam ‘ ‘ ‘ | ‘ | 0.3 | ‘ 9.1 | 9.1 ‘ 18.5
‘ Swisher ‘ 1.9 ‘ ‘ 3.1 | ‘ | 2.0 | ‘ 4.6 | 4.6 ‘ 16.1
‘ Parmer ‘ ‘ ‘ 1.1 | ‘ | 1.3 | ‘ 4.9 | 4.9 ‘ 12.3
‘ Wheeler ‘ ‘ ‘ 6.0 | 4.3 ‘ | | ‘ | ‘ 10.3
‘ San Patricio ‘ ‘ ‘ 9.0 | ‘ | | ‘ | ‘ 9.0
‘ Fisher ‘ ‘ ‘ 8.7 | ‘ | | ‘ | ‘ 8.7
‘ Dickens ‘ ‘ ‘ 3.1 | ‘ | 0.7 | ‘ 1.8 | 1.8 ‘ 75
‘ Crosby ‘ ‘ ‘ 4.9 | 0.1 ‘ | 0.1 | ‘ | ‘ 5.1
ety || | A | ] =
‘ Cottle ‘ ‘ ‘ 0.4 | 1.2 ‘ | | ‘ | ‘ 1.6
‘ Collingsworth ‘ ‘ ‘ 0.1 | 0.7 ‘ | 0.0 | ‘ 0.1 | 0.1 ‘ 1.0
‘ Atascosa ‘ ‘ ‘ | 1.0 ‘ | | ‘ | ‘ 1.0
‘ Hardeman ‘ ‘ ‘ 0.1 | ‘ | | ‘ 0.2 | 0.2 ‘ 0.5
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County
Hale
Parmer
Castro
Croshy
Deaf Smith
Swisher
Sherman
Dallam
Hansford
Moore
Carson
Briscoe
Collingsworth
Haskell
Tom Green
Uvalde
Hutchinson
Robertson
Randall
Zavala

Gray

Barley

602.2

368.5

1642.2
197.4

201.8
685.2

126.2

233.4
104.9
84.3
80.2

89.0

Corng
1987.0
11459.3
21870.5
247.0
2758.8
3477.3
3454.4
3089.1
4237.1
9235.7
97.1
192.9

53.9

2190.5
951.0
24498
331.0

2438.7

Table 8: Agricultural counties’ dryland crop acfasre)

CottonU
128491.9
27519.0
33326.5
85050.5
3678.4
19501.0

7293.0
11432.9
12147.1
9507.4

315.9

10301.9
147.9
1927.4
190.6

Oats

83.6

600.8

1445

51.5
84.1
521.4

19.3
251.7
1449.3
2644.4

4296.8

565.3
33.1
531.0
84.7

Feanuts

458.6

Sorghum
163122.3
111163.3
72501.1
52936.0
60168.7
59959.6
34283.0
59797.1
28751.8
20169.7
10816.8
11653.3
10066.7
4949.7
11375.3
10236.5
4963.1
5653.5
5296.4
7158.8
2361.0

So

ybeans
33305.7
3680.4
9733.6
4834.8
3547.1
6061.7

945.1

168.1
149.0
87.4

1234.8

206.9

Wheat
25830.8
37639.9
32525.3
14963.2
45717.7
26643.5
38258.8
24271.9
32013.7
21659.3
14875.6
8103.3
3846.9
4347.9
671.6
2338.0
7102.8

6237.7
570.3
5081.9

Winwht
25830.8
37639.9
32525.3
14963.2
45717.7
26643.5
38258.8
24271.9
32013.7
21659.3
14875.6
8103.3
3846.9
4347.9
671.6
2338.0
7102.8

6237.7
570.3
5081.9

Sum
378568.6
229787.7
203451.6
172994.9
163375.0
142483.9
115200.0
111481.5
97470.4
74079.5
40878.7
36600.0
29499.0
27475.4
24975.3
21800.0
20200.0
19429.1
18579.7
13196.6
12800.0
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Medina
Donley
Burleson
Frio

San Patricio
Wilbarger
Motley
Hardeman
Roberts
Dickens
Wheeler
Mason
Nolan
Howard
Comanche
Concho
Cottle
Fisher
Atascosa
Baylor
Runnels

Wilson

13.3 1322.0
14545
416.3
394.4
3271
9.2
42.4
16.7
42.3
30.0
3.5
69.4
255
3.7
58.7

95.1
3417.6
5030.3
3271
1238.2
961.7
1860.5

494.4

1471.8
705.6
105.3
1226.6
1729.2
30.7
410.4
1186.0
11235
39.2
144.4

406.5

1559.8

363.6
148.7
3.0
240.4
22.2

150.0

52.3

157.9
101.0
6.5
315.2
450.6
66.4
65.4
16.6
93.4
160.5

3.1

190.2

2721.1

106.7

2157.8

1567.6

697.4

127.4

5240.5
4430.2
16515
3434.8
5733.8
108.1
1220.4
59.0
294.5
689.9
859.4
245.6
487.0
501.5
163.2
385.0
253.0
143.6
637.1
73.8
363.4

203.7

1413.3

1265.8

226.0
8.0
1916.6
443.8
1484.4
1579.8
384.7

541.1

262.6
31.3
27.9
413.6
281.5
327.6
19.6
457.0
132.4

97.8

1413.3
1265.8

226.0
8.0
1916.6
443.8
1484.4
1579.8
384.7
541.1

262.6
31.3
27.9
413.6
281.5
327.6
19.6
457.0
132.4
97.8

112475
10379.3
8500.0
7500.0
6991.0
5537.6
4097.3
3999.5
3454.1
29925
2689.7
2666.6
2339.8
2300.0
2149.2
2115.6
2098.4
1991.3
1499.0
1251.1
11991

588.5
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Brazos
Canadian
Colorado
Cypress
Guadsan
Lavaca
Neches
Nueces
Red
Sabine
SanJacinto
Sulphur
Trinity

TrinitySanJac

Jan

70.79
0.02
23.74
8.68
16.75
9.42
97.74
6.26
29.06
133.98
30.41
36.48
45.70

2.45

Feb

47.38
0.02
64.16
17.12
15.68
11.08
154.16
6.56
78.10
115.81
33.58
63.30
15.60

2.27

Mar

24.54
0.04
18.79
11.45
14.10
5.99
58.05
6.91
24.63
71.94
19.91
66.90
101.11
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Table 9: Instream flows by basins (thousand ac-ft)

Apr

32.56
0.14
29.22
14.07
18.59
11.82
96.46
10.31
21.74
138.96
29.54
57.88
78.48

2.18

May

71.22
0.39
34.57
26.37
26.53
17.38
61.56
10.64
40.15
137.93
25.24
99.50
65.11

2.59

Jun
32.10
10.64
26.38
20.07
30.96
15.65
57.90
19.52
39.93

139.55
23.10
25.59
55.71

3.15

Jul

12.17
10.30
12.62
15.52
13.13
2.66
43.46
7.63
35.57
140.01
10.11
14.57
54.69
1.30

Aug
9.62
131
10.62
22.60
10.31

1.54
69.01
10.26
13.08

5.08
11.38
26.89
64.70

0.69

Sep

16.50

0.27
27.25
18.22
15.93
11.15
16.65
13.36
13.97
38.33
12.70
15.60
41.01

1.12

Oct

47.44
0.14
89.69
2.08
22.83
9.71
16.74
16.03
122.83
69.39
24.23
27.95
76.84

1.87

Nov

38.20

6.67
34.37

4.22
13.98

7.06
87.52

5.46
11.07
18.75
14.20
48.06
43.29
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Dec

67.56

0.02
18.50
19.77
13.27

7.28
46.36

3.49
13.73
32.96
23.23
57.55
69.44

2.09

An

nual

470.08
29.96
389.90
180.19
212.04
110.76
805.61
116.45
443.86
1042.68
257.63
540.28
711.67

22.75
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6 Evaluation of inter-basin water transfers

Now we turn to the IBT appraisal examining implioas for source basins, destination basins as
well as other basins. Three scenarios are run mitlé model:

e Baseline: This scenario (“base”) assumes that doisBbuilt.

e Optimal IBTs: In this scenario (“Opt”), all of tfel IBT projects are candidates so the
socially optimal IBT solution will be obtained.

* Environmental Restriction “env”: In this scenariBTs with medium-high or high
environmental impact are ruled out of solution.olf of 51 IBTs are so classified
(Table 10), where 4 of these are River IBTs anarElUser IBTSs.

* Permitted IBT's only(“pert”): Five IBTs (table 1&je already permitted in Texas,
including the Water Project LCRA/BRA Alliance US&T projects transferring water
from Lake Travis in the Colorado Riverbasin to €tin Williamson County within the

Brazos Riverbasin. In this scenario, these alrgaignitted IBT projects are the only

candidates.
Table 10: Environmentally Sensitive IBTs

IBT names in GAMS Option Source basin Destination B asin
Marvin_SulToTrin Optl Sulphur Trinity
Marvin_SulToTrin Opt2 Sulphur Trinity
BoisdArc_RedToTrin Optl Red Trinity
Parkhouse_SulToTrin Optl Sulphur Trinity
Parkhouse_SulToTrin Opt2 Sulphur Trinity
Fastrill_NecToTrin Optl Neches Trinity
Parkhouse_SulToTrin Opt3 Sulphur Trinity
RalphHall_SulToTrin Optl Sulphur Trinity
Columbia_NecToTrin Optl Neches Trinity
LCRASAWS_ColToGdsn Optl Colorado Guadsan

LCRASAWS_ColToGdsn Opt2 Colorado Guadsan



Bayou_TriToSan Optl Trinity SanJacinto

Bedias_TriToSan Optl Trinity SanJacinto
ETWT_SabNecToTri Optl Sabine Trinity
ETWT_SabNecToTri Optl Neches Trinity
Livingston_TriToSan Optl Trinity SanJacinto

Table 11: Permitted IBTs

IBT names in GAMS Option Source basin Destination B asin
Marcoshays_GdsnToCol Optl Guadsan Colorado
Marcoshays_GdsnToCol Opt2 Guadsan Colorado
LCRABRA_ColToBrz Optl Colorado Brazos
LCRABRA_ColToBrz Opt2 Colorado Brazos
LCRABRA_ColToBrz Opt3 Colorado Brazos

6.1 Optimal IBTs chosen

An IBT is justified if the benefit it brings is gager than the total cost. The cost may include
opportunity cost or environmental impacts, while tatter is hard to quantify. Here only the

construction, operation and water opportunity casésconsidered in the model.

The results (table 12) show that 7 out of 51 IBieseconomically attractive under “Opt”

scenario.

* Luce Bayou Channel project (Bayou_TriToSan) oritgsdrom Lake Livingston on the
Trinity Riverbasin and goes to Lake Houston in $a@ Jacinto River to supply water to
north and northwest areas of Houston in Harris @ourhis IBT has the second largest yield
of water (maximum 540,000 ac-ft in) and the lowmest ac-ft cost ($30/ac-ft fixed cost and
$9.27/ac-ft variable cost) among the 51 IBTs. Aplied by table 5, Harris County faces
major industrial water shortage. It is an optintetegy if no environmental consideration
bringing 540000 ac-ft water to industrial sectoHarris County.

 LCRA/BRA Alliance (LCRABRA_ColToBrz with option 1ral option 2) are aimed to
transfer water from Lake Travis in Colorado basiMtilliamson Counties in Brazos basin to
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supply cities such as Round Rock, George Town Geahr Park. These supply options are
sized to meet 54 percent of water shortages indffiliCounty by 2060. The construction of
a new intake structure on Lake Travis and transomngsipeline to Williamson County would
entail low to moderate environmental effects, lagvt as optimal strategies under all the
scenarios. Option 2 will transfer water of 2092&tamunicipally regardless of the state of
nature, while Option 1 will serve municipal wateseuwvith range of 486 ac-ft to 3476 ac-ft
depending on the state of nature. If it's wet yézss water will be transferred.
LCRA-SAWS Water Project (LCRASAWS_ColToGdsn) witption 1: Under this IBT
water will be transferred from Bay City on the Lav@@olorado River and sent to Bexar
County of the Guadalupe Riverbasin for municipa usSan Antonio. This IBT project is
very expensive (fixed cost of $1326/ac-ft and Malgacost of $302.85/ac-ft). Water
transferred varies by state of nature with the eagingm 49,700 to 83,000 ac-ft to solve the
water shortage faced in San Antonio due to pumiamnigs of Edwards Aquifer.

George Parkhouse Lake N (Parkhouse_SulToTrin wittoo 1): water originates from
George Parkhouse Lake in Sulfur basin and goestia®surrounding region in Trinity
basin. This IBT is relatively cheap with fixed co$t$248/ac-ft, variable cost of $77.8/ac-ft
and yielding maximum of 112,000 ac-ft annuallyniy bring medium high environment
impact if it is built, so it is an optimal strategyly under “Opt” scenario, where 25,200
water will be used industrially regardless of s@it@ature while 54,600 ac-ft will be
transferred municipally in the heavy dry statedtvs water shortage problem faced by
Dallas region.

Cypress Basin Supplies project (Pines_CypToTriim wjition 3): Water flows from Lake O’
the Pines in the Cypress Riverbasin to the TriRityerbasin where its possible owner would
be Tarrant Regional Water District with supplieslidated to Fort Worth municipality and
industrially. This user IBT is relatively more exjgve than most other proposed IBTs (unit
cost before amortization: $641 per acre-foot amdrable cost of $242.96). It is an optimal
strategy under “Opt” and “evn” scenario while nater “pert” scenario, where 6479 ac-ft is
used industrially regardless of state of naturerandicipal transfer ranges from 31,040 to
59,657 ac-ft with less in wet year.

Lake Texoma with desalination project (Texoma_Rédirowith option 3) is to transfer

water from Lake Taxoma and to supply water to rpldtusers such as Allen, Frisco and
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Richardson.This IBT is relatively cheap with fixed cost of 8fac-ft and variable cost of

$231/ac-ft while transferring water municipally13,800 ac-ft under both “Opt” and “env”

scenario.

Names in Gams
Bayou_TriToSan
LCRABRA_ColToBrz
LCRABRA_ColToBrz
LCRASAWS_ColToGdsn
Parkhouse_SulToTrin
Parkhouse_SulToTrin
Pines_CypToTrin
Pines_CypToTrin

Texoma_RedToTrin

Table 12: IBTs chosen under different scenarios

Option
Optl
Optl
Opt2
Optl
Optl
Optl
Opt3
Opt3
Opt3

Desti place

Houston

Round Rock, Cedar Park, George Town
Round Rock, Cedar Park, George Town
San Antonio

Dallas, Iving

Dallas, Iving

Forth Worth

Forth Worth

Allen, Frisco, Richardson

6.2 Net benefit impacts of IBTs

sector
ind
mun
mun
mun
ind
mun
ind
mun

mun

Opt
540000
2541.851
20928
60694.46
25185.6
3278.877
6478.716
41811.07
13830.79

Env

2541.851
20928

6478.716
41811.07

13830.79

Table 13 shows the IBTs impacts on net benefiteutite three scenarios. The costs of

constructing IBTs are assumed to be incurred byléstination basin.

Per t

2541.851
20928

Seven IBTs bring expected net benefits of $2,294anistatewide under “Opt” scenario, with

$1,858 million arising in industrial benefits and4% million from municipal benefits.

Meanwhile, total annual construction and operatiosts of $450 million are incurred. In the

destination basins the

» Brazos basin realizes municipal benefit of $47Jianilless a cost of $17.4 million. The

gains come from two IBT projects: LCRABRA_ColToBsth option 1 and 2.

» Guadalupe-San Antonio faces a net loss of $63.Homiéven though water brings a benefit
of $262 million.

» San Jacinto basin gains $1,752 million, most fromtewtransferred to Harris County to

lessen industrial water shortage.
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» Trinity receives benefits of $206 million, wherel$®illion is from industrial and $105
million from municipalities. This basin serves astination basin of multiple IBT projects
(Parkhouse_SulToTrin, Pines_CypToTrin, and Texonea TR Trin).

Under the “env” scenario, four IBTs are economicalbtimal,

« LCRABRA_ColToBrz with option 1
« LCRABRA_ColToBrz with option 2,
* Pines_CypToTrin with option 3,

» Texoma_RedToTrin with option 3

Leading to expected municipal benefit of $583 miiland industrial benefit of $9 million while
incurring IBT cost of $78.8 million. The annual rmytin from these four IBTs is $513 million, of

which $462 million are from Brazos Basin and $51lioni are from Trinity Basin.

Under “pert” scenario, only two IBTs

» LCRABRA_ColToBrz with option 1
« LCRABRA_ColToBrz with option 2

are optimal, creating benefit of $479 million exgiltely municipally for Brazos while exposed
to IBTs costs of $17.4 million.

The impact of IBTs on other sectors for the desitimabasins is negligible. As we can see,
municipal and industry are two beneficiaries imisrof net benefit. Once water is transferred to
a destination basin, the return flow generally éases the water availability downstream in the
destination basin, which may generate some valiésiefficiently used. Guadalupe-San
Antonio does realize a gain of $3,000 in agric@iwhile the gain for San Jacinto $2,000 is
from fresh water inflows to bays and estuariesti@nother hand, Trinity realizes a loss of

$5000 in fresh water inflows to bays and estuaries.

The construction of IBTs projects has trivial imfgaon the source basins and third basins under
these three scenarios. Colorado, Cypress, Triitjphur, Red are source basins for the optimal
IBT projects, however, the only impacts occurs ypfess basin is $4,000 loss industrially under

“Opt” scenario. As respect to third basins impaktsjaca experiences a loss of $1000, $3000,
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and $4000 in agriculture under these 3 scenargpemively. Nueces suffers a loss of $3000 in

agriculture under “opt” scenario. Sabine has agaét of $4000 in the industry sector.

Basin
Brazos
Brazos
Brazos
Cypress
Cypress
Guadsan
Guadsan
Guadsan
Guadsan
Lavaca
Lavaca
Nueces
Nueces
Sabine
Sabine
SanJacinto
SanJacinto
SanJacinto
SanJacinto
Trinity
Trinity
Trinity
Trinity
Trinity
Total

Total

Total

Total

Total

Sector
IBTcost
mun

sum
ind

sum
ag
IBTcost
mun

sum
ag

sum
ag

sum
ind

sum
IBTcost
ind
outtobay

sum
IBTcost
ind
mun
outtobay
sum
IBTcost
ind
mun
outtobay

sum

Base

532060.85
534587.4

144.987
23229

1.216

918595.018
920030.501
0.006
0.223
0.164
278786.63
1249.156

109310.073

3288.917
0.016

1587657.436

439.741
3716092.555
0.057

3716532.395

9757.921
8440348.199
0.473

8450214.998

Opt-Base
-17.422
478.923

461.5
-0.004

-0.004
0.003
-325.247
261.864

-63.38
-0.001

-0.001
-0.003

-0.003
0.004

0.004
-16.178
1767.893
0.002

1751.716
-91.401
91.084
104.811
-0.005

104.489
-450.248
1858.976
845.598
-0.004

2254.321

Table 13: Welfare impact by basin (million $)

Env-Base

-17.422

478.923

461.5

-0.003

-0.003

-61.399
8.967

103.903

51.472
-78.821
8.967

582.826

512.972

Pert-Base

-17.422
478.923

461.5

-0.004

-0.004

-17.422

478.923

461.5
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6.3 Water allocation impacts of IBTs on riverbasins

Table 14 lists the water allocation impacts of IBFsriverbasin base. Water is largely
transferred from instream flow in the source basinsupply municipal or industrial purpose in
the destination basins, while the reduction ofreest flow leads to the reduction of fresh water

inflows to bays and estuaries.

Under the “Opt” scenario, municipal and industviater use increase by 143,000 and 572,000
ac-ft state wide, while fresh water inflows to baysl estuaries reduces by 445,000 ac-ft. The
Colorado, Cypress, Sulfur and Red basins are theas for the seven optimal IBTs. Each of
these basins experiences a significant reductidresgin water inflows to bays and estuaries. On
the other side, the destination basins Brazos, 8upd-San Antonio, and San Jacinto incur a
significant increase in either municipal or indiadtuse or fresh water inflows to bays and

estuaries.

The Trinity serves as both a source basin for BayodoSan and destination basin for
Parkhouse_SulToTrin, Pines_CypToTrin, and TexomdTR&rin, therefore the impacts on
water allocation is mixed. Water use in Trinity faunicipal and industry increases by 59,000
and 32,000 ac-ft while showing a loss of 493,004 at fresh water flow to bay, so we can see
that Bayou_TriToSan project transferring water 880,ac-ft to San Jacinto plays a more

important role.

Under “env” scenario, municipal and industrial waitee increase by 79,000 and 6,500 ac-ft
state wide, while fresh water inflows to bays astliaries is reduced by 40,000 ac-ft. Under
“pert” scenario, municipal water use will incredse23,000 ac-ft while the loss of fresh water

inflows to bays and estuaries is 10,700 ac-ft.

Overall three scenario analysis implies that soofagater transfer is surplus of instream flows
in the source basins while beneficiary is the mipaicor industry sector. The impact of IBTs on
other sectors for example agricultural sector fathisource basin and destination basin or third

basins are trivial.
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Table 14: Water use impact (thousand ac-ft)

Basin Sector
Brazos ag
Brazos mun
Brazos outtobay
Brazos sum
Colorado ag
Colorado outtobay
Colorado sum
Cypress outtobay
Cypress sum
Guadsan ag
Guadsan mun
Guadsan outtobay
Guadsan sum
Lavaca ag
Lavaca outtobay
Lavaca sum
Neches outtobay
Neches sum
Nueces ag
Nueces outtobay
Nueces sum

Red outtobay
Red sum
Sabine outtobay
Sabine sum
SanJacinto ind
SanJacinto outtobay
SanJacinto sum
Sulphur outtobay
Sulphur sum
Trinity ind

Base
46.021
462.220
6683.833

7505.233
127.470
2661.514

3154.809
1570.228

1698.107
45.302
130.966
1848.070

3294.789
1.803
784.632

786.801
5501.057

5677.301
9.317
524.243

597.031
9542.540

9708.254
6295.282
6520.255
377.990
1649.174

2427.242
2382.205
2410.227

307.811

Opt-Base

0.004
23.47
8.413
31.887
0.456
-84.353
-83.897
-48.29
-48.29
0.072
60.694
33.055
93.821
-0.46
0.431
-0.029
-0.051
-0.051
-0.072
0.067
-0.005
-10.332
-10.332
0.051
0.051
540
181.332
721.332
-31.948
-31.948

31.664

Env-Base

-0.001
23.47
13.553
37.021
1.015
-24.303
-23.287
-48.29
-48.29

-0.008

0.008
-0.001

-1.017

0.952

-0.065

0.008

-0.008
0.001

-13.793

-13.79

-0.144
-0.144

6.479

Pert-Base
-0.023
23.47
13.786

37.234
1.168
-24.517

-23.349

-0.008

0.008
-0.001

-1.155

1.081

-0.074

0.008

-0.008
0.001

1.998

2.008

-2.111

-2.111
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Trinity mun 1169.508 58.921 55.642

Trinity outtobay 5696.402 -493.117 31.743 -0.91
Trinity sum 7174.247 -402.532 93.864 -0.91
Total ind 1579.996 571.664 6.479

Total mun 2912.467 143.085 79.112 23.47
Total outtobay 47273.587 -444.742 -40.281 -10.672
Total sum 53187.302 270.008 45.309 12.797

6.4 Water allocation impacts of IBTs on major cities

The above sections discussed the impacts of IBTsater allocation on riverbasins and results
imply that water is mainly transferred for munidipad industrial purpose. This section will
discuss the detailed impacts on major cities (t&Bble The next section will discuss the impacts

on major industrial counties (table 16).

San Antonio, Arlington, Fort Worth, Tyler, San AihgeRound rock, Plano, Cedar Park,
Georgetown, Corsicana, Mansfield and McKinney asgomcities where water allocation is less
than the projected demand under the baseline nidektion 4.1.3. If there is no ground water
available, these cities will face a water shortisgae, but we lack sufficient information to
identify cities having ground water source. Hereondy list the impacts of IBTs on the major
cities’ water allocation. Under the “opt” scenattiotal city water allocation increases by 143,000

ac-ft, where

* 61,000 ac-ft is for San Antonio via LCRASAWS_ColTaa,
* 39,000 ac-ft is for Fort Worth via Pines_CypToTrin,
» 23,000 ac-ft is for Round Rock, Cedar Park and gediown via LCRABRA_ColToBrz.

The water shortages in San Antonio, Fort Worthgaeatly relaxed while in other cities listed in

the table 14, the water shortage is eliminated.

Under the “env” scenario, LCRASAWS ColToGdsn antkRause SulToTrin are ruled out of

solution, resulting in an increase of 79,000 ao-fivater allocation in major cities. This includes
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» 39,000 ac-ft for Fort Worth via Pines_CypToTrin,
* 23,000 ac-ft for Round Rock, Cedar Park and Gedoyen via LCRABRA_ColToBrz.

Under the “pert” scenario, only LCRABRA_ColToBrzttvioption 1 and option 2 are optimal,

realizing an increasing of 23,000 ac-ft for RourmtRR Cedar Park and George Town.

Overall, if no restriction on IBTs is applied, tH&Ts will greatly solve cities water shortage
issues especially for San Antonio and the Fort Woegion. Therefore, inter-basin water
transfer is one prominent option that a policy nmmateould take into consideration.

Table 15: Cities’ water allocation (thousand ac-ft)

City Pre-demand Base Opt-Base Env-Base Pert-base
Allen 23.616 22.252 1.332 1.332

Cedar Park 10.924 3.330 6.547 6.547 6.547
Dallas 389.338 388.565 2.607

Denton 29.599 29.460 0.199

Fort Worth 149.572 100.769 38.555 38.555

Garland 42.850 40.123 2.997 2.997

George Town 8.604 2.690 5.088 5.088 5.088
Grapevine 13.496 13.451 0.093

Irving 55.410 55.226 0.381

Mansfield 13.537 9.358 3.256 3.256

McKinney 24.672 22.544 2.086 2.086

Plano 72.619 64.982 7.415 7.415

Round Rock 19.627 5.782 11.835 11.835 11.835
San Antonio 216.073 138.480 60.694

Total 1069.937 897.012 143.085 79.111 23.47
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6.5 Water allocation impacts of IBTs on major industrial counties

In section 4.1.4, Brazoria, Nueces, Harris, Dallgichinson, Tarrant, Harrison, Live Oak and
Victoria are counties facing major water shortaggbfems. Table 16 shows the optimal water

allocations for major industrial counties by IBTegario.

Water transferred through Bayou_TriToSan is exgklgiused by Harris County making the
water use in Harris County greater than the pregedemand. This is because optimal water

transfers will be where marginal benefit equalsgired cost.

Parkhouse_SulToTrin brings 25,000 ac-ft to Dallasii@y under “opt” scenario and is optimal
under both “opt” and “env” scenarios, realizing@c-ft of water to Tarrant County. Under
“pert” scenario, no IBTs are feasible for indudtriater transfer.

Table 16: Major industrial counties water allocat{thousand ac-ft)

ind counties Pre-demand Base Opt-Base Env-Base Pert -Base
Dallas 37.025 11.832 25.186

Tarrant 17.691 9.44 6.479 6.479

Harris 397.279 375.46 540

6.6 Instream impacts of IBTs

Table 17 shows the impacts of IBTs on instream $lo@ur interests are to see how IBTs affect
the instream flows for source basins, destinatesiris as well as the third parties. In particular,
Colorado, Sulphur, Cypress, and Red basins aresdasins, while Guadalupe-San Antonio,
Brazos and San Jacinto are destination basinsTiihigy basin serves as both a source and

destination basin.

The average instream flows in all source basinsedase under the "Opt" scenario by about,

e 0.29% in the Colorado,
e 0.19% in the Red,
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e 1.29% in the Sulphur, and
e 1.28% in Cypress.

Instream flows for all destination basins increasdgere stream flow increases by 1.26% in
Guadalupe-San Antonio, 0.19% in Brazos, 0.61% m Xeinto.

As both a source and destination basin, Trinityized a net loss of 0.37% instream flow under
“Opt” scenario since the effect of Bayou_TriToSanveeighs the other two IBTs. However,
under “env” scenario, it becomes a sole destinatealizing a rise of 0.71% instream flows.

Instream flows in third basins may increase or eéase or do not change. For example, instream
flows in Lavaca, Nueces will increase by 0.36%0@0] while decrease slightly in Neches by

0.05% and have no effect in Canadian, Trinity-Sasinio Basin.

Table 17: Annual Instream flows under scenarios

Base (thousand ac-ft)  Opt-base (%) Env-base (%) Pe rt-base (%)

Brazos 470,083 0.19 0.17 0.30
Colorado 389,904 -0.29 -0.23 -0.26
Canadian 29,955

Red 443,857 -0.19 -0.02 -0.03
Sabine 1,042,680 -0.02 -0.01 -0.02
Guadsan 212,044 1.26 0.20 0.54
Sulphur 540,280 -1.29 -0.21 0.08
Cypress 180,188 -1.28 -1.44 0.02
Neches 805,612 -0.05 -0.04

Trinity 711,669 -0.37 0.71 -0.19
TrinitySanJac 22,753

SanJacinto 257,627 0.61 0.58 0.31
Lavaca 110,757 0.36 0.22 0.23
Nueces 116,448 0.10 0.01 0.10
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7 Conclusions

This study develops an integrated economic-hydro&bgnodel to examine proposed inter-basin
water transfer projects in Texas in the face ofwatarcity issues while assuming efficient
water allocation. The model includes 21 Texas basins explicitly covering 46 major

municipal cities, 25 major industrial counties,agticultural counties, 175 major reservoirs and
51 proposed inter-basin water transfer projectisa@icultural crops are introduced in the model

for analysis of agricultural activities.

The model maximizes regional expected net beneffitgater use accrued from municipal,
industrial, agricultural, recreational, others, &me$h water flowing to bays against the cost
incurred from IBTs construction while subject tadnglogical, financial, institutional constraints.
Nine states of nature are introduced to simuladuture climate thereafter influencing water

demand and water availability.

If no IBT is built, there are total of 6.05 millicac-ft water used for these sectors in Texas
bringing a net benefit of $8,450 billion. AmongehB.9% of water use is for agriculture, 26.1%
for industry, 50.5% for municipal sector, and 18.fsorecreation. Municipal water use plays a
dominant role in total net welfare. The value ofmeipal and industrial net benefits must be
carefully interpreted since it values areas underdemand curves, containing consumer and
producer surplus, unlike Gross Regional ProductRRhich is measured only with producer

surplus.

Total agriculture water use averages 220,000 acewunting for 3.9% of total water use for all
sectors. Since a large portion of irrigation wagerom ground source, which is not modeled in
this model, resulting that irrigated crop acresrateh smaller than dry land acres. Out of 46
modeled big cities, 19 cities face different degrekbwater shortage problems totaling 281,400
ac-ft in 2010. San Antonio, Arlington, Fort Worffyler, San Angelo, and Round Rock have
larger shortages especially San Antonio. On tHastrial side Arlington, Brazoria, Nueces,
Harris, Dallas, Hutchinson, Tarrant, Harrison, L®ak and Victoria counties faces water
shortage problems. Among them, water shortageost serious in Brazoria County with a
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shortage of up to 111,000 ac-ft. Therefore, inteshb water transfer strategy becomes an option

to solve the water shortage issue.

To examine IBTs four scenarios are examined wighniodel.

* A baseline scenario without IBTs allowed:;
* An optimal scenario “Opt” that allows all IBTs;

* An environmentally motivated scenario “env”, wheréBTs with above medium high

environmental impact are ruled out of the solution;

* A permitted IBT scenario “pert” that only allow tiheodel to choose the IBTs under current

permits.

We find 7 IBTs are economically attractive undeptOscenario. They are:

* Bayou_TriToSan,

« LCRABRA_ColToBrz with option 1 and option 2,
+ LCRASAWS_ColToGdsn,

e Parkhouse_ SulToTrin,

* Pines_CypToTrin, and

» Texoma_RedToTrin.

Under the “env” scenario,

« LCRABRA_ColToBrz with option 1 and option 2,
* Pines_CypToTrin, and

e Texoma_RedToTrin.
are optimal.
In the “Pert” scenario, only LCRABRA_ColToBrz witiption 1 and option 2 are constructed.

We find that when an IBT is optimally chosen, tinecaint of water transferred remains at its
maximum level and does not vary by scenario. Wateransferred from instream flows to San

Antonio, Fort Worth, Round Rock, Plano, and Gearget along with industry in Harris, Dallas,
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and Tarrant counties, realizing the gains of $22348, 462 million respectively under the opt,

env and pert scenarios.

Agriculture production activities are not meanirigfaffected by the IBTs. Destination basins
Brazos, San Jacinto, Trinity, and Guadalupe-Samriatare winners while the source basins

Colorado, Cypress, Red and Sulphur are essentiaéiffected.

The unrestricted set of IBTs alleviates the waltertage issues especially for large cities like
San Antonio and the Fort Worth region. But impletimenthe IBTs generally reduces source

basin instream flows and fresh water inflows begté&ases them in destination basins.

There are some limitations in our analysis. Orteas the groundwater component is not
introduced in our model with our modeling and asmpased on the surface water. This will
restrict comprehensive understanding on water ddmastream flows, necessities of inter-basin
water transfers and their resulting social welfevanges. More accurate information on IBT
should be included. Furthermore, other than reimealtvalue, the value of instream flows is
ignored in the model and the value of bay and egtinélows is held at a very low level. Future

research will focus on incorporating ground watart nto the model.

However, this research examined the water scasstye under optimal water allocation and
developed an inter-basin water transfer evaluatiy@tem that integrates the effects of the
proposed water transfer on the economic, hydrolag@environment in Texas. This system
yields information on economic implications for nitipal, industrial and agricultural water
users by basin. Such information can support effequblic water policy making for state
agencies, water management authorities and regiaatal planning groups. It can help them to

devise appropriate compensation rules for origgirband loss of instream uses.
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9 Appendix

State of nature
HDry

MDry

Dry

Dnormal
Normal

Wnormal
Wet
MWet
HWet

Crop name
Barley
Corng
Corns
CottonP
CottonU
Alfalfa2

Hy

HayOth
Ots

Peanuts

Explanation
Very dry
Medium dry
Dry
Dry-normal
Normal

Normal-wet
Wet
Medium wet
Very wet

Table 18 State of nature

Years

1956, 1963, 1954

1964, 1951, 1988, 1978, 1955

1998, 1996, 1952, 1967, 1972, 1962, 1971
1984, 1965, 1980, 1970

1977, 1976, 1966, 1959, 1997, 199831
1982, 1981, 1958, 1949, 1960, 1969, 198¢,
1985

1989, 1975, 1950, 1994

1995, 1961, 1987, 1974, 1993, 1990, 1963
1979, 1991

1992, 1973, 1957

Table 19: Crops covered in the model

Explanation (units)

Barley All

Corn For Grain

Corn for silage (tons)

Pima cotton (Ib)

Cotton Upland

Hay Alfalfa Dry

Hay other than Sorghum Hay (ton)
Hay Other Dry

Grazing Oats (days)

Spanish Peanuts (cwt)

Probability

0.06
0.10
0.14
0.08
0.30

0.08
0.14
0.04
0.06
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Rice

PeanutsR

Sorghum

Soybeans

Sugarbeets

Sugarcane

Sunflower

SunflowerO

SunflowerNo

Wheat
Winwht

Rice (cwt)

Runner peanuts(ton)

grain sorghum (cwt)

(bu)
Sugar beets
(tons)

(cwt)

Sunflower seed for oil use

Sunflower seed for non oil use

Wheat All

Winter Wheat (bu)

Source: United States Department of Agriculture QBANASS), “Crops County Data Filés

Status
RIBT
RIBT
RIBT
RIBT
RIBT
UIBT
uIiBT
UIBT
UIBT
uIiBT
uIiBT
UIBT
UIBT

Table 20: Data on Inter-basin water transfers enrttodel

IBT names
Toledo_SabToTrin
Toledo_SabToTrin
Toledo_SabToTrin
Marvin_SulToTrin
Marvin_SulToTrin
Patman_SulToTrin
Patman_SulToTrin
Patman_SulToTrin
Patman_SulToTrin
Patman_SulToTrin
Patman_SulToTrin
Patman_SulToTrin

Patman_SulToTrin

Option  Origin
Optl Sabine
Opt2 Sabine
Opt3 Sabine
Optl Sulphur
Opt2 Sulphur
Optl Sulphur
Opt2 Sulphur
Opt3 Sulphur
Opt4d Sulphur
Opt5 Sulphur
Opt6 Sulphur
Opt7 Sulphur
Opt8 Sulphur

Destination

Sabine
Sabine
Sabine
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity

Trinity

Capaci ty
50000
50000
50000

172800
174840
100000
100000
100000
112100
180000
180000
180000
130000

FC
1.36E+08
2.15E+08
1.73E+08
1.55E+08

1.6E+08

35284600
32025600
32025600
42465000
68226000
61349000
77222200

1.41E+08

VvC
128.896
143.239

151.44
115.189

97.474
203.334
233.414
233.414
110.027
110.522
120.483
165.754

180.237
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uiBT

UIBT

UIBT

uiBT

uiBT

UIBT

UIBT

uiBT

uiBT

UIBT

uiBT

uiBT

UIBT

UIBT

uilBT

uilBT

UIBT

UIBT

uilBT

uilBT

UIBT

UIBT

uilBT

uiBT

RIBT

uiBT

uiBT

UIBT

UIBT

uiBT

RIBT

RIBT

RIBT

Texoma_RedToTrin
Texoma_RedToTrin
Texoma_RedToTrin
Texoma_RedToTrin
Rayburn_NecToTrin
Rayburn_NecToTrin
Rayburn_NecToTrin
BoisdArc_RedToTrin
Fork_SabToTri
Parkhouse_SulToTrin
Parkhouse_SulToTrin
Palestine_NecToTrin
Palestine_NecToTrin
Fastrill_NecToTrin
Parkhouse_SulToTrin
Pines_CypToTrin
Pines_CypToTrin
Pines_CypToTrin
RalphHall_SulToTrin

Columbia_NecToTrin

Marcoshays_GdsnToCol
Marcoshays_GdsnToCol
LCRASAWS_ColToGdsn
LCRASAWS_ColToGdsn

AlanHenry_BrzToCol
LCRABRA_ColToBrz
LCRABRA_ColToBrz
LCRABRA_ColToBrz
JoePool_TrinToBrz
Bayou_TriToSan
Bedias_TriToSan
ETWT_SabNecToTri

ETWT_SabNecToTri

Optl
Opt2
Opt3
Opt4
Optl
Opt2
Opt3
Optl
Optl
Optl
Opt2
Optl
Opt2
Optl
Opt3
Optl
Opt2
Opt3
Optl
Optl
Optl
Opt2
Optl
Opt2
Optl
Optl
Opt2
Opt3
Optl
Optl
Optl
Optl
Optl

Red
Red
Red
Red
Neches
Neches
Neches
Red
Sabine
Sulphur
Sulphur
Neches
Neches
Neches
Sulphur
Cypress
Cypress
Cypress
Sulphur
Neches
Guadsan
Guadsan
Colorado
Colorado
Brazos
Colorado
Colorado
Colorado
Trinity
Trinity
Trinity
Sabine

Neches

Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Trinity
Colorado
Colorado
Guadsan
Guadsan
Colorado
Brazos
Brazos
Brazos

Brazos

SanJacinto

SanJacinto

Trinity

Trinity

113000
105000
50000
105000
200000
200000
200000
123000
119900
112000
118960
111460
133400
112100
108480
89600
87900
87900
32940
35800
1680
1302
75000
18000
16800
3472
20928
1800
20000
540000
90700
155646
117305

15023400
43752600
13616200
49935400
97276800
1.05E+08
97276800
29606800
27066600
27786800
26932200
30993600
37158400
42248200
35541600
25708200
19227000
35002200
15651200
16544120
577162.2
446339.2
1.53E+08
9598600
17946000
1478400
8133600
811400
6285380
11173010
5975025
23414010

55.766
222.347
75.796
230.996
179.086
211.028
179.086
41.823
48.89408
77.823
69.484
73.662
75.90405
79.249
77.059
201.471
188.771
242.956
75.252
80.581
354.73
353.96
302.847
611.133
130.595
338.306
332.11
338.667
285.891
9.269
135.303

15.6285
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UIBT Livingston_TriToSan Optl Trinity SanJacinto 59000

UIBT Garwood_ColToNus Optl Colorado | Nueces 35000
UIBT Garwood_ColToNus Opt2 Colorado | Nueces 35000
UIBT Garwood_ColToNus Opt3 Colorado | Nueces 35000

Capacity: ac-ft; FC: fixed cost ($); VC: variablenii cost ($/ac-ft)

Source: Texas Water Development Bod2D06 Adopted Regional Water Plan

Table 21: Return flow percentages by sector

Sector ag ind mun rec
Return flow percent (%) 0.0637 0.3358 0.5452

Source: Gillig, McCarl, and Boadu (2001)

5606400 399.931
471833 399.931

3624232 399.931

other
1 B33
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