Regional Water Plan

Prepared For

Region D — North East Texas
Regional Water Planning Group

September 1, 2010

Prepared By

Bucher Willis & Ratliff
Corporation

In Association With:

Hayter Engineering, Inc.
Hayes Engineering Company
Bob Bowman Associates
LBG/Guyton Associates

Volume |11 - Appendix C, Chapters 5 - 10



(This Page Left Blank Intentionally)



September, 2010 North East Texas Regional Water Plan

Appendix C — Table of Contents

Chapter 2 Population and Water Demand Projections............cccccvvevvieieesesiiese e C-1
TWDB Memo — Revised Population and Water Demand Projections............cccooevoveverenieneeneneeeeee. C-2
Table C2.1 — TWDB Final APPrOVEQ .......ccoviiiiiie e te e te e st te e e reennee e C-4
Table C2.2 — Region D Approved Municipal Water Demand Projections ............cccccevvvevveveinevennnn, C-11
Table C2.3 — Demand PrOJECTIONS ........coiiiie ittt ettt ste st eneeseeereeeenee e C-17
Chapter 3 Water SUPPIY ANAIYSIS ......ccoviiieieiicecce e C-23
Table C3.1 — Region D Round I11- Municipal Water SUPPIY .....coovviriieeieecie e C-24
Table C3.2 — Wholesale Water Provider Customer Water Demands and Current Supplies............... C-35
Table C3.3 — Contacts fOr SUNVEY LEEIS ......oiveiiiiiiee et C-46
WVUG SUIVEY FOIMIS ...ttt stttk b ettt b ekt s bt e sk et e b b e e b bt e s bt e be e nbe e sbeeenneeneennis C-52
Chapter 4 Identification, Evaluation, and Selection of Water Management
Strategies Based 0N NEEUS.........cciiiiiieie et C-133
Table C4.1 — Region D- North East Texas Strategy Recommendation Summary .............c.ccevevvnee. C-134
Water Management Strategy EValUAtIONS ..........cccooiiiiiiiiiiiecee e C-139
BOWIE COUNLY ...ttt sttt ettt et et e st e s e s be s st e e e nteeseeseeeteeneeseeeneeneeeneas C-139
Central Bowie WSC
City of Hooks
Macedonia-Eylau MUD #1
City of New Boston
Red River Redevelopment Authority
City of Redwater
Wake Village
Burns Red Bank WSC
Oak Grove WSC
(0% 1001 o 00U ] 1 Y T RS UPTOPR PR UPR PR C-168
Bi-County WSC
Woodland Harbor
CasS COUNLY (NONE) ..ottt ettt et s e seeeteentesre e s e sbesreeneeseeenes C-176
=] v 0 [ ] USROS C-177
Ben Franklin WSC
Franklin County (NONE) .....oviiiiiiiieee e C-182
(€] =0 o [ @10 o1 Y A PP OO TRTUSTURO C-183
City of Clarksville
Liberty City WSC

West Gregg SUD
Liberty-Danville FSWD No. 2
Starrville-Friendship WSC
HAITISON COUNTY ...ttt bbbttt ettt sn e C-201
City of Waskom
Steam Electric
Blocker-CrossRoads WSC
Caddo Lake WSC
Leigh WSC

TOC - i



September, 2010 North East Texas Regional Water Plan

City of Scottsville
Talley WSC
Waskom Rural WSC #1 & 2
HOPKINS COUNTY ...ttt C-227
Miller Grove WSC
[ 0 0 T 1 SR C-233
Ables Springs
Campbell WSC
Cash WSC
City of Celeste
Combined Consumers WSC
Hickory Creek SUD
North Hunt WSC
Wolfe City
Steam Electric
Jacobia WSC
Little Creek Acres
Maloy WSC
Poetry WSC
Shady Grove WSC
West Leonard WSC
LAMEAE COUNLY ..ottt ettt b e h ettt be e eb e e sb e e sb e e sbbeebbeesbeenbeebeenae e e C-285
Steam Electric
Petty WSC
Marion County (NONE) ......oooiiiiiiiiiieei e C-291
MOTTiS COUNLY (NONE) ..oooiiciiiiicce ettt e e e te e steesreesreesnnennee s C-292
RAINS COUNLY ...ttt ettt s et et e st e et et e sae e b e teasaesaesteenbesbeereenbesaeanes C-293
South Rains WSC
Red River County (NONE) ..ottt nee e e C-298
SIMITN COUNTY ... e e e e et e e sbe e st e e eneeeneeenreereers C-299
Crystal Systems Inc.
Lindale Rural WSC
City of Lindale
City of Winona
Star Mountain WSC
THEUS COUNLY ..ttt sttt s ettt e bt s st e e e sbeeseeseeebeenbesaeeneenteseeeneensennens C-320
Steam Electric
Upshur County (NONE) ..ot C-323
a4 o To | A O aTU | SRS C-324
City of Canton
City of Grand Saline
R.P.M. WSC
City of Van
Corinth WSC
Crooked Creek WSC
Edom WSC
Fruitvale WSC
Little Hope Moore WSC
LAY oo Lo I o 1 2SSO C-360
City of Mineola
Northeast Texas Regional Water Plan- City of Canton Proposed Strategy Letter.........c.ccccoevevenee. C-365

TOC -ii



September, 2010 North East Texas Regional Water Plan

Site Comparison of Mill Creek and Grand Saline Creek ..o C-366
City of Canton Proposed Surface Water ANalYSis.........c.cooiiiiiiiiiiieie e C-367
RESOIULION LEEEETS. ...ttt C-368

Chapter 5 Impacts of Selected Water Management Strategies on Key Parameters of
Water Quality and Impacts of Moving Water from Rural and Agricultural Areas... C-373

TWDB Memo — Socioeconomic IMPact ANAIYSIS ........cceieieiiiiiiisie s C-374
TWDB Socioeconomic IMPact ANGIYSIS........ccviiiiiiiee et C-375

Chapter 8 Unique Stream Segments/ Reservoir Sites/ Legislative
RECOMMEBNUATIONS ...ttt sttt sbe e nneas C-410

Draft — Description for Designation of Pecan Bayou as an Ecologically Unique Stream Segment.. C-411

JONN DUQAAIE IMEMIO ...ttt ettt et et e st e es e s beene e besta e s e nreanee C-419
Chapter 9 Report to Legislature on Water Infrastructure Funding

RECOMMENUALIONS ......uiiiiee et e et e e et e s neesneennenneas C-425
Infrastructure FINANCING REPOIS.......ocuiiieieii ettt enes C-426

Bi-County Water Supply Corporation
Campbell Water Supply Corporation
Canton, City of

Celeste, City of

Clarksville City, City of

Crystal Systems Texas, Inc.

Grand Saline, City of

Hickory Creek Special Utility District
Liberty City WSC

Lindale, City of

Mineola, City of

RPM Water Supply Corporation
Van, City of

Waskom, City of

Wolfe City, City of

West Gregg SUD
Chapter 10 Adoption Of PIan ..........ccooiiiiiic e C-490
TVVDB COMMENTS .....tiiiieiieiitteee ettt sttt ekt sb et b ettt e e bt e she e she e san e e e e b e e b e e neenne e C-491
RESPONSE 10 COMMIEBIES ...ttt bbbttt b bt nr e b e s b e b e e nbe s e nenne e C-511
RESPONSE 10 NETRWPG ...ttt b ettt ettt sb e sbe e sbe e saeesenesabesane s C-535
PUDBIIC HEAriNG COMIMENTS.......ciiiiieeieeiieesie st e st e e te e ste e te e s e e st e st et e e eeeseeeteesteesreesneesneesneesneeaneens C-557
T ST o] o I 1 (- SO S C-570
[0 g T o LY T I 1 - PSSR C-574
Texarkana Chamber of COMMEICE LN .......c.oouiiiiie e C-575
Texarkana Economic Development COUNCIl LELEN ........cccovviveiiiie e C-579
Sulphur River Basin AULNOTILY LELIEE .........cccviiiiieiiieieeee s C-581
D] o] et Y To @ g To | L A I - TSR C-583

TOC - iii



September, 2010 North East Texas Regional Water Plan

DRAFT LUuminant POWET COMMENTS .......cccveieieieeiisieseesiesesee e stee e stesseesaessesseessesseessessessessessennses C-584
(070} VAN L] T~ o] o I =) 1 T OSSPSR C-585
OV O g (oo I 0 1 SRR C-586
SENALON SNAIPIO ...ttt bbbttt C-587
REGION C PrESENTALION .......etieie ettt sttt et eeme e e e eteeneeseeereeneesaeeneeneennens C-589
WLEE TOF DAIIAS ...ttt sttt b ettt e e e enes C-594
200 oY A =Y I (-] OSSR C-595
MAEY ATBY LBIIET ...t e et nre e nreenreennn e C-597
Brenda STEVENSON LETLET ......c..iiiiie ettt sttt st e sbesneeneeseeenes C-599
VENCENE REEU LEIIET ... bbbttt et C-600
QT A T =] Lo =T -] SR C-601
Certificate Of AQJUAICATION .....c..iiiiiee ettt sae st eneeneeeneas C-603
TCEQ Water Availability Model Output Water Right 4804 ............cccevieiieiie e ee e C-606
Amendment to Certificate of AdJUdiCatioN ..........ccccoviiiiiiicie e C-607
Richard LeTourneau Draft Revisions t0 Chapter 8 ..o C-610
Caddo Lake Institute COMMENTS L0 IPP ........ooiiiiiiiie e C-614
Cypress River Basin Environmental FIOWS REPOI..........c.coviiiiieiiiieie e C-619
City OF Clarksville COMMENTS .......oiuiiiiiiieiei b C-648
City oOf Clarksville RESOIULIONS .........coiieiiiieie ettt et seeeneas C-651
F AN gL (U T To T ] (Y SRS C-654
WL F, HIGQINS LRI ...ttt bbbt bbb C-656
Historic Red River County Chamber of Commerce ReSOIUtIONS...........ccovviieiviieii e C-657
o Fo Ve B S LY - - R SSSN C-659
Pride Organization RESOIULION ........cccocviiiiiciece ettt sttt sae e srenne e C-660
SCOLE LINAEMAN LBIEE ... ettt sttt st e e s e te s e e saesteeseesaeeteesaenrenreas C-662
Red River County Water Control and Improvement District #1 Resolution............c.cccceevvevveinennen. C-664
WAYNE DIAl LELET ....veveeie ettt ettt et et e besbe e s e s teaneesbestaeeesreanes C-666
Clarksville Economic Development Corporation RESOIULIONS..........ccccviiiireninieneieieese e C-668
BNV Y €11 (o =) T SRS C-670
Laura HUFFMAN LETEET ..ottt ettt et nee e enes C-672
ROSS MEIINCHUK LELET ... ittt sttt ste et et nteeneeeenne e C-673
Texas Conservation AllIance COMMENTS .......cociiiiiiiiie e e e enes C-676
VLV AT Vo TR R =1 1 =T TR C-677
Y o g o g 01T O I T PRSP C-678
JAMES PrESIEY LBTIET ...ttt bbb ettt b e C-679
Initially Prepared Plan Updates -MailS ...........cooiiiiiiiieiie e C-680
WAM RUNSs for REGIioN D €-MailS.......cccceiiiiiiieie it C-681
TCEQ Water Availability Model Output Water Right 4563............ccccoiiiiiiieiiieneeeeeee C-684
TCEQ Water Availability Model Output Water Right 4576..........cccoovieiiieeeieeeeeee e C-686
NETMWD COMIMENTS........eiiiiiiiiiitiaiieie ettt ettt sbe et esh b s e be e bt e bt e sbeeaseeanbe e bt e nbeesbeesbneanneas C-688
Lo o I ol o LV )1 T SRS C-696
JEITY BOAINET LELEET ... ettt ettt ettt b e b e e sbe e sb b e eab e e b e e beesbe e C-697
Mount P1easant RESOIULION..........i ittt seeenes C-698
Table C10.1 — Oral Comments from March 31, 2010 Meeting........ccccevvvvviiieveieee e C-699
Table C10.2 — Comments from the PUDLIC .......c.cooiiiie i C-700
WAM RUNS for REgioN D €-MailS........ccoiiiiiie et enes C-701
NETRWPG- Steam EIeCtriC -MailS ........cocoeiiiiiieii e e C-705
TVVDB INEWSIELETS .....veveeeieiesiieite et e ettt ettt e et e st e s e tesae et e sbeeseenbestaesbenseeneebesseenneneeanen C-709
NEWS REIBASES ...ttt ettt ettt ettt s et s st e ee s teeme e saeeteeneeseeeme e teeeeeneenbeene e e enbeeneennenaeenes C-739

TOC - iv



Appendix Chapter 5

IMPACTS OF SELECTED
WATER MANAGEMENT
STRATEGIES ON KEY
PARAMETERS OF WATER
QUALITY AND IMPACTS
OF MOVING WATER
FROM RURAL AND
AGRICULTURAL AREAS



TEXAS WATER DEVELOPMENT BOARD

James E. Herring, Chairman Jack Hunt, Vice Chairman
Lewis H. McMahan, Member J. Kevin Ward Thomas Weir Labatt 11, Member
Edward G. Vaughan, Member Executive Administrator Joe M. Crutcher, Member

June 4, 2010

Mr. Richard LeTourneau

Chairman, North East Texas

Regional Water Planning Group
P.O. Box 12071
Longview, Texas 75607

Re:  Socioeconomic Impact Analysis of Not Meeting Water Needs for the 2011 North East Texas
Regional Water Plan

Dear Chairman LeTourneau:

We have received your request for technical assistance to complete the socioeconomic impact analysis of
not meeting water needs. In response, enclosed is a report that describes our methodology and presents the
results. Section 1 provides an overview of the methodology, and Section 2 presents results at the regional
level, and Appendix 2 show results for individual water user groups.

If you have any questions or comments, please feel free to contact me at (512) 463-7928 or by email at
stuart.norvell@twdb.state.tx.us.

Manager, Water Planning Research and Analysis
Water Resources Planning Division

SN/ao
Enclosure

G Temple Mckinnon, TWDB
S. Doug Shaw, TWDB

Qur Mission
To provide leadership, planning, financial assistance, information, and education for the conservation and responsible development of water for Texas.
P.O. Box 13231 = 1700 N. Congress Avenue = Austin, Texas 78711-3231 *
Telephone (512) 463-7847 « Fax (512) 475-2053 « 1-800-RELAYTX (for the hearing impaired)
www.twdb.state.tx.us « info@twdb.state.tx.us TNR'S
TNRIS - Texas Natural Resources Information System « www tnris.state.tx.us
A Member of the Texas Geographic Information Council (TGIC)
C-374




Socioeconomic Impacts of Projected Water Shortages for
the Northeast Texas Regional Water Planning Area
(Region D)

Prepared in Support of the 2011 Northeast Texas Regional Water Plan

Stuart D. Norvell, Managing Economist
Water Resources Planning Division
Texas Water Development Board
Austin, Texas

Doug Shaw, Agricultural Economist
Water Resources Planning Division
Texas Water Development Board

Austin, Texas

February, 2010

C-375



Ta

ble of Contents

Section Title
INEFOTUCTION .ttt ettt bbb e sttt st b st es ot s e b ea s 4 s ea et ses et et b eae eaeses besene sentes
1.0 V1= g Yoo o] To = TSRS
1.1 Economic Impacts of Water Shortages
1.1.1 (CTY R T=T =TI o oo T T 4 TSRS
General Assumptions and Clarifications of the Methodology.........ccccccvvueireve e,
1.1.2 IMPACES 1O AGFICUITUIE ...ttt ettt st e et et sae st see s et et ersete et sassesbesarsaeaenssseennes
Irrigation
Livestock
1.1.3 Impacts to Municipal Water User Groups
Disaggregation of Municipal Water Demands........cccueireererevereieeieiene e e st sesesenees
DOMESTIC WaATr USES...oiiiiiiiietieiiet ettt et st st st st st st s st st st b st st st sbe et esenne s
COMMETCIAl BUSINESSES...uvivieeieeteieiietire it ee et s et et esssesteses et eseease et sesesseseseensssessesessnsssesensaneenn
Water ULIIITY REVENUES. ..ottt sttt st et sttt st e st en e
Horticulture and LandSCaping. ... ueeerieireeuree ettt et es et es e et es st s es e e en e s sen e s
ReCreatioNal IMPACES.. ..o vt et e e s st et e et s e en
1.1.4 IMpacts o INAUSEIial Water USEr GrOUPS.....ccuerieiiieeiereeeiesire et eteeteeesaes e esestesa s et sessasssesasnssessesanssanesen
MANUTACTUIINEG ..ottt ettt et e te e e e s et et e ea s et saeebessasssbessesase et eee sbesbennans
VNN ettt et e ettt et st e st e e sbeeae e eb et she e et es b es saeeue et e esee b eae e e benne st aeaen e sbeaneee
SEEAMIEIECEITC. vttt ettt e et b s et ses et et es et es e e st e s s e s s
1.2 Social IMPACts Of Water SNOMAEES. ......c.iviieceiet ettt e st r e et sa e et es st ebe e ea et beseaseaeeee s
2.0 RESUIES ..ttt sttt sttt st et s et st et e ses et e et es ses et ses b e s s4s et s een ek eae sen et ea sen b e R ees ke R sea et ea sen et en sen b et eneeen et
2.1 Overview Of REZIONAl ECONOMY .....cciuiiiiie ettt sttt et st e s st st et es et aes s et sbe s sesses st en ene
2.2 IMpacts to AgriCUltUral Water USEI GrOUPS.......cccvcueuuerireieeestieiesieseeeaesaesesesaesesssaestesssssessesssessesssssssessssensons
2.3 Impacts to Steam-electric Water USEI GIrOUPS........cucveveeeeieereceeeeietiss et eteetesessses s e etessesessesssss s esessessasesassens
2.4 SOCHIAl IMIPACES. e+ttt s et st bbbt s et s b ea ses ket et bbbt ees b ea st et e e beneaeetaes
2.5 Distribution of Impacts by Major RIVEr BaSiN.......ccecorieriienietie sttt st e s et s see e ses e en
Appendix 1: Economic Data for Individual IMPLAN SECTOIS. .......c.uririuirirtcirieiirt ettt sttt ses et st e ses e ses e st e sees
Appendix 2: IMPACtS DY Water USEI GrOUP.......oc.erteeiuireeieeeiet et sttt ettt st et ses st et es e s s et eseses et et sesseseseseaeeteaes st et sessenesennene
Tables
1 Crop Classifications and Corresponding IMPLAN Crop SECLOIS.......eeveiirieeriireie st st s esenesesies e s enes
2 Summary of Irrigated Crop Acreage and Water DEMaNnd........c.coovueiereineee sttt s e s e
3 Average Gross Sales Revenues per Acre for Irriated CropS......uoo i erereieeere sttt st st eree e
4 DeSCription Of LIVESTOCK SECLOTS.....oouieeii ettt et sttt et et b e ses e st bttt eee
5 Water Use and Costs Parameters Used to Estimated Domestic Water Demand Functions..........cccccveeeennne
6 Economic Losses Associated with Domestic Water SNOrtages........coveevevreeineviiceineenee e s
7 Impacts of Municipal Water Shortages at Different Magnitudes of Shortages.......ccccceevivreecievrceceviveere e
8 Regional Baseline ECONOMY DY Water USEr GrOUP......cuieiererireeeierireesessessasseseessstessssnssesessssessesessnssnsessassssesessens
10 Economic Impacts of Water Shortages for Municipal Water USer Groups........cuvveeeeerereeinieereeneeeeseessssnsnnsens
11 Economic Impacts of Water Shortages for Steam-electric Water User GrouUpsS........ccveeeeeeveeeeeeevereeeeecveenenns
11 SOCial IMPACES Of Water SNOITAZES. ..cuv ittt ettt st st st ste st sae st stesaeetesaeatesaeerssrsensssarssesenens
12 Distribution of Impacts by Major RIVEE BaSiN.......ccccciiieieie ettt ettt ste st et ste et sreete e ere e aas s ensssennenes

C-376

10
13
15
17
20
24
24
25
25
26



Introduction

Water shortages during drought would likely curtail or eliminate economic activity in business
and industries reliant on water. For example, without water farmers cannot irrigate; refineries cannot
produce gasoline, and paper mills cannot make paper. Unreliable water supplies would not only have an
immediate and real impact on existing businesses and industry, but they could also adversely affect
economic development in Texas. From a social perspective, water supply reliability is critical as well.
Shortages would disrupt activity in homes, schools and government and could adversely affect public
health and safety. For all of the above reasons, it is important to analyze and understand how restricted
water supplies during drought could affect communities throughout the state.

Administrative rules require that regional water planning groups evaluate the impacts of not
meeting water needs as part of the regional water planning process, and rules direct TWDB staff to
provide technical assistance: “The executive administrator shall provide available technical assistance to
the regional water planning groups, upon request, on water supply and demand analysis, including
methods to evaluate the social and economic impacts of not meeting needs” [(§357.7 (4)(A)]. Staff of the
TWDB'’s Water Resources Planning Division designed and conducted this report in support of the
Northeast Texas Regional Water Planning Group (Region D).

This document summarizes the results of our analysis and discusses the methodology used to
generate the results. Section 1 outlines the overall methodology and discusses approaches and
assumptions specific to each water use category (i.e., irrigation, livestock, mining, steam-electric,
municipal and manufacturing). Section 2 presents the results for each category where shortages are
reported at the regional planning area level and river basin level. Results for individual water user groups
are not presented, but are available upon request.

1. Methodology

Section 1 provides a general overview of how economic and social impacts were measured. In
addition, it summarizes important clarifications, assumptions and limitations of the study.

1.1 Economic Impacts of Water Shortages

1.1.1 General Approach

Economic analysis as it relates to water resources planning generally falls into two broad areas.
Supply side analysis focuses on costs and alternatives of developing new water supplies or implementing
programs that provide additional water from current supplies. Demand side analysis concentrates on
impacts or benefits of providing water to people, businesses and the environment. Analysis in this report
focuses strictly on demand side impacts. When analyzing the economic impacts of water shortages as
defined in Texas water planning, three potential scenarios are possible:

1) Scenario 1 involves situations where there are physical shortages of raw surface or groundwater
due to drought of record conditions. For example, City A relies on a reservoir with average
conservation storage of 500 acre-feet per year and a firm yield of 100 acre feet. In 2010, the city
uses about 50 acre-feet per year, but by 2030 their demands are expected to increase to 200
acre-feet. Thus, in 2030 the reservoir would not have enough water to meet the city’s demands,
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and people would experience a shortage of 100 acre-feet assuming drought of record conditions.
Under normal or average climatic conditions, the reservoir would likely be able to provide
reliable water supplies well beyond 2030.

2) Scenario 2 is a situation where despite drought of record conditions, water supply sources can
meet existing use requirements; however, limitations in water infrastructure would preclude
future water user groups from accessing these water supplies. For example, City B relies on a
river that can provide 500 acre-feet per year during drought of record conditions and other
constraints as dictated by planning assumptions. In 2010, the city is expected to use an estimated
100 acre-feet per year and by 2060 it would require no more than 400 acre-feet. But the intake
and pipeline that currently transfers water from the river to the city’s treatment plant has a
capacity of only 200 acre-feet of water per year. Thus, the city’s water supplies are adequate
even under the most restrictive planning assumptions, but their conveyance system is too small.
This implies that at some point — perhaps around 2030 - infrastructure limitations would
constrain future population growth and any associated economic activity or impacts.

3) Scenario 3 involves water user groups that rely primarily on aquifers that are being depleted. In
this scenario, projected and in some cases existing demands may be unsustainable as
groundwater levels decline. Areas that rely on the Ogallala aquifer are a good example. In some
communities in the region, irrigated agriculture forms a major base of the regional economy.
With less irrigation water from the Ogallala, population and economic activity in the region could
decline significantly assuming there are no offsetting developments.

Assessing the social and economic effects of each of the above scenarios requires various levels
and methods of analysis and would generate substantially different results for a number of reasons; the
most important of which has to do with the time frame of each scenario. Scenario 1 falls into the general
category of static analysis. This means that models would measure impacts for a small interval of time
such as a drought. Scenarios 2 and 3, on the other hand imply a dynamic analysis meaning that models
are concerned with changes over a much longer time period.

Since administrative rules specify that planning analysis be evaluated under drought of record
conditions (a static and random event), socioeconomic impact analysis developed by the TWDB for the
state water plan is based on assumptions of Scenario 1. Estimated impacts under scenario 1 are point
estimates for years in which needs are reported (2010, 2020, 2030, 2040, 2050 and 2060). They are
independent and distinct “what if” scenarios for a particular year and shortages are assumed to be
temporary events resulting from drought of record conditions. Estimated impacts measure what would
happen if water user groups experience water shortages for a period of one year.

The TWDB recognize that dynamic models may be more appropriate for some water user groups;
however, combining approaches on a statewide basis poses several problems. For one, it would require a
complex array of analyses and models, and might require developing supply and demand forecasts under
“normal” climatic conditions as opposed to drought of record conditions. Equally important is the notion
that combining the approaches would produce inconsistent results across regions resulting in a so-called
“apples to oranges” comparison.

A variety tools are available to estimate economic impacts, but by far, the most widely used
today are input-output models (IO models) combined with social accounting matrices (SAMs). Referred to
as I0/SAM models, these tools formed the basis for estimating economic impacts for agriculture
(irrigation and livestock water uses) and industry (manufacturing, mining, steam-electric and commercial
business activity for municipal water uses).
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Since the planning horizon extends through 2060, economic variables in the baseline are
adjusted in accordance with projected changes in demographic and economic activity. Growth rates for
municipal water use sectors (i.e., commercial, residential and institutional) are based on TWDB population
forecasts. Future values for manufacturing, agriculture, and mining and steam-electric activity are based
on the same underlying economic forecasts used to estimate future water use for each category.

The following steps outline the overall process.
Step 1: Generate I0/SAM Models and Develop Economic Baseline

I0/SAM models were estimated using propriety software known as IMPLAN PRO™ (Impact for
Planning Analysis). IMPLAN is a modeling system originally developed by the U.S. Forestry Service in the
late 1970s. Today, the Minnesota IMPLAN Group (MIG Inc.) owns the copyright and distributes data and
software. It is probably the most widely used economic impact model in existence. IMPLAN comes with
databases containing the most recently available economic data from a variety of sources. Using IMPLAN
software and data, transaction tables conceptually similar to the one discussed previously were estimated
for each county in the region and for the region as a whole. Each transaction table contains 528 economic
sectors and allows one to estimate a variety of economic statistics including:

= total sales - total production measured by sales revenues;
= intermediate sales - sales to other businesses and industries within a given region;
= final sales — sales to end users in a region and exports out of a region;

=  employment - number of full and part-time jobs (annual average) required by a given industry
including self-employment;

= regional income - total payroll costs (wages and salaries plus benefits) paid by industries,
corporate income, rental income and interest payments; and

= business taxes - sales, excise, fees, licenses and other taxes paid during normal operation of an
industry (does not include income taxes).

TWDB analysts developed an economic baseline containing each of the above variables using
year 2000 data. Since the planning horizon extends through 2060, economic variables in the baseline
were allowed to change in accordance with projected changes in demographic and economic activity.
Growth rates for municipal water use sectors (i.e., commercial, residential and institutional) are based on
TWDB population forecasts. Projections for manufacturing, agriculture, and mining and steam-electric
activity are based on the same underlying economic forecasts used to estimate future water use for each
category. Monetary impacts in future years are reported in constant year 2006 dollars.

It is important to stress that employment, income and business taxes are the most useful
variables when comparing the relative contribution of an economic sector to a regional economy. Total
sales as reported in I0/SAM models are less desirable and can be misleading because they include sales to
other industries in the region for use in the production of other goods. For example, if a mill buys grain
from local farmers and uses it to produce feed, sales of both the processed feed and raw corn are counted
as “output” in an 10 model. Thus, total sales double-count or overstate the true economic value of goods

"The IMPLAN database consists of national level technology matrices based on benchmark input-output accounts generated by the
U.S. Bureau of Economic Analysis and estimates of final demand, final payments, industry output and employment for various
economic sectors. IMPLAN regional data (i.e. states, a counties or groups of counties within a state) are divided into two basic
categories: 1) data on an industry basis including value-added, output and employment, and 2) data on a commodity basis including
final demands and institutional sales. State-level data are balanced to national totals using a matrix ratio allocation system and
county data are balanced to state totals.
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and services produced in an economy. They are not consistent with commonly used measures of output
such as Gross National Product (GNP), which counts only final sales.

Another important distinction relates to terminology. Throughout this report, the term sector
refers to economic subdivisions used in the IMPLAN database and resultant input-output models (528
individual sectors based on Standard Industrial Classification Codes). In contrast, the phrase water use
category refers to water user groups employed in state and regional water planning including irrigation,
livestock, mining, municipal, manufacturing and steam electric. Each IMPLAN sector was assigned to a
specific water use category.

Step 2: Estimate Direct and Indirect Economic Impacts of Water Needs

Direct impacts are reductions in output by sectors experiencing water shortages. For example,
without adequate cooling and process water a refinery would have to curtail or cease operation, car
washes may close, or farmers may not be able to irrigate and sales revenues fall. Indirect impacts involve
changes in inter-industry transactions as supplying industries respond to decreased demands for their
services, and how seemingly non-related businesses are affected by decreased incomes and spending due
to direct impacts. For example, if a farmer ceases operations due to a lack of irrigation water, they would
likely reduce expenditures on supplies such as fertilizer, labor and equipment, and businesses that provide
these goods would suffer as well.

Direct impacts accrue to immediate businesses and industries that rely on water and without
water industrial processes could suffer. However, output responses may vary depending upon the
severity of shortages. A small shortage relative to total water use would likely have a minimal impact, but
large shortages could be critical. For example, farmers facing small shortages might fallow marginally
productive acreage to save water for more valuable crops. Livestock producers might employ emergency
culling strategies, or they may consider hauling water by truck to fill stock tanks. In the case of
manufacturing, a good example occurred in the summer of 1999 when Toyota Motor Manufacturing
experienced water shortages at a facility near Georgetown, Kentucky.2 As water levels in the Kentucky
River fell to historic lows due to drought, plant managers sought ways to curtail water use such as
reducing rinse operations to a bare minimum and recycling water by funneling it from paint shops to
boilers. They even considered trucking in water at a cost of 10 times what they were paying. Fortunately,
rains at the end of the summer restored river levels, and Toyota managed to implement cutbacks without
affecting production, but it was a close call. If rains had not replenished the river, shortages could have
severely reduced output.3

To account for uncertainty regarding the relative magnitude of impacts to farm and business
operations, the following analysis employs the concept of elasticity. Elasticity is a number that shows how
a change in one variable will affect another. In this case, it measures the relationship between a
percentage reduction in water availability and a percentage reduction in output. For example, an elasticity
of 1.0 indicates that a 1.0 percent reduction in water availability would result in a 1.0 percent reduction in
economic output. An elasticity of 0.50 would indicate that for every 1.0 percent of unavailable water,
output is reduced by 0.50 percent and so on. Output elasticities used in this study are:*

2 Royal, W. “High And Dry - Industrial Centers Face Water Shortages.” in Industry Week, Sept, 2000.

® The efforts described above are not planned programmatic or long-term operational changes. They are emergency measures that
individuals might pursue to alleviate what they consider a temporary condition. Thus, they are not characteristic of long-term
management strategies designed to ensure more dependable water supplies such as capital investments in conservation technology
or development of new water supplies.

* Elasticities are based on one of the few empirical studies that analyze potential relationships between economic output and water

shortages in the United States. The study, conducted in California, showed that a significant number of industries would suffer
reduced output during water shortages. Using a survey based approach researchers posed two scenarios to different industries. In
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= if water needs are 0 to 5 percent of total water demand, no corresponding reduction in output is
assumed;

= if water needs are 5 to 30 percent of total water demand, for each additional one percent of
water need that is not met, there is a corresponding 0.50 percent reduction in output;

= if water needs are 30 to 50 percent of total water demand, for each additional one percent of
water need that is not met, there is a corresponding 0.75 percent reduction in output; and

=  if water needs are greater than 50 percent of total water demand, for each additional one
percent of water need that is not met, there is a corresponding 1.0 percent (i.e., a proportional

reduction).

In some cases, elasticities are adjusted depending upon conditions specific to a given water user
group.

Once output responses to water shortages were estimated, direct impacts to total sales,
employment, regional income and business taxes were derived using regional level economic multipliers
estimating using I0/SAM models. The formula for a given IMPLAN sector is:

Dit=Qit * Sit * EQ* RFD; * DM yq,1,1,7)
where:
D, = direct economic impact to sector i in period t
Q. = total sales for sector i in period t in an affected county
RFD;, = ratio of final demand to total sales for sector i for a given region
S.t = water shortage as percentage of total water use in period t
Eq = elasticity of output and water use
DM, 1) = direct output multiplier coefficients for labor (L), income (I) and taxes (T) for sector i.
Secondary impacts were derived using the same formula used to estimate direct impacts;

however, indirect multiplier coefficients are used. Methods and assumptions specific to each water use
sector are discussed in Sections 1.1.2 through 1.1.4.

the first scenario, they asked how a 15 percent cutback in water supply lasting one year would affect operations. In the second
scenario, they asked how a 30 percent reduction lasting one year would affect plant operations. In the case of a 15 percent shortage,
reported output elasticities ranged from 0.00 to 0.76 with an average value of 0.25. For a 30 percent shortage, elasticities ranged
from 0.00 to 1.39 with average of 0.47. For further information, see, California Urban Water Agencies, “Cost of Industrial Water
Shortages,” Spectrum Economics, Inc. November, 1991.
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General Assumptions and Clarification of the Methodology

As with any attempt to measure and quantify human activities at a societal level, assumptions
are necessary and every model has limitations. Assumptions are needed to maintain a level of generality
and simplicity such that models can be applied on several geographic levels and across different economic
sectors. In terms of the general approach used here several clarifications and cautions are warranted:

1. Shortages as reported by regional planning groups are the starting point for socioeconomic
analyses.

2. Estimated impacts are point estimates for years in which needs are reported (i.e., 2010, 2020,
2030, 2040, 2050 and 2060).They are independent and distinct “what if” scenarios for each
particular year and water shortages are assumed to be temporary events resulting from severe
drought conditions combined with infrastructure limitations. In other words, growth occurs and
future shocks are imposed on an economy at 10-year intervals and resultant impacts are
measured. Given, that reported figures are not cumulative in nature, it is inappropriate to sum
impacts over the entire planning horizon. Doing so, would imply that the analysis predicts that
drought of record conditions will occur every ten years in the future, which is not the case.
Similarly, authors of this report recognize that in many communities needs are driven by
population growth, and in the future total population will exceed the amount of water available
due to infrastructure limitations, regardless of whether or not there is a drought. This implies
that infrastructure limitations would constrain economic growth. However, since needs as
defined by planning rules are based upon water supply and demand under the assumption of
drought of record conditions, it improper to conduct economic analysis that focuses on growth
related impacts over the planning horizon. Figures generated from such an analysis would
presume a 50-year drought of record, which is unrealistic. Estimating lost economic activity
related to constraints on population and commercial growth due to lack of water would require
developing water supply and demand forecasts under “normal” or “most likely” future climatic
conditions.

3. While useful for planning purposes, this study is not a benefit-cost analysis. Benefit cost analysis
is a tool widely used to evaluate the economic feasibility of specific policies or projects as
opposed to estimating economic impacts of unmet water needs. Nevertheless, one could include
some impacts measured in this study as part of a benefit cost study if done so properly. Since this
is not a benefit cost analysis, future impacts are not weighted differently. In other words,
estimates are not discounted. If used as a measure of economic benefits, one should incorporate
a measure of uncertainty into the analysis. In this type of analysis, a typical method of
discounting future values is to assign probabilities of the drought of record recurring again in a
given year, and weight monetary impacts accordingly. This analysis assumes a probability of one.

4. 10 multipliers measure the strength of backward linkages to supporting industries (i.e., those
who sell inputs to an affected sector). However, multipliers say nothing about forward linkages
consisting of businesses that purchase goods from an affected sector for further processing. For
example, ranchers in many areas sell most of their animals to local meat packers who process
animals into a form that consumers ultimately see in grocery stores and restaurants. Multipliers
do not capture forward linkages to meat packers, and since meat packers sell livestock purchased
from ranchers as “final sales,” multipliers for the ranching sector do fully account for all losses to
a region’s economy. Thus, as mentioned previously, in some cases closely linked sectors were
moved from one water use category to another.

5. Cautions regarding interpretations of direct and secondary impacts are warranted. I0/SAM

multipliers are based on "fixed-proportion production functions,” which basically means that
input use - including labor - moves in lockstep fashion with changes in levels of output. In a

C-382



scenario where output (i.e., sales) declines, losses in the immediate sector or supporting sectors
could be much less than predicted by an |I0/SAM model for several reasons. For one, businesses
will likely expect to continue operating so they might maintain spending on inputs for future use;
or they may be under contractual obligations to purchase inputs for an extended period
regardless of external conditions. Also, employers may not lay-off workers given that
experienced labor is sometimes scarce and skilled personnel may not be readily available when
water shortages subside. Lastly people who lose jobs might find other employment in the region.
As a result, direct losses for employment and secondary losses in sales and employment should
be considered an upper bound. Similarly, since projected population losses are based on reduced
employment in the region, they should be considered an upper bound as well.

6. 10 models are static. Models and resultant multipliers are based upon the structure of the U.S.
and regional economies in 2006. In contrast, water shortages are projected to occur well into the
future. Thus, the analysis assumes that the general structure of the economy remains the same
over the planning horizon, and the farther out into the future we go, this assumption becomes
less reliable.

7. Impacts are annual estimates. If one were to assume that conditions persisted for more than one
year, figures should be adjusted to reflect the extended duration. The drought of record in most
regions of Texas lasted several years.

8. Monetary figures are reported in constant year 2006 dollars.

1.1.2 Impacts to Agriculture

Irrigated Crop Production

The first step in estimating impacts to irrigation required calculating gross sales for IMPLAN crop
sectors. Default IMPLAN data do not distinguish irrigated production from dry-land production. Once
gross sales were known other statistics such as employment and income were derived using IMPLAN
direct multiplier coefficients. Gross sales for a given crop are based on two data sources:

1) county-level statistics collected and maintained by the TWDB and the USDA Farm Services
Agency (FSA) including the number of irrigated acres by crop type and water application per
acre, and

2) regional-level data published by the Texas Agricultural Statistics Service (TASS) including
prices received for crops (marketing year averages), crop yields and crop acreages.

Crop categories used by the TWDB differ from those used in IMPLAN datasets. To maintain
consistency, sales and other statistics are reported using IMPLAN crop classifications. Table 1 shows the
TWDB crops included in corresponding IMPLAN sectors, and Table 2 summarizes acreage and estimated
annual water use for each crop classification (five-year average from 2003-2007). Table 3 displays
average (2003-2007) gross revenues per acre for IMPLAN crop categories.
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Table 1: Crop Classifications Used in TWDB Water Use Survey and Corresponding IMPLAN Crop Sectors

IMPLAN Category TWDB Category

Oilseeds Soybeans and “other oil crops”

Grains Grain sorghum, corn, wheat and “other grain crops”

Vegetable and melons “Vegetables” and potatoes

Tree nuts Pecans

Fruits Citrus, vineyard and other orchard

Cotton Cotton

Sugarcane and sugar beets Sugarcane and sugar beets

All “other” crops “Forage crops”, peanuts, alfalfa, hay and pasture, rice and “all other crops”

Table 2: Summary of Irrigated Crop Acreage and Water Demand for the Northeast Texas Regional Water Planning Area
(average 2003-2007)

Acres Distribution of Water use Distribution of water

Sector (1000s) acres (1000s of AF) use

Oilseeds 3 19% 3 16%

Grains 5 28% 5 25%

Vegetable and melons <1 <1% 0 <1%

Fruits <1 <1% <1 <1%

All other crops 9 53% 12 59%

Total 17 100% 21 100%

Source: Water demand figures are a 5- year average (2003-2007) of the TWDB’s annual Irrigation Water Use Estimates. Statistics for irrigated
crop acreage are based upon annual survey data collected by the TWDB and the Farm Service Agency. Values do not include acreage or water
use for the TWDB categories classified by the Farm Services Agency as “failed acres,” “golf course” or “waste water.”
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Table 3: Average Gross Sales Revenues per Acre for Irrigated Crops for the Northeast Texas Regional Water Planning Area
(2003-2007)

IMPLAN Sector Gross revenues per acre Crops included in estimates

Irrigated figure is based on five-year (2003-2007) average weighted

Oilseeds 202 - ” . s . ”
2 by acreage for “irrigated soybeans” and “irrigated ‘other’ oil crops”.

Based on five-year (2003-2007) average weighted by acreage for

Grains $397 “irrigated grain sorghum,” “irrigated corn”, “irrigated wheat” and
“irrigated ‘other’ grain crops.”

Based on five-year (2003-2007) average weighted by acreage for

Vegetable and melons $5,335 “irrigated shallow and deep root vegetables”, “irrigated Irish
potatoes” and “irrigated melons.”

Based on five-year (2003-2007) average weighted by acreage for
Fruits $3,502 “irrigated citrus”, “irrigated vineyards” and “irrigated ‘other’
orchard.”

Irrigated figure is based on five-year (2003-2007) average weighted

by acreage for “irrigated ‘forage’ crops”, “irrigated peanuts”,

“irrigated alfalfa”, “irrigated ‘hay’ and pasture” and “irrigated ‘all
other’ crops.”

All Other Crops $253

*Figures are rounded. Source: Based on data from the Texas Agricultural Statistics Service, Texas Water Development Board, and Texas
A&M University.
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An important consideration when estimating impacts to irrigation was determining which crops
are affected by water shortages. One approach is the so-called rationing model, which assumes that
farmers respond to water supply cutbacks by fallowing the lowest value crops in the region first and the
highest valued crops last until the amount of water saved equals the shortage.® For example, if farmer A
grows vegetables (higher value) and farmer B grows wheat (lower value) and they both face a
proportionate cutback in irrigation water, then farmer B will sell water to farmer A. Farmer B will fallow
her irrigated acreage before farmer A fallows anything. Of course, this assumes that farmers can and do
transfer enough water to allow this to happen. A different approach involves constructing farm-level
profit maximization models that conform to widely-accepted economic theory that farmers make
decisions based on marginal net returns. Such models have good predictive capability, but data
requirements and complexity are high. Given that a detailed analysis for each region would require a
substantial amount of farm-level data and analysis, the following investigation assumes that projected
shortages are distributed equally across predominant crops in the region. Predominant in this case are
crops that comprise at least one percent of total acreage in the region.

The following steps outline the overall process used to estimate direct impacts to irrigated
agriculture:

1. Distribute shortages across predominant crop types in the region. Again, unmet water needs
were distributed equally across crop sectors that constitute one percent or more of irrigated
acreage.

2. Estimate associated reductions in output for affected crop sectors. Output reductions are based
on elasticities discussed previously and on estimated values per acre for different crops. Values
per acre stem from the same data used to estimate output for the year 2006 baseline. Using
multipliers, we then generate estimates of forgone income, jobs, and tax revenues based on
reductions in gross sales and final demand.

Livestock

The approach used for the livestock sector is basically the same as that used for crop production.
As is the case with crops, livestock categorizations used by the TWDB differ from those used in IMPLAN
datasets, and TWDB groupings were assigned to a given IMPLAN sector (Table 4). Then we:

1) Distribute projected water needs equally among predominant livestock sectors and estimate
lost output: As is the case with irrigation, shortages are assumed to affect all livestock sectors
equally; however, the category of “other” is not included given its small size. If water needs were
small relative to total demands, we assume that producers would haul in water by truck to fill
stock tanks. The cost per acre-foot ($24,000) is based on 2008 rates charged by various water
haulers in Texas, and assumes that the average truck load is 6,500 gallons at a hauling distance of
60 miles.

3) Estimate reduced output in forward processors for livestock sectors. Reductions in output for
livestock sectors are assumed to have a proportional impact on forward processors in the region
such as meat packers. In other words, if the cows were gone, meat-packing plants or fluid milk
manufacturers) would likely have little to process. This is not an unreasonable premise. Since the

® The rationing model was initially proposed by researchers at the University of California at Berkeley, and was then modified for use
in a study conducted by the U.S. Environmental Protection Agency that evaluated how proposed water supply cutbacks
recommended to protect water quality in the Bay/Delta complex in California would affect farmers in the Central Valley. See,
Zilberman, D., Howitt, R. and Sunding, D. “Economic Impacts of Water Quality Regulations in the San Francisco Bay and Delta.”
Western Consortium for Public Health. May 1993.
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1950s, there has been a major trend towards specialized cattle feedlots, which in turn has
decentralized cattle purchasing from livestock terminal markets to direct sales between
producers and slaughterhouses. Today, the meat packing industry often operates large
processing facilities near high concentrations of feedlots to increase capacity utilization.® As a
result, packers are heavily dependent upon nearby feedlots. For example, a recent study by the
USDA shows that on average meat packers obtain 64 percent of cattle from within 75 miles of
their plant, 82 percent from within 150 miles and 92 percent from within 250 miles.”

Table 4: Description of Livestock Sectors

IMPLAN Category

TWDB Category

Cattle ranching and farming
Poultry and egg production
Other livestock

Milk manufacturing

Meat packing

Cattle, cow calf, feedlots and dairies

Poultry production.

Livestock other than cattle and poultry (i.e., horses, goats, sheep, hogs )

Fluid milk manufacturing, cheese manufacturing, ice cream manufacturing etc.

Meat processing present in the region from slaughter to final processing

1.1.3 Impacts to Municipal Water User Groups
Disaggregation of Municipal Water Demands

Estimating the economic impacts for the municipal water user groups is complicated for a
number of reasons. For one, municipal use comprises a range of consumers including commercial
businesses, institutions such as schools and government and households. However, reported water needs
are not distributed among different municipal water users. In other words, how much of a municipal need
is commercial and how much is residential (domestic)?

The amount of commercial water use as a percentage of total municipal demand was estimated
based on “GED” coefficients (gallons per employee per day) published in secondary sources.® For example,
if year 2006 baseline data for a given economic sector (e.g., amusement and recreation services) shows
employment at 30 jobs and the GED coefficient is 200, then average daily water use by that sector is (30 x

® Ferreira, W.N. “Analysis of the Meat Processing Industry in the United States.” Clemson University Extension Economics Report
ER211, January 2003.

” Ward, C.E. “Summary of Results from USDA’s Meatpacking Concentration Study.” Oklahoma Cooperative Extension Service, OSU
Extension Facts WF-562.

8 Sources for GED coefficients include: Gleick, P.H., Haasz, D., Henges-Jeck, C., Srinivasan, V., Wolff, G. Cushing, K.K., and Mann, A.
"Waste Not, Want Not: The Potential for Urban Water Conservation in California." Pacific Institute. November 2003. U.S. Bureau of
the Census. 1982 Census of Manufacturers: Water Use in Manufacturing. USGPO, Washington D.C. See also: “U.S. Army Engineer
Institute for Water Resources, IWR Report 88-R-6.,” Fort Belvoir, VA. See also, Joseph, E. S., 1982, "Municipal and Industrial Water
Demands of the Western United States." Journal of the Water Resources Planning and Management Division, Proceedings of the
American Society of Civil Engineers, v. 108, no. WR2, p. 204-216. See also, Baumann, D. D., Boland, J. J., and Sims, J. H., 1981,
“Evaluation of Water Conservation for Municipal and Industrial Water Supply.” U.S. Army Corps of Engineers, Institute for Water
Resources, Contract no. 82-C1.
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200 = 6,000 gallons) or 6.7 acre-feet per year. Water not attributed to commercial use is considered
domestic, which includes single and multi-family residential consumption, institutional uses and all use
designated as “county-other.” Based on our analysis, commercial water use is about 5 to 35 percent of
municipal demand. Less populated rural counties occupy the lower end of the spectrum, while larger
metropolitan counties are at the higher end.

After determining the distribution of domestic versus commercial water use, we developed
methods for estimating impacts to the two groups.

Domestic Water Uses

Input output models are not well suited for measuring impacts of shortages for domestic water
uses, which make up the majority of the municipal water use category. To estimate impacts associated
with domestic water uses, municipal water demand and needs are subdivided into residential, and
commercial and institutional use. Shortages associated with residential water uses are valued by
estimating proxy demand functions for different water user groups allowing us to estimate the marginal
value of water, which would vary depending upon the level of water shortages. The more severe the
water shortage, the more costly it becomes. For instance, a 2 acre-foot shortage for a group of
households that use 10 acre-feet per year would not be as severe as a shortage that amounted to 8 acre-
feet. In the case of a 2 acre-foot shortage, households would probably have to eliminate some or all
outdoor water use, which could have implicit and explicit economic costs including losses to the
horticultural and landscaping industry. In the case of an 8 acre-foot shortage, people would have to forgo
all outdoor water use and most indoor water consumption. Economic impacts would be much higher in
the latter case because people, and would be forced to find emergency alternatives assuming alternatives
were available.

To estimate the value of domestic water uses, TWDB staff developed marginal loss functions
based on constant elasticity demand curves. This is a standard and well-established method used by
economists to value resources such as water that have an explicit monetary cost.

A constant price elasticity of demand is estimated using a standard equation:
w = k™

where:

= wis equal to average monthly residential water use for a given water user group
measured in thousands of gallons;

=  kisaconstant intercept;
= cisthe average cost of water per 1,000 gallons; and
= ¢isthe price elasticity of demand.
Price elasticities (-0.30 for indoor water use and -0.50 for outdoor use) are based on a study by
Bell et al.” that surveyed 1,400 water utilities in Texas that serve at least 1,000 people to estimate

demand elasticity for several variables including price, income, weather etc. Costs of water and average
use per month per household are based on data from the Texas Municipal League's annual water and

® Bell, D.R. and Griffin, R.C. “Community Water Demand in Texas as a Century is Turned.” Research contract report prepared for the
Texas Water Development Board. May 2006.
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wastewater rate surveys - specifically average monthly household expenditures on water and wastewater
in different communities across the state. After examining variance in costs and usage, three different
categories of water user groups based on population (population less than 5,000, cities with populations
ranging from 5,000 to 99,999 and cities with populations exceeding 100,000) were selected to serve as
proxy values for municipal water groups that meet the criteria (Table 5)."

Table 5: Water Use and Costs Parameters Used to Estimated Water Demand Functions
(average monthly costs per acre-foot for delivered water and average monthly use per household)

Community Population Water Wastewater L] GYERIIEIHIL 7R
monthly cost (gallons)

Less than or equal to 5,000 $1,335 $1,228 $2,563 6,204

5,000 to 100,000 $1,047 $1,162 $2,209 7,950

Great than or equal to 100,000 $718 $457 $1,190 8,409

Source: Based on annual water and wastewater rate surveys published by the Texas Municipal League.

As an example, Table 6 shows the economic impact per acre-foot of domestic water needs for
municipal water user groups with population exceeding 100,000 people. There are several important
assumptions incorporated in the calculations:

1) Reported values are net of the variable costs of treatment and distribution such as
expenses for chemicals and electricity since using less water involves some savings to
consumers and utilities alike; and for outdoor uses we do not include any value for
wastewater.

2) Outdoor and “non-essential” water uses would be eliminated before indoor water
consumption was affected, which is logical because most water utilities in Texas have
drought contingency plans that generally specify curtailment or elimination of outdoor
water use during droughts."” Determining how much water is used for outdoor purposes
is based on several secondary sources. The first is a major study sponsored by the
American Water Works Association, which surveyed cities in states including Colorado,
Oregon, Washington, California, Florida and Arizona. On average across all cities
surveyed 58 percent of single family residential water use was for outdoor activities. In
cities with climates comparable to large metropolitan areas of Texas, the average was
40 percent.” Earlier findings of the U.S. Water Resources Council showed a national

0 Ideally, one would want to estimate demand functions for each individual utility in the state. However, this would require an
enormous amount of time and resources. For planning purposes, we believe the values generated from aggregate data are more
than sufficient.

" |n Texas, state law requires retail and wholesale water providers to prepare and submit plans to the Texas Commission on
Environmental Quality (TCEQ). Plans must specify demand management measures for use during drought including curtailment of
“non-essential water uses.” Non-essential uses include, but are not limited to, landscape irrigation and water for swimming pools or
fountains. For further information see the Texas Environmental Quality Code §288.20.

2 See, Mayer, P.W., DeOreo, W.B., Opitz, E.M., Kiefer, J.C., Davis, W., Dziegielewski, D., Nelson, J.O. “Residential End Uses of Water.”
Research sponsored by the American Water Works Association and completed by Aquacraft, Inc. and Planning and Management
Consultants, Ltd. (PMCL@CDM).
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average of 33 percent. Similarly, the United States Environmental Protection Agency
(USEPA) estimated that landscape watering accounts for 32 percent of total residential
and commercial water use on annual basis.” A study conducted for the California Urban
Water Agencies (CUWA) calculated average annual values ranging from 25 to 35
percent.” Unfortunately, there does not appear to be any comprehensive research that
has estimated non-agricultural outdoor water use in Texas. As an approximation, an
average annual value of 30 percent based on the above references was selected to
serve as a rough estimate in this study.

3) As shortages approach 100 percent values become immense and theoretically infinite
at 100 percent because at that point death would result, and willingness to pay for
water is immeasurable. Thus, as shortages approach 80 percent of monthly
consumption, we assume that households and non-water intensive commercial
businesses (those that use water only for drinking and sanitation would have water
delivered by tanker truck or commercial water delivery companies. Based on reports
from water companies throughout the state, we estimate that the cost of trucking in
water is around $21,000 to $27,000 per acre-feet assuming a hauling distance of
between 20 to 60 miles. This is not an unreasonable assumption. The practice was
widespread during the 1950s drought and recently during droughts in this decade. For
example, in 2000 at the heels of three consecutive drought years Electra - a small town
in North Texas - was down to its last 45 days worth of reservoir water when rain
replenished the lake, and the city was able to refurbish old wells to provide
supplemental groundwater. At the time, residents were forced to limit water use to
1,000 gallons per person per month - less than half of what most people use - and many
were having water delivered to their homes by private contractors.™ In 2003 citizens of
Ballinger, Texas, were also faced with a dwindling water supply due to prolonged
drought. After three years of drought, Lake Ballinger, which supplies water to more than
4,300 residents in Ballinger and to 600 residents in nearby Rowena, was almost dry.
Each day, people lined up to get water from a well in nearby City Park. Trucks hauling
trailers outfitted with large plastic and metal tanks hauled water to and from City Park
to BaIIinger.16

3 U.S. Environmental Protection Agency. “Cleaner Water through Conservation.” USEPA Report no. 841-B-95-002. April,
1995.

% planning and Management Consultants, Ltd. “Evaluating Urban Water Conservation Programs: A Procedures Manual.”
Prepared for the California Urban Water Agencies. February 1992.

1> Zewe, C. “Tap Threatens to Run Dry in Texas Town.” July 11, 2000. CNN Cable News Network.

'8 Associated Press, “Ballinger Scrambles to Finish Pipeline before Lake Dries Up.” May 19, 2003.
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Table 6: Economic Losses Associated with Domestic Water Shortages in Communities with Populations Exceeding

100,000 people
Bl R e No. of gallons No of gallons . .
percentage of total e e e e Economic loss Economic loss
:1e¢:::l:‘lzshousehold i o (per acre-foot) (per gallon)
1% 278 93 $748 $0.00005
5% 266 89 $812 $0.0002
10% 252 84 $900 $0.0005
15% 238 79 $999 $0.0008
20% 224 75 $1,110 $0.0012
25% 210 70 $1,235 $0.0015
30%° 196 65 $1,699 $0.0020
35% 182 61 $3,825 $0.0085
40% 168 56 $4,181 $0.0096
45% 154 51 $4,603 $0.011
50% 140 a7 $5,109 $0.012
55% 126 42 $5,727 $0.014
60% 112 37 $6,500 $0.017
65% 98 33 $7,493 $0.02
70% 84 28 $8,818 $0.02
75% 70 23 $10,672 $0.03
80% 56 19 $13,454 $0.04
85% 42 14 $18,091  ($24,000°  $0.05 ($0.07)°
90% 28 9 $27,363 ($24,000) $0.08 ($0.07)
95% 14 5 $55,182  ($24,000) $0.17 ($0.07)
99% 3 0.9 $277,728 ($24,000) $0.85 ($0.07)
99.9% 1 0.5 $2,781,377 ($24,000) $8.53 ($0.07)
100% 0 0 Infinite ($24,000) Infinite ($0.07)

® The first 30 percent of needs are assumed to be restrictions of outdoor water use; when needs reach 30
percent of total demands all outdoor water uses would be restricted. Needs greater than 30 percent include

indoor use

b As shortages approach 100 percent the value approaches infinity assuming there are not alternatives
available; however, we assume that communities would begin to have water delivered by tanker truck at an
estimated cost of $24,000 per acre-foot when shortages breached 85 percent.
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Commercial Businesses

Effects of water shortages on commercial sectors were estimated in a fashion similar to other
business sectors meaning that water shortages would affect the ability of these businesses to operate.
This is particularly true for “water intensive” commercial sectors that are need large amounts of water (in
addition to potable and sanitary water) to provide their services. These include:

=  car-washes,

= Jaundry and cleaning facilities,

= sports and recreation clubs and facilities including race tracks,
=  amusement and recreation services,

= hospitals and medical facilities,

= hotels and lodging places, and

= eating and drinking establishments.

A key assumption is that commercial operations would not be affected until water shortages
were at least 50 percent of total municipal demand. In other words, we assume that residential water
consumers would reduce water use including all non-essential uses before businesses were affected.

An example will illustrate the breakdown of municipal water needs and the overall approach to
estimating impacts of municipal needs. Assume City A experiences an unexpected shortage of 50 acre-
feet per year when their demands are 200 acre-feet per year. Thus, shortages are only 25 percent of total
municipal use and residents of City A could eliminate needs by restricting landscape irrigation. City B, on
the other hand, has a deficit of 150 acre-feet in 2020 and a projected demand of 200 acre-feet. Thus, total
shortages are 75 percent of total demand. Emergency outdoor and some indoor conservation measures
could eliminate 50 acre-feet of projected needs, yet 50 acre-feet would still remain. To eliminate” the
remaining 50 acre-feet water intensive commercial businesses would have to curtail operations or shut
down completely.

Three other areas were considered when analyzing municipal water shortages: 1) lost revenues
to water utilities, 2) losses to the horticultural and landscaping industries stemming for reduction in water
available for landscape irrigation, and 3) lost revenues and related economic impacts associated with
reduced water related recreation.

Water Utility Revenues

Estimating lost water utility revenues was straightforward. We relied on annual data from the
“Water and Wastewater Rate Survey” published annually by the Texas Municipal League to calculate an
average value per acre-foot for water and sewer. For water revenues, average retail water and sewer
rates multiplied by total water needs served as a proxy. For lost wastewater, total unmet needs were
adjusted for return flow factor of 0.60 and multiplied by average sewer rates for the region. Needs
reported as “county-other” were excluded under the presumption that these consist primarily of self-
supplied water uses. In addition, 15 percent of water demand and needs are considered non-billed or
“unaccountable” water that comprises things such as leakages and water for municipal government
functions (e.g., fire departments). Lost tax receipts are based on current rates for the “miscellaneous
gross receipts tax, “which the state collects from utilities located in most incorporated cities or towns in
Texas. We do not include lost water utility revenues when aggregating impacts of municipal water
shortages to regional and state levels to prevent double counting.
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Horticultural and Landscaping Industry

The horticultural and landscaping industry, also referred to as the “green Industry,” consists of
businesses that produce, distribute and provide services associated with ornamental plants, landscape
and garden supplies and equipment. Horticultural industries often face big losses during drought. For
example, the recent drought in the Southeast affecting the Carolinas and Georgia horticultural and
landscaping businesses had a harsh year. Plant sales were down, plant mortality increased, and watering
costs increased. Many businesses were forced to close locations, lay off employees, and even file for
bankruptcy. University of Georgia economists put statewide losses for the industry at around $3.2 billion
during the 3-year drought that ended in 2008."” Municipal restrictions on outdoor watering play a
significant role. During drought, water restrictions coupled with persistent heat has a psychological effect
on homeowners that reduces demands for landscaping products and services. Simply put, people were
afraid to spend any money on new plants and landscaping.

In Texas, there do not appear to be readily available studies that analyze the economic effects of
water shortages on the industry. However, authors of this report believe negative impacts do and would
result in restricting landscape irrigation to municipal water consumers. The difficulty in measuring them is
two-fold. First, as noted above, data and research for these types of impacts that focus on Texas are
limited; and second, economic data provided by IMPLAN do not disaggregate different sectors of the

. . . . 18
green industry to a level that would allow for meaningful and defensible analysis.
Recreational Impacts

Recreational businesses often suffer when water levels and flows in rivers, springs and reservoirs
fall significantly during drought. During droughts, many boat docks and lake beaches are forced to close,
leading to big losses for lakeside business owners and local communities. Communities adjacent to
popular river and stream destinations such as Comal Springs and the Guadalupe River also see their
business plummet when springs and rivers dry up. Although there are many examples of businesses that
have suffered due to drought, dollar figures for drought-related losses to the recreation and tourism
industry are not readily available, and very difficult to measure without extensive local surveys. Thus,
while they are important, economic impacts are not measured in this study.

Table 7 summarizes impacts of municipal water shortages at differing levels of magnitude, and
shows the ranges of economic costs or losses per acre-foot of shortage for each level.

7 Wwilliams, D. “Georgia landscapers eye rebound from Southeast drought.” Atlanta Business Chronicle, Friday, June 19, 2009
'8 Economic impact analyses prepared by the TWDB for 2006 regional water plans did include estimates for the horticultural
industry. However, year 2000 and prior IMPLAN data were disaggregated to a finer level. In the current dataset (2006), the

sector previously listed as “Landscaping and Horticultural Services” (IMPLAN Sector 27) is aggregated into “Services to
Buildings and Dwellings” (IMPLAN Sector 458).
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Table 7: Impacts of Municipal Water Shortages at Different Magnitudes of Shortages

Water shortages as percent of total Economic costs
L. Impacts X
municipal demands per acre-foot

v' Lost water utility revenues
0-30% v' Restricted landscape irrigation and non- | $730 - $2,040
essential water uses

v' Lost water utility revenues
v" Elimination of landscape irrigation and $2,040 - $10,970

30-50% .
non-essential water uses
v" Rationing of indoor use
v' Lost water utility revenues
v" Elimination of landscape irrigation and
non-essential water uses
>50% v" Rationing of indoor use $10,970 - varies
v' Restriction or elimination of commercial
water use

v" Importing water by tanker truck

*Figures are rounded

1.1.4 Industrial Water User Groups

Manufacturing

Impacts to manufacturing were estimated by distributing water shortages among industrial
sectors at the county level. For example, if a planning group estimates that during a drought of record
water supplies in County A would only meet 50 percent of total annual demands for manufactures in the
county, we reduced output for each sector by 50 percent. Since projected manufacturing demands are
based on TWDB Water Uses Survey data for each county, we only include IMPLAN sectors represented in
the TWBD survey database. Some sectors in IMPLAN databases are not part of the TWDB database given
that they use relatively small amounts of water - primarily for on-site sanitation and potable purposes. To
maintain consistency between IMPLAN and TWDB databases, Standard Industrial Classification (SIC) codes
both databases were cross referenced in county with shortages. Non-matches were excluded when
calculating direct impacts.
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Mining

The process of mining is very similar to that of manufacturing. We assume that within a given
county, shortages would apply equally to relevant mining sectors, and IMPLAN sectors are cross
referenced with TWDB data to ensure consistency.

In Texas, oil and gas extraction and sand and gravel (aggregates) operations are the primary
mining industries that rely on large volumes of water. For sand and gravel, estimated output reductions
are straightforward; however, oil and gas is more complicated for a number of reasons. IMPLAN does not
necessarily report the physical extraction of minerals by geographic local, but rather the sales revenues
reported by a particular corporation.

For example, at the state level revenues for IMPLAN sector 19 (oil and gas extraction) and sector
27 (drilling oil and gas wells) totals $257 billion. Of this, nearly $85 billion is attributed to Harris County.
However, only a very small fraction (less than one percent) of actual production takes place in the county.
To measure actual potential losses in well head capacity due to water shortages, we relied on county level
production data from the Texas Railroad Commission (TRC) and average well-head market prices for crude
and gas to estimate lost revenues in a given county. After which, we used to IMPLAN ratios to estimate
resultant losses in income and employment.

Other considerations with respect to mining include:

1) Petroleum and gas extraction industry only uses water in significant amounts for secondary
recovery. Known in the industry as enhanced or water flood extraction, secondary recovery
involves pumping water down injection wells to increase underground pressure thereby pushing
oil or gas into other wells. IMPLAN output numbers do not distinguish between secondary and
non-secondary recovery. To account for the discrepancy, county-level TRC data that show the
proportion of barrels produced using secondary methods were used to adjust IMPLAN data to
reflect only the portion of sales attributed to secondary recovery.

2) A substantial portion of output from mining operations goes directly to businesses that are
classified as manufacturing in our schema. Thus, multipliers measuring backward linkages for a
given manufacturer might include impacts to a supplying mining operation. Care was taken not
to double count in such situations if both a mining operation and a manufacturer were reported
as having water shortages.

Steam-electric

At minimum without adequate cooling water, power plants cannot safely operate. As water
availability falls below projected demands, water levels in lakes and rivers that provide cooling water
would also decline. Low water levels could affect raw water intakes and outfalls at electrical generating
units in several ways. For one, power plants are regulated by thermal emission guidelines that specify the
maximum amount of heat that can go back into a river or lake via discharged cooling water. Low water
levels could result in permit compliance issues due to reduced dilution and dispersion of heat and
subsequent impacts on aquatic biota near outfalls.” However, the primary concern would be a loss of
head (i.e., pressure) over intake structures that would decrease flows through intake tunnels. This would
affect safety related pumps, increase operating costs and/or result in sustained shut-downs. Assuming
plants did shutdown, they would not be able to generate electricity.

1% Section 316 (b) of the Clean Water Act requires that thermal wastewater discharges do not harm fish and other wildlife.
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Among all water use categories steam-electric is unique and cautions are needed when applying
methods used in this study. Measured changes to an economy using input-output models stem directly
from changes in sales revenues. In the case of water shortages, one assumes that businesses will suffer
lost output if process water is in short supply. For power generation facilities this is true as well. However,
the electric services sector in IMPLAN represents a corporate entity that may own and operate several
electrical generating units in a given region. If one unit became inoperable due to water shortages, plants
in other areas or generation facilities that do not rely heavily on water such as gas powered turbines
might be able to compensate for lost generating capacity. Utilities could also offset lost production via
purchases on the spot market.? Thus, depending upon the severity of the shortages and conditions at a
given electrical generating unit, energy supplies for local and regional communities could be maintained.
But in general, without enough cooling water, utilities would have to throttle back plant operations,
forcing them to buy or generate more costly power to meet customer demands.

Measuring impacts end users of electricity is not part of this study as it would require extensive
local and regional level analysis of energy production and demand. To maintain consistency with other
water user groups, impacts of steam-electric water shortages are measured in terms of lost revenues (and
hence income) and jobs associated with shutting down electrical generating units.

1.2 Social Impacts of Water Shortages

As the name implies, the effects of water shortages can be social or economic. Distinctions
between the two are both semantic and analytical in nature — more so analytic in the sense that social
impacts are harder to quantify. Nevertheless, social effects associated with drought and water shortages
are closely tied to economic impacts. For example, they might include:

= demographic effects such as changes in population,
= disruptions in institutional settings including activity in schools and government,
= conflicts between water users such as farmers and urban consumers,

= health-related low-flow problems (e.g., cross-connection contamination, diminished sewage
flows, increased pollutant concentrations),

= mental and physical stress (e.g., anxiety, depression, domestic violence),

= public safety issues from forest and range fires and reduced fire fighting capability,
= increased disease caused by wildlife concentrations,

= Joss of aesthetic and property values, and

. ey 21
= reduced recreational opportunities.

% Today, most utilities participate in large interstate “power pools” and can buy or sell electricity “on the grid” from other
utilities or power marketers. Thus, assuming power was available to buy, and assuming that no contractual or physical
limitations were in place such as transmission constraints; utilities could offset lost power that resulted from waters
shortages with purchases via the power grid.

% Based on information from the website of the National Drought Mitigation Center at the University of Nebraska Lincoln.
Available online at: http://www.drought.unl.edu/risk/impacts.htm. See also, Vanclay, F. “Social Impact Assessment.” in
Petts, J. (ed) International Handbook of Environmental Impact Assessment. 1999.
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Social impacts measured in this study focus strictly on demographic effects including changes in
population and school enroliment. Methods are based on demographic projection models developed by
the Texas State Data Center and used by the TWDB for state and regional water planning. Basically, the
social impact model uses results from the economic component of the study and assesses how changes in
labor demand would affect migration patterns in a region. Declines in labor demand as measured using
adjusted IMPLAN data are assumed to affect net economic migration in a given regional water planning
area. Employment losses are adjusted to reflect the notion that some people would not relocate but
would seek employment in the region and/or public assistance and wait for conditions to improve.
Changes in school enrollment are simply the proportion of lost population between the ages of 5 and 17.

2. Results

Section 2 presents the results of the analysis at the regional level. Included are baseline
economic data for each water use category, and estimated economics impacts of water shortages for
water user groups with reported deficits. According to the 2011 Northeast Texas Regional Water Plan,
during severe drought municipal and steam-electric water user groups would experience water shortages
in the absence of new water management strategies.

2.1 Overview of Regional Economy

On an annual basis, the Northeast Texas regional economy generates nearly $27 billion in gross
state product for Texas ($25 billion in income and $2 billion worth of business taxes) and supports
317,231 jobs (Table 8). Generating about $13 billion worth of income per year agriculture, manufacturing,
and mining are the primary base economic sectors in the region.”> Municipal sectors also generate
substantial amounts of income and are major employers. However, while municipal sectors are the
largest employer and source of wealth, many businesses that make up the municipal category such as
restaurants and retail stores are non-basic industries meaning they exist to provide services to people
who work would in base industries such as manufacturing, agriculture and mining. In other words,
without base industries such agriculture, many municipal jobs in the region would not exist.

2 Base industries are those that supply markets outside of the region. These industries are crucial to the local economy and
are called the economic base of a region. Appendix A shows how IMPLAN’s 529 sectors were allocated to water use
category, and shows economic data for each sector.
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Table 8: The Northeast Texas Regional Economy by Water User Group (Smillions)*

Intermediate Business
Water Use Category Total sales sales Final sales Jobs Income taxes
Irrigation $5.81 $2.44 $3.36 193 $2.88 $0.11
Livestock $3,023.19 $1,484.70 $1,538.50 20,284 $509.63 $29.61
Manufacturing $16,567.24 $2,542.98 $14,024.26 55,787 $4,008.66 $98.26
Mining $13,982.68 $11,619.70 $2,362.97 12,748 $8,032.41 $854.58
Steam-electric $615.14 $173.05 $442.09 1,439 $427.15 $72.90
Municipal $19,500.64 $4,954.57 $14,546.07 226,780 $11,498.42 $1,120.28
Regional total $53,694.70 $20,777.44 $32,917.25 317,231 $24,479.15 $2,175.74

@ Appendix 1 displays data for individual IMPLAN sectors that make up each water use category. Based on data from the
Texas Water Development Board, and year 2006 data from the Minnesota IMPLAN Group, Inc.

2.1 Impacts of Municipal Water Shortages

Water shortages are projected to occur in a significant number of communities throughout the
region. Deficits range from approximately 2 to 100 percent of total annual water use. At the regional
level, the estimated economic value of domestic water shortages totals $12 million in 2010 and $173
million in 2060 (Table 9). Due to curtailment of commercial business activity, municipal shortages would
reduce gross state product (income plus taxes) by nearly $2 million in 2010 and $115 million in 2060.

Table 9: Economic Impacts of Water Shortages for Municipal Water User Groups ($Smillions)

Lost income from Lost state and local  Lost jobs from

Monetary value of reduced taxes from reduced reduced

domestic water commercial commercial commercial Lost water utility
Decade shortages business activity* business activity business activity revenues
2010 $12.46 $1.70 $0.06 15 $1.95
2020 $16.63 $5.47 $0.21 49 $3.10
2030 $21.72 $8.26 $0.30 70 $4.49
2040 $35.69 $15.90 $0.38 91 $6.37
2050 $63.29 $29.88 $0.78 184 $13.87
2060 $172.82 $113.00 $2.20 505 $29.50

*Changes to Income and business taxes are collectively equivalent to a decrease in gross state product, which is analogous to
gross domestic product measured at the state rather than national level. Appendix 2 shows results by water user group.
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2.3 Impacts of Steam-electric Water Shortages

Water shortages for electrical generating units are projected to occur in the counties of Titus,
Hunt, Harrison and Lamar. These shortages would result in estimated losses of gross state product
totaling $356 million dollars in 2010, and $2.1 billion in 2060 (Table 10).

Table 10: Economic Impacts of Water Shortages for Steam-electric Water User Groups (Smillions)

Lost state and local business tax

Lost income due to reduced revenues due to reduced Lost jobs due to reduced
Decade electrical generation electrical generation electrical generation
2010 $355.79 $51.07 1,209
2020 $509.28 $73.10 1,731
2030 $611.81 $87.82 2,080
2040 $855.10 $122.74 2,907
2050 $1,310.62 $188.12 4,455
2060 $1,847.21 $265.14 6,279

*Changes to Income and business taxes are collectively equivalent to a decrease in gross state product, which is analogous to gross
domestic product measured at the state rather than national level. Appendix 2 shows results by water user group.

2.4 Social Impacts of Water Shortages

As discussed previously, estimated social impacts focus on changes in population and school
enrollment in the region. In 2010, estimated population losses total 1,472 with corresponding reductions
in school enrollment of 415 students (Table 11). In 2060, population in the region could decline by 8,171
and school enrollment would fall by 2,318.

Table 11: Social Impacts of Water Shortages (2010-2060)

Year Population Losses Declines in School Enrollment
2010 1,472 415

2020 2,144 608

2030 2,590 735

2040 3,611 1,024

2050 5,588 1,585

2060 8,171 2,318
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2.5 Distribution of Impacts by Major River Basin

Administrative rules require that impacts are presented by both planning region and major river

basin. To meet rule requirements, impacts were allocated among basins based on the distribution of
water shortages in relevant basins. For example, if 50 percent of water shortages in River Basin A and 50
percent occur in River Basin B, then impacts were split equally among the two basins. Table 12 displays

the results.
Table 12: Distribution of Impacts by Major River Basin (2010-2060)
Water Use 2010 2020 2030 2040 2050 2060
Municipal
Cypress 3% 9% 13% 13% 8% 5%
Neches 0% 0% 0% 0% 1% 1%
Red 13% 11% 10% 8% 4% 2%
Sabine 25% 28% 30% 32% 53% 66%
Sulphur 59% 51% 47% 47% 35% 26%
Trinity 0% 0% 0% 0% 0% 1%
Steam-electric
Cypress 0% 0% 0% 7% 32% 40%
Red 0% 0% 6% 12% 10% 10%
Sabine 100% 100% 94% 81% 58% 50%
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Appendix Chapter 8

UNIQUE STREAM
SEGMENTS/RESERVOIR
SITES/LEGISLATIVE
RECOMMENDATIONS



DRAFT

Description for Designation of Pecan Bayou as an Ecologically Unique Stream
Segment

Pecan Bayou originates two miles south of Woodland in northwestern Red River
County, flows generally east forty miles to join the Red River approximately one mile
west of the Bowie County line (Texas Historical Association, 2009). The site, including
bottomland forest, encompasses approximately 613,462 acres (fig.1). It represents one of
the largest undammed watersheds in northeast Texas; and supports multiple large
examples of mature bottomland hardwood forest, and rare and endangered species
(Zwartjes, et al, 2000).

1) Biological function: Extensive bottomland hardwood forest supporting multiple
occurrences of rare plant life, including:

e Arkansas meadowrue (Thalictrum arkansanum G2QS1) (Sanders, 1994)

e Southern lady’s slipper orchid (Cypripedium kentuckiense G3S1) (Sanders,
1994)

e Old growth Shortleaf Pine-Oak forest (Pinus echinata-Quercus sp. G454)
(Sanders, 1994)

e Water oak-Willow oak association (Quercus nigra-Q. phellos G4S3)
(Sanders, 1994)

2) Hydrologic function: Represents one of the largest undammed watersheds in
northeast Texas, natural hydrologic regime is assumed intact. Flood attenuation,
flow stabilization and impacts on groundwater recharge have not been quantified.

3) Riparian conservation areas: No public conservation areas however significant
private conservation area'.

4) High water quality/exceptional aquatic life: Insufficient data

5) Threatened and endangered species:

e American Burying Beetle (Nicrophorus americanus G2 Federally listed
Endangered) (Godwin, 2005)

e Black Bear (Ursus americanus G5 State Threatened, ssp. luteolus
Federally listed Threatened) (Garner, personal communication, 2007)

e Timber Rattlesnake (Crotalus horridus G4 State Threatened)

'The Nature Conservancy, Texas Chapter, owns 1334 acres within a 6,960-acre site protecting examples of
the preceding conservation elements although they are extensive within the watershed. The preserve,
Lennox Woods, is located approximately 1.5 miles south of the community of Negley. The land protects
an approximate 2.6 mile segment of Pecan Bayou.
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