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ABSTRACT

An Investigation of Unintended Consequences of $lagon (April 2008)

Shauna Rae Yow
Department of Agricultural Economics
Texas A&M University

Research Advisor: Dr. M. Edward Rister
Department of Agricultural Economics

Texas is experiencing dramatic population growtthain expected doubling by 2050.
This growth suggests a substantial increase inéneand for potable water when the
state already faces serious water issues. Sucmndga raise concerns regarding both
the quantity and quality of future water suppli€ne area in which alternative water
sources and potable treatment methods are beimgipstmsupport a rapid population
growth is the Texas Lower Rio Grande Valley. ldi&idn to Rio Grande surface water
conventional treatment plants, an emerging and @amapproach to expanding
potable water supplies is brackish groundwaterloegen. Based on recent
technology developments in desalination membrandsrecreasing prices of surface
water rights, economics of desalination have becomore competitive with traditional

treatment methods.



This relationship between conventional and destdindreatments was impacted by
2007 Texas legislation through an amendment tot8d3ih 3 (SB 3). This amendment
to SB 3 was an attempt to facilitate meeting inseglademand for municipal water and
as such, established the price at which irrigatvarer in the Lower Rio Grande Valley
can convert to municipal water, as a result of nftesidential development of
agricultural land, at 68 percent of the marketgyreffective January 1, 2008.
Preliminary economic and financial investigationggest this legislation could
introduce an economic bias in the choice betwesditional treatment and emerging
desalination methods. The institutionally-driveméring of the costs of conventional
treatment methods relative to desalination metlmds example of how legislation can
unintentionally impact local decisions and techggladoption. In this case, studies
indicate that desalination was less costly, buhwhe legislation-driven reduction in

surface water, conventional treatment becomesggedxpensive choice.

The consideration of economic theory and implenmentaf economic and financial
analyses are useful in evaluating the magnitugess$ible economic impacts introduced
by legislation that impacts this region’s water kedr Such effects can negatively
impact the adoption of emerging alternative tecbgi@s for producing potable water.

In addition, unexpected impacts of legislative @ts$i can be identified. The overall
objective of this work is to identify the most efént method and source of providing

water to regions where water is scarce and populadirapidly increasing.
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CHAPTER |

INTRODUCTION

The population of Texas is expected to double 2000 to 2050 (U.S. Census Bureau
2001). Such extreme population growth will subs#dlly increase the demand for
potable water. These dynamics prompt concerns grstakeholders regarding the
guantity and quality of future water supplies. Tlmver Rio Grande Valley (Valley) of
Texas is an area in which alternative sources ¢émand potable treatment methods are
being sought to support a rapid population growkbgers 2008; Rogers et al. 2008).
One emerging and promising approach to expandegaotable water supplies in the
Valley is brackish groundwatedesalination (Norris 2006a; Norris 2006b; Sturdivet
al. 2008). Critics of desalination have previousigued that this method is
economically inefficient due to high costs of protion (e.g., Michaels 2007).
However, recent technological developments in Rev€smosfs(RO) desalination
membranes combined with an increasing price ofl weger rights have resulted in the
economics of desalination becoming more competiite conventional treatment

methods (Boyer 2008; Boyer et al. 2008).

This thesis follows the style of tihenerican Journal of Agricultural Economics
! Brackish groundwater is underground “water coritgjmmore than 1,000 milligrams per liter (mg/L) of
total dissolved solids (TDS) and less than 10,090LiDS” (Texas Water Development Board 2003).
2 Reverse Osmosis “is the reversal of the naturalbdis process, accomplished by applying pressure in
excess of the osmotic pressure to the more coratedtsolution. This pressure forces the watewino
the membrane against the natural osmotic gradiesiteby increasingly concentrating the water on one
side (i.e., the feed) of the membrane and incrgasia volume of water with a lower concentration of
dissolved solids on the opposite side (i.e., theafe or permeate). The required operating pressaries
depending on the TDS of the feed water (i.e., ognpaitential), as well as on membrane properties an
temperature, and can range from less than 10@psbime NF [Nanofiltration] applications to moraih
1,000 psi for seawater desalting using RO” (Envinental Protection Agency 2005).



In an attempt to help to meet the increasing demé&mndpotable water at an economical
cost, the 80th Texas Legislature passed Senat8.Bihis bill contained a floor
amendment that established the price at whichaitiog water in the Valley can convert
to municipal water in association with the urbasittential development of agricultural
land on or after January 1, 2008. The effectiveepior such rights is 68 percent of the
prevailing market price for municipal water rigletsisting and/or converted prior to
January 1, 2008 (Texas Legislature Online 200Argliminary economic and financial
investigations suggest that the implementatiomisf egislation could impact the
competitiveness of desalination of brackish grouaigwcompared to conventional
water treatment. The potential effect is a lowgah the costs of production for
conventional treatment, resulting in a relativelgrenfavored use of conventional
treatment for producing potable water suppliehatdetriment of brackish groundwater
desalination. This effect suggests the introductiba disincentive for new technology
to be adopted. The institutionally-driven loweriofgthe costs of conventional treatment
methods relative to desalination methods is an k&t how legislation can

unintentionally impact local decisions and techggladoption.

In an effort to analyze the potential implicatiarfghis specific amendment (i.e., Floor
Amendment 60) of Texas Senate Bill 3 on the Valletable water market and its
stakeholders, several interviews with experts werelucted. These interviews began in
October 2007 and included legal and water expedsraigation district managers. In

addition, intensive on-line and library researclswanducted to obtain additional



information. Quantitative and qualitative economnalyses of the Valley water market
were conducted and evaluated to investigate amstriite the perceived or possible
effects of the legislation on municipalities’ cheibetween alternative water treatment
methods. Financial analyses, including capitalgetidg and annuity equivalent
analyses, were used to compare the financial irpdios on the life-cycle costs of
producing potable water using conventional treatrfemilities relative to using brackish
groundwater desalination facilities. Conclusiors@erived regarding the potential
effect of such legislation on the adoption of enmeggdgechnologies for producing potable
water. The economic gains and losses of consuamergrigation districts (IDs) in the
Valley water market are also examined, allowingid@ntification of relative potential

impacts of the specified legislation.

The ultimate goal of research in progress by Té&@d. ife Research and Texas
AgriLife Extension Service scientists is to identihe most cost-efficient source(s) and
method(s) of providing potable water to regions rehgater is scarce and population is
rapidly increasing. The immediate objectives o timdergraduate thesis, which is a
component of the larger project, are to examingtitential impacts of legislative
decisions on the Valley potable water market auogtilate the likely related economic
implications for various stakeholders. This infatmon provides insights into the
consequential adoption of alternative potable waeatment methods and related

impacts on municipalities, consumers, and irrigaticstricts.



Overview of study area

The area of interest for this project is the southg of Texas, also known as the Lower
Rio Grande Valley (Valley). This area is comprisédhree counties, including
Cameron, Hidalgo, and Willacy (Figure®)The major cities in the Lower Rio Grande
Valley are Brownsville, Harlingen, and McAllen. &lentire land area of this region is
3,072 square miles, with a total population ofrhillion in 2007 (Table 1) (The Texas

County Information Project 2006).

Major contributing economic sectors for the Loweo Brande Valley include
agriculture, manufacturing, trade, services, ardrdgarbon production (Texas Water
Development Board 2007). In 2006, crop productiothe Valley totaled $355.4
million, while livestock production totaled $25.9llon (Table 1) (The Texas County

Information Project 2006).

Although the Lower Rio Grande Valley is prospereaapnomically, approximately 30%
of the population is living below poverty (see Tati), which is almost double the
16.2% of Texans living below poverty (U.S. Censusddu 2006). Currently, the per

capita income for people in the Valley is almodt b&the per capita income of all

% The careful wording of the legislative amendmenitéxas Senate Bill 3 restricted the law to this¢h
county region (Texas Legislature Online 2007b)ariSCounty is usually included in the region comilgon
designated as the Texas Lower Rio Grande Valleyn(Q2003).
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Figure 1. Texas counties affected by Floor AmendmeB0 of 2007 Texas Senate
Bill 3, 2008



Table 1. Texas Lower Rio Grande Valley Facts for@6

County
Valley
Variable Cameron Hidalgo Willacy Totals Texas

Total Crop Production ($1,000) 137,531 175,226 42,680 355,437 6,392,626
Total Livestock Production (1$1,000) 1,700 19,690 4,567 25,957 8,720,778
Total Land Area (In Square Milés) 906 1,570 597 3,073 261,797
Populatiofi 387,717 700,634 20,645 1,108,996 23,507,783
Persons 18 and Under (%6) 34.1% 35.5% 30.6% 34.9% 27.6%
Median Agé 28.8 27.1 29.8 28.6 331
Persons Per Square Mile 428.06 446.33 34.60 360.98 89.79
Per Capita Money Income, 2005 $ 17,410 $ 16,359 $ 18417 $ 16,765 $ 32,460
Persons Below Poverty Level, 2004 {%) 29.4% 30.5% 29.6% 30.1% 16.2%
Unemployment Rate (%b) 6.6% 7.4% 9.2% 7.2% 4.4%

#Source: Texas Cooperative Extension (2006).
PSource: U.S. Census Bureau (2006).

“Source: The Texas County Information Project (2006)
dCalculated by dividing population by total landaare



Texans. In addition, the unemployment rate is hiyi@.2%, which is almost double the

total Texas average of 4.4% (Table 1) (The Texas@olnformation Project 2006).

In response to the rapid increase in industrialjncand international trade, the Valley
has become an attractive region for many peoplé{ftet al. 2003). By the year 2060,
it is projected that the population in the Valleyl e approximately three million, a
138% increase from 2010 (Table 2). The Valleyhesfourth-fastest-growing
Metropolitan Statistical Area (MSA) in the Unitetbgs (U.S. Census Bureau 2001).
By 2010, it is estimated that six percent of thaltpopulation of Texas will reside in the
Valley (Texas Water Development Board 2007). Thpypation of the Valley is

slightly younger than the population of all of Texarhe median age in the Valley is
27.9, while the median age across all of Texa8i% @rable 1). In addition, over 30%

of the population in the Valley is under the agd 8f statistically greater than the related

Texas percent as a whole.

Accompanying the rapid growth in population is acreasing demand for potable
water. The total demand for water in the Vallell wmicrease by approximately 10%
during the next half century, from 1.28 million edeet (ac-ft) in 2010 to 1.38 million
ac-ft in 2060 (Table 3). Historically, the demdndagricultural irrigation watérhas

been much greater than for all other uses. Duelianization in the Valley which

* Hereafter, referred to simply as “irrigation water



Table 2. Texas Lower Rio Grande Valley PopulatiofProjections and Changes by County for
2000-2060

Year
County 2000 2010 2020 2030 2040 2050 2060
Population Level
Cameron 335,227 415,136 499,618 586,944 673,996 ,0781 843,894
Hidalgo 569,463 744,258 948,488 1,177,243 1,424,76695,114 1,972,453
Willacy 20,082 22,519 24,907 27,084 28,835 30,026 0,684
Total 924,772 1,181,913 1,473,013 1,791,271 2,087,52,486,213 2,846,961
Change in Population Level

Cameron - 79,909 84,482 87,326 87,052 87,077 82,821
Hidalgo - 174,795 204,230 228,755 247,524  270,34777,389
Willacy - 2,437 2,388 2,177 1,751 1,191 588
Total Change - 257,141 291,100 318,258 336,327 6358, 360,748

Source: Texas Water Development Board (2007).



Table 3. Texas Lower Rio Grande Valley Water Demath Projections by County for 2000-2060 in Acre-

Feet, 2008
Year
2000 2010 2020 2030 2040 2050 2060
Cameron
Irrigation 340,145 367,404 347,771 325,144 325 325,144 325,144
Livestock 1,103 1,103 1,103 1,103 1,103 1,103 1,103
Manufacturing 3,430 4,156 4,590 4,983 5,372 708, 6,165
Mining 8 6 6 6 6 6 6
Municipal 71,792 86,496 102,264 118,321 133,69 151,275 167,665
Steam Electric 1,498 1,616 1,523 1,780 2,094 472 2,944
Cameron Total 417,976 460,781 457,257 451,337 4@8,4 485,714 503,027
Hidalgo
Irrigation 550,279 583,030 525,971 453,772 483 453,772 453,772
Livestock 681 681 681 681 681 681 681
Manufacturing 2,674 3,236 3,559 3,851 4,143 408, 4,742
Mining 1,196 1,442 1,561 1,633 1,704 1,774 34,8
Municipal 88,037 110,286 135,454 163,992 194,8 229,913 266,564
Steam Electric 3,487 10,355 14,151 16,545 6»,4 23,018 27,354
Hidalgo Total 646,354 709,030 681,377 640,474 64,5 713,561 754,949
Willacy
Irrigation 52,729 59,191 60,203 60,623 60,623 60,623 60,623
Livestock 151 151 151 151 151 151 151
Manufacturing 25 25 25 25 25 25 25
Mining 6 6 6 6 6 6 6
Municipal 3,098 3,287 3,483 3,651 3,779 3,890 3,953
Steam Electric 0 0 0 0 0 0 0
Willacy Total 56,009 62,660 63,868 64,456 64,584 ,608 64,758

Rio Grande Valley Total

1,120,339 1,232,471 1,202,51,156,267 1,207,577 1,263,970 1,322,734

Rio Grande Valley Specific Water Use Totals

Irrigation
Livestock
Manufacturing
Mining
Municipal
Steam Electric

943,153 1,009,625

1,935
6,129

1,210

162,927
4,985

1,935
7,417
1,454
200,069
11,971

933,945 839,539
1,935 1,935
8,174 8,859

1,573 1,645

241,201 285,964

15,674 18,325

839,53 839,539 839,539
1,935 1,935 1,935
9,540 10,137 10,932

1,716 1,786 1,848

333,291 85,378 438,182

21,556 ,49% 30,298

Source: Texas Water Development Board (2006).
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converts irrigated land to municipalities, irrigatidemand is expected to decrease by
20% by 2060, while the demand for municipal watér mvore than double (Table 3)

(Texas Water Development Board 2006).

Defining water

There are two principal types of water currentlingaused to create potable water in the
Valley: surface water and groundwatelthe amount of surface water used in Texas
accounts for about 40% of the total water usedlengrioundwater accounts for about
60% (Lesikar et al. 2006). In the Valley, it isportant to identify and distinguish

between the two types of water while recognizirag Burface water sources dominate.

Groundwater is defined as the water below the sartd the earth. This water comes
from about 32 aquifers across Texas. Surface wathe water found in above ground
lakes, streams, rivers, ponds, and bays. Thisrwataes from rainfall and is stored in
reservoirs for later use (Lesikar et al. 2006) thie Valley, the Rio Grande (River) is the
principal source of water. The Amistad and Falaservoirs serve as storage for later

use (Lesikar et al. 2006).

® An additional alternative, seawater desalinateists, but is not considered in this research i is
currently an economically inefficient method relatto brackish groundwater desalination (Busch and
Mickols 2004; Younos 2005).
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Alternative water treatment methods

Conventional treatment facilities in the Valley i&e Grande surface water to produce
potable water, while the brackish groundwater deaabn facilities use groundwater to
produce potable water. For a municipality to iseits current supply of potable

water, it must either drill a well or obtain additial surface water.

In the Valley, increasing raw source water suppbesften complex and difficult. A
municipality can purchase additional municipal tgyfrom irrigation districts or
individuals who hold rights to water. With the etraent of Floor Amendment 60 in
Texas Senate Bill 3, this process has been afféstesh institutional policy, which sets
the price for a subset of the market supply of roipai water rights (i.e., those
municipal rights converted from irrigation water onafter January 1, 2008 in
association with the urban/residential developneé@gricultural land) at less than the
prevailing market price for the municipal waterhg supply existing prior to January 1,
2008. Another option municipalities have is tdlgriwell and obtain groundwater for
treatment. Most of the groundwater in the Lowey Brande Valley is brackish. The
conventional surface water treatment method cabp@aised to treat this water. It must

instead be treated through a desalination fadqityrdivant et al. 2008).

Conventional surface water treatment facilities
Approximately 87% of the water used for municipadlandustrial sectors in the Valley

comes from the Rio Grande (Rogers et al. 2008;Rande Regional Water Planning
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Group 2001). The most common practice for prodypiotable water from the Rio

Grande supplies is conventional surface waterrtreat.

Although each conventional surface-water facilityhe Valley is designed differently,
each facility utilizes essentially the same proadgzroducing potable water. The water
travels several miles from the Rio Grande througkr&es of surface canals that are
operated by one or more irrigation district(s) @D (or water improvement districts
(WID(s)) until it reaches the treatment facilityrigation districts are constitutionally
obligated by an amendment passed in 1904 (Arte8t. 52) to provide water services,
which include the wholesale and untreated supplyaitr (Stubbs et al. 2003). At the
facility, water is transformed from untreated s@mater to potable drinking water by
removing disease-causing organisms, humus matgrigland silt, as well as improving
the odor, color, and taste of the water. The meaecludes the use of a series of
chemicals, flocculation chambers, sedimentatiomisaand filters to remove impurities
and disinfect the source water (Rogers et al. 2088)example of the process used in
conventional surface water treatment facilitiedlustrated in Figure 2. This schematic
overview for a conventional treatment processnslar to that used at the McAllen

Northwest Facility in McAllen, Texas (Jurenka et2001 in Rogers et al. 2008).
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Figure 2. Schematic of conventional potable water¢éatment process
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Brackish groundwater desalination
Currently, groundwater accounts for approximate8¢® of the total municipal water
used in the Lower Rio Grande Valley (Sturdivarale?008). A large portion of the

total groundwater used is converted to potable mtateugh desalination.

The supply of brackish groundwater is obtaineduglowells connecting to the Gulf
Coast Aquifer (Sturdivant et al. 2008; Boyer et28l08). The source water obtained
from the aquifer travels through pipelines thaeext from the supply wells to the
desalination facility. Once at the facility, that®er enters a pretreatment process that
uses filters to remove solids. The source watem tindergoes a reverse osmosis (RO)
process to remove the salt. The remainder of thegss uses pressure vessels and
membranes along with chemicals to further treatfanify the watef. An illustration of
the desalination process is demonstrated in Figuwich is a representation of the

Southmost desalination facility near Brownsvillexas.

® In the desalination process, the majority of wigt@reated in the RO process and is treated ¢vel |
more pure than is required by TCEQ standards.n@ease the economic capacity of the plant, a small
portion of water that bypasses the RO processisasubject only to a filtration process, is blenaéth

the treated RO water in the final stage. Thisteiepotable water that is in accordance with TCEQ
standards (Boyer et al. 2008).



Southmost Regional Water Authority Concentrats 7.6 MGD

Brackish Water Reverse Osmosis System A
9.0 MGD -
mT T =
Reverse Osmosis
6 MGD (Phasel)

Treated Water
Storage

By Pass 1.5m6D

Source: Southmost Regional Water Authority (2004$turdivant et al. 2008. Approved for use by
Norris, 2008.

Figure 3. Southmost desalination facility treatmehprocess, 2007
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Chapter summary

The Lower Rio Grande Valley of Texas is an areahich alternative water treatment
methods may provide new supplies of potable watdrassist in addressing increasing
demands. A promising approach is brackish grouteiwesalination. The adoption of
this technology could be unintentionally affectgdrécent legislation. The remainder of
this undergraduate thesis addresses this issygpliding a description of the
methodology used, a background discourse on rei@c@mmomic theory and concepts,
discussion of the major stakeholders, review ofeta@ution of the specific legislation,
and an application of economic and financial corsé&pidentify potential

consequences, both intended and unintended, ¢tégistation.
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CHAPTER Il

METHODOLOGY

The focus of this research is evaluating uninteraetequences of legislation on the
Valley water market. This requires an evaluatibeexondary effects beyond the
obvious benefits and losses to municipalities @&l IThe hypothesis tested in this
project (i.e., the null hypothesis) is, “Floor Antenent 60 of Texas Senate Bill 3 does
not affect Lower Rio Grande Valley (Valley) munialfiies’ choices regarding the
adoption of technology for producing potable wétérhe processes for testing this
hypothesis are interviews with experts, on-line Bo@ry research, legal analysis,
financial analyses, and qualitative and quantieaizonomic analyses. Although no
formal statistical tests are employed, the methmgipbutlined in this chapter in
combination with Delphi expert interviews and dgue with other economists are used
as the basis for either failing to reject the mmybothesis or rejecting it and instead,
accepting the alternate hypothesis, “Floor Amendr@rof Texas Senate Bill 3 does
affect Lower Rio Grande Valley (Valley) municipads’ choices regarding the adoption

of technology for producing potable water.”

Interviews
The Delphi process of gathering information throagéeries of interviews with experts
was used to reach a collective conclusion. Th@ldéWethod implements a structured

guestionnaire series to collect and analyze knaydexthd opinions from a group of
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expertgGunaydin undated). A modified version of thisgedure was used to
assimilate information until a solid consensus ve@shed. The experts that were
interviewed include a Valley water lawyer (Jarvi¥)Z) and an Irrigation District
manager (Hinojosa 2007, 2008). The goal of thithoewas to study the background

of the subject policy legislation and understarelfglhocess leading up to its passage.

Legal analysis

A close examination of Texas Senate Bill 3 andhkey Amendment along with the
Texas Water Code (1963) helps to determine andpirgtethe underlying laws. Legal
research methods allow for an ethical analysisaitites, case law, regulations, and
policies relevant to the interaction between itiiga districts and municipalities in water
markets. A precise examination of the history asi@dblishment of irrigation districts
and municipalities and their relationships provigesght for the action taken in the

Texas Legislature.

The analytical and methodological approaches uséuas study draw from the
intersection of three main disciplinary areas — laeonomics, and finance. The law,
economics, and finance approach allows the reseatalapply the theories and
empirical methods of economics to a study of tigallsystem across the board (Posner
1977). The legal research methods focus on alysiaalf the statutes, specifically, the
Valley Amendment section of the Texas Senate Ballahg with the Texas Water Code

(1963). The research also examines the relevaningstrative rules, case law,
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government documents, legal encyclopedias, and pthate legal materials. The
study explores the interaction between irrigati@tritts and municipalities in water
markets in the Rio Grande Valley. Using the legisk history of Senate Bill 3, the
study analyzes the extent of strategic behavianbyicipalities and Irrigation Districts
in defining contractual options in the water mayleetd the implications of each option
for water-processing technology to augment thelpetavater supply in the region.
Finance tools are used to identify the monetarylisapons for adoption of alternative

water treatment technologies.

Economic analysis

Economic and financial analyses comprise the ntgjofithe research methods used in
this undergraduate thesis, establishing the foumd&br development of the legal
inferences. Development of a conceptual frameviarkise in investigating the
contributing elements of economic theory towardysis of the aforementioned issue
requires integration of several economic theorktoacepts. These concepts are
introduced in this section and expanded on in Ghdftin a purely theoretical form,
i.e., without application to a specific applicatioBubsequently, in Chapter V, linkages
are established among the theoretical conceptajgplted towards developing an
understanding of the firm level and aggregate itrg0galley potable water supply
paradigm. The economic theories and conceptdefarce to this undergraduate thesis

include:
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* Marginalism

o Utility Curves

» Edgeworth Box
 Game Theory

* Input Substitution

* Firm Cost Curves

* Firm Supply Curves

e Industry Supply Curves
* Individual Demand Curve
* Industry Demand Curve
* Market Equilibrium

» Consumer Surplus

* Producer Surplus

Each of these concepts is discussed in furtheil det@hapter Ill.

Capital budgeting net present value analysis and aruity equivalents

The two water treatment technologies of intereshis study are conventional surface
water treatment and brackish groundwater desatinati hese technologies are
dissimilar in many aspects of equipment and opamati Financial analyses conducted
for selected Valley treatment facilities are usedampare the economic implications of

these two technologies.



21

The total cost of providing an acre-foot of potalvkgter by each facility requires careful
examination and consideration of the expectedlifine facilities, inflation in the

overall economy, and the time-value of money. dketall of these factors into
consideration, a Net Present Value (NPV) analysispnjunction with annuity
equivalent calculations, was the method of chdregers et al. 2008). NPV is a type of
capital budgeting technique that is often usedetemine the economic feasibility of a
project. It takes inflation, costs, and returr® iaccount when comparing the value of a
dollar today to the value of that same dollar attare time (Investopedia 2008).
Contained within NPV analysis is the use of dis¢@and compound rates. The discount
rate is used to find the present value of a daella future time. It contains three
components, including a risk premium, an inflaggwamium, and a risk-free rate for
time preference (Rister et al. 2008). The disaogniechnique was used for dollars and
water in this project. Compounding is used to #ndominal value of expected future

costs by taking inflation into account (Rogersle2a08).

Determining an objective, economic-efficiency bagmtbrity-ranked strategy of
alternatives requires a sound and consistent melbggl The goal of such a
methodology is to allow for an “apples-to-applesirparison of alternatives. Each
alternative will likely differ in initial and contiued costs, quantity and quality of output,
useful life, etc. An appropriate approach to datamng the most cost-effective
alternative is to identify and define each as atahmvestment (i.e., project) and apply

appropriate financial and economic principles adhhiques.
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Annuity equivalent analysis provides an extensibNBV calculations by allowing for
comparisons across different water treatment fasl{and/or technologies) with
different useful lives. As stated in Rogers eR8l08, an annuity equivalent analysis is
conducted by converting the NPV of costs for thefuidife of an individual facility
“into a per-unit amount which assumes an infingges of purchasing and operating
similar facilities into perpetuity” (Rogers et 2008). The annuity equivalent for both
units of costs and water are calculated and usetitain a per unit value ($/ac-ft and
$/1,000 gal). Once this value is calculated, amanison of water treatment facilities

and technologies can be conducted.

The appropriate methodology for determining theso$ producing potable water
combines standard Capital Budgeting - Net Presahie/(NPV) analysis with the
calculation of annuity equivalent measures. Refdister et al. (2008) and Rogers et
al. (2008) for an expanded version of this methogpldiscussion. Calculating NPV
values for costs and water allows for comparingraltives with differing cash flows
and water production output. The NPV equationdimtars which calculates the total

costs in real terms for a given plant is:

ECTA, =zr;<{[' P2 f{aen )
Lo {llod® +er 1) T+ )
—<{SVP'Z}+{(1+r>Z}>-
Table 4 is a presentation of definitions for theneénts in this and related following

financial equations.
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Table 4. Definitions for the Elements of Economicrad Financial Costs

Calculations

Element

Definition

Pz
ECypy
z

— o<
N T

r
N P
OQP,Z

CR?

t
G

SV P,z
WRs
WP,Z
AEEC??

AEWF?
AAEL?

net present value of net economic and financialscosconventional water
treatment plant P over the planning period Z

time (in years) of planning period, consistingcofistruction period and expected
useful life

the specific year in the construction period

length of construction period (years) of convergiomater treatment plant P
initial construction cost (which includes the puash of water rights) occurring
during year j of the construction period for conti@mal water treatment plant P in
the planning period Z

compounding inflation rate applicable to constin, operation, and maintenance
inputs

the discount rate (%) used to transform nomiaahdlows into a current (i.e.,
benchmark) dollar standard

length of expected useful life (years following qaation of construction period)
of conventional water treatment plant P

operation and maintenance costs during year teftilfe N for conventional
water treatment plant P over the single economacnihg period Z

capital replacement costs during year t of uséfiIN® for conventional water
treatment plant P over the planning period Z

the specific year of the expected useful life

number of individual facility segments

salvage value for conventional water treatmenttdPatincluding water rights) at
the end of year Z

net present value of annual water production of/eational water treatment plant
P over the planning period Z

annual water production in year t of conventionatev treatment plant P over the
planning period Z

annuity equivalent of economic and financial cdstsa series of conventional
water treatment plants P, each constructed anctipgiover a Z planning period,
into perpetuity

annuity equivalent of water production for a senésonventional water treatment
plants P, each constructed and operating ovelima&eriod, into perpetuity
aggregate annuity equivalent of costs per ac-fafseries of conventional water
treatment plants P

Source: Rister et al. (2008) and Rogers et al.§p88d own modifications.
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Similarly, the NPV for water flows (WP) can be adhkted:
WRGE =X S ({we e+ {as o)

The use of annuity equivalents facilitates compenssof projects with different useful
lives. An annuity equivalent (or ‘annualized ldgele cost’) converts the NPV of costs
for one plant, over its useful life, into a perdummount which assumes an infinite series
of purchasing and operating similar plants intqopé&uity. The first step in achieving a

per unit life-cycle cost is to calculate an ann@ityivalent for costs:
AEECY = EGY, +({1-(a+ 977} +{})
An annuity equivalent for water production musodi® calculated:

AEWR” = WE +({1-(1+ 57} <{ s

And finally, a per unit cost annuity equivalentaculated:

AAEZ = AEECZ + AEWPRZ

The combined approach of NPV-annuity equivalentudations integrates expected
years of useful life with related annual costs aatputs, as well as other financial

realities, into a single comparative and compretverennual measure (AAE).

Each analysis incorporates an annual discounbfe@el25% to account for inflation

and the time value of money, which consists oframual inflation rate of 2.043% for
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continued expenses and a discount factor of 4.@&ecount for social-time
preferencé:® Risk is ignhored due to the government-entity aspéthe decision. Refer

to Rister et al. (2008) for an explanation of tekestion of these rates.

Implementation of financial analyses

To complete a NPV analysis, two Microsoft Excelesaisheets were created by Texas
AgriLife Research and Texas AgriLife Extension Sesvagricultural economists. The
model DESAL ECONOMIC& was developed to analyze the financials of destdin
facilities by providing life-cycle costs for funotial expense areas and the entire facility.
The particular desalination facility for which lifiycle costs were considered in this
undergraduate thesis is the Southmost Facilityithiacated outside of Brownsuville,
Texas (Rogers et al. 2008). A similar MicrosoftEkspreadsheet analysis was
conducted for a conventional surface water treatrfagility, the McAllen Northwest
Facility, in McAllen, Texas. The spreadsheet useithat analysis is titled CITY $0
ECONOMICS and uses a NPV and annuity equivalent analysisaph similar to that

of the previously mentioned spreadsheet (Sturdigaat. 2008).

" The calculation of inflation rates are based ostéRiet al. (2008).

8 As stated on page 27 in Rogers (2008), “To accfmurthe social preference of present-day resousee
a 4.000% discount factor is utilized to convertifetwater flows into present-day terms. This disto
factor is achieved by assuming a social prefereaizeof 4.000% (s), combined with a 0.000% risk
premium (h) ..., as well as a 0.000% inflation rateuaned for water (i). For further discussion dd th
topic, refer to Rister et al. (2008), which inclsdeferences to Griffin (2002), and Griffin and @liury
(1993).”
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Chapter summary

Through the Delphi method of interviewing, quariw@ economic and financial
analyses, and qualitative economic analyses, araisapfor investigating the potential
inadvertent impacts of Floor Amendment 60 to SeBd#te is established. This
methodological approach is directed toward idemtgythe potential implications for
future decisions regarding adoption of brackistugdwater desalination technology in
the Valley, along with possible impacts, both inted and unintended, on various
stakeholders. The underlying economic theoriescandepts to be employed are

explained in more detail within Chapter IlI.
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CHAPTER Il

ECONOMIC THEORY AND CONCEPTS

Brief explanations of the various economic theoaed concepts employed in the
research application within this undergraduateish@® presented in this chapter. The
chapter’s purpose is to provide adequate backgrsariblat the logic used in the

analyses and conclusions presented in subsequegpteck are apparent.

Marginalism

Marginalismis a key underpinning of economic theory. It is toncept examining the
effects of the changes in economic variables (Trared Truett 2001). “Change” is the
operative word in this explanation, i.e., the resmor result of a change in one or more
factors associated with the process of interebie @xplanation of this concept usually
lies within marginal value analysis. Marginal valis the change of a dependent

variable caused by a one-unit change in an independriable (Mansfield et al. 2002).

Utility curves

Utility is defined as the level of satisfaction that ascomer receives from the
consumption of a good. It is assumed that conssimgrstrive to achieve the highest
utility over a set of goods consumed (Penson &(f12). Utility curvescan be
developed to reflect achievement of a constantevafuwitility by an individual choosing

among two or more goods (Penson et al. 2002). r€&igus an illustration of a utility



Figure 4. Example of a utility curve representingan equal level of utility for all
combinations of two goods (@and G,)
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curve, with equal utility being achieved by a camsu among all combinations of the
two goods represented on.UThelaw of diminishing returngTruett and Truett 2001)
contributes to a general curvilinear shape of lgyiturve. This means that an
individual requires, at some point, greater amoohtsne good (g to substitute per
unit of the other good (£y as he/she becomes satiated with the second gapdKor
example, this is illustrated in Figure 5 as movahgng the utility curve from the upper
left (i.e., combination @) to the lower right (i.e., combinationdj). Higher levels of
utility can be achieved by obtaining more of eachdysimultaneously (Figure 6). That

is, an individual would prefer 4bver U.

Edgeworth Box

An Edgeworth BoxXPerloff 2004) illustrates the choice set existoegween two
decision makers competing for two economic goodsheeeking to maximize their
utility while negotiating with the other. As illtrated in Figure 7, an Edgeworth Box
(EB) is a visual representation of the competiteationship between two economic
agents who are competing/negotiating for a fixedam of two goods in a pure
exchange economy. Agent S’s perspective is repteddérom the lower-left corner of
the EB, with higher levels of utility achieved irsiiner movement towards the upper-
right corner of the EB. Agent T's perspective ispthyed from the upper-right corner
orientation of the EB, with successively-higherdisvof utility realized in movements

toward the lower-left corner of the EB.



Figure 5. A utility curve example of decreasing ree of substitution between two
goods (G and &)
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Figure 6. An example of multiple utility curves, wth U, > U;
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Figure 7. Edgeworth Box paradigm, representing twa@conomic agents (S and T)
competing for two goods (G and Gy)
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The EB portrays a zero-sum game, with all unitgarfds G and G shared between the
two economic agents, S and T. Because of the falinonishing returns and the
associated nature of the agents’ respective utlityes, there may be some

opportunities for barter between the two agentsthmat is not always the case.

Figure 8 is an advanced version of Figure 7, itatgtg theContract CurvePerloff

2004) for this hypothetical situation. The Contr@arve is defined as the connection of
those points within the EB whereby a utility cufee agent S is tangent to a utility curve
for agent T. At all points along the Contract Gyraeither agent is able to improve
his/her utility position without the utility postth of the other agent being adversely
affected. Such pareto optimakituation is represented by thg,Yoint in Figure 9.
Alternatively, at the point g, there are opportunities for both agents to réagher

levels of utility as they negotiate with each othed move toward the Contract Curve.
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Figure 8. Edgeworth Box with contract curve, repraenting pareto optimal
negotiation points between two economic agents (8&T) competing for two goods
(Gi1and Gy)
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Figure 9. lllustration of negotiation possibilities within Edgeworth Box paradigm
for two economic agents (S and T) competing for twgoods (G and G,)
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Game theory

Another important aspect of economic theory relateithis undergraduate thesis and the
parties involved iggame theory This theory also allows for inclusion of compoteeof
legal and policy examination. Game theory is tlielys of how individual decision
makers evaluate and execute choices when theulyatvare that their actions affect
other individuals (Waldman 2004). In markets whtwere are few numbers of
competing firms, any one decision usually affebtsdctions and profits of all other
firms. This type of situation requires strategahavior to anticipate and react to the
decisions of other firms (Thomas and Maurice 2008)e vital component to
understanding game theory and economic decisiomnmakillustrated through the

classic prisoners’ dilemma (adapted from Thomashadrice 2005):

Two individuals simultaneously commit a crime amd arrested and questioned
separately, without knowing what the other had.s#iboth remain silent, they will
each only have to serve three years in jail.n# oonfesses and the other does not,
the one who confesses will only serve one yeartla@dther will serve fifteen years.
If both confess, they will each have to serve frears. This situation is illustrated in

Table 5, a payoff matrix of outcomes for the pmisis.



Table 5. Tabular Representation of the Payoff Matix for the Classic Prisoners’ Dilemma, a

Game Theory Application Example®

Prisoner 2
Don’'t Confess Confess
. Don't 3 years 15 years
P”aner Confess 3 years 1 year
Confess 1 year 5 years
15 years 5 years

Source: Adapted from Thomas and Maurice 2005.

a

Prisoner 1's payoffs are represented in boldfgoe above the dashed line in each cell and

prisoner 2's payoffs are indicated in regular type below the dashed line in each cell.

LE
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The idea behind a “game” such as this is that eatitidual will try to work in the most
efficient manner, given a limited amount of infota. This is also true of most firms
within an economic setting. Generally, cooperatimhds the most economically
efficient outcome. In the prisoners’ dilemma scemaf both prisoners (i.e., the
players) select the same action, they will expegethe least amount of jail time (i.e., in
total for both prisoners). It is unlikely thatsroutcome will happen, however, because
the natural tendency is for each prisoner to atteampeceive the minimal amount of jail

time, or maximize payoffs (Thomas and Maurice 2005)

Input substitution

The economic choice between two inputs or comlnatiereof to produce a given
guantity of one product is characterizedrgmit substitutior(Perloff 2004). Figure 10 is
an illustration of ansoquant(Perloff 2004) which represents an equal quanfityutput

of a good being produced with varying combinatiohsvo inputs, A and B.

As illustrated by the set of isoquants @1, and 1Q in Figure 11, one form of input
substitution is constant substitution, whereby impeit substitutes perfectly for the
other; with an equal quantity of output being proettiat all combinations of the two

inputs? Successively higher levels of output are reprieskin the isoquants as

® Other forms of substitution between inputs exRerfect complements are inputs that are only irsed
fixed proportions. Between the two extremes ofgur(i.e., constant) substitutes (e.g., Figuredrid
perfect complements are imperfect substitutes.s& lypes of substitution relationships are illusola
using convex isoquants (e.g., Figures 10 and 1@juse of the changing rate of substitution alord su
isoquants.
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Input A

"—\—\_\_\___ Im1

Input B

Figure 10. An isoquant representing an equal levaf production for a product for
alternative combinations of two inputs



Input A

1, 10, ™ 1Q,
Input B

Figure 11. Multiple isoquants representing constainsubstitution to produce Q
output using two inputs (A and B)
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movement occurs out from the origin toward the uppght corner of the illustration,

i.e., 1Q > 10Q; > I1Qq.

Decreasing substitution and the associated forisogfuant representation are depicted
in Figure 12. Similar to the form of utility curs@@reviously presented, isoquants for

this form of input substitution are of a convexwlimear form.

Another aspect of importance in input substitutielates to cost. Figure 13 is an
illustration of anisocost ling(Penson et al. 2002), which illustrates an equedllef cost

for all combinations of the two inputs A and B repented on the line.

Higher levels of costs are represented by iso@oss lying further from the origin, i.e.,
IC, > ICy > IC, (Figure 14). Cost minimization of production occwhen production
occurs at the origin (i.e., no cost) or on the isbdine as close as possible to the origin

which allows for production of the desired quantfyoutput.

A major issue involves ascertaining which combmranf inputs is the most economical
(i.e., least expensive) for producing a given ginaof output. This concern can be
graphically illustrated through superimposing argisant of production of output Q on

the series of isocost lines illustrated in Figude refer to Figure 15.
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Input A

IQ,

IQ,
1Q,

Input B

Figure 12. Multiple isoquants representing decreasg substitution to produce Q
output using two inputs (A and B)
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Input A

[nput B

Figure 13. An isocost line representing equal cosf production at all combinations
of two inputs (A and B)
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Input A

et
[N AN
Input B

Figure 14. Multiple isocost lines illustrating cosminimization concept,
ICo<IC1<ICs
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Input A

S ™ S
IS IGT I
[nput B

Figure 15. Cost minimization concept illustrated vth isoquant and multiple isocost
lines
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With perfect substitutes such as that representéitki product isoquant illustrated in
Figure 11, the least cost combination for a paldictirm will usually either be all of one
input or the other. In the rare instance in whioh slope of the isocost line is equal to
the slope of the isoquant, however, decision makérde indifferent in their choice as
all combination of inputs produce the same giveangjity of output and will cost the

same.

The mathematics identifying the least cost comlmnabf inputs on a given product or
output isoquant are relatively simple to derives(®i 2001b). With Input A on the
vertical axis and Input B on the horizontal axigl amoving downward from the upper

portion of the isocost line, the isocost line istineanatically defined as:

TCici = PAAj + BB,
where
TCyi: total cost that is the same all along the isblos i;
Pha: price of input A,;
Aj:  quantity of input A being replaced,
Ps: price of input B; and

B;: guantity of input B being added.
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That is, total costs for isocost line; I&¥e the same for all combinations of inpufsiAd
B, with P and R representing the per unit costs of the two inpdisnd B,

respectively. Mathematical adjustments to thisatiqu leads to:

PAAJ' =TCqj - PBBj , and

Aj = TC|Ci/PA - (PB/PA)BJ'.

The last equation above reveals that the slopleeoisbcost line is - @Pa). Similarly,
the slope of the product isoquant; I® simply the change in amount of input A divided

by the change in input B on the isoquant. Thiadscated byaga/ags.

The point of equilibrium (i.e., cost minimizatioorfa specified level of output) occurs
on the lowest possible isocost line, where theeday the isocost and isoquant are
equal. Mathematically, this conclusion can be tiged using the following steps,
referring to movements along the isoquant so lanigsaslope is less than that of the

isocost line. In outline format (Rister 2001b),

How to Produce a Given Product:

* s it physically possible to substitute and at wiad¢? Identify the isoquant.

e Calculate the Substitution Ratio:

Change in input replacedds]
Change in input addedds]
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e Calculate the Price Ratio:

_ _ price of input being addedg]P
price of input being replacedaP

* The Decision Rule
- Beginning with maximum amount of input being regd¢A), make
substitution (add the other input (B) to replaoe first input (A)) while
maintaining equal level of output so long as:

substitution ratio [aga/agg] > price ratio [- B/Pa]

How Do These Mathematics Result in a Profit-Maximig(Cost-Minimizing) Rule?
* Rule: Substitute so long as

substitution ratie> price ratio

* When replaced with ratios:

amount of replaced input (A} _price of added input (B)
amount of added input (B) price of em@d input (A)

* Next, cross-multiply:
Amount of replaced input (A) times price of re@ddnput (A)
>

Amount of added input (B) times price of addeduin{B)
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* This translates into:

Substitute so long as replaced costsXApded costs (B)

What Happens When Input Prices Change?

« Assume R increases

Price ratio of isocost line decreases sing&M is now a smaller number

Isocost lines are now less steep

Favors using morejBnd less A
- Same consequences § teecreases

* This situation is illustrated in Figure 16.

In Panel A, a declining rate of substitution isresgnted on the IQisoquant, and IC
represents the original isocost budget constranbduction occurs at input combination
a where there is a tangency of the slopes of theidQquant and ICisocost line. With a
price decrease in input B (i.eg Becreases), the slope of the isocost line chaages
reflected in I1G in Panel B of Figure 16, resulting in input condiionb as the new
equilibrium production point on isoquantAQThe difference in the amount of Input B
used between production pointgsdhd B, is referred to as theubstitution effeabf the
change in B, more of Input B is used and less of Input A isdyswith the same level of

production occurring, and achieving this producterel at a lower cost (KX 1Cy).



Panel A
IFput & IFput &

Panel B

Figure 16. The substitution and income effects.
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In panel C of Figure 16, the initial budget constrassociated with isocost line1l(3
represented in £ with the difference in the slopes of the two Bstdines resulting
from the change ind? The two isocost lines represent the same anaiunidget
outlay (i.e., IG = IC3), as reflected by the vertical intercept for tve budget lines,
which indicates that the same amount of input Almaipurchased on both since the P
is unchanged. In Panel C, the optimal producti@ntgsc on IQs, which is a higher
level of production (i.e., I@> 1Qa). This higher level of production is associatathw
the income (cost) effect of the change i) Whereby more inputs can be purchased
because of Pbeing lower. The difference in the amount of nBwsed between
production points Band B is referred to as thecome (cost) effedf the change in#?
The total effect of the change ig B the sum of the substitution and income (cost)

effects.

Firm cost curves

Firm cost curvedlustrate the rational economic behavior of anvidlal or individual
firm producing various quantities of output (Q)d&terent price levels (P) for the
product produced (Kay et al. 2008; Mansfield e2@D2). Figure 17 depicts the

resulting levels of fixed, variable, and total cokdr a firm of a specific size.



Total Cost .~
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Figure 17. Total cost curves for a single firm omdividual
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Figure 18 translates the total costs illustrateBigure 17 into average and marginal cost

relationships (Kay et al. 2008; Mansfield et al02Q) Several economic “rules” are

associated with the relationships illustrated igure 18 (Kay et al. 2008; Mansfield et

al. 2002; Rister 2001a):

a)

b)

In thelong run,all production inputs are variable. To maximizé meurns,
production will occur at the intersection of maaj revenue (MR) or price P of
the product being produced and marginal cost (M&)d only if the selling price
(P) equals or exceeds the average total cost AT @roduction, as represented
by point RPrQ.r in Figure 19. For this output case, MR equalspifiee of the
output.

In theshort run,at least one production input is fixed and producis expected
to occur at the intersection of marginal reve(M® or P) and marginal cost (MC)
if and only if the selling price (P) equals ocegds the average variable cost
(AVC) of production, as represented by poigt Bsr in Figure 19; and

Thefirm supply curves represented by its marginal cost curve (MCat above
the Rr Qsr point in Figure 19. Over this range of prices guodntities, rational

economic behavior suggests production would gaaiillustrated in Figure 20.
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Figure 18. Average and marginal cost curves for single firm or individual
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X

'
Marginal Costy Average
e T A ——__Total Cost
S =
S - r
Yy ————;-fﬁ{::rage

e | __—Variable Cost

Cutput

55



Marginal Cost=
Firm Supply Curve

-

., Verage
. ariable Cost

Cost {5}

Output

Figure 20. Firm supply curve
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Industry supply curve

The summation of supply curves for all of the indual firms comprising an industry
constitute the industry’s supply curve (Figure 2Ihe aggregate supply curve
represents the respective quantity (Q) of outpait whll be produced in total by all firms
in the industry at any price (Thomas and Mauric@3)0 For each respective firm, its
own cost relationships and the associated firm lguppve demonstrate the level of

production that will occur at each price for therfi

Individual demand curve

An individual demand curvprovides an explanation of a consumer’s purchasing
behavior for one good over a range of pricess the amount of a good that a consumer
is both willing and able to purchase at every guesprice (Economist.com 2008). The
basic rule of rational consumer behavior is thatldwer the price, the more an
individual will purchase (Figure 22). Or, altenvaty, the higher the price, the less an
individual will purchase (Perloff 2004). For exaepat B, consumers will purchase

guantity @Q, but for the lower price of they increase their purchases o Q



Figure 21. Industry supply curve
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Figure 22. One individual’s demand curve for a spafic product
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Industry demand curve

The summation ohdividuals’ demand curvdser a particular product constitutes the
industry demand curver that product (Truett and Truett 2001). Thigpbmenon is
similar to the development of the industry suppiywe resulting from summing the
individual firms’ supply curves. Figure 23 is angllified graphical illustration of the
aggregation of individuals’ demand curves for acepeproduct into a total industry

demand for that product.

Market equilibrium

The aforegoing discussions of supply and demaraderéd the full range of possibilities
for prices and quantities of a specific produch dy given day, in a specific location,
generally only one effective price exists, witheaulting industry quantity of production
and the individuals firms’ corresponding levelgpobduction at that price. The genesis
of this industry-level price and quantity is regsrto asnarket equilibrium.Such a
market conditions illustrated in Figure 24, in which an industrgggregate demand
and aggregate supply curves are superimposed arodaer in the same two-
dimensional space. The equilibrium poipCR identifies the market price at which the
qguantity of production supplied in full by all figrin the industry exactly satisfies the

aggregate demand for that product by all consumers.
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Figure 24. Market equilibrium for industry demand and supply



63

At a higher market price, such as, Fhore would be supplied than demanded (Figure
25). This results in a surplus of product. Altgively, at a lower market price, P

more would be demanded than supplied, leaving geadw (Figure 26).

Producer surplus and consumer surplus

Consumer surpluandproducer surplusre two important concepts of relevance when
interpreting the consequences of changes in fatitatsaffect costs of production, the
focus of this thesis. Consumer surplus referbéadifference between the value that
consumers place on a good for a specific quarditihe highest amount they are willing
to pay for that good, and the actual amount pattattquantity (Truett and Truett 2001).
This concept is illustrated in Figure 27. Notettaialow levels of production {3,
consumers are willing to pay a high price, showthasdemand R, but actually only

pay the market price or equilibrium pricesJP This means the area offh?Pg; is

consumer surplus.

Producer surplus refers to the difference betwkerptice received by a producer for a
specific quantity of a good and the actual costuypgtrto produce that quantity of the
good (Mansfield et al. 2002). This concept is dllsstrated in Figure 27. At low levels
of production, cost per unit is low {Scompared to the market price and that difference
is the producer surplus. The area between the i@l and supply curve (i.e.,

PoPeiE;) is total producer surplus.
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Figure 25. Excess supply for industry demand andupply
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Figure 27. lllustration of consumer and producer srplus at market equilibrium
for industry demand and supply
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The concepts of consumer surplus and producerusigoe important in measuring and
interpreting the effects of forces/phenomena wicmhtribute to the shifting of either the
aggregate demand and/or supply curve(s). For ebeampFigure 28, in which the
supply curve is shifted to the right (e.g., 1@ &here either more is produced for the
same price or the same amount is produced at a lg#), the resulting consumer
surplus (i.e., changed from4#P:E; to R:oP:E,) and producer surplus (i.e., changed from
PoPe1E; to BPe2Ey) are altered in size, suggesting the effects of market

equilibriums on consumers and producers may vapgmui@ing on the sources and
magnitude of the factors that impact costs of petidn. Such forces/phenomena may
include economic-based changes in production ingaltgances in production

technology(ies), changes in consumer wants, etc.
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Figure 28. lllustration of change in consumer surfus and producer surplus
resulting from a shift in industry supply
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Chapter summary

The economic concepts and theories presentedsithiapter are relevant to the analysis
of the impacts of Floor Amendment 60 to Senate Boh the Valley water market and
the stakeholders of interest. A solid understagaiinthese economic concepts and
theories is valuable for comprehension of the pggradised in the economic analysis

portion of this undergraduate thesis, i.e., Chagter
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CHAPTER IV
THE PLAYERS: IRRIGATION DISTRICTS AND

MUNICIPALITIES

As provided by specific wording in Floor Amendmégtto Senate Bill 3, the two

parties immediately affected by the implementabbthis legislation are Texas Lower
Rio Grande Valley (Valley) Irrigation Districts (K) and municipalities. To better
understand the potential impacts (intended andvieraeint) of this legislation, the basic
structures of these two parties, as well as thmretbpmental background and
relationship with one another, are described. gumpose of this chapter is to expand on
these ideas and to illustrate the organizatiomefwo key players studied within this

undergraduate thesis.

History of Valley Irrigation Districts

Water districts in the Lower Rio Grande Valley wdeveloped in 1904 by Article 111,
Section 52 of the Texas Constitution, which pemuipublic development of surface
water resources. This amendment created manyaettfeypes of districts that each
provides its own varying set of services. Therttitd in Texas that provide irrigation
services are the Irrigation Districts, Water Cohémad Improvement Districts (WCIDs),
and Water Improvement Districts (WIDs) (Stubbsle@03). Presently, 29 different
IDs and WIDs (referred to hereafter as IDs) exighie Valley. Although each ID must

follow the same set of rules, each is unique aretaips depending on topography, how
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and where water is diverted, past financial deosjinfrastructure, etc. (Stubbs et al.

2004).

The current set of institution rules and operapnocedures for Valley IDs are a
function of past actions beginning in the early@f0Valley irrigation and canal
companies were formed by land developers. Theylaod that was ready to be farmed
with irrigation. With the establishment of irrigah networks, agriculture, and other
economic development, the area quickly grew anaeag®mn became known as “The
Magic Valley” (Strambaugh and Strambaugh 1954 ubB$ et al. 2004). Once most of
the land was sold, irrigation and canal companiesewo longer motivated to continue
providing irrigation services. Farmers neededihgation networks, however, so they
began to purchase the irrigation and canal compaacguiring ownership of their water
rights in the process. From this process, IDs, 8ydhd WCIDs were formed

(Strambaugh and Strambaugh 1954 in Stubbs et @8)20

After World War 11, all irrigation and canal compas were sold to IDs, WIDs, and
WCIDs. Many of these companies were forced todigd to bankruptcy during the
Stock Market Crash of 1929 and the Great Depressditime 1930s. Therefore, farmers
were able to purchase the companies at relatieghplrices and form Irrigation Districts
(IDs). These purchases transferred all water sighthe districts, including riparian,
Board of Water Engineers certified, old Spanishtsgand certified filings (Smith G.

1977 in Stubbs et al. 2003).
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IDs could only provide limited services under tf894 amendment, which included
flood control, irrigation, drainage, and wholesatel untreated water supply. The first
IDs were authorized by the Texas legislature in51&ad could include cities and towns
and one or more counties. A five-person electeddwas required to oversee the ID.
This law was replaced in 1913 with the Irrigatioat ATexas Commission on
Environment Quality 2000 in Stubbs et al. 2003der this act, a district could be
established by a two-thirds vote of qualified taAamg voters upon completion of a
preliminary examination by the commissioners’ courhe governing body of the IDs
consisted of three to five members who held thegrdw hire employees, implement
proper irrigation management strategies, and es@tbie right of eminent domain

(Jasinski 2001 in Stubbs et al. 2003).

Under the conservation amendment of 1917, WIDs astkorized by the Texas
legislature and replaced the IDs that were autbdrizy the 1905 and 1913 amendments.
Upon the approval of the State Board of Water Eegig, a majority vote of qualified
tax-paying voters would establish the district.e@overning body of the WIDs
consisted of a biennially-elected board of fiveedtors. The WIDs could provide water
for commercial and domestic use, contract for asttidute water supply, construct
irrigation works, and buy previously existing impements. They could also issue
bonds without limit on an ad valoréfror specific benefit basis after a simple majority

vote of the qualified tax-paying voters. WIDs diot include cities or towns unless they

10«ad valorem” translates from Latin as “based ofued. It is used as a property tax method that is
based on a percentage of the value of a propedgtasmined by the county (Stubbs et al. 2003).
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were specifically approved by the State Board otéaVEngineers (Smith D. 2001b in

Stubbs et al. 2003).

In 1925 and 1927, many WIDs were replaced with W& Which were empowered with
broader authority. WCIDs could tax the public loynbiningad valoremand specific
benefit bases, instead of separate use. Previdhslse two types of taxing methods
were not used together. Master districts werebésteed by the State Board of Water
Engineers in 1929 through authorization from tlggskature. These Master districts
were created to coordinate the districts’ actigitnd included two or more WCIDs that
controlled the water of a particular stream. WCHase separate taxing powers from
the individual districts. Master water districemcbecome municipal districts if they
encompass at least 30,000 people and have a tetd ealue of $50 million (Smith D.

2001a in Stubbs et al. 2003).

Rio Grande Watermaster

Texas Water Code (1963) 11.325 and 11.326 estelligte position of Watermaster in
the 1950s. This code allowed the Texas CommissmoBnvironmental Quality (TCEQ)
to divide the state into water divisions to protaéat administer water rights. The
executive director of TCEQ has the power to appaiwatermaster for each water
division (Texas Water Code (1963) 11.326 and 1).32hder Chapters 303-304 of the
TCEQ rules, the duties of the Watermaster includeitoring, recording, and regulating

the flow levels, patterns, and rates of divertetewase within his/her specified area.
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The Rio Grande Watermaster controls, protects.eahorces water rights of the Rio
Grande below Fort Quitman. Prior to diverting wagediverter of the Rio Grande is
required to notify the Watermaster’s office in wig. Diverters must install proper
measuring devices or must keep accurate recondatef diverted that are available for
review by the Watermaster. This aspect of the Yiadster’s responsibilities involves
ensuring that only an allotted amount of wateramb diverted and that the diverters are
the legal holders of the water rights (Texas Corsimison Environmental Quality 2004

in Stubbs et al. 2004).

In 1997, an amendment to the Texas Water Code J189&&r sections 11.326 and
11.327 created the Rio Grande Watermaster AdviSormmittee (RGWAC). The duty
of this committee is to provide administration qande and oversight to the Rio Grande
Watermaster. It is the duty of the TCEQ executivector to appoint the Watermaster
Advisory Committee. The RGWAC consists of nindiieen members who serve two-
year voluntary terms. The executive director aptfsomembers who hold water rights or
represent those who hold water rights based oarttaunt of water rights held, water-
use type, experience and knowledge in water managig@nd geographic
representation. The duties of the RGWAC includerjging recommendations to the
executive director of TCEQ and the Watermasteliermewmg the annual budget, and
conducting other activities requested by the exeewirector (Texas Water Code
(1963) 11.326 and 11.327 and Texas Commission @irdmmental Quality 2004 in

Stubbs et al. 2004).
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International Boundary and Water Commission

In 1848, the first International Boundary Commiss{tBC) was created for the U.S.-
Mexico border to survey the California-Baja Calif@ Border. The second IBC was
created in 1853 to survey the New Mexico-Chihudbraer, and the third in 1882 to
survey and study the U.S.-Mexico Border. The IB&wermanently established in
1889 between the U.S. and Mexico to fulfill theidsitof the 1884 Convention. The IBC
responsibilities were to conduct water investigagiéor the Colorado River and Rio
Grande and resolve boundary disputes (U.S. GeAetalunting Office 1998 in Stubbs

et al. 2004).

The 1944 Treaty changed the IBC to the InternatiBoandary and Water Commission
(IBWC). This treaty established additional dutesl distributed the international
segments of the Rio Grande from Fort Quitman, Teéxadlke Gulf of Mexico. In
addition, the IBWC was authorized to construct anstain two international dams on
the Rio Grande to aid in flood control. These damesthe Falcon and Amistad, which
were completed in 1953 and 1969, respectively (hatiional Boundary and Water

Commission 1999 and Stubbs et al. 2004).

The IDs in the Lower Rio Grande Valley rely heawly the IBWC in daily operations
involving water diversion. Because the IDs recehesr water from the Rio Grande, an
international river, they must abide by the rulesferth by the 1944 Water Treaty. For

IDs to receive water diversions, the Rio Grandeafmaaster, with whom they file a
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request, must contact the IBWC to request a relebsater from the reservoirs (Stubbs

et al. 2004).

Irrigation Districts’ organization

As authorized by Congress in 1905, IDs are overbgenfive-member Board of
Directors. They are unpaid elected officials wlbevon improvement projects and
preside over district operations. In addition, IBsially employ additional individuals
to help with day-to-day operations. A general nggmas hired by the board of directors
to supervise ID operations in the office and infiell. Office staff members generally
include a Tax Assessor Collector and a Graphicrin&tion Systems (GIS) and
Information Specialist. The field staff is manadwdhe Head Canal Rider who
supervises the facility operations. Other fielffsthembers may include a pumping
facility operator, an excavator operator, additiswpport staff, and maintenance crews

(Stubbs et al. 2004).

Water rights

The state of Texas is governed by two separate @@ysending on the type of water.
Groundwater is governed by the “Rule of Captur&.landowner has the right to the
groundwater below the surface of his/her prope&ithough the landowners do not
technically own the groundwater, they are alloweg@gump and capture available water,
regardless of the effect on surrounding landow(iegsikar et al. 2006). Once at the

surface, then the water is the property of the ppm(@.g., landowner).
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Surface water in Texas is governed by the stalerés and can only be used with
permission from the State (Lesikar et al. 2006)difionally, two separate surface water
accounts exist in Texas. One account is for thedraand Middle Rio Grande below
Amistad Dam, and the other account is for the s€3iexas. The 1969 Valley Water
Suit established the governing water rights sydtarnthe area below Falcon Dam. This
lawsuit separated irrigation water rights from D@tz Municipal, and Industrial (DMI)
water rights. Within the category of irrigation t@arights, two separate categories were
created: Class A and Class B. Class A irrigatiatewrights were allocated to farmers
and districts that could provide documentationmdrrights. Such documentation
could consist of Spanish/Mexican land grant, rigarand prior appropriation rights.
Class B irrigation water rights were allocated éogons with proven historical water
diversion from the Rio Grande (Stubbs et al. 200@)e priority of allocation of rights
begins with DMI holding the highest priority, foll@d by Class A irrigation, and ending
with Class B irrigation. The resulting water riglailotment for each farmer or irrigation
district was based on historical-cropped acreagdsaasociated typical levels of water

applications (Stubbs et al. 2003).

Water allocation

Every ID in the Lower Rio Grande Valley is entitleda specified amount of water
rights, based on historical ownership, appropmegj@nd purchases/sales. The existing
29 IDs in the Lower Rio Grande Valley currently ¢hdl,401,572 ac-ft of irrigation water

rights. Based on historical cropped acreage, @41a2res of agricultural land were
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assigned Class A irrigations rights, while 101,588es were assigned Class B rights
(Stubbs et al. 2003). Proper records of the atabunt of water in the Amistad and
Falcon reservoirs, as well as the total amount waidbt holders are entitled to receive,
are maintained by the Watermaster. The Watermémtews a set of steps to allocate
water each month (Stubbs et al. 2004):
Step 1. Dead storage, which is the amount thataebe removed from behind the
dams because of hydrologic restrictions, is degtufrom the total storage
of the reservoirs.
Step 2: The reserved DMI rights are then deducléds reserve is re-calculated
and reset at the end of each month.
Step 3: The designated operating reserve isdbdacted from the remaining
balance.
Step 4: Irrigation rights are allocated betwedss€ A and Class B rights, with A
holding the highest priority between the two.
To account for proper allocation amounts, the Ihv&al Manager must place a request
for a specific amount of water with the Watermagtemwater to be released from the
Amistad or Falcon reservoir. The time of advanegetice depends on the required
travel time of the diverted water. The General Bgar must only request the amount of
water to which a holder has rights, which is deteed by their annual authorized
amount. The operating reserve, which is calculatettep 3 of the allocation process,

covers any loss of water that is incurred durimgsportation (Stubbs et al. 2004).
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Specific allocation accounts

The manner in which each ID handles specific atiooaaccounts depends on the type
of account and varies between districts. Theraragation water accounts, municipal
water accounts, lawn-water accounts, and out-dftdisvater sales. Of particular

concern in this research study are the irrigatiwh municipal accounts.

Irrigation water accounts

Irrigation water allocations are determined on dayd of each planning year. Water
allocations are determined by the estimated acfasyeer intends to plant for the
upcoming crop year. This number is establisheddbas the acres planted in the
previous year and any anticipated changes which bauseported to the Watermaster.
Each irrigator is entitled to one acre-foot of wdte each acre planted. If the total
amount of planted acres is less than the predateshge, the ID will recalculate the

allocated amount of water (Stubbs et al. 2004).

If any water is left in the irrigation account aftbe first round of irrigation allocations,
the ID Board of Directors typically authorize adiiital irrigation allocations.
Generally, the Board will allow an additional eigB} to 12 inches for every account.
To provide a safeguard throughout the year, theilDmaintain one year’s worth of

irrigation water in the account (Stubbs et al. 2004
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Municipal water accounts

The major municipalities within the Valley are Brosville, Harlingen, and McAllen.
IDs are constitutionally responsible for providifig., delivering) municipalities water.
The municipalities are allocated water based om fre-existing water rights and
contracts with IDs. It is important to note thaimcipalities pay IDs for the cost of

delivery of the water, not to purchase the actugtlew(Stubbs et al. 2004).

To account for the rapidly-growing municipal pogdidas, irrigation water rights can be
purchased and converted to municipal water rightse required conversion ratio is 2-
to-1, meaning two ac-ft of irrigation rights mu&t @onverted to realize one ac-ft of
municipal rights. This is to reduce overappropomf water rights that were originally
established in th8tate of Texas v. Hidalgo County Water Control &ilavement
District No. 18case (Stubbs et al. 2004). Overappropriatioxpéaened through having
adjudication of water rights during an above norfnal, above average) wet period of
time for the Rio Grande. Therefore, to bring waigihts more in balance with the

expected flow over time, the 2-to-1 conversiondagtas imposed.

Current issues between Irrigation Districts and murcipalities

As mentioned above, municipalities pay IDs for tbst of delivery of water, rather than
the actual water. In the early and mid-2005, Wall2 managers considered the delivery
rate being charged as too low because they weyecorkring operational costs. This

rate structure resulted in the costs of capitdaegment and rehabilitation being
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ignored, thereby contributing to a gradual detation of the IDs infrastructures.
Conversely, municipal managers believed they waxéng too much to acquire water.
The overall problem was the difference in valuehgaarty placed on the water

(Hinojosa 2007).

Chapter summary

The background and structure of Valley IDs and roipalities are established in this
chapter. This information is integral to undersliag the legislative process and actions
discussed in Chapter V, specifically Floor Amendtr@nhto Senate Bill 3. The
background elements of the amendment are discus€dahpter V, with attention to

how the legislation applies to IDs and municipasti
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CHAPTER V

THE EVOLUTION OF SENATE BILL 3 FLOOR AMENDMENT 60

Texas Senate Bill 3 was passed in 2007 during @es8ssion of the Texas Legislature.
Contained within this bill, which became effectiSeptember 1, 2007, is an amendment
that impacted the cost of some water right®tween IDs and municipal water suppliers
(municipalities) in the Lower Rio Grande Valleyéxas as of January 1, 2008. Floor
Amendment 60 represented the accumulation of skewernaths of interactions and
negotiations between municipalities and IDs. Timemadment is a set of compromises
between the parties and involved a complex routautih the legislature before being
passed. The genesis for this undergraduate réspayect lies within this amendment
to Texas Senate Bill 3. Due to the complexity dadire of all parties to develop a
working relationship that would endure over tintee background and bill path are

important for understanding the current status é6exegislature Online 2007hb).

The purpose of Texas Senate Bill 3

Texas Senate Bill 3 has been referred to as thea€h\gall” because of its specialization
in water policy. The goal of the bill is to proeidvater policy guidelines through three
specific objectives: (1) increase water conservatid) protect instream flows, and

(3) meet future water needs by implementing watejepts recommended in the State

Water Plan (Averitt 2007).

1 Addressed within this thesis are those municipstewrights converted from irrigation rights onadier
January 1, 2008 as a result of the urban/residetgigelopment of agricultural land.
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Valley water issues

Valley municipalities typically pay IDs for the dosf water delivery, rather than
actually purchasing the water from the IDs. Inyetr mid-2005, Valley ID managers
considered that the municipal delivery rates chdumgesome individual districts as
being too low. The rates were only covering operat costs, with the cost of capital
replacement and rehabilitation largely ignoredteladed over time, such a pricing
position for the IDs water delivery services wastdbuting to a gradual deterioration of
the IDs water delivery infrastructure system. Gamsely, municipal managers believed
they were paying too much for water delivery beeahe ID infrastructure was already
in place. Some municipalities argued they werddhgest customer of the ID and
should therefore have some control over pricingcped/rates. The overall problem was
the difference in the perspective of each partariag the provision of water (Hinojosa
2007), without consensus agreement as to the ymugrtalue of the associated water

rights.

The intent of this undergraduate thesis was todaruonly those situations where a
municipality was/is purchasing water rights fromiBnwith such rights originating in
association with the development of irrigated agtizral land into urban/residential
property. There are situations in which an IDiretdhe water rights (i.e., it is not sold
to a city) for irrigation water that is convertedrhunicipal water. In such cases, some
municipalities contract for the water on a yeardgis rather than purchase the rights. In

other cases involving selected IDs and municisdjtwater ownership is retained by the
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ID, but the municipality receives the water at otiilg cost of delivery. These non-
purchase agreements between selected IDs and palities are not addressed in this

thesis.

A task force was created in 2005 to address s¥ktdy water issues of concern to both
IDs and municipalities. The Water Rights Task Eos@s an eight-member committee
consisting of ID managers and representativeseofrthnicipalities; the individual
committee members are identified in Table 6. Tormittee met from June 2005 until
coming to an agreement during December 2006, whareviewed and approved by
lawyers on each side (Hinojosa 2007). During tinie, Texas AgriLife Research and
Texas AgriLife Extension Service agricultural ecomsts met with IDs and municipal
stakeholders on three occasions regarding the, tdflicat is the value of water?”,
addressing therein the differences between chdéogelivering water and the values

for water rights and leases (Sturdivant et al. 20@905b, 2006).

Afterwards, additional meetings between the IDs rmhicipal representatives were
held, whereby a written agreement between thegsartas developed. The task force’s
resulting agreement contributed to the languagsexyuently incorporated into an
amendment to Senate Bill 3, which appears in Sedt@®507 (Texas Legislature Online
2007b). This amendment established the price atharhunicipalities could purchase
converted irrigation water rights associated with tirban/residential development of

irrigated agricultural land at 68% of the currerdriket value, effective January 1, 2008
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Table 6. Texas Lower Rio Grande Valley Water Right Task Force
Committee Members, June 2005 - December 2006

Committee Member Affiliation

Chuck Browning North Alamo Water Supply Corporation

Wayne Halbert Cameron County Irrigation District #1 (i.e., Hagen
Irrigation District)

Sonny Hinojosa Hidalgo County Irrigation DistricR#

Sonia Kaniger Cameron County Irrigation Distric? #

Brian McManus East Rio Hondo Water Supply Corporati

Roy Rodriguez City of McAllen

Ron Thomas Harlingen Water Works

JoJo White Hidalgo & Cameron County Irrigation Dist# 9

Source: Hinojosa (2007).
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(Texas Legislature Online, 2007b). The 68% vatudought to have originated based
on actual historical firm yield of the Rio Grandgralated to the amount of water

actually allocated. That is, due to overapprojoret of the Rio Grande water resulting
from the “Valley Water Suit”, approximately 68% af irrigation water right is actually

available in terms of historical firm yield (Jand607).

At first glance, it seems as if the municipalitreay have been a net beneficiary of the
referenced legislation. To completely understdradftill consequences of the
legislation, both intended and unintended, it seesial, however, to delve deeper into
the many ramifications of the amendment. The ®eBdk3 amendment was the
culminating result of what could be interpretedalreled as “game theory” negotiations
between the two parties. Because of the increaseg for water by the Valley
municipalities that are experiencing unprecedeptgululation growth, IDs were
concerned that a legislative “taking” might be #iernative course of action if they did
not compromise with the municipalities. That i threat perceived by the IDs was
that the water rights could be reallocated legigtdy from the IDs to municipalities.
The intent of the bill was to ensure a supply ofexdor the municipalities, while
keeping a district whole. Municipalities were gasteed a path for ensuring water
supply with clear rules. Further, the key objeetf the two parties to create a

mechanism to keep the region’s collective watdntagn the Valley was established.
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“Abolishment Bill”

On February 8, 2007, House Bill 1271 was filed lepRsentative Kino Flores of
District 36. The companion bill to this, Senatd B¥5, was filed on February 27, 2007
by Senators Juan “Chuy” Hinojosa of District 20 &dtlie Lucio, Jr. of District 27
(Texas Legislature Online 2007b). These bills wenesidered the “Abolishment Bill”
because the goal of this legislation was to abdhshHidalgo County Water
Improvement District #3 (WID). This would meana@nplete surrender of all rights and
powers held by the WID to the local municipalitid3ue to specific and careful
wording, this bill would only affect Hidalgo CounW/ID #3 and the City of McAllen
(McAllen). The argument behind this action wad thé&s WID was only serving about
13 farmers. As a consequence, 80% of the digtnesiter delivery service was being
provided to McAllen. In addition, McAllen provide&g80% of the revenue earned by
Hidalgo County WID #3. McAllen wanted to eliminatee necessity of paying a
middleman to deliver their water, and thereforehmakfor the legislative abolishment of

this WID.

Attention was drawn to the abolishment bill whenegits and authority are stripped
from an existing ID or WID. Several groups sucliresTexas Irrigation Council,

Lower Rio Grande Valley Water District Managers’'sasiation, and agricultural
producers expressed their opposition based ondbrgern of such a precedent. As the
80" legislative session evolved, House Bill 1271 vefspending in committee on

February 28, 2007, and failed to advance in thislive process. The companion bill,
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Senate Bill 975, was passed in the Senate on A9ri2007, but was not placed on the
Calendar in the House. Although both of theses lidiled to reach the floor for
consideration, other bills were pending and cantbeédorefront (Texas Legislature

Online 2007b).

“Conversion Bill”

Shortly after House Bill 1271 (i.e., the “AbolishmeBill”) was filed in the House, a
competing bill was also filed. This was House BBIO3, which was filed on February
21, 2007 by Representative Veronica Gonzales o&3 &istrict 41. The companion
bill, Senate Bill 847, was filed in the Senate @bfiary 23, 2007, also by Senators Juan
“Chuy” Hinojosa of District 20 and Eddie Lucio, &f. District 27 (Texas Legislature
Online 2007b). The intention of this bill was toplement the “compromise” that was
struck by the Water Rights Task Force, as previoo#ntioned. The “compromise”
was to establish a mechanism to ensure a watehsigosubdivided properties within
IDs and keeping IDs whole. A municipality may pieth an 1D for the sale of the
converted irrigation right associated with the suistbn or contract for the use of the
water (Hinojosa 2007). As provided by specific diag in the bill, this legislation
would only apply to Hidalgo, Cameron, and Willacgudties. Figure 29 is a map of

IDs within these counties.

Similar to House Bill 1271 (i.e., the “Abolishmeill”), House Bill 1803 (i.e., the

“Conversion Bill”) failed to advance to the Housedr. Senate Bill 847 was passed in
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Figure 29. Irrigation Districts in the Texas LowerRio Grande Valley, 2008
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the Senate on April 19, 2007, the same day thatahgpeting Senate Bill 975 was
passed. Senate Bill 847, however, also failedit@ace (Texas Legislature Online

2007b).

Passage of Floor Amendment 60

Although both the “abolishment” and “conversionli®stalled in the process, as is often
the case, the concepts and agreements reflectie liyll language remained part of the
debate. With Representative Gonzales’ leadertdmguage similar to House Bill
1803/Senate Bill 847 (i.e., the “Conversion Bilt&surfaced as a floor amendment to
Senate Bill 3. In response, Representative Flatteshed the previous “Abolishment
Bill,” Senate Bill 975, as an amendment to Floorédment 60. The outcome was
passage of the Conference Committee Report fort&&ia3 as Floor Amendment 60,
without the proposed abolishment component. Reptatve Gonzales’ language was

enacted with the passage of Texas Senate Bill 8@ kegislature Online 2007b).

Implications

The issues of concern between IDs and municipsliggarding water in the Valley are
not new, but the intensity of discussions has leevating in recent years. As Valley
population continues to experience extraordinaoywjn rates, the concern of IDs in
regards to a “taking” of water rights due to shiftolitical strength are more acute.
Discussions among the parties in 2005-2006 sugd#séepossibility of future increases

in political power for municipalities, thereby dgaag the position of IDs. As a
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consequence, the time was right for compromisesljig to the Water Rights Task
Force’s agreement and related Senate Bill 847 andséiBill 1803, at a time when other
legislation aimed at abolishing one or more oflibe (i.e., Senate Bill 975, and House
Bill 1271) was introduced. Although these billg &wcal issues to the Valley, they
introduce new issues and potential outcomes faratgions of Texas. These bills
were viewed as having the potential of setting @deat for future negotiations between

irrigation districts and municipalities.
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CHAPTER VI
ECONOMIC AND FINANCIAL ANALYSES AND IMPLICATIONS

OF FLOOR AMENDMENT 60 OF TEXAS SENATE BILL 3

Thus far in this undergraduate thesis, the exaioinatf Floor Amendment 66 has

been largely a qualitative investigation. Thedmgtof the Valley water market,

including the establishment of IDs, municipalitiaad water rights, as well as an
explanation of the events leading up to the amentirhave been established. This
piece of legislation potentially has financial ambnomic consequences, either intended
or unintended. Included are the effects of legmtaon the costs of Valley potable
water, treatment options for municipalities, consages of available water supply, and

the overall impacts on stakeholders. These isatgesvaluated in this chapter.

Pre-legislation potable water treatment economics
Texas AgriLife Research and Texas AgriLife Extens8ervice agricultural economists
recently completed economic and financial analgéele costs of producing potable

water using the two prevalent technologies emplogdte Valley: conventional

2 The focus of this undergraduate thesis is onaheprice of municipal water rights associated i
urban/residential development of irrigated agriat land in the Valley and the consequences tlfiereo
However, other components of Floor Amendment 6@ iede acknowledged. In accordance with Floor
Amendment 60, the sale of municipal water rightabyD is only one of three scenarios that coulclioc
A municipality can (1) purchase the rights, (2) tract for the water from the right, or (3) not pieth the
ID for the water (i.e., the municipal rights owrlgglthe ID are unused). If the municipality eleitts
contract for the water, the ID can charge for thkig of the water aside from the delivery charghe
value is equivalent to the charge/cost of fougations plus the flat rate equivalent. This waseltm
“keep a district whole”. The previously irrigatadre, on average, irrigated three times per yedpaid a
flat rate. The charge for the fourth irrigationsata allow for capital improvements to the district
(Hinojosa 2008).
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surface-water treatment and brackish groundwatsalohation (Rogers et al. 2008;
Sturdivant et al. 2008). The assumptions emboidi¢kdese analyses are those existing
prior to the 88 Texas Legislature, i.e., prior to the passageenfa® Bill 3 and the
accompanying amendment of interest in this unddrgage thesis. Full economic costs
are calculated for each type of water treatmertrielogy, accounting for initial
construction costs, replacement of capital comptnever the total facility’s useful life,
annual operating/continuing costs, and the requisitestment in water right8. Net
present value (NPV) analyses and calculation otigypequivalents are employed to
determine the life-cycle costs of comparable quagdtable water production for
corresponding operational circumstances in Valsylities using each of the
technologies. The resulting modified life-cyclestof production cited in Rogers et al.

(2008) and Sturdivant et al. (2008) are considstethble for comparison purposes.

The Microsoft, Excel spreadsheet model CITY.8 ECONOMICS and the

Microsofts Excek spreadsheet modBESAL ECONOMICShave embedded net
present value (NPV) analyses and calculations ofigy equivalents. The McAllen
Northwest 8.25 mgd conventional surface-water tneat facility has a modified life-
cycle cost of producing potable water equal to $B&/ac-ft {$2.05/1,000 gallons},

basis 2006 (Rogers et al. 2008). The modifieddifele cost of producing potable water

for the Southmost (Brownsville) 7.5 mgd brackisbwgrdwater desalination plant is

13 purchase/ownership of water rights is a requirerosly for conventional surface-water treatment
facilities. For brackish groundwater desalinafiacilities, the costs of developing the groundwatet
field is a component of the initial constructiorsto
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$615.01/ac-ft {$1.89/1,000 gallons}, basis 2006u(8ivant et al. 2008). The inference
of these results is that prior to January 1, 2008¢kish groundwater desalination
economics in the Valley were competitive with comvenal surface-water treatment
economics, even to the extent of a slight advanfagegne brackish groundwater
desalination alternative. These studies do ngigse that desalination will replace
conventional water treatment, but rather that dlestbn is an economically viable

option for increasing potable water supply.

Drawing on the economic concepts and theories pteden Chapter i,

municipalities’ choice of which potable water tr@a@nt technology to utilize in meeting
future expanded water demands in the Valley cachbeacterized using isoquant and
isocost graphs. Considering Valley-wide potabléewaeeds, a convex isoquant
representation (I¢) is appropriate to illustrate the decreasing stuigin nature existing
among all potable water production situations enValley (Figure 30). Superimposing
an isocost line [having a slope of -1.09 (i.e., B@@/ac-ft for conventional surface water
treatment /$615.01/ac-ft for brackish groundwatsadination)] on the isoquant in
Figure 30 suggests a likely combination of the tesignated technological inputs that
can be expected to be adopted to meet future erdgmutable water demand. In this
case, LGp level of desalination effort will be used andlcTevel of conventional water

effort will be used to meet the total quantity Q%
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Figure 30. Valley potable water supply, conventioal surface-water treatment and
brackish groundwater desalination technologies, wit isocost line, pre-Senate Bill 3
legislation
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Events leading to legislation

The Water Rights Task Force that was formed in 2(8&loped a compromise between
IDs and municipalities during late 2006. This caoorpise was sponsored by a local
Valley Texas Representative who guided the ideautyin the legislature. After
additional compromise and negotiation plus an estenpath through the Texas
Legislature, Floor Amendment 60 to Texas Senate3Bilas passed. The negotiations
and compromise reached in the Water Rights TaskeFare an example of game theory
economics in practice. The goal of both IDs ancdhigipalities was to individually

obtain the highest possible utility on the pric@a(lfor municipalities and high for IDs)

of irrigation water converted to a municipal rigl.compromise was reached between
IDs and municipalities on a price to be paid fommeipal water rights originating from
the conversion of irrigation water associated wginicultural land development into
urban/residential property on or after Januaryd0D& This objective of two agents each
attempting to competitively reach the highest iytis graphically illustrated in an

Edgeworth Box Diagram described in Chapter Iil.

The goal of Floor Amendment 60 of Texas Senate3Billas to provide a policy that
would benefit and show responsiveness to the d¢aests (IDs and municipalities) of
the affected region. The intent was to providemrscstent set of rules related to
municipal water in the Valley. In the effort fdifieiency and consistency, however,

some inadvertent consequences may have been created
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The legislation

The specifics of Senate Bill 3 passed in th8 Bxas Legislature pertinent to this
undergraduate thesis is Section 49.507. Previposiyicipalities were given the right
to purchase irrigation water under Sections 49t68@ugh 49.506. However, these
transactions occurred at full market price. Whreigation water use is converted to
municipal water use as a result of the developrakagricultural land into residential
and commercial use, the irrigation districts comino retain the water rights. Section
49.507 establishes the price at which municipalitian buy this subset of municipal
water rights from irrigation districts at 68% okthurrent market price effective January
1, 2008. According to Hinojosa (2008) and Texagislature Online (2007a), this
pricing rule is applicable only to agriculture yse., irrigation) water converted to
municipal water use as a result of the developragagricultural property into
residential and commercial use on or after JanLaP908. Irrigation water previously
converted continues to trade at full market price & is sales of that prior (i.e., to
January 1, 2008) converted water that establisteebdsis against which the 68% factor

is applied to determine the value of post JanuaB008 converted water rights.

Legislation impacts on economics of valley potableater treatment economics
The 68% factor in Section 49.507 of Senate Bilff8atively reduces the cost of future

expansion of potable water production from convaral technologies while leaving the

14 As stated in Section 49.509 in Texas Senate Bik 3he beginning of each year, the three mosintec
sales of 100 or more ac-ft of pre-January 1, 20Q8iapal water rights will be averaged and mulggli
by 68% to determine the value of post-January 082fbnverted water sales for that year (Texas
Legislature Online 2007a).
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costs of brackish groundwater desalination unagfctThat is, the required investment
in surface water rights for future developmentafwentional surface-water treatment
plants is effectively reduced by 32%. Incorponatid this institutionally-induced cost
reduction into the previously noted Rogers et2008) analysis of the McAllen
Northwest 8.25 mgd conventional surface-water tneat facility lowers the current
$2,300/ac-ft cost of surface-water rights (Kanig@®7 and Barrera 2007 in Rogers et al.
2008) to $1,564/ac-ft. Using this adjusted, losarface-water rights investment along
with the other cost data identified for the modifnalysis in the MicrosaftExcek
spreadsheet model CITY,8 ECONOMICS results in a revised, “modified” life-cycle
cost of producing potable water of $609.33/ac-ft.§7/1,000 gallons}, basis 2006
(Rogers et al. 2008). The cited legislation hagpparent effect on the costs for
producing potable water via brackish groundwateatieation (i.e., $615.01/ac-ft or
$1.89/1,000 gallons). Table 7 illustrates thelpggslation and post-legislation cost per
ac-ft of water for conventional surface water tneant and brackish groundwater

desalination.

The economic consequences of the institutional tmgeof the cost of surface water
rights can be illustrated by adjusting the -1.@pslof the prior-identified isocost line in
Figure 30. This revised isocost line;I@ith a slope of -.99 (i.e., $609.33/ac-ft for
conventional surface water treatment/$615.01/éarfborackish groundwater
desalination) is illustrated in Figure 31. Theioeable result is the movement of the

least-cost combination of desalination and conwsati treatment technologies from L£.C



Table 7. Financial Results on the Cost Per Acre-feb of Water
Pre-Legislation and Post-Legislation

$/Ac-Ft
Treatment Technology Before Legislation After Légfion
Conventiondl $667.74 $ 609.33
Desalinatiof $615.01 $615.01

®Source: Rogers et al. (2008).
®Source: Sturdivant et al. (2008).

99
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Figure 31. Valley potable water supply, conventioal surface-water treatment and
brackish groundwater desalination technologies, wit two isocost lines, IG
representing pre-Senate Bill 3 and IG representing post-Senate Bill 3
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to LC,, lowering desalination effort from L@ to LC,p and increasing conventional

treated water effort from Lz to LCyc.

Valley-wide consequences of legislation

Industry supply

The summation of supply curves for all of the indual firms comprising an industry
constitute the industry’s supply curve. The supplye for brackish groundwater
desalination is illustrated ag $ Panel A of Figure 32. This is a combinatiorthad
potable water supplied by brackish groundwaterldegan plants in the Valley. The
supply curve for conventional surface water treatinieillustrated in Panel B of

Figure 32 as §. It represents the supply of potable water frdne@ventional surface
water treatment plants in the Valley. For eaclpeesve firm, its own cost relationships
and the associated firm supply curve demonstratéetrel of production that will occur
at each price. The aggregate supply curve repietianrespective quantities (Q) of
output that will be produced in total by all firnmsthe industry. The aggregate supply
curve for potable water created by brackish growatdwdesalination and conventional
surface water treatment is represented in PanélRiyore 32 as §. Thisis a
horizontal summation of the industry supply cureéthe two treatment methods in the

Valley.
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Figure 32. Industry and aggregate supply of Valleypotable water
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Industry demand

An individual demand curvprovides an explanation for a consumer’s purchasing
behavior for one good over a range of prices. @Gdlyethe lower the price, the more
that an individual will purchase. Or, alternativethe higher the price, the less an
individual will purchase. The summation of indiuals’ demand curvesr a particular
product constitutes the industry demand cdorehat product. This phenomenon is
similar to the development of the industry suppiywe resulting from summing the
individual firms’ supply curves. Figure 33 is axtension of Figure 32, with the
addition of the industry demand curve for potabégex. This is illustrated in Panel C of
Figure 33 as curve D The demand curve in this graph represents tteiatof potable

water desired by consumers in the Valley at altaregrices.

Market equilibrium

The previous discussions of supply and demanderétathe full range of possibilities

for prices and quantities of a specific produch dy given day, in a specific location,
there is generally only one effective price, witreaulting industry quantity of
production and the individual firms’ correspondiegels of production at that price.

The intersection of this industry-level price andqgtity is referred to as market
equilibrium It is graphically illustrated as the intersecticetieeen a market supply
curve and a market demand curve. This equilibqamt is illustrated in Panel C of
Figure 33, in which the potable water industry’'gi@gate demand curve and aggregate

supply curve are superimposed on each other isaihme two-dimensional space. The
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Figure 33. Industry demand and market equilibriumin the Valley potable water market, 2008, pre-SenatBill 3

V0T



105

market-clearing price and quantity and this pormetidentified in the graph asfand

Qa1. The equilibrium point BQa: identifies the market price at which the quanbity
production supplied in full by all firms in the ingtry satisfies the aggregate demand for
that product by all consumers. In this case, #graahd for potable water in the Valley
by consumers is fulfilled by potable water supjevhich includes brackish

groundwater desalination facilities and conventiGuaface-water treatment plants.

The equilibrium price that is determined by theraggte supply curve and industry
demand curve is the price charged by all supphigttsin that market. Specifically in the
case of the Valley, & is charged by brackish groundwater desalinatioiiti@s and
conventional surface-water treatment facilitiean® A in Figure 33 illustrates this
price, labeled asg?. The same price,dp, is charged in the conventional treatment
market represented in Panel B of Figure 33. Herdase, @ will be supplied by
desalination technologies an@Qvill be supplied by conventional treatment to pdev

total supply of Q;.

Changes in supply

The previously identified market equilibrium at;Ra; will change if an increase or
decrease in aggregate supply occurs. Such a clraaggregate supply could be caused
by an increase or decrease of one or more of thestry supply curves. The enactment
of Floor Amendment 60 in Texas Senate Bill 3 haspbtential to have such an effect

on the supply of potable water created by conveatisurface-water treatment in the
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Valley. Because the legislated 68% price allowsafoeduced cost of production in the
conventional treatment method, the supply of petakdter produced by this method has
the propensity to increase. Such a developmarishically illustrated as a rightward,
or outward, shift in the existing conventional sid-water treatment supply curvey,S

in Panel B of Figure 34. The new supply curvédhentrepresented by-$ The

aggregate supply curve for the potable water ingl#dso increases, as it is a
combination of all suppliers within that markethelsupply of potable water available at
all prices in the Valley effectively shifts to thight, or more water is supplied at a given

price as compared to the pre-legislation conditions

With the new aggregate supply curvgz,& new equilibrium price and quantity are
determined. This is, once again, determined gcaiiziby the intersection of the
aggregate supply curve and the industry demandecutvs illustrated in Panel C of
Figure 34 as BQa2. Notice that the equilibrium quantity increasaed ¢e equilibrium
price decreases. That s, at a lower price, corssiare more willing to purchase a

larger quantity of potable water.

Just as in Figure 33, the market equilibrium pinc@anel C of Figure 34 determines the
industry prices. The new price for brackish gramatkr desalination plants decreases in
Panel A of Figure 34 tod?. The resulting change in quantity is a decreasght. This

represents the most extreme case in the poteettabdsed use of brackish groundwater
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Figure 34. Change in market equilibrium in the Valey water market, 2008, post-Senate Bill 3
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desalination associated with Floor Amendment 60edfas Senate Bill 3. Following the
adjusted market equilibriumafQaz, the price of potable water produced by
conventional surface water treatment water alsoedses in Panel B of Figure 34 teP
Due to a shift in the supply of potable water pragtliby this method, however, an
increase in the quantity supplied results. Thghiswn graphically by an increase from
Qci1to Q-2 in Panel B. This visual representation of thentended consequences of
legislation illustrates the extreme of potentiapant on future supplies of potable water
originating from brackish groundwater desalinatidrne direction of change (i.e.,
toward less future development of potable watebveckish groundwater desalination)

is the point of relevance.

Stakeholder impacts

Prior to January 1, 2008, the industry market @opiiim for potable water can be
conceptually illustrated in panel C of Figure 33ynoduced here as Figure 35. For this
equilibrium situation, consumer surplus is représemn the area hitE;. The
corresponding producer surplus is representedéwaitba [ ak,. The potential effects
of Senate Bill 3 resulting in more potable wateydarction and a new industry market

equilibrium is illustrated in Panel C of Figure &4d reproduced here as Figure 36.

As a consequence of the shift in industry markeilggium potentially precipitated by
the legislation, the resulting consumer surplushgea from bR, E; to bRP\:E, and

producer surplus changes frony&E; to P.,OE,. The resulting increase in consumer
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Figure 35. lllustration of consumer and producer srplus in Valley potable water
market, pre-Senate Bill 3
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Figure 36. Supply shift impact on consumer and praducer surplus in Valley
potable water market, pre-Senate Bill 3 to post-Sete Bill 3
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surplus is illustrated as trapezoigbPa1E1E,. This is an advantage to consumers of
potable water in the Valley. Part of the origineda that represented producer surplus is
lost (i.e., R1Pa2XE;), but a new area is gained (i.e., 8E The area gained can be
more, less, or the same as the area lost. The measurements of magnitude of effect
on the consumers of potable water is unknown, atiér the magnitude nor the
direction of effect on the producers of potableevare known. Figure 35 and 36
provide a conceptual representation of the consameproducer surplus in the Valley
water markets. This relates to the industry sugpky industry consumers in
aggregation. Municipalities with lower costs obguction for their potable water

supplies are anticipated as receiving benefits.

The discussion to this point has been directedatemtreatment providers (i.e.,
municipalities) and consumers. Additional critiptdyers in this water issue are IDs
that supply water to conventional treatment faesit The IDs are the producers (i.e.,
suppliers of the municipal water rights) and mypadities are the consumers (i.e.,
buyers of the municipal water rights). Figure 84airepresentation of how the
legislation impacts IDs. Pre-January 1, 2008 eitpailibrium point for IDs supply (of
municipal water rights converted as a result ofellyment) to municipalities was at
pointb, with price at p; and quantity at @:. This suggests a consumer surplus to
municipalities of iy;ab and a producer surplus to IDs ¢f;B0. With the passage of
Senate Bill 3, however, the price of such watentsgonverted on or after January 1,

2008 was set at 68% of the previous
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Figure 37. lllustration of implications of legislaion on consumer and producer
surplus as related to Irrigation Districts
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market price, or B.. If the IDs are expected to maintaig{supply of water, the
producer surplus becomeg 0 minus the area of cbf after the implementatibhRloor
Amendment 60. Simultaneously, consumer surpluslpgsslation increases by area
Pip1Pp2fb to become B.fba. However, with the lower cost to municipabktiesulting

in a converted water rights price ghf consumers (i.e., municipalities) can be expected
to increase the water rights they purchase tp. Qrhis means that consumer surplus
would be yae. Alternatively, IDs producer surplus becomgscP less cde. This

suggests that IDs are selling water rights attless the cost to supply beyond paint

Although only a graphical representation, the alaigeussion illustrates that IDs which
were selling water rights converted as a resuttesielopment are made worse off than
before the legislation was implemented. This istasay the legislation is undesirable.
It evolved between IDs and municipalities and resdlan issue of appropriate water

rights price. The intent of the research preseh&rdin was to illustrate how legislation
might cause unexpected consequences and impedddpgon of new technology (e.g.,

brackish groundwater desalination).

The consumer and producer surpluses illustratéaisrsection are a demonstration of
the potential effects on stakeholders in the shart- These surpluses could potentially
change in the long-run with an increase in potaladeer demand. Such dynamics would
once again change the equilibrium point, and theeétect the consumer and producer

surplus. Producers could potentially gain more surplus duantincrease in equilibrium
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price, but theoretically the only opportunity famsiltaneous realization of maximum
producer surplus and maximum consumer surplusas iopen competitive market void

of any governmental interference.

Chapter summary

The financial and economic implications of Floor &miment 60 to Texas Senate Bill 3
are explained and illustrated to provide an exaropleow legislation might have
impacts not anticipated, i.e., inadvertent or umex@d consequences. Financial
analyses reveal that prior to the implementatiothisf legislation, the price per ac-ft of
water each year for brackish groundwater desatinats compared to conventional
surface water treatment was less costly. Aftedementation of the amendment,
however, conventional surface water treatment haldsmpetitive economic advantage.
This change in price also changes the least-cosbization between the use of brackish
groundwater desalination and conventional surfagemtreatment, with an apparent
advantage toward the conventional method. Theedserin cost of supplying potable
water results in an increase in the supply prodigecbnventional surface water
treatment facilities. This increase in supplyhiert transferred to consumers, which
results in a reduced equilibrium price and exparetgdlibrium quantity. The change in
equilibrium will result in an increase in consurnserplus, but certainly a decrease in
producer surplus from the IDs perspective. TheefBloor Amendment 60 has overall
implications of benefiting consumers (i.e., munaifes and people), while adversely

affecting some producers (i.e., IDs).
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CHAPTER VII

CONCLUSIONS

For a region like the Valley with limited water amitreasing demand, there is a
continuing need for improved technology to provid¢able water to the population. In
an effort to ease tension among IDs and municipalitegislation was passed during the
80" Texas Legislative Session that, in effect, creatpdobable unintended negative
incentive for adoption of desalination technolodiehich represents an added water
source — brackish groundwater). This identifiedsgmuence is not to suggest there

should not be legislation, but to illustrate theam be unanticipated consequences.

Overview and conclusions

This study provides an analysis of the potentiaiicial and economic implications of
Floor Amendment 60 to Texas Senate Bill 3 on thepéidn of water treatment methods
in the Lower Rio Grande Valley of Texas. An exaation of the structure and
background of the stakeholders, irrigation distieind municipalities was conducted,
followed by an assessment of the events leadirtg tige passage of this amendment.
Financial analyses were then conducted and revéladepler ac-ft cost of brackish
groundwater desalination and conventional surfageemtreatment before and after the
implementation of Floor Amendment 60. This anayiustrated the financial incentive
for the increased use of conventional surface wetatment after the policy

implementation.
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The potential impact of the policy legislation ¢ treduced use of brackish
groundwater desalination was then supported byphyt economic analysis. The cost
curves experienced by water supply firms weretitated graphically, resulting in the
post-legislation least-cost combination favoringréased use of conventional surface
water treatment. The industry and aggregate supples and industry demand curve
were used to illustrate the increase in supply ditahately causes a decrease in market
price and increase in potable water purchased bgwuoers in the Valley. Economic
analyses of the consumer and producer surplustiveneapplied to reveal possible
impacts on stakeholders. The conclusion was dip@sihange for consumers, but a

less-than-positive change for IDs.

Both the financial and economic analyses indicajecting the original null hypothesis:
“Floor Amendment 60 has no impact on the adopticalternative potable water
treatment methods in the Valley.” Therefore, itosicluded that this piece of legislation
does impact water technology adoption. The resitiltsis study suggest that a
disincentive for the adoption of brackish groundewatesalination was created, while an
incentive to increase use of conventional surfaatemtreatment occurred. Under such
circumstances, economic and social efficiency aeakened, discouraging the adoption
of new technology that can potentially provide wdte future generations. Due to the
complexity of the issue, however, it is not feasitd conclude that such legislation is a

social good or a detriment.
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Limitations and future research needs

The financial and economic analyses provided withis project do not cover every
potential circumstance affected or created by FRsmendment 60 to Texas Senate

Bill 3. This study is focused on the economic iiogtions in a short-run time period. It
is known that supply and demand have the potestidlare likely to change once again
in the long-run situation. As a result, pricingantity, and consumer and producer

surplus would also change. The effects on stakleln®lin such instances are unknown.

It is also important to recognize that the supgbmand, and equilibrium graphs
presented represent an extreme case. For examplehanges in market equilibrium
due to Floor Amendment 60 were conceptualized iapBdr VI as causing the quantity
of brackish groundwater desalination to reduceeto zimplying no use of this potable
water treatment method. Other possible scenarxigs that would only slightly reduce
the use of brackish groundwater desalination atagh the Valley potable water
supply. Issues of water availability and secueityer the decision framework

considering issues of drought, international ages@s) and independence.

An additional concept that is not considered isfthere actions of Valley municipalities
relative to reliability of potable water for custers. This study implies that after Floor
Amendment 60, brackish groundwater is relativelyenexpensive. The Valley
municipalities could still adopt desalination, slibtihe concerns over surface water

disruptions still be present.
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The study presented within this research is limite@ameron, Hidalgo, and Willacy
counties. Although this legislation has the patdrid set precedent for water markets
across the state, it is important to remembertthats a local issue, dealing with only a

fraction of Texas. This study does not apply tg ather IDs or municipalities.

To address the limitations noted above suggestsrappties for further research.
Further analysis could examine possible long-teatewsupply, risk, and economic
situations in the Valley water market. This in@sdotential changes in demand and
supply that result in different equilibrium poirgad surpluses. It would reveal the long-
term affects of Floor Amendment 60 on the Valleyevanarket. Further quantitative
examinations of the changes in supply could be goted to reveal more precise
changes in supply and demand and implementatiosebf conventional surface water

treatment and brackish groundwater desalination.

Additional investigations could also be conductathwespect to the impacts on IDs and
others for those situations in which IDs previouspplied municipal water rights to
municipalities for only the delivery charge, i@ithout receiving any remuneration for
the value of the water itself. It is anticipatbdttsuch investigations might produce

results of an opposite nature than those preséretein.
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Care should also be exercised when conducting eseremalyses of potential impacts
of legislation. Further studies of legislative pesses and their “real world” influences,
both intended and unintended, are suggested taderadditional insights on impacts.
This could potentially identify implications of allon all stakeholders and might

precipitate adjustments to better serve all stalkiehs.
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