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ABSTRACT

Select Economic Implications for the Biological @whof Arundo donax
along the Rio Grande. (August 2009)
Emily Kaye Seawright, B.S., Texas A&M University
Co-Chairs of Advisory Committee:  Dr. M. Edwd&Rdster,
Dr. Ronald D. Lacewell
Arundodonax or giant reed, is a large, bamboo-like plantugato Spain that has
invaded several thousand acres of the Rio Grapdean in Texas. The plant grows to
18-24 feet, consuming large quantities of watergoee per year. With concern of
increased water demands in the Texas Lower Riodar&talley region, the United
States Department of Agriculture-Agricultural ResbaService (USDAARS) is
investigating four herbivorous insects as potemttialogical control agents fékrundo

donaxto facilitate increased water supply.

This study examines select economic implicatioms&picultural water users in the
United States of applying these biological conagénts along the Rio Grande. The
research includes (a) estimating the value of taeemsaved due to the reduction of
Arundodonax (b) a benefit-cost analysis, (c) regional ecorromipact analysis, and

(d) an estimate of the per-unit cost of water samest a 50-year planning horizon (2009

through 2058).



The modelArunddEcorf is used to perform a deterministic analyses ulsing and
high-marginal-composite acre values. Regionalltesudicate present values of farm-
level benefits ranging from $97.80 to $159.87 moiili Benefit-cost ratios are calculated
with normalized prices and range from 4.38 to 8.8&nsitivity analyses provide a
robust set of results f&xrundowater use, replacement species water Akedo

expansion rate after control, value of water, dreddost of the program.

The pre-production processes and farm-gate econamp@&ct analysis is estimated using
multipliers from the IMPLAN model. Regional resuteveal a range of $8.90 to $17.94
million annually in economic output and 197 to 3t&lw jobs for the year 2025. Further
results show the cost per acre-foot of water sé/&d4.08. This amount is comparable

to other projects designed to conserve water imegm®n.

The USDA-ARS, Weslaco, Texasrundo donadbiological control project realizes
positive results for the benefit-cost ratios, ecoiimpact analyses, and competitive
results for the per-unit cost of saving water. Séhpositive results indicate this project
will have positive economic implications for theSJand the Texas Lower Rio Grande

Valley.
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INTRODUCTION

Water supply in the Texas Lower Rio Grande Valkdgq referred to as the Valley) is an
acute issue as the regional economy and populatiotinue to expand at a rapid rate
(U.S. Census Bureau 2000). The main source ofri@téhis region is the Rio Grande
[River] along the Texas-Mexico border, which isnparily fed by two reservoirs --
Amistad, located near Del Rio, and Falcon, locataath of Laredo (Rubinstein 2008).
The Rio Grande is a highly-controlled stream, megine water flow is managed based
on downstream water demand, conservation, floott@bwvarious environmental issues,
and other factors such as bi-national compactsagreements. With water continuing to
be a high-priority issue, local water resource ngans.and community leaders are
considering alternative methods to enhance thecuavailable water supply for the
region. One such area of interest is control efitivasive plant specidgundo donax

also commonly referred to @sundq or giant reed.

Arundo donax

Arundo donaxs a large, aquatic plant that is invading thanign areas of the
southwestern United States, particularly the Rian@e Basin and California (Goolsby
and Moran 2009; Tracy and DelLoach 1998jundo donaxan grows 18-24 feet tall

and exhibits a growth rate approaching 4 inchesyglBudley 1998). The plant grows

This thesis follows the style of temerican Journal of Agricultural Economics



most aggressively during the spring and summer hsofiRecruyenaere and Holt 2001),
particularly along the Rio Grande, consuming laggantities of water to support its
rapid growth rate Arundogrows in thick stands, spreads through vegetative
reproduction (Decruyenaere and Holt 2001), andteseareas of high density. This
dense infestation not only consumes vast quantfi@gater, but can also deter the U.S.
Border Patrol’s infrared sensors from detecting emgnt of illegal immigrants across

the Texas-Mexico border (Goolsby 2008b).

Objective and Purpose

The United States Department of Agriculture-Agriatdl Research Service
(USDA-ARS) in Weslaco, Texas is investigating four pasdriterbivorous biological
control agents (i.e., wasp, scale, leaf miner,fgndor these agents’ abilities to
separately and collectively control the spreadmaiiajate the density ohrundq thereby
reducing its water uptake (Goolsby 2007; Goolsky8&). A primary purpose of the
economic research comprising this thesis is tanegé the economic benefits of the
water saved from the reduction in the size, denaitg area infested Byrundo donax
over a 50-year period (2009 through 2058). Intmidito the estimation of benefits, a
comprehensive economic impact analysis for the §éxaver Rio Grande Valley is
calculated for the same time period. Lastly, teeynit life-cycle cost of water saved

(Rister et al. 2008) via the biological control je is derived to facilitate comparisons



with other study estimates of costs of water sdakiesligh Valley irrigation district

rehabilitation projects (e.g., Rister, Lacewelld &turdivant 2007).

In keeping with the scientific method (Howson armdbath 1989), the null hypothesis of
this research is: “The USDAARS biological control program fagkrundodonaxis not
economically feasible.” The corresponding altegrtatpothesis is: “The USDAARS
biological control program foArundo donaxs economically feasible.” The research in
this thesis evaluates this set of hypotheses aodicusion is reached in regards to
either (a) fail to reject the null hypothesis oy (gject the null hypothesis and accept the

alternative hypothesis.

There are additional methods for controPotindg such as using herbicides and
mechanical-removal which could also increase ablglavater in the Basin. The focus
of the research in this thesis is, however, th@ecoc implications of the USDAARS,

Weslaco, Texa#rundobiological control program in the Rio Grande Basin

The economic and financial results derived in thsearch provide the USBARS,

local community leaders, U.S. and Mexico governnudfitials, and others with
information regarding the expected economic besefijpursuing the release of the
biological control agents. The basis of the ecaoastimates is through an anticipated

increase in irrigated acres in the four lower cambf the Texas Lower Rio Grande



Valley. Water saved as a result of redudedindois expected to be used to convert
dryland crop production to irrigated production amelate economic activity and
employment, as irrigation increases crop yields@mdributes to planting additional

acreage with higher-value crops. Potential ben&ditMexico are not considered.

In this thesis, a literature review is presentdbbized by a description of the
methodology used in the construction of the ecoeamalysis modeArunddEcorf.
Results are then presented, followed by sectiomssofission, limitations, and

conclusions to the study.



LITERATURE REVIEW

A wide range of literature has been reviewed tcetigya better understanding of the
parameters surrounding the research. This litexaview includes the biology and
growth of the plant; alternatives of control anebtment forArundoin limited, specific
locations; economic methods used in the field vagive species; and water valuation,

impact, and benefit-cost analyses.

Giant Reed

Arundo donaxs native to the Mediterranean climate (PerdueB),9Baking the Rio
Grande Basin of Texas ideal for establishment apamsion of the plant (Goolsby
2007; Tracy and DelLoach 1999). Itis classifiec &3 grass (Milton 2004), meaning it
is efficient in water use. With the warm, tempereiimate of the Texas Rio Grande
Basin,Arundocan grow throughout the year, with growth slowimghe cooler, winter
months (Dudley 1998). The plant is rooted by aahie which sprouts shoots from
nodes located within the root. In the first yebgmwth, shoots grow primarily in
height. Each shoot also has narrow leaves thagjicam up to two feet long (Dudley
1998), alternating growth on different sides of ptent (Speck and Spatz 2003). After
the first growing season, the shoot becomes ligahifivoody), loses its leaves on the

lower portion of the plant and begins to branchgiiDgenaere and Holt 2001). The



diameter of the plant will ultimately reach a safeone-half to one and one-half inches

(Dudley 1998).

Arundois rooted by a pachymorph (carbohydrate-storihgome (Speck and Spatz
2003), which can grow up to one meter in diamedet! (1997). This particular rhizome
(Figure 1) offers protection from fires and drou@Bbland 2006; Cronk and Fennessy
2001) and contains nodes, from which new shoosusgbDecruyenaere and Holt 2001).
Younger plants are affected by drought, while tlieoplants tend to survive

(Hoshovsky 1986; Perdue 1958).

W= e &Y
Source: Seawright (2009).
Figure 1. Photograph ofArundo donax rhizome in
riparian area of the Rio Grande [River] near
Laredo, Texas



The plant grows in stands, consisting of primaryatk and plagiotropic (horizontal)
shoots (Wijte et al. 2005)Arundohas a seed-headhowever, the seeds are sterile and
reproduction occurs vegetatively from the node&iwithe rhizome and the shoots (Bell
1997). Three forms of vegetative reproduction octtagmentation, layering, and

rhizome reproduction (Boland 2006).

Fragmentationoccurs when a piece of the shoot or rhizome braaky and floats
downstream, where it is then covered by soil arginseto sprout.Layeringoccurs
primarily during periods of flooding in the floo@ze of the river. With heavy rainfall
and a fast-moving river, the shoot bends and fhistihen covered with silt. The node
in the tip begins to sprout in the deposited dmbinning a new plantkRhizome
reproductionoccurs when nodes in the rhizome sprout new sl{Baoiand 2006).
Boland (2006) also measured the rate of lateraesipn and found a large amount of
expansion occurs by layering in periods of heauy oafloods and less so by

fragmentation or through rhizome growth.

The Arundodonaxof the Rio Grande Basin is dominated by one palercgenotype of
the reed (Goolsby and Moran 2009). Finding thes®of the original genotype for

Arundopresent in the Rio Grande Basin is of great istemad useful for identifying

! Phragmites australiss a reed similar térundg but is native to the Rio Grande Basin. These two
species are difficult to distinguish from one amutthowever, small differences can be noted in the
density and size of the plamtrfindogrows in much taller, denser stands tPltagmite$ and the shape
of the seedhead\undds seedhead grows as a straight plume whileagmitesseedhead has a slight
bend to its shape) (Goolsby 2007). Additionafiwindds seedhead is sterile, whihragmiteshas a
fertile seedhead (Wijte et al. 2005; Wijte and &gltler 1996).



potential biological control agents. Scientists emrrently conducting research to
determine the precise origination area of the ggregtand are focusing their efforts on
areas with a climate similar to North America (eSpain). While the source has not yet
been precisely located, different genotypes ohibt&-specific waspl etramesa romana
have been captured and tested to determine thet’misaitability as a biological control

agent in the Rio Grande Basin (Goolsby and Mord920

Arundodonaxis also a serious invasive plant in Californiaysiag damage to
infrastructure, transforming habitats of ripariaaas, and consuming large quantities of
water (Jackson, Katagi, and Loper 2002). Intengbtj theArundoin California is not
the genetic clone found in the Rio Grande Basiramirgy the origin of thé&rundoin the
Rio Grande Basin is different from the origin oétGalifornia stands. Nevertheless,
plant invasive growth characteristics are approxaétyahe same (Goolsby and Moran

2009).

Biology of Arundo donax

The majority of the literature on the biologyAfundoaddresses the vertical growth
rather than the plant’s lateral expansion or grawttiensity. Arundo donaxexhibits
seasonal growth in California, with the growings@abeginning in February and lasting
through October (Wijte et al. 2005); however, giovgt more or less continuous

throughout the entire year in South Texas. Mooavijn is exhibited during the spring



and fall, as might be expected for the temperateatic conditions in this region
(Goolsby 2008a). Studies have also shown thateemtyre affects shoot emergence,
where sprouting occurs at and above approximately degrees Fahrenheit (Spencer
and Ksander 2006). Giant reed can grow at a fe2& mches (0.7 meters) per week
(Hoshovsky 1986), or up to 4 inches (10.2 centinsgfger day (Dudley 1998),
ultimately reaching a height of 18 to 24 feet tseight meters) tall (Bell 1997). The

height of the plant is illustrated in Figure 2.

Source: Sturdivant (2009a).
Figure 2. Photograph of giant reed and
Emily Seawright along the Rio Grande
[River] at Laredo, Texas
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Arundds rapid growth rate is supported by its large congtion of water. The literature
that addresses the water intakédaindo donaxpresents varied results. Th&rtindo
Removal Protocol” (Jackson, Katagi, and Loper 2@@&)es that the plant consumes
3,800 acre-feet of water per 1,000 acres per Year, 3.8 acre-feet of water, per acre,
per year). Bell (1997) identifies a water uptak&28 gallons per standing metef
Arundo donaxper year for California. Iverson (1994) compakesndds water
consumption to consumption amounts for rice of aé2-feet of water per acre per
year. Oakins (2001), Jackson, Katagi, and Lop@02}, and Zembal and Hoffman
(2000) also state giant reed consumes three tinoes water than typical native

vegetation.

The efficient water use &rundoas a C3 grass encourages the fast growth and
competitiveness of the plant, increasing its abititexpand into vulnerable areas.
Certain control methods can actually contributéhinvasive nature of the plant,
wherebyArundo donaxwith its efficient water use and rapid growtherawill out-
compete the native vegetation. Thus, the habittteoriparian area can quickly change
from diverse native vegetation to a monoculturderise stands @&rundo(McGaugh

et al. 2006).

2 Standing meter is interpreted as a square mégtandingArunda Based on the height and density
estimations per hectare and perceptions of existimgs ofArundoreceived from the USDAARS for

the Rio Grande Valley, the interpretation of 528aye per standing meter of biomass mathematically
results in the plant consuming more water thanadigttiows through the Rio Grande. When the data a
interpreted at 528 gallons per square meter ofigigirunda water estimates appear in the same range
as other estimates féwrundowater use (i.e., 3.8 acre-feet (Jackson, Katagi,Lamper 2002), more than
5.5 acre-feet (Watts 2009; Iverson 1994)).
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Control Alternatives

Three primary control methods have been identifieefforts to control the growth and
spread oArundodonax mechanical, chemical, and biological (Jacksortafiaand
Loper 2002). A combination of chemical and mecbaintontrol can also be used as an

effective treatment (Bell 1997).

Mechanical Control

Effective mechanical control involves the physi@hoval of the entire plant, including
the rhizome. This method is labor intensive ampires tools such as chain saws and
shredders. Mechanical control is effective, but lsa extremely expensive, as much as
$5,000 per acre (McGaugh et al. 2006; Bell 1993t)e physical removal of plants

often disrupts the soil and causes excessive erogidditionally, any node-containing
pieces of the plant or rhizome left in the soil Icofurther increase invasions (Bell 1997;
Jackson, Katagi, and Loper 2002). Once the ptarérmoved, the biomass must be
chopped to a one-quarter inch to one inch sizensure the node is destroyed (Jackson,

Katagi, and Loper 2002). To simply mow or chopngieed contributes to its spreading.

Burning is another form of mechanical control; heese it is ineffective and actually
leads to increased expansion of the plant, adlibwi-compete native vegetation in
regrowth (McGaugh et al. 2006). When the platuged, the pachymorphic rhizome

is not destroyed, as it exists for protection frimes and freezes (Boland 2006; Cronk
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and Fennessy 2001). Thus, after a burnAtlumdore-sprouts and spreads, over-taking

land that was previously native vegetation.

Chemical Control

Chemical control represents another popular aretefe method used to control
Arundodonax with a foliar spray using herbicides being thesireffective (Bell 1997).
Glyphosates, such as Rofleare approved for use in close proximity to waied are
most effective when applied during the plant’s neagive growth period, as the
chemical will be transported throughout the plamirty this time. The chemical may
also be applied immediately before the onset ofevjrwhen nutrients are being

transported to the rhizome (Jackson, Katagi, anmet.8002).

Chemical and Mechanical Control Combination

Another effective method @&frundocontrol suggested in the literature is a combamati
of chemical and mechanical control called the “si@m” method. In this method, the

plant is cut and the herbicide is applied diretiilyhe stump within one or two minutes
of being cut. In this time frame, the plant hasyei created a barrier for the wound.

This method is also costly and labor intensive [(B897).

Due to the high cost of mechanical and chemicalrobackson, Katagi, and Loper

2002) and Mexico’s international border concerrardg water quality, the



13

USDA-ARS in Weslaco, Texas has chosen to investigatedia@al control measures
for Arundo donaxGoolsby 2007). The goal of the project is to snadease the insects
in areas along the Rio Grande, as well as itstaies, with the biological control

agents, striving for a self-sustainiAgundocontrol strategy.

The use of biological control for other problematiants has been successful in Texas,
particularly withTamarisk the invasive tree commonly known as saltceddrarlgs

Hart (Professor and Extension Specialist in SteplienTexas) estimates saltcedar uses
three to four acre-feet of water per acre anny8iypercinski 2006). The tree was
originally planted for erosion control along stresaim Texas; however, saltcedar began
to spread (similar t&rundg, out-competing native vegetation and consuminggla

guantities of water (Supercinski 2006).

Several forms of control have been appliedamarisk including herbicides

(e.g., Arsendl) and biological control with the saltcedar leaéthe (Supercinski 2006).
The leaf beetle defoliates the leaves from the foreing the tree to use its stored
carbohydrates to survive. Simultaneously, the tdbliage allows sunlight to
penetrate previously covered ground, encouragiagir of native vegetation (Knutson
2009). According to Hart, the reduction in saltwefilom the use of biological control
and the herbicides has resulted in an estimatedatet saved of two acre-feet of water

per treated acre (Supercinski 2006).
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Investigation of Insects Considered for BiologicaControl of Arundo donax

Applying the biological control concept Arundg four insects are under consideration
by scientists at USDAARS, Weslaco for release into tAeundcinfested areas:
Tetramesa roman@vasp) Rhizaspidiotus donac{scale) Cryptonevra sppfly), and
Lasioptera donacigleafminer) (Goolsby 2008b)Scientists have collaborated and
continue to collect the insects in Spain, whererdgsts believe the genotype for the
Arundoof the Rio Grande Basin is nativeTo avoid the occurrence of any
unexpected/unforeseen consequences of the propadedical control program of
Arundo donaxan extensive and complex research protocol dpedlby USDA-APHIS

has been executed by John Goolsby (2007) with USARS.

The four insects under consideration for the bimalgcontrol program were initially
sent to members of a Technical Advisory Group (TAGhich is responsible for
investigating and researching how each insectimdividually respond to native and
other cultivated vegetation (in the area being whared for the insect’s release). If
deemed appropriate, the TAG presents a petiti@ath country potentially impacted by

the release of the biological agent. In the Un¢ates,an environmental assessment is

® The wasp was recently found living naturallylie California counties of Santa Barbara and Ventura
as well as in selected areas along the Texas Rind@rprior to the introduction of the insect in thst
(Dudley et al. 2007; Goolsby 2008b; Moran and Glowp2009).

* Appendix A contains a complete listing of scist#tiand researchers involved in the researérafdo
donaxand the USDAARS, Weslaco, Texasrundobiological control program.

® This study only analyzes the economics for thit¢ddnStates; therefore, the procedures and pratocol
for the Mexican and Canadian governments are rmottified.
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written and posted on the Federal Register for centimAfter the comment period, the
United States Department of Agriculture-Animal d&lent Health Inspection Services
(USDA-APHIS) may or may not choose to issue a permitdtease of the biological

control agent (USDAAPHIS 2009; Goolsby 2009b).

Insect Information

Tetramesa romandhe non-stinging wasp (Figure 3), has approxingaedne-month

life cycle and is effective at mitigating the nevogth of giant reed by ovipositing eggs
into the shoot of the plant. As the eggs devedagall begins to form in the shoot tips of
Arunda Eventually the larvae (from the egg developmaerdjure to pupae, which
mature into an adult wasp. The new adult wasps ¢ineerge by chewing exit holes in
the shoot (Moran and Goolsby 200®hizaspidiotus donagishe scale (Figure 4), has a

three-month life cycle and attacks the roots aedstieath of the plant (Goolsby 2007).

The fly, Cryptonevra spp.also has a one-month life cycle and is similahtwasp in

the method of control. However, this insect tesdbe older growth rather than the new
growth of the plant. Currently, details of the gunatial role ofLasioptera donacisthe
leafminer, in USDA-ARS’ Arundobiological control program are unknown, as redearc
on this insect is still in its early stages. largticipated this agent will not be introduced

for several years, awaiting stabilization and efficresults for the wasp and the scale.
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That is, the protocols and timing thereof for inlwoing the fly and the leafminer into the

total control program are yet to be determined (&mn02009b).

Source: Seawright (2009).

Figure 3. Photograph of wasp Tetramesa
romana) ovipositing into shoot ofArundo
donax

ﬁ

Arunde scale — Riizaspidiotus donacis

Source: Goolsby (2008).

Figure 4. Photograph of a poster
displaying various images of the
scaleRhizaspidiotus donacis
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The USDA-ARS investigative report (i.e., its TAG petition)the wasp’s potential
impact onArundois complete as of March 2009 (Goolsby 2009b). rapal and
recommendation from both the United States and déaxgovernments for release of
the wasp have been granted (Goolsby 2008b). Timeikr release of the insect was
granted in the spring of 2009 (Goolsby 2009b) dredfirst release of the wasp occurred
on April 29, 2009 (Goolsby 2009d). The TAG petitimr permission to release the
scale has also been submitted as of March 2009¢®02009b); however,
USDA-APHIS has not yet granted the permit. A recommgaddor release of the
scale is also expected by the first week in thengf 2009, and the permit for release is
anticipated by summer 2009 (Goolsby 2009b). Thatid the leafminer are still under
investigation at the quarantine facility on Moorig Base in Mission, Texas (Goolsby

2008b; Goolshby 2009b).

Once permission for release of a specific insestideen granted to the USBPARS, the
mass-rearing protocol of the insect begins. Sigtnare currently working to develop a
diet for the wasp and scale in anticipation of reotendation for release and permit
approval. The release protocol of each agentasiipally designed to insure the

survival and enhanced efficacy of each insect type.

Currently, scientists are planning an air reledseetramesa romanaTo successfully

complete the release, the temperature of the wasptbe lowered to a point whereby
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they are effectively in a “hibernation” state. TWwasps will be released from an airplane
over the target zone, and are expected to thaw misnbefore reaching the ground

(Goolsby 2008c).

The method for releasing the scale is more compli;aas they are unable to fly and
need to be released near the root of the planistefitly, scientists are considering an air
release by placing the scale on pieces of canehwhould then be dropped infsundo
stands from an airplane. Further release of thke smtails planting whole scale-infected

plants into the area to be treated. (Goolsby 202@a3b, 2008c, 2009a).

Regional Arundo donax Effects

Arundo donaxmposes a variety of costs on a region due tgragsvth and expansion
attributes. In addition to the high water consumptate, giant reed is responsible for
changing the landscape of the riparian areas. gidwth of the plant causes a faster,
narrower stream flow, reducing water recreatioml, aitimately, undercutting the banks
of the river (Oakins 2001). When undercutting osclarge stands &rundobreak

away from the bank and float to infrastructure dstrgam, often causing damage to
bridges, roads, and water intake facilities (Dudaiegl. 2007). In addition, the reduction
in native vegetation causes the canopy structudanmish around the stream, as over-
hanging trees no longer exist to provide shade theewater. The reduced canopy

exposes the river to more sunlight and createglahipH level in the water, affecting
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fish and other wildlife native to the area (McGauwgfal. 2006). These changes to the
natural habitat are also an area of concern foetitgngered Ocelot, located in the Big

Bend area (Dudley et al. 2007).

Due to the plant’s highly flammable nature, massikaas oArundoinfestation also
increase the region’s vulnerability to fire (Scb®93; Bell 1993a). Although the stands
of Arundomay be destroyed during a fire, rhizomes remaacinand alive in the soil
(Bell 1997). Sincérundoout-competes native vegetation for water durini los
growth and re-growth phases, a fire further inaesdbe level oArundoinvasion and
damages the natural habitat to a greater extetitB@7; McGaugh et al. 2006; Wijte et

al. 2005).

The high-density levels &rundohave also created difficulty for the U.S. BordetrBl
along the Rio Grande. Infrared sensors are unialdetect body heat within tgundo
stands due to the density and height of the plslidibility of the River’'s banks is
significantly reduced, increasing the danger arlderability of the Border Patrol, as
well as the public in these regions of the RivEhe Department of Homeland Security
has expressed interest, support, and involvemeheinemoval of giant reed from the

River’'s banks (Goolsby 2008b).
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Characteristics of the Texas Lower Rio Grande Vallg

The Rio Grande serves as the border between Texlaglexico. Within its basin is the
Texas Lower Rio Grande Valley, or the Valley, whisltonsidered to be the lower four
Texas counties of Cameron, Hidalgo, Starr, andatfil Irrigated agriculture plays a
significant role in the economy of these countied e@onsumes over 80% of the water
(Stubbs et al. 2003). The Rio Grande is the maimce of water for the Valley and
serves mining, industry, municipal, and irrigatmonstituents, with municipalities

having first rights to the water (Griffin 2006).

The Texas Lower Rio Grande Valley is the fourthidasgrowing metropolitan statistical
area in the nation (U.S. Census Bureau 2000; R@p£8). The rapid population
growth has increased pressure on local and stideatsf for increasing water
availability. The use of biological control @émundo donaxs only one alternative to
providing an increased water supply to the Vall®ther forms of water supply
expansion include improved efficiency of irrigatidistrict delivery systems, use of
groundwater wells, improved water use conservattomjmportation of water, and
desalination of brackish groundwater and sea wéteffin 2006; Rogers 2008; Stubbs

et al. 2003).
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Economic Literature
Several economic concepts, analytical proceduresdata are relevant to this study. Of
importance are invasive species studies, wateatialy agriculture composite acre

development, impact analysis, and per unit cosiyaisa

Invasive Plant Species Studies

The economic literature regarding invasive plamicsgs typically discusses the risk of
potential invasion and the costs associated witiveotional means of control. Olson
and Roy (2002) use the exponential growth functtomodel the growth of invasive
species, and then with stochastic dynamic programgnavaluate different strategies of
control to find the optimal solution. In her 208¢icle titled, “The Role of Resource
Economics in the Control of Invasive Alien PlamsSouth Africa,” Turpie discusses the
different methods used for evaluating the econamacts from invasive species.
Included are methods such as the application eéti@ost analysis, using replacement

costs, estimating opportunity costs, and calculatiosts for prevention and damages.

Water Valuation

In “Economic Values of Freshwater in the Unitedt&d Frederick, VandenBerg, and
Hanson (1996) note the increasing concern for watailability as water demand
increases. The study outlines different methodsviier use valuation, including

contingent valuation for non-market values, crogenvgroduction functions, and the use
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of crop budgets for irrigation values. In the paplee United States is divided into

different water regions, with the Rio Grande bedng of the regions. In this study’s
analysis of the Rio Grande “region,” the averagéeewaalue per acre-foot, across all
uses, was $191, with waste disposal averaging olter drecreation/fish and wildlife

habitat averaging $313, and irrigation averaging. $3

Measuring the value of water is a key issue inrd@téng the economic implications of
saved water. Kaiser and Roumasset (1999) staeviorking paper that water is usually
undervalued and underpriced. Water markets inertresefficiency of pricing water;
however, the actual value of water is still difficto obtain from the market (Griffin
2006; Kaiser and Roumasset 1999). The Valleyigumin that a water market exists
without creating water-right problems or other estor individuals downstream; i.e.,
the region includes the terminus of the Rio Grandensequently, no other users exist
below the water market area (Griffin 2006). Furtligainage is away from the Rio
Grande and to the Gulf of Mexico with the Rivere®ing no return flows, eliminating

third-party effects in other irrigated regions.

Under economic theory, the value of water is meatsbased on a person’s willingness
to pay for the water (Ward and Michelsen 2002)ffdbént methods exist to determine
willingness to pay, such as measuring the changeome from an added unit of water

and measuring changes in crop yields (value) fretraevater. In agriculture, however,
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many variables ultimately influence crop yieldg(echanges in technology, inputs,
weather, etc.). Thus, the value measured for wassralso include other exogenous
variables (Ward and Michelsen 2002). Additionasater is a public good, used by the
entire population; therefore, the valuation mustude social aspects to account for the

impact to the public.

Ward and Michelsen (2002) present a marginal vafueigation water of $27 per acre-
foot for the Middle Rio Grande Conservatory Didtaad an average value of $36 per
acre-foot. El Paso has a marginal value of irragetvater of $95 per acre-foot. The $95
value was calculated during a time of drought amtlides the $80 loss in income from
lack of water. The cost of water used during treught was also added, $15, to obtain

the marginal value of water of $95 (Ward and Miskel 2002).

In the paper, “Alternative Approaches to Estiméaie lmpact of Irrigation Water
Shortages on Rio Grande Valley Agriculture,” Robimg2002) identifies two methods
to valuing water, including the value-of-water aggozh and the historical damages
approach. Under the value-of-water method, a caitgacre is developed using crop
yields per acre, crop prices, and water use tamigte the average direct economic

impact of irrigation water on crop sales.
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Agriculture Composite Acre

Water valuation methods using crop budgets arénewtlin Gibbons (1986) and are
commonly used in agricultural economic analysesherU.S. Army Corps of Engineers
(Lacewell 2008). In Sturdivant et al. (2004), anpmsite acre is developed and applied
to calculate the benefits to agriculture of floahtrol infrastructure along the Rio
Grande. In this study, the composite acre islaaebn of the irrigated and dryland
cropping patterns in the Texas Lower Rio GranddeyalReturns to land are estimated
for a composite dryland acre and returns to lartbveater are identified for an irrigated

composite acre.

Lacewell and Freeman (1990) outline the use ottdmposite acre for crop yields based
on soil composition in the Agricultural Benefitstiasator. Further use of the composite
acre for soil type and the Agricultural Benefitdilstor is documented in Lacewell et

al. (1995), in association with the reports for dggicultural benefits of drainage and
flood-control projects. This study defines the pasite acre as a representative acre of
soil type and crops in the study area. The contpasire includes a weighted proportion
of the differing soil types and allows estimatidraoveighted proportion of yields for
regional crops. The study also uses (a) enterprige budgets to calculate net returns by
crop for the farmer, (b) normalized prices generéigthe United States Department of
Agriculture-Economic Research Service to calcullagebenefits to society and benefit-

cost ratios, and (c) present values discounted’&®4 over 50 years to calculate the
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present value of the benefits to society. Theysalsb takes into account risk and

performs a stochastic analysis to account for uacgy.

Economic Impact Analysis

Economic impact analysis is performed as a metbatktermine how changes in
demand for one industry or economic sector afteeteconomy (Jenson 2001). The
analyses are based on input-output models, or mollal create a “framework” into
which data can be “collected, categorized, andyaedl' (Shaffer, Deller, and
Marcouiller 2004). The input-output model is basedhe supply and demand
relationship for a particular commodity (Deller 200 The structural approach of cause
and effect allows the model to determine the imgp&xthe economy due to changes in

consumption, demand, government policies, etc.f{&h&eller, and Marcouiller 2004).

The concept of using input-output models as a ptiedi measure for an economy’s
response to a “shock” in a sector was developedagsily Leontief in the 1930s
(Shaffer, Deller, Marcouiller 2004). In the pafEstimating the Economic Impact of
Disease on a Local Economy: The Case of Diabet#®ibhower Rio Grande Valley of
Texas,” Estrada, Brown, and Hazarika (2005) exartiiegossible economic impacts
associated with loss of work and wages for indigldwith diabetes in the Lower Rio
Grande Valley. As part of understanding the impatttis paper examines how Leontief

transformed the standard macroeconomic model (kEquat where “Y” is gross
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domestic product, “C” is consumption, “I” is investnt, “G” is government
expenditures, and (X-M) is exports minus importsheflect the impact of exogenous
forces (Equation 2, where “E” is exogenous foraas) the assumption that
consumption is less than income (Equation 3, wheres the average propensity to

consume). This transformation can be seen indb@fing progression of equations.

Equation1l: Y=C+1+G + (X-M)
Equation2: E'=1+G + (X - M)

Equation 3: C =cY

Through further substitutions and rearrangemehésfdrmula containing the multiplier

effect is obtained in Equation 4:

Equation 4: Multiplier = (1-c).

Input-output analyses relies on several crucialmggions in order to generate economic
impact results. Two main assumptions include ¢gamstant returns to scale, indicating
linear production functions, and (b) an equilibristate between inputs used and output

produced (Shaffer, Deller, and Marcouiller 2004).
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IMPLAN in one of several input-output models avhai&afor conducting impact analysis.
The IMPLAN model was developed in the 1970s bylihi®. Forest Service and is now
maintained by Minnesota IMPLAN Group, Inc (Shaffeeller, and Marcouiller 2004).
The model, which includes 509 North American Indu€§tlassification System (NAICS)
sectors, can be used to estimate economic mutspliepicting the economic impact
from a change in a contributing activity or shockrgario. The model uses county-level
data to estimate the direct, indirect, and induogahcts (in the form of multipliers)

from a change in a factor that contributes to tenemy® Additionally, the model
assumes resources are unlimited, i.e., in the mbaak will be able to obtain more
inputs, even if in reality, the inputs are not dadale. The model also assumes the firm
will not change output proportions with the shoahkd that the firm will not make input
product substitutions should fluctuations in inptite occur (Minnesota IMPLAN
Group, Inc. 2004). IMPLAN estimates multipliers Bconomic output, value-added,

and employment for the designated county, regiosiaie.

The economic output multiplier measures the chamgales due to the change in
activity (i.e., increased water) and includes pasds from one sector to another. The
value-added multiplier measures the additionaleétuthe industry or product from

having the change in activity, and the employmeunltiplier measures the number of

® Direct economic impacts include the increaseémae resulting directly from changes in irrigated
agricultural production associated with the savetewfromArundocontrol. Indirect impacts are a
result of economic activity generated from addechaied due to the saved water. Induced impacts are
the economic activity generated from the extra ineageceived by individuals (Minnesota IMPLAN
Group, Inc. 2004).
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jobs associated with the change in activity (Mil@d Armbruster 2003; Coppedge
2003). These multipliers only capture the backwinkhges (i.e., sectors up to and
including the farm level) and do not include fordidinkages (i.e., further processing)

(Minnesota IMPLAN Group Inc. 2004).

Application of the IMPLAN model allows for estimag the change in employment and
economic activity for a county, or any sub-setaimties, up to the state or national level
(Minnesota IMPLAN Group, Inc. 2004). In this thegpre-production processes and
farm-gate economic impact analysis of the poteptiatiuction changes associated with

the water saved b&rundocontrol are estimated using the IMPLAN model.

Per-Unit Cost of Water Conserved

In the “Economic Methodology for South Texas Irtiga Projects-RGIDECOR|”

Rister et al. (2008) documented the methodology tseletermine the cost per acre-foot
of water saved. To determine the cost per acrg-fomuity equivalents were estimated
for both a program’s cost stream and the acreefieetiter saved. Dividing the annuity
equivalent of the cost stream by the annuity edentaof the water saved from the
construction and implementation of the project itlssn the cost per acre-foot of water
saved. The water amounts can also be converte@@® gallon units instead of acre-

feet, and subsequently, the cost per 1,000 gatlanse calculated (Rister et al. 2008).
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Rister et al.’s (2008) methodology is used to estaxcosts per acre-foot of water saved
for several Valley irrigation district rehabilitat projects in the Lower Rio Grande
Valley, with such projects during 2002-2007 desdyteincrease the water supply to the
region. The cost of saving water with rehabildatprojects in the Valley range from
$12-$427 per acre-foot, averaging $45 per acre-f8oich projects include canal lining,
installation of meters and telemetry, and installabf pipelines, among others. These
projects are associated with raw water, i.e., watech has not undergone any
purification treatment. On an individual projegpé basis, water saved by lining
irrigation canals averages $35 per acre-foot, livsgameters and telemetry saves water
for an average of $86 per acre-foot, and instaltiipglines averages $56 per acre-foot

cost of water saved (Sturdivant et al. 2007).

The same methodology has also been adopted anddppkeveral other studies,
including (a) Rogers (2008) in “Economic Costs oh@entional Surface-water
Treatment: A Case Study of the McAllen Northweatikty,” (b) Sturdivant et al.
(forthcoming 2009) in “An Analysis of the Econonaind Financial Life-Cycle Costs of
Reverse-Osmosis Desalination in South Texas: A Gasdy of the Southmost

Facility,” and (c) Boyer (2008) in “Economies ofz8iin Municipal Water Treatment
Technologies: Texas Lower Rio Grande Valley” tcedetine the life-cycle costs
associated with conventional and desalination wadetments. In each of these studies,

the costs per unit of water results are substintiagher than those in studies strictly
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examining raw water, as potable water is used byiomalities for drinking water and
necessarily requires extensive treatment. Thesgadlst per acre-foot of raw water
savings associated with the Valley irrigation déstrehabilitation projects (Sturdivant et
al. 2007) is used as a comparison to the costgerfaot of water saved as a result of

the Arundobiological control program.
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METHODOLOGY

The USDA-ARS, Weslaco, Texadrundo donadbiological control project encompasses
many different disciplines, including teams fromiamnology, genetics, rangeland
ecology, and resource economics (see AppendiXTAat is, many types and sets of data
are used in the robust economic and financial aealgontained in this thesis. Some
data have been thoroughly assimilated and validatbile other data are the best

estimates currently available from professionataeshers involved with this project.

Due to the multi-disciplinary nature and early s&gf this project, a form of the Delphi
technique (Dalkey 1969) is employed to estimatéagedata (e.g., efficacy of biological
control) which are not precisely known. This teigue involves the repeated
interviewing of several experts until a consensugached. Other data, such as the
current acreage infested with giant reed, is baseithe spatial quantification of aerial
photos (Yang 2008) and is not subjected to the idégehnique. Because the
evaluation, release, and effectiveness of the gicéd control agents remain under

investigation, the results presented in this thaesconsidered preliminary.

This research is directed to estimating unimpesleshdoacreage expansion and then
anticipated effects of control, water savings, assbciated economic and financial

implications of the USDAARS, Weslaco, Texa&rundo donaxiological control
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project. Within this scope, several steps areiredun estimating the various economic
and financial impacts of the biological controlsor example, the temporal, unimpeded
expansion of the plant must be approximated, alatiywater use, to establish a
baseline for comparative use in subsequent analysest, the expected control levels

of the biological agents’ effects éiwundoare estimated, with the associated water
savings compared to the baseline. The value ddrttieipated net water savings
assumes the “saved” water is used toward irrigating acreage over a 50-year planning
horizon. Next, a benefit-cost analysis and thenenac and employment impacts of the

water savings are estimated. Finally, the per<wsts of water savings are calculated.

Arundo Attributes and Biological Control Program

The calculation of benefits from tAgundobiological control program to the Texas
Lower Rio Grande Valley requires the modeling atai@ Arundoattributes, such as the
unimpeded rate of expansion (in acres) over titdndditionally, certain processes and
parameters regarding the biological control progemenmodeled over time, e.g.,
biological control protocol and effectiveness. dtiy, Arundds water use, or
consumption, and the amount of net water saveibaible to the use of biological
control agents are modeled. The quantity of wedeed and the calculated value of

water (for agricultural purposes) provide a bagisdtimate expected program benefits.

" The economic impacts are estimated based ornxfleeted efficacy of the biological control program.
Any further research which significantly changeigstists’ anticipated control rates will changeste
associated economic and financial results. Seitgitinalyses on this and other control factors are
included in this thesis to illustrate the possialege of outcomes forthcoming that may be diffefeorh
the current designated expected values for sut¢briac
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Acreage Expansion

An undisturbed baseline scenario with continuoasymal, unimpededrundo donax
plant growth and acreage expansion is estimataewbtiel the amount of water saved
from control ofArundodonax This benchmark idrundogrowth is established by
comparing the number of knowArundoacres in 2002 to estimated 2008 acres (Yang
2008), and then using an inter-temporal expangtato project the number Afundo
acres beyond 2008. That is, uncontrokedndoacreage dynamics are estimated using
a linear growth curve and are based on datrehidoacreage (provided by Yang 2008)

between 2002 and 2008.

USDA scientist Chenghai Yang provided data fomeatedArundoinfested acres on
both the U.S. and Mexico sides of the River aldreg330 miles between San Ignacio
and Lajitas, Texas (Figure 5): 15,715 acres f@228nd 18,072 acres for 2008, with a
total expansion rate of 15% over the six-year fpagod (Yang 2008). Distributing the
growth equally among the years assuming a geonggtrigth rate suggests an annual
growth rate of 2.36%. This yearly rate is adopted and used to lindfarigcast expected
annual growth for each of the 50 years in the planhorizon (2009 through 2058); the
annual forecast acres represent the baseline sceisad to estimate impactsAfundo
control. USDA-ARS scientists estimate that 80% of Arendodonaxinfestation
occurs between San Ignacio and Del Rio, while ¢éneaining 20% of the infestation

occurs between Del Rio and Lajitas (Yang 2008){fed). Recognizing the study area

8 15%=(1+0.0236)1.0, with 6 representing the number of years ofwgh between 2002 and 2008.



34

of the biological control agents for the USBARS project occurs solely in the 170 river
miles between San Ignacio and Del Rio, Texas,ahaysis is limited to the riparian

area of these 170 miles of the Rio Grahde.

Amistad
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Source: Modified from Everitt et al. 2004

Figure 5. Map of the Rio Grande [River] showing tle study
area of the USDA-ARS, Weslaco, Texasrundo donax
biological control program

In 2007, a natural occurrenceétramesa romanéhe wasp, one of the four insects
selected for biological control) was discoveredrigaedo, Texas (Goolsby and Moran
2009), possibly impacting the future expansiodnfndo donax The USDA-ARS

provided an estimate to account for the impachefrtatural wasp infestation at Laredo,

® Any incidental control and benefits realizedhe 860-miles between Del Rio and Lajitas, Texas are
not included in this thesis.
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which is the only location in the project area alied to contain the natural wasp at this
time. The natural-occurring wasp is exhibiting epgmately 5% control against the

giant reed in a restricted section approximately wrile long (Goolsby 2008b).

The total 5% control effect observed in this sutksa of the study area is adopted,
subdivided, and allocated consistently across galehof the 170-mile target control
zone. The natural-control effect is multipliedthg number oArundodonaxacres
between San Ignacio and Del Rio to obtain the eeVadjusted baseline acres used for
the economic analyses. The impact of the natw@lmmence of the wasp, acting alone,

suggests a minimal reduction in acres and/or cbatrArunda

Although the mathematical results in this analydentify water saved from the expected
reduction ofArundo donavacres, actual reduction Afundofrom the biological agents’
release will not likely occur in the form of fewaeres, but rather in the form of a
reduction in the density and height of the plastwall as possibly some modest acreage
reduction from the projected baseline. This stuslys calculated, reduced acres,
however, as a proxy for reductionAnundobiomass. This proxy is an assumption of

convenience for the analysis, and assumes theteaahgesults are comparable to reality.
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Biological Control Protocol

All costs, past and expected, for the biologicaitom program are estimated by
USDA-ARS scientists at Weslaco, Texas. The programwes&l million per year for
the first four years of operation (2007-2010).2011, the annual funding is anticipated
to increase by $1 million per year, until a toth$6 million is reached in 2014.
Subsequently, the program is assumed to begindsiwat- operations, as anticipated
funding decreases to $1.5 million in 2015 and $b@sand in 2016. The program is

scheduled to terminate at the end of 2016 (Go@€IO3h).

Release of the biological control agents is exgetdegin in year 2009 (Year 1 of
treatment/control) and continue through 2014 (Yeeaf treatment/control), with residual
effects of the 2014 treatment occurring in 2015e €xpected amount of biological
control ofArundodue to the release dketramesa romanghe wasp) an&hizaspidiotus
donacis(the scale) along the Rio Grande is directly egldb the available funds. That
is, the number of miles for the biological contaglent application each year are based
on how many river miles the USDARS, WeslacArundoproject can treat with

available funds.

In 2009, the release of the two biological conagénts’ will occur on a one-river-mile

segment oArundoacres at Laredo, Texas, at an estimated costeoimiliion dollars.

19 The initial release of the wasp occurred on Ap8ij 2009 and the release of the scale is expéated
occur during the summer of 2009 (Goolsby 2009dthadugh these releases begin at different times, th
impact of the insects is calculated as if the itssa@re released simultaneously; thus, the compognd
effect occurs in the calculations more quickly ttikaly to occur in reality.
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This area is targeted specifically by the Departnoéiiomeland Security and is an area
in which control is a priority due to safety conteif Border Patrol agents (Goolsby
2008b). After Year 1, five years of increased fagdare expected for the program, with
169 miles remaining to be treated. To calculageniimber of miles controlled per year
during the remaining five years of the release @og(2010-2014), an arithmetic
progression (3 is used (Equation 5). Equation 6 uses the redwin Equation 5 to
detail the calculation of the proportion Afundomiles treated during each of years 2

through 5 of the program:
Equation 5: S5=) i=1+2+ 3+ 4+ 5= 15, and

5
i=1

Year Count of Program 1
S :

Equation 6: Control Factor for Year=

The program is projected, therefore, to treat orle im Year 1, 11.27 miles in Year 2,
22.53 miles in Year 3, 33.80 miles in Year 4, 451tiles in Year 5, and 56.33 miles in

Year 6 (Table 1).
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Table 1. Implementation Schedule foArundo donax Biological Control
Program in the 170-Mile Reach of the Rio Grande [Rier] Between San Ignacio
and Del Rio, Texas, 2009-2014

Beginning Treated/ Remaining

Untreated Year of Control Controlled Untreated
Year Miles Program (i) Factof Miles Miles
2009 170.00 1 1.00 169.00
2010 169.00 2 0.07 11.27 157.73
2011 157.73 3 0.13 22.53 135.20
2012 135.20 4 0.20 33.80 101.40
2013 101.40 5 0.27 45.07 56.33
2014 56.33 6 0.33 56.33 0.00
Total 1.00 170.00

& The numerator is the year of the program minwsand the denominator is

85:25: i=1+2+3+ 4+ 5= 15
i=1

Control Effectiveness
After estimating the area of control, the efficadyhe insects (i.e., control effectiveness)
is estimated. The anticipated potential effectessnof the proposed wasp and scale
biological control program is needed to determhreedamount and associated value of the
expected water savings (expressed in acre-feed@lats), as well as the potential
economic impacts of the saved water to the Lower®iande Valley. Certainly, crop
prices, weather conditions, and other related faatdluence the results, but the central
focus of this research is on the value of wateedalue to the release of the insects.
Results of several sensitivity analyses are regddexamine the effects of deviations

from the control assumptions of the modeling frarmeuused.
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Since at the time of this research the projectilisrs preliminary stages and the
biological control agents have not yet been rel@ad&SDA-ARS, Weslaco, Texas
scientists provided estimates of the biologicalnggjesfficacy for control. The estimates
are based on (a) results observed in the quardattilgy at Moore Air Base in Mission,
Texas, where the insects are under investigatidn(lanobservations in Spain, where the
agents are well established in native standsrohdo donaXMoran and Goolsby 2009).
Based on observed success in the quarantine iegilihe USDAARS scientists
estimate the treated acres within the specifie@ zaitl experience 45% control during
the first year of treatment, followed by 22% residcontrol from the section’s original
release in the subsequent year, for a total of 6@@trol over two years. Thereatter,

steady state conditions are assumed.

Annual average acres Afundo donaxper mile are determined by dividing the adjusted
total (i.e., 80% of the total 530 miles) untreatefiested acres between San Ignacio and
Del Rio by the total remaining untreated river mi{e the 170-mile stretch) as shown in
Equation 7, with “i” representing the respectivalyeAcres ofArundoper mile are then
multiplied by the number of miles treated in a giyear “i” (Equation 8). This
calculation results in the number of acres to wizichtrol is applied, or the annual
treated acres. These treated acres are multipji¢lde pertinent annual rate of control,
with “)” representing either the first or seconday®f control for a specific release set of

agents (Equation 9).
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Total Untreated Infested Acres

Equation 7: - - = Acres per Mile
Untreated Miles of 170 Mile Stretch

Equation 8: Acres per Milé Miles Treated= Annual Treated Acres

Equation 9: Annual Treated AcresControl Rate- Acres Controlleg

The assumption of two years for the realizatiothefwasp’s and scale’s control effects
on Arundofollows the plant’s life cycle, as shoots from flant are perennial, and reach
mature height within the first year of growth (Ree@nd Kreager 1989) and becomes
lignified as the first growing season ends andidaljins (Decruyenaere and Holt 2001),
(i.e., the shoot reaches maturity in one to twag)ealhe scale attacks the root and
sheath of the plant, while the wasp attacks thetstwod new growth (Goolsby 2007);
thus, the combined potential control effects angeeked to be realized during a two-year
treatment time frame. The assumed total 67% cbréte also relates to regions of the
world whereArundostands have experienced the emergence of herlivotyol (e.g.,
insects, aphids, etc., mitigating the growth ofplant) that evolved to maintain the plant
at about 1/3, or 33%, of its potential (Goolsby 80 By the third year, mostly new
growth will occur, creating ideal conditions foetlwasp to thrive and be effective in
mitigating Arundostands without requiring additional releases thpreviously-

treated zone, while the scale will continue tocktdne old growtH?!

1 These control estimates account for control i ilee wasp and scale simultaneously. Approval for
the other two proposed insects (i.e., the fly dredi¢éafminer) have not yet been granted, as the
USDA-ARS, Weslaco, Texas has not yet completed the tigedi®n of the insects. Consequently, the
potential effect of the fly and the leafminer acg aonsidered in this thesis research.
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Potential Water Saved

The planned area of treatment will occur betweenstad Reservoir (at Del Rio) and
Falcon Reservoir (south of Laredo) (Figure 5). Awater saved above Amistad
Reservoir and between Amistad Reservoir and FaRaservoir is, in effect, water that
does not have to be released from Amistad ResegfRaiinstein 2008). Amistad
Reservoir is twice as efficient as the Falcon Resem terms of water retention (i.e.,
less seepage and evaporation). Therefore, waséonsd at Amistad Reservoir and only
released to Falcon Reservoir when required to meetter request from downstream.
Thus, any added water froArundocontrol downstream from Amistad Reservoir allows
for water to remain in Amistad Reservoir longedueing the Falcon Reservoir losses
(occurring via evaporation and seepage), suggealtirigaved" water as a result of
Arundocontrol is available and will not be lost to copaece or percolation as these
losses already occur (Rubinstein 2008). Thatng,naarginal water gained in addition to
water currently present in the river system is agred a 100 percent gain to the system

(Rubinstein 2008).

As stated earlier, this study uses a simplifyinguagption that 67% control of the size
and density of the plant is equivalent to redudotgl acreage by 67%. The annual

difference between the untreated baseline acreaggisn and the reduced treatment
acres is calculated to obtain the numbefAfndoacres prevented through the use of

biological control agents. The cumulative numlfes@es prevented each year are
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multiplied by the amount chrundowater use per acre to obtain the annual amount of
water saved. The level 8ffundowater consumption reported in the literature igliapol

to the estimate of reduced acreage of giant repdoject the gross amount of potential
water saved as a result of the biological controgpam. Water use and regrowth by
native replacement vegetation must also be coresigl@owever, to realize a net estimate

of water savings.

Regrowth of native vegetation is assumed to octtireasame rate asundois reduced,
i.e., native vegetation reemerges simultaneoudly Aiundds mitigation*? Although
water may be saved with the reductiorAofindg emerging native riparian vegetation
will use an estimated amount of water equivalemtrte-third (33%) of that used by
Arundo(Oakins 2001). This suggests a water savingslgftavo-thirds the original
Arundowater use on the acres of confrblOf this remaining two-thirds (67%) amount
of water saved from the reductionAfundoafter accounting for native vegetation water

uptake, 50% belongs to Mexico and 50% to the WR8b(nstein 2008). Thus, only one-

2 The simultaneous reductionAmundowith native vegetation re-emergence is a conseesat
assumption, as a lag in regrowth is likely, i.be amount of saved water identified in this redeanay
be a slight underestimate of the total net wateeda

13 This research assumes that water savings fromethetion in the number éfrundoacres is equal to
water savings from the reductionAnundds size and density.
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third (33%) of the gross water saved is net wadged that can be used for irrigation by

farmers in the Rio Grande Valléy.

Figure 6 is an illustration of the Rio Grande wdlew acknowledgingArundds current
consumption of 4.37 acre-feet per acre of infestatvith a visual focus on the expected
effects of the biological control program. Theuasption of 67% control oArundo

leads to water saved of 67% of the 4.37 acre-fébe revised use of this 67% water
saved is a distribution froirundoto (a) replacement, native vegetation, (b) Mexico,
and (c) U.S. (Texas) irrigated agriculture. Consadly, added, effective value for the
U.S. is realized for only 2/9 of the original 4.8@re-feet consumed per acreAotindg

i.e., two-thirds total savings multiplied by onenus the 1/3 amount consumed by native
vegetation (2/3 * 2/3 = 4/9), with that amount died equally between the U.S. and
Mexico (Figure 6). Under the assumption of thigdgt theArundoacres are reduced by
2/3's, hence 1/3 of the baseline acres remafitunda Replacement native vegetation
is assumed to emerge in the acres clearédwidoand use 1/3 of the originArundo
water uptake for the area. Thus, the estimatébPthe original 4.37 acre-feet of
water consumed b&rundois available for irrigated agriculture in the TeXxaower Rio

Grande Valley.

4 The valuation of water for use on irrigated cragpbased on the criteria that municipalities ia #nea
have a priority for water supply and are alreadyeiéing the amount they need, i.e., they recenss fi
priority to ensure sufficient supplies exist to tintheir needs. As a result, all additional wasadized
through the mitigation oArundo donaxs assumed to be used in irrigated agricultureamts value to
crops. Farmers will convert some dryland crop swodrrigated crop acres, as irrigated crops glpic
lead to higher yields and greater income, resuitingositive returns to water.
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According to Leidner (2009), an average of 577,88&-feet of water are diverted each
year to irrigation districts for Cameron, Hidal@iarr, Willacy, and Zapata counties.
The current 14,453 acres Afundoin the 170-mile reach of the Rio Grande between
San Ignacio and Del Rio, Texas, consumes an anoduvater equivalent to 10.93% of
the irrigation water used by Valley irrigation dists, assuming\rundds annual 4.37

acre-feet per acre water consumption.

Economic Analysis

The focus of this study is the economic and finahnionplications of the USDAARS,
Weslaco, Texas biological control programAmindo donaxn the Rio Grande Basin.
Because the net water saved is assumed to beasenidase irrigated acreage and
convert some dryland agricultural acreage to itegagricultural crops, a crop
enterprise budget is a major building block of éesenomic analysis. Based on historical
acres of each crop, a composite acre is develapesflect the average aggregate effects
of additional irrigated acreage, accounting fornatawns in water intake and profitability

across the different crops.

A composite acre is developed for both low- andhhiglue marginal crops to determine
the net returns to water, using both market anchabred prices? These values are

used in conjunction with the baseline model devedbfor Arundoexpansion to

15 Market prices are determined by voluntary trading market economy (Tietenberg 2006).
Normalized prices smooth seasonal price variatioredch commodity (USDA 2009) and remove any
price impact due to government farm programs/subsidThese prices are typically used in deterrginin
the social benefits for agricultural projects (USRB09; Miller 1980).
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calculate the market benefits at the farm leve,ldanefits to society, and the benefit-
cost, sensitivity, and economic impact analysdse dost of the biological control
program is compared to the amount of water saveetiwe the per-unit cost of water

saved.

Mexico is also participating in a biological coritppogram for giant reed, similar to the
United States, and will eventually be releasingdbtrol agents on the Mexican side of
the Rio Grande (Goolsby 2009a). Any benefits ptedito Mexico from either the
Mexico biological control program or the U.S. bigical control program (including

(a) any “U.S.” insects spreading to Mexico, andtfi®) value of saved water allotted to
Mexico from the U.S. reduction lirundoacres) are not accounted for in this analysis.
Likewise, any benefits provided to the U.S. fromxide’s insects spreading to the U.S.
are not included in this research. Since the amabccounts for a reduction of giant
reed on both sides of the Rio Grande, the benaffitise USDA biological control
program from the reduction ilsrundo donavare conservatively underestimated in this

thesis research.

Crop Enterprise Budgets
Crop enterprise budgets are developed for spewibigs by the Texas AgriLife
Extension Service (AgriLife Extension) for sevemdions across Texas. The budgets

include the crops’ expected average market prigekls, inputs, and input costs, and are
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used to assist farmers in planning for an upcorgnogving season. In this study, the
2007 crop enterprise budgets for Texas Regidhdr2 used to aid in the determination
of returns to water for the region (Texas AgriLiigtension Service 2007). When
determining the value of the saved water, two gktsop prices are used: (a) current
expected prices received by farmers, and (b) nozetabrices (U.S. Water Resources
Council 1983; Griffin 2006), which are developedatount for significant price
fluctuations in the short term (Roberts 2007), afl as for removing the effects of

federal government farm programs.

Composite Acre Development

The most current available data on the numberanftpt acres and the appropriate 2007
Region 12 AgriLife Extension crop enterprise budgee used to develop a composite
acre for (a) dryland, and both (b) low- and (c)rhhiglue marginal crops. A composite
acre is a representative acre comprised of thecéisp proportionate composition of
different crops in a certain region (Lacewell et1®195). The artificially-engineered,
representative acre includes the appropriate peatexach crop that occurs in the study
area. National Agriculture Statistics Service (NABSDA 2008a, 2008b) data for
planted acres are averaged for the years ranging 2000-2007 for each crop.
Exceptions occur with vegetables and citrus, howevbkere only the 2002 census data

are available, and sugarcane, where only 2000-B@6/sted acres data are available.

16 Region 12 includes the counties of Atascosa, BspGameron, Dimmitt, Duval,, Frio, Hidalgo, Jim
Hogg, Jim Wells, Kenedy, Kleberg, La Salle, LivekQlaverick, McMullen, Starr, Webb, Willacy,
Zapata, and Zavala (Texas AgriLife Extension Ser?007).
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A composite acre for dryland crops in the Vallegétermined by obtaining weights for
the two predominant dryland crops for which Texagsiltife Extension 2007 enterprise
crop budgets are available: cotton and sorghunu(€ig). The construction of this
dryland composite acre is accomplished by dividimgnumber of planted acres for each
crop by the total of both crops’ acreage. Oncedlgroportionate weights are
calculated, the weight for each crop is multiplbdits respective net returns to land,
which are identified using the Texas AgriLife Ex¢@n Service 2007 crop enterprise
budgets for cotton and sorghum. These weightdddainounts are then added to

obtain the net returns to land for the dryland cosie acre.

Dryland Composite Crop Acre

Cotton
31%

69%

Source: Developed with Data from USBRASS 2008a.
Figure 7. Crop proportions for the dryland composte acre for the Lower
Rio Grande Valley, 2007
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To facilitate estimating a range of potential bésefwo irrigated-crop composite acre
budgets are also established: (a) those with velgtlow-marginal returns, such as
cotton?’ corn, and sorghum (Figure 8), and (b) those wigh+marginal returns such as

citrus and vegetables in addition to cotton, cang sorghum, as shown in Figure 9.

The estimate of benefits based solely on low-maigieturn crops presumes a short-run
perspective in which the irrigation water demanflsigh-marginal return crops are
already satisfied in terms of water usage; as aeguence, additional supplies of
“created” water will be used on lower-valued cropdternatively, the estimate based on
a composite acre including high-marginal returrpsrmay represent a longer-term
scenario in which the existing acreage of highergimal value crops might increase
based on market conditions. Since acreage idiffio determine for individual crops
in the citrus and vegetable category, the budgetsaater use for grapefruit are used as
a proxy for all citrus, and similar information fonions is used as a proxy for all

vegetable¥ (Sturdivant et al. 2004).

7 The Texas AgriLife Extension Service 2007 crogdmet for cotton identified cotton lint and cotton
seed prices separately. When researching the finethgrice for cotton seed, the market price
appeared lower than the normalized price. Sinemalized prices remove any government subsidies
and smooth out the pricing over time, the normadliggce for cotton seed is used in calculating the
market gross revenues for this commodity.

'8 Onion farmers receive highly-variable prices loase year and quality (Sturdivant 2009b). Prices
were favorable in 2007, suggesting the price obsi and thus, the price of vegetables used in this
research may be overvalued for a typical year. ¢él@n, vegetables are a relatively small propontibn
the composite acre (i.e., 8%), suggesting anydsaeciated with the 2007 vegetable price is slight.
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Low-Marginal-Value Irrigated Composite Crop Acre

Corn
23%

Cotton
26%

Sorghum
51%

Source: Developed with Data from USBIWASS 2008a.
Figure 8. Crop proportions for the low-marginal-value irrigated
composite acre for the Lower Rio Grande Valley, 200

The Texas AgriLife Extension Service 2007 crop leid@re also used to obtain the
market prices for citrus (grapefruits) and vegedalibnions). The current market value
for sugarcane is obtained from the September 2@@8msent of fiscal operations for the

Rio Grande Valley Sugar Growers, Inc.
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High-Marginal-Value Irrigated Composite Crop Acre

Corn
16%

Sugar Cane
14%

Vegetables — Cotton
8% ( o

35%

Source: Developed with Data from USBKWASS 2008a; 2008b.
Figure 9. Crop proportions for the high-marginal-value
composite acre for the Lower Rio Grande Valley, 200

Additionally, net returns obtained from the irrigdtcrop budgets are used to calculate
net returns to land and water, as only water dgligests (not the cost of water itself) are
subtracted from the gross revenue in the Texad Agrtxtension Service budgets.
Since there are no statistics available on the murobplanted acres differentiated
according to types of farming practices (i.e., cartional versus reduced till), a simple
average of the net returns to land and water utatked across these different tillage

practices on each applicable crop.

Consideration of the amount (i.e., acre-feet) ofewased per respective composite

irrigated acre facilitates determining a range @fpnit values of water used for
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irrigation. The difference in net returns betwdes two scenarios of composite irrigated
acres (low-value versus high-value) and the cont@alsyland acre situation represent
per-acre returns to water. To estimate an uppendof the per-unit (acre-foot) returns
to water, the returns to the dryland composite aoeesubtracted from the returns to land
and water for the high-value irrigated compositeeaand the result is divided by the
weighted water use (acre-feet) on the high-valugated composite acre. The same
process is followed for obtaining the lower bouasing information for the irrigated

composite acre for crops with lower net marginames.

Associated with the control @rundois an expected increase in irrigated acres tleat ar
converted from dryland production in the definagdgtarea. Such acreage conversion
suggests increased yields and values of producfitee. initial estimate of the value of
Arundocontrol is based on the increase in returns dtlegtancreased availability of
irrigated water over a 50-year planning horizoe.{i2009 through 2058). This net value
is estimated annually, accounting for the incregsiegree oArundoacreage mitigation

through time as a result of the biological conpagram.

Cost of Biological Control Protocol
The cost of the USDAARS, Weslaco, Texas biological control program Ineiga2007
at $1 million for the year. Since the nature & dontrol protocol is dependent upon the

amount of money available, the expected availatteial budget is used to calculate the
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number of river miles treated per year during tregpam’s development and
implementation. The available annual budget iseetgxl to remain constant at

$1 million until 2011, when the annual funds inaedy $1 million successively through
2014, until $5 million is reached. In 2015, plams for the program to begin phasing
out, with the annual budget expected to be redte&d.5 million, and then to $500,000
in 2016, the final year of the program. The présafue of the total budget for the
program during 2007-2016 is inflated by 2.043% ¢fears 2007 and 2008) and

discounted by 6.125% (for years 2010-2016) to 208lars.

Direct Economic Impact

Since Rio Grande Valley Basin municipalities havegal first priority for water and
receive sufficient water to meet their needs (@ri#006), any increase in Rio Grande
water is logically used for irrigation; i.e., agilture is the residual beneficiary of any
increases in water supplies. To determine thetingpact of the saved water from the
control ofArundo donaxthe value of water in irrigation is used as thprapriate

measure of benefits.

The values for the low- and high-marginal valuegated crop composite acres
calculated with market prices are used to estitealirect impact of additional water
available to Valley farmers. By multiplying thelva of water for low- and high-value

crops by the water saved in acre-feet, a rangthévalue of saved water to the Valley is
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obtained. The results are an estimate of the tda@momic impact to the Rio Grande
Valley farmers in association with the water saslad to the effectiveness of the
biological control agentS. These calculations are repeated for each yearsévgears,
2009 through 2058. An annual inflation rate o43% (Rister et al. 2008) is used to
obtain the nominal value of dollars for each yeline nominal values are then
discounted by 6.125% to obtain the value of theedavater in 2009 dollars (Rister et al.
2008). The summation over 50 years of each y¢atid$ value of saved water calculated
with the low-marginal values represents the lowarra of the present value of saved
water to the Valley over 50 years. The summatier &0 years of each year’s total
value for saved water calculated with the high-rredgvalue of water represents the

upper bound of the present value for saved watdrad/alley.

Benefit-Cost Analysis

For an evaluation of the value to society of thisgoam, the benefit-cost ratio is often
used (U.S. Water Resources Council 1983). Bermfé®stimated using normalized
crop prices rather than market prices, as norndijzees remove the impacts from
federal government farm program subsidies and dmmatt short term price fluctuation
(Miller 1980). To estimate total social benefitsg normalized prices for corn, cotton,
and sorghum obtained from the USBRconomic Research Service (Roberts 2007) are

applied, while the market prices for vegetables@trds are based on the crop enterprise

19 Each acre-foot of water saved from the reduatibhrundois water that can be used for irrigated

crops. The net value for each acre-foot of wedged using normalized prices indicates a totalevalu
water saved, based on the potential returns toefiarmith irrigated crops from the increase in water
supply, net of the dryland composite acre value.
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budgets and are used as the normalized priceqyo.éederal government farm program

subsidies exist for vegetables and citrus (Tahle 2)

The normalized price for sugarcane reported ind8®A—-ERS publication of the 2007
normalized prices is reported as boxes of sugaresee for sugar. The implication of
this definition is that the normalized price exterkyond the farm gate and includes the
price received by the mill for refined sugar (iiagludes processing returns). The
market price for sugarcane from the Texas AgriEfgension Service crop budgets only
includes the price of sugarcane received at thre favel; thus, the price of sugarcane on
the crop budget from Texas AgriLife Extension Seevis much lower than the
normalized price from the USDARS. The inconsistency between these two numbers
is accounted for (i.e., corrected) by taking a $exgverage of the ratios of normalized
prices to market prices for other commodities,(cern, cotton, and sorghum), and
multiplying the market price for sugarcane by th&glated ratio of 0.81. The result is

the calculated normalized price for sugarcane uséus study.
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Table 2. Market and Normalized Crop Prices for theTexas Rio Grande Valley
and the State of Texas, respectively, 2007

Commodity Unit Market Prices Normalized Prices
Corn bushel $ 3.25 $ 256
Cotton Lint Ib $ 0.55 $ 043
Cotton Seetl ton $ 105.45 $ 105.45
Sorghum cwt $ 4.80 $ 415
Citrus ton $ 88.88 $ 88.88
Vegetable$ sack $ 8.00 $ 8.00
Sugarcane ton $ 26.69 $ 21.62

& Market prices are obtained from the 2007 Texasl¥g Extension Service Enterprise Crop Budgets.
Normalized Prices are obtained from the 2007 US@hsite of normalized prices for the State of
Texas. The Texas Rio Grande Valley includes thefdour Texas counties of Cameron, Hidaldo,
Starr, and Willacy.

® The market price listed for cotton seed in théléyawas lower than the normalized price for cotton
seed. Since normalized prices smooth the pricestowe and remove government subsidies, the
market price is assumed to be equivalent to thmalired price.

¢ Grapefruit is used as the proxy for all citrésdditionally, no government subsidies exist forus,
thus, the normalized price is equivalent to thekagprice.

4 Onion prices are used at the proxy for vegetagiliees in the Valley. Since no government program
exist for vegetables, the market price is equiviaiethe normalized price.

¢ The normalized price obtained from the USDA's sithappeared higher than the market price used
to calculate the crop budgets. Since governmebgigies exist for sugarcane, the normalized price
should have been lower. In this case, the mankeg for sugar is obtained from the Rio Grande &all
Sugar Growers, Inc.
The process for calculating the value of watergmee-foot using modified returns to
water (normalized prices) is used to determinevtiiees for both low- and high-value
composite acres. The normalized composite acreesare multiplied by the number of

acre-feet of water saved from the use of the biokdgontrol agents to determine the

value to society of the saved water from the bimalgcontrol program. The annual
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costs of the beneficial-insect control program andual benefits are inflated at 2.043%
and then discounted at 6.125% discount rate talzdkethe present value of benefits and

costs (Rister et al. 2008).

The society values based on normalized crop papesised in developing the benefit-
cost analysis of the project for the Rio Grandeii®a3he present value of benefits to
society over 50 years is divided by the preseniezalf the social costs over 50 years to
calculate the benefit-cost ratio. This ratio refifethe dollars of benefits per dollar of
public expenditure. A benefit-cost ratio exceedangplue of one indicates benefits

exceed costs to society (Griffin 2006).

Sensitivity Analyses

Sensitivity analyses are performed to account fmeuainty related to key data input
variables used in the analyses. Sensitivity daibes are created where two variables are
varied in the scenario holding all other varialdeastant (Walkenbach 2007). These
tables provide a more robust set of outcomes wlgdtrebdecision maker and

stakeholders are more informed as to the possibiges of benefits.

Sensitivity data tables for the present valueugéigrequivalent, and benefit-cost ratio
are calculated using low- and high-marginal valoeposite acres, in whiohrundo
water use and the control effectiveness of thenaragare varied. Five additional

sensitivity scenarios are investigated in whichindowater use is varied while the
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(a) Arundoexpansion rate, (b) natural vegetation water (t©3ejalue of water, or
(d) costs of the program are simultaneously vaaethe second variable, respectively,
using the low-marginal value composite acre. Sitgianalyses are only performed

for the regional benefits, i.e., state benefitsrareevaluated.

Background for Economic Impact Analysis

Economic impacts across the Texas Lower Rio Grafadley, in terms of added
economic activity and employment due to the prei@&aved water, are estimated using
the IMPLAN model, Version 2.0 (2006 data). The mlad built around the North
American Industry Classification System (NAICS) axmhtains 509 sectors of the
economy (U.S. Census Bureau 2009). This modelrgagemultipliers to estimate
increased economic activity and employment resgiftiom an increase or change in
gross revenue, by economic secfoMultipliers can be developed for a county, aoegi
such as the Lower Rio Grande Valley, a state, haentire United States. The
IMPLAN (input-output) approach to estimating econoimpact (using multipliers)
facilitates measuring the consequences (includargefits) of existing and potential

activities (Coppedge and Youmans 1970).

Three types of multipliers are used in this studgr®mic output, value-added, and

employment multipliers-each multiplier consistinglwree components: (a) direct

2 The sectors used in this study include: (a) gréanming (used for both corn and sorghum), (bjorot
farming, (c) fruit farming, (d) vegetable and mefarming, and (e) sugarcane and sugar beet farming.
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impacts, (b) indirect impacts, and (c) and induiceplacts. Recalling from the literature

review section, the multipliers used in the IMPLANdel only measure the impact up

to and including the farm level (i.e., backwardbges). Additionally, an understanding

of certain terms is critical for realizing the ingations of the economic impact results.

Definitions for Each Multiplier Type

Economic output- The total value of goods and services (produagtiny industry,
including purchases received from one sector téhemo Output multipliers measure
the change in sales of goods and services throaghe@conomy resulting from an
economic activity, or event (change in final demjand

Value added- A measure of income including employee compeoisaproprietor
income, other property income, and indirect businages. Value added can also be
measured as an industry's gross output, less ticbgse of intermediate inputs (from
other sectors). As such, value added for an imgissits contribution to gross
domestic product (GDP). Value added multipliersasue the change in value
added resulting from an economic activity, or eehtinge final demand).
Employment - The number of jobs, full-time and part time,ibgtustry.

Employment multipliers measure the change in thabr of jobs per million dollars

of output.
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Definitions for Components of Multipliers

» Direct impact - changes to “expenditures and/or production \&aBpecified as direct
final demand changes” (Minnesota IMPLAN Group, 1B8804), e.qg., irrigated and
dryland farming, resulting directly from the addital water availability.

* Indirect impact - impacts to the study area associated with inpaustries (e.g.,
fertilizer companies experiencing increased busifiesn the farmers).

* Induced impacts- impacts associated with the wage increase amadepg from the

increased business to these industries (MillerAamebruster 2003).

Specifics for Economic Impact Analysis

Market prices for crops are used to generate thesgievenues for each crop and to
estimate the employment and economic activity intgaxthe region due to theundo
biological control program. The irrigated compestre for low- and high-value crops
generates an increase in total revenue value (gedss) for each assumed level of saved
water value, respectively. Similarly, a compositgand (non-irrigated) acre for

agriculture represents reduced total revenue asthe shifts to irrigated production.

The resulting net water saved is allocated to égaited composite acre based on
specific crop irrigation water usage levels spedifin the Texas AgriLife Extension
Service 2007 crop enterprise budgets for the re@ieras AgriLife Extension Service

2007). Dividing the total volume of water savedthg composite acre water use (low-
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and high-marginal-value composite acres, respdgjivesults in the number of

converted acres from dryland to low- or high-maadjwalue irrigated agriculture,
respectively. The converted acres are multipligthle proportionate crop percentage in
the respective composite acre to obtain the numibacres converted from dryland to
each particular crop. The change in the numbacuds for the respective crops
according to their proportional representatiorhia tomposite acre results in a change in

gross revenue for each crop.

The net change (increase) in gross revenue assdeigih the additional irrigated
acreage above the gross revenue for the replagkthdracres provides an estimate of
the net increase in gross returns attributableé@tundocontrol program. The change
in gross revenue is estimated for each year ob@hgear projection period (2009
through 2058), during which there is increasftigndocontrol and hence, greater
annual benefits to be realized over time. Thischainge in gross revenues is divided by
the 2007 deflation factor in IMPLAN to deflate th@07 value to 2006 dollars, as 2006

input data are used in the IMPLAN model.

The deflated change in gross revenues is multifdiedppropriate multipliers within
IMPLAN to generate the marginal employment and ecaic activity effects of the
program. Since more water is saved each yead(isanal Arundoacreage is
mitigated), more acres will switch from drylanditiegated crops each year, creating

different annual gross revenues and different dnex@nomic impacts to the region.
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Per Unit Life-Cycle Costs of Saved Water

The per-unit life-cycle cost of saved water is aidted to have a life-cycle cost value
which is comparable to life-cycle costs for othesgrams that add water to the region’s
supply (e.g., conservation and desalination progrased in the Texas Lower Rio
Grande Valley). These calculations are performeditiding the annuity equivalent of
program costs by the annuity equivalent of the msa@ed. To obtain this value, the
total nominal cost of the program is discounte@@09 dollars by 6.125% (Rister et al.
2008). Additionally, cumulative water (acre-festdiscounted at the social discount
rate of 4.00%. The annuity equivalent (value pmryfor both dollars and water is
calculated over the 50-year planning horizon ugiggation 1! The values are then
divided, obtaining the per-unit life-cycle costsaving water via the biological control

programz?

Present Value of Dollars

(1—(1+ Standard Discount Réfé"a"”i”g HO”W)
Standard Discount Rate

Equation 10:

Life —Cycle Cost=

Present Value of Water Saved

(1— (1+ Social Discount Ra)'ep|anning Horizy
S

ocial Discount Rat

2L As noted in Rogers et al. (forthcoming 2009), ‘@muity equivalent (or ‘annualized life-cycle cpst
converts the NPV of costs for one plant, over #sful life, into a per-unit amount which assumes an
infinite series of purchasing and operating simiknts into perpetuity. Reference Barry, Hopking

Baker (1983, p. 187) and Penson and Lins (19887 pfor clarification of this concept and examgles.

2 The water saved is raw water and does not indlugleost of water delivery for irrigation at trarh
level or water processing.
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In the following section, the methods and assummgtibescribed above are applied to
determine the economic implications of #eindocontrol program. For several

estimates, ranges are provided to account for taingy related to prices, effects,

biology, etc.
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RESULTS

Programs such as t@eundobiological control project are complex and canéhtar-
reaching implications. There are many factorsoiesader and any projections into the
future are subject to economic, environmental, @olty changes. Therefore, this is a
presentation of the “best” estimate of economitdiecand related implications available
at this point in the program. To date, the expeodsults indicate positive returns and a
positive impact to the Texas Lower Rio Grande Maifeassociation with controlling
giant reed. The results can be refined with theelbped modelArunddEcor?, as

improved input data become available.

Arundo Infestation Level

The estimates of 15,715 acres of Rio Grande ripanzaded byArundoin 2002 and
18,072 acres in 2008 (Yang 2008) are based on USRS aerial photos. Given these
values, the linear geometric (compounded) annyadmesion rate aArundois 2.36%.
Additionally, it is estimated that 80% of the acnafested are located between San
Ignacio and Del Rio, Texas, accounting for 12,5¢f2s infested in 2002, while the
remaining 20% is located between Del Rio and Lsjifaexas, or 3,143 acres in 2002
(Yang 2008). At the end of 50 years (i.e., in 20%8the absence of any mitigation
efforts and/or other effects, the total numbeAnindoacres is expected to be 57,912, as

indicated in Table 3.
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Table 3. Projected Beginning-Year Acres ofArundo donax with and without the
Natural Wasp (Tetramesa Romana) Impact Between San Ignacio and Del Rio,
Texas and Del Rio to Lajitas, Texas, 2009-2058

Acres ofArundo

No Natural Wasp Presént Natrual Wasp Present
San Ignacio to Del Rio to San Ignacio Del Rio to

Year Del Rio Lajitas Total to Del Rio Lajitas Total

2009 14,458 3,614 18,072 14,453 3,614 18,068
2015 16,626 4,157 20,783 16,592 4,157 20,748
2025 20,987 5,247 26,233 20,882 5,247 26,129
2035 26,491 6,623 33,113 26,281 6,623 32,904
2045 33,439 8,360 41,798 33,077 8,360 41,436
2055 42,209 10,552 52,761 41,629 10,552 52,181
2058 46,330 11,582 57,912 45,640 11,582 57,223

& Refer to the Map of Texas (Figure 5) for locasi@hong the Rio Grande.

® The natural waspretramesa romaravas observed in a one-mile segment of the Rim@ra

between Laredo and Del Rio; thus, the expansiajiaoit reed along the River segment between Del

Rio and Lajitas, Texas is not impacted by the ihsec
The mitigation effects of the natural wasp infdstatare mathematically applied only to
the Arundoacres between San Ignacio and Del Rio, Texass mhathematical reflection
matches the observations of the limited naturadgmee of the wasp located in a one-
mile segment of the Rio Grande observed at Larédras. Since the one-mile area
where the wasp has been observed is experiencprg@amately 5 percent control, 0.05

was divided by 170 miles of the principle projextato obtain the percent control per

mile, i.e., 0.0294118%.
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As presented in Table 3, when the effect of thédéichnatural wasp presence in the one-

mile observed area is considered and allocatedsithe total acres in the study area,

+ 2009:
* 2015:
« 2025:
+ 2035:
* 2045:
* 2055:
and
+ 2058:

14,453 acres remain compared to 14,458 atoral wasp’Arundoacres;
16,592 acres remain compared to 16,626atoral wasp’Arundoacres;
20,882 acres remain compared to 20,98 hatoral wasp’Arundoacres;
26,281 acres remain compared to 26,49hatoral wasp’Arundoacres;
33,077 acres remain compared to 33,43%atoral wasp’Arundoacres;

41,629 acres remain compared to 42,200&toral wasp’Arundoacres;

45,640 acres remain compared to 46,330atoral wasp’Arundoacres.

The acreage of “no natural wasprfundoacres between San Ignacio and Del Rio Texas,

combined with the acreage with no natural waspemes between Del Rio and Lajitas,

Texas, total to 18,068 acres in 2009; 20,748 irb226,129 in 2025; 32,904 in 2035;

41,436 in 2045; 52,181 in 2055; and 57,223 in 20%ble 3). A maximum number of

Arundoacres, 57,223 acres, is forecast for the 530 rhgéseen San Ignacio and

Lajitas, Texas in 2058, accounting for the effaftthe natural wasp presence, compared

to 57,912Arundoacres with no form of control. Thus, the impaicthe observed

natural wasp presence at Laredo, Texas is a retuatic89 acres chrundoin 2058,

suggesting a minimal expected impact of the natuesp without the use of additional

(i.e., introduced) biological or other control aten
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The implications of the biological control prograetorded in this study are applicable
only to the riparian area immediately along the Brande from San Ignacio to Del Rio,
Texas after accounting for the impact of the natwesp (i.e., Table 2). This is the

planned target area for the biological control agen

With the baseline model of the numberAstindoacres in the targeted study area (i.e.,
San Ignacio to Del Rio, Texas) established, thebrmrmofArundoacres per mile in the
first year of treatment (2009) is determined byidiivg the 2008 endingrundoacres

(i.e., 2009 beginning acres) of 14,453 (Table 3)heytotal number of river miles in the
targeted study area (170 miles). The resultingutaled "density” of 85.8rundoacres
per mile is then multiplied by the number of mitede treated (i.e., one) to determine
the number of acres treated for 2009, 85.0. Tiusgss of calculating the year’'s density
is then repeated for the subsequent years dhtinedobiological control program
recognizing the number of miles already treatedtaedappropriate density in the
remaining, untreated miles for each year, whileaating for the expansion of the giant

reed over time in the untreated areas.

As displayed in Table 4, the USBARS is planning to treat one mile with a density of
85.0Arundoacres, or 85.0 acres in Year 1 (2009). In Yedh&e is an additional 11.27
miles to be treated where the density is &fiihdoacres, or 980.2 total acres; in Year
3, 22.53 miles are treated at a density of 8&Amhdoacres per mile, or 2,006.0 acres;

33.8 miles are treated at a density of Ardndoacres in Year 4, or 3,078.9 acres; 45.1
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miles are treated at a density of 9812ndoacres, or 4,200.7 acres in Year 5; and in
Year 6, the remaining 56.3 miles are treated areitly of 95.4Arundoacres, or 5,373.1
acres. Atthe end of Year 6, all 170 miles wilVadeen treated with the biological

control agents.

Arundo Control Protocol

Control effectiveness by the insects is applicabline number of acres treated per year.
The treatment consists of the release of the bicdbggentsTetramesa roman@vasp)
andRhizaspidotus donac{ghe scale), within a different target area (segnoé¢ the

river) each year. On the acres treated, the USARS expects 45% control from the
insects during the first year of treatment, and 28%tdual control during the following
year, yielding a total control of two-thirds (67%gntrol over two years. Once the acres
in a river section have been treated with the veaspscale, growth and expansion are
assumed to be held constant thereafter for théibsecThat is, growth does not continue
to occur after the section has been treated anutrwted,” as an equilibrium is reached
between the insects addunda Thus, the number of acres controlled in the firde
treated in 2009 is 38 during year one and 19 dwyéay two, for a total of 57 acres
controlled (Table 4). As described earlier, actumitrol is expected to reduce the

Arundoto one-third of the untreated size and densitig(accounting for the minimal

(85-57 _28_

v 33%. For

amount of control for the naturally-occurring wasp.,



Table 4. Rio Grande [River] Miles Treated andArundo Acres Controlled with the USDA-ARS Arundo donax
Biological Control Program Between San Ignacio an@el Rio, Texas, 2009-2025

ArundoAcres ArundoAcres
Residual
Beginning of Density  Miles Acres Controlled Controlled Total Cumulative Remaining After
Year Year per Mile Treated Treated Year 1 Year 2 Controlled Controlled Control
2009 14,453.3 85.0 1.0 85.0 38.3 38.3 38.3 14,749.4
2010 14,702.6 87.0 11.3 980.2 441.1 18.7 459.8 498.0 14,608.8
2011 14,041.6 89.0 22.5 2,006.0 902.7 215.6 831 1,616.4 13,770.5
2012 12,315.7 91.1 33.8 3,078.9 1,385.5 441.3 61882  3,443.2 12,158.5
2013 9,451.7 93.2 45.1 4,200.7 1,890.3 677.4 6725 6,010.9 9,713.0
2014 5,373.1 95.4 56.3 5,373.1 2,417.9 924.2 4238 9,352.9 6,371.0
2015 0.0 0.0 0.0 0.0 0.0 1,1821 1,182.1 10,535.0 5,188.9
PROJECT TOTAL 170.0 15,724.0 10,535.0

& It is anticipated there will be 45% control iretfirst year ArundoAcres Controlled Year 1), and another 22% coritrdhe second year (Residual
ArundoAcres Controlled Year 2) for a total of 67% cohtr®his process of two-year treatment stages noati along the Rio Grande for each segment
treated.

69
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convenience of discussion, the interpretationtigg study is that two-thirds of the acres

will be eradicated ofArundo?®

The number of acres controlled (on the "new" tr@@ereage) during the second year of
treatment (2010) is 441.1 and 215.6 in the follgywear of residual control (2011), for a
total of 656.7 controlledrundoacres for the second segment of river treatedl€Tgb
This process continues through 2014 until all 17i@srare treated, and through 2015
when the residual effects of the 2014 treatmenteakzed. Thus, the total acres
controlled by segment are: 57 acres in the firghrsmt (treated in 2009), 657 acres in
the second segment (treated in 2010), 1,344 actbe ithird segment (treated in 2011),
2,063 acres in the fourth segment (treated in 2@,814 acres in the fifth segment
(treated in 2013), and 3,600 acres in the sixtimseq (treated in 2015). The total
acreage controlled is 38 acres in 2009 (Year 1),ates in 2010 (Year 2), 1,118 acres
in 2011 (year 3), 1,827 acres in 2012 (Year 468 &cres in 2013 (Year 5), 3,342 acres

in 2014 (year 6), and 1,182 acres in 2015 (Yedi dple 4).

The application of the control agents is plannebeantensiv& (Goolsby 2008a);
therefore, the growth or expansionAriindoin a treated segment is assumed to halt two

years after the application of the biological agene., “steady state” conditions. With

% Refer to details provided on page 38 in the sdtian titled “Control Effectiveness” regarding the
various control data and assumptions.

2 | arge scale releases Tétramesa romanwill be conducted on the Rio Grande. Release mit¢he
scale have not yet been determined (Goolsby 2009a).
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the control ofArundoby the biological control agents and added grotité total

number ofArundoacres remaining at the end of 2009 (first yedredtment application)
is 14,749. The anticipated 67% control of thererdtudy area will be reached at the end
2015 with 5,189 acres remaining at that time. Haiage amount is projected to hold
constant over the 50-year planning horizon, asgailibrium between the biological

control insects andrundois expected.

The difference between the number of uncontrolldsaand the number of acres
controlled by the agents represents the numberesepted acres &rundodue to the
biological control program. Prevent@édundoacres are estimated to be 40 acres in
2009, 525 acres in 2010, 1,715 acres in 2011, 36B% in 2012, 6,502 acres in 2013,
10,221 acres in 2014, 11,789 acres in 2015, 16t in 2025, 21,704 acres in 2035,

28,657 in 2045, 37,409 acres in 2055, and 40,46dsan 2058 (Table 5; Figure 10).
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Table 5. Projected Acres oAArundo Before and After Control from San Ignacio
to Del Rio, Texas, 2009 through 2058

Prior to Biological Post Biological Control Prevented Acres

Year Control (Baseliné) (Remaining Acres) of Expansion
2009 14,453 14,749 40
2010 14,790 14,609 525
2011 15,134 13,770 1,715
2012 15,486 12,159 3,687
2013 15,846 9,713 6,502
2014 16,215 6,371 10,221
2015 16,592 5,189 11,789
2025 20,882 5,189 16,179
2035 26,281 5,189 21,704
2045 33,077 5,189 28,657
2055 41,629 5,189 37,409
2058 45,640 5,189 40,451

& Corresponds to the beginning-year acres “WithuNdtWasp Infestation,” San Ignacio to Del Rio
column in Table 3 on page 65.
For this project, al\rundowater consumption rate of 4.37 acre-feet per mcused as a
base to estimate the impacts of reduaaghdoacres, i.e., the amount of water saved as
a result of controlling one acre Afunda The level of control, or the numberAfundo
acres prevented due to the biological control @oygrs the difference between the

untreated baseline and the controlled acres (Taldfegure 10).



73

Projected Acreage of Arundo , with and without the USDA-
ARS, Weslaco, Texas Biological Control Program

50,000 .
M Baseline Acres

45,000 | : _
. O Post-Biological Control Acres
40,000

. B Elminated Growth and Prevented
35,000 -

30,000 —

Acres

25,000

20,000 -

2009 2015 2025 2035 2045 2055 2058

Year

Figure 10. Representation of the number ofArundo
acres prior to the biological control program and
expected acres after the biological control program
for the study area between San Ignacio and Del Rio,
Texas, 2009

The reduced\rundoacreage (resulting from the biological controlgreom) is

multiplied by the amount of water used Agundodonax resulting in the expected gross
amount of water saved. The replacement naturataégn is assumed to grow and
expand at the same rate asAmendoreduction rate and consume only one-third of the
amount of water that the invasid¢undoconsumes. The annual net water savings is

two-thirds of the amount that would be used byrttiggatedArundoacreagé® Of the

% The one-third water use by continuiguindo(level reached in equilibrium after the biological
control project) is not included in the water u$¢he mitigated, or controlled, acreage (Figure 6).
Therefore, when referencing solely the controlleeage water use (i.e., 2/3 of the total water,Ud8)
of the water use from the controlled acreage isaeored by native vegetation. The remaining twadthir
after native vegetation water consumption is digidgually between the United States and Mexico.
When referencing the total water consumption frbmRiver, the continuingrundowater use of one-
third is considered (Figure 6). Thus, 1/3 of thealkwater use continues to be consumedimndaq

while 2/9 is allocated to native vegetation, 2/@llscated to the United States, and 2/9 is alkxt#d
Mexico.
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two-thirds net water savings for the controlledeagre, only one-half of the saved water
is realized as an annual net savings for use itJtBe, as Mexico receives a water

allocation of 50% from the Rio Grande (Rubinsted®@).

After accounting for water uptake from natural vegjen regrowth and Mexico's
allotment of the water, the amount of U.S. wateesan year one totals 59 acre-feet.
The amount of water saved continues to increasei¢fmout the 50-year study horizon as
the acres treated and controlled increases, wihacée-feet saved in 2010, 2,499 acre-
feet saved in 2011, 5,371 acre-feet saved in 28471 acre-feet saved in 2013, 14,888
acre-feet saved in 2014, and 17,173 acre-feet sav&@il5 (Table 6). The overall
control of Arundoin the 170-mile stretch of the Rio Grande ovey&ars amounts to
more than 58,000 acre-feet of water saved in y@a8 ZTable 6). The net annual water
savings for the U.S. amounts to approximately tre-éeet for each acre édrundothat

is controlled, i.e., 1/3 * 4.37=1.45.
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Table 6. Annual Acre-Feet of Water Saved and Acciing to the United States
with Arundo Control in the Rio Grande Basin, San Ignacio to DeeRio, Texas,
2009 through 2058

Gross Amount of After Subtracting Consumption After Subtracting

Year Water Saved by Native Vegetation Mexico's Sharé
2009 176 117 59
2010 2,294 1,529 765
2011 7,496 4,997 2,499
2012 16,114 10,743 5,371
2013 28,412 18,941 9,471
2014 44,665 29,777 14,888
2015 51,518 34,345 17,173
2025 70,701 47,134 23,567
2035 94,845 63,230 31,615
2045 125,232 83,488 41,744
2055 163,475 108,984 54,492
2058 176,772 117,848 58,924

& This amount of water is “saved” and availableuse by U.S. (Texas) agriculture for irrigation.

Composite Acre

A representative composite acre is developed fgdadd and two irrigated scenarios to
calculate the value of saved water based on itsnusenverting dryland to irrigated crop
production. The composite acre concept is assumegflect a representative acre of the
crops in the Lower Rio Grande Valley for (a) dndasrops, (b) low-value irrigated

crops, and (c) high-value irrigated crops. Thanet to water on a per acre basis are
found by subtracting the returns (i.e., dollarsyimarrigated land (identified in the

dryland composite acre) from the returns to landi\aater for the low-value composite

irrigated crop acre, and then again for the higlwv@rigated crop acre. The per acre
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values for the two irrigated composite acre altevea are divided by the respective
water use (acre-feet) amounts for each (0.54 aftldcre-feet per acférespectively),

yielding the returns to water (dollar per acre-joot

Returns to water per acre-foot for the composite adth low-marginal value crops
(including corn, cotton, and sorghum) are presemédble 7. Estimated returns to
water of $187.98 per acre-foot using market priaes, $139.22 per acre-foot using
normalized prices, are projected for the low-maabualue crop composite acre.
Returns to water per acre-foot of the high-margiuaéie crop composite acre (including
corn, cotton, sorghum, citrus, vegetables, andrsaga) are also presented in Table 7.
For this composite acre alternative, there areneséid returns to water of $307.29 per

acre foot using market prices, and $279.99 perfacteusing normalized prices.

Table 7. Per Acre Irrigated Crop Water Use Estimaés and Returns per Acre-
Foot: Low- and High-Marginal-Value Composite Acre,Texas Lower Rio Grande
Valley, 2009

Value of Water

Composite Acre Returns to Water ($/Acre-Foot)
(of irrigated crops) Value Water Use Normalized
Classification (acre-feet per acre) Market Prices Price$
Low-Marginal Value 0.54 $ 187.98 $ 139.22
High-Marginal Value 1.40 $ 307.29 $ 279.99

2 Normalized prices reflect crop prices without &fiects from short-term price fluctuations or
government farm programs.

% For each type of composite acre, each crop’sneste amount is multiplied by the crop’s respective
proportion of the total composite acre and thereddd the water use proportions of the remainiopsr
in the composite acre to determine the water usmiahfor the entire composite acre. This procgss i

used for both the low- and high-marginal value cosife acres.
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The water use per acre for low- (0.54 acre-feetgpeg) versus high-value crops (1.40
acre-feet per acre) impacts the number of acregectad from dryland crops to irrigated
crops using the water saved from the control afitgiaed. Understandably, due to lower
per-unit irrigated requirements, more low-valueyated acreage than high-value
irrigated acreage can be converted from drylant witixed quantity of saved water.
That is, for each acre-foot of water saved, 1.8%add acres can be converted to low-

value irrigated crops, compared to 0.71 drylanéséor high-value irrigated crops.

Direct Impacts (Total Value of Water Saved)

The estimated range of value for water saved aad fes irrigation across the Valley is
calculated by multiplying water saved by the lowe digh-value returns to water on an
annual basis. The estimated value or direct ecanwnpact to the Rio Grande Valley

of water saved using the low-marginal-value irrgghtrop composite acre and market
prices of crops is over $11.02 thousand for 20@R 3 million in 2015, $4.43 million

for 2025, $5.94 million in 2035, $7.85 million i©25, $10.24 million in 2055, and
$11.08 million in 2058 (Table 8). Inflated at amaal rate of 2.043% and discounted at
a rate of 6.125%, the present value over 50 yea2809 dollars is $97.80 million using

low-marginal-value crops (Table 9).
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Table 8. Annual Nominal Value of Water Saved on Lw- and High-Marginal
Value Crops Calculated with Market Prices, Texas Lwer Rio Grande Valley,
2009

Returns to Water Returns to Water
Year Low-Valué ($ Million) High-Valué ($ Million)
2009 $ 0.01 $ 0.02
2015 $ 323 $ 528
2025 $ 443 $ 7.24
2035 $ 594 $ 9.72
2045 $ 7.85 $ 12.83
2055 $ 10.24 $ 16.75
2058 $ 11.08 $ 18.11

& Low-marginal value composite crop acre returngater (cotton, corn, and sorghum).

® High-marginal value composite crop acre retuonwater (cotton, corn, sorghum, sugar cane, fruits,
and vegetables).

Results for the high marginal-value crops are sirhilobtained, producing a total value
of $18.01 thousand for 2009, $5.28 million for 20%3.24 million for 2025, $9.72
million for 2035, $12.83 million for 2045, $16.75lhon for 2055, and $18.11 million
for 2058 (Table 8). The annual savings for eacthef50 years of the study horizon,
inflated at an annual rate of 2.043% and discouatéil125%, provides a present value

of $159.87 million in 2009 dollars, as shown in TEa®.
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Table 9. Present Value of Returns to Saved Waterg to Arundo donax Control
Using Market and Normalized Prices, Texas Lower Ridrande Valley, 2009-
2058

Present Value of Returns to Water

Composite Acre (in Million $)
(of irrigated crops) Value
Classification Market Prices Normalized Prices
Low-Marginal Value Crops $ 97.80 $ 7243
High-Marginal Value Crops $ 159.87 $ 145.67

Benefit-Cost Analysis

Normalized prices are used in the benefit-costyseal to reflect the total social benefits
of the saved water. Similar to the market-pricalgses, present values are estimated for
the water saved with both low- and high-margindlgaomposite acres; however,
normalized prices are used in the calculation. [dlhhemarginal-value crop mix has a
present value (normalized) of $72.43 million, ané high-marginal-value crop mix has

a normalized present value of $145.67 million (Ea®).

The (nominal) costs of the program are $1.00 nmilfiar each year from 2007 to 2010,
$2.00 million in year 2011, $3.00 million in yea®12, $4.00 million in year 2013, $5.00
million in year 2014, $1.50 million in year 201%ca$0.50 million in year 2016

(Table 10) (Goolsby 2008b). The present valudefdrogram costs is an estimated
$16.54 million (Table 10), using a discount ratédf25% (Table 10). The present
value of benefits is divided by the present valtithe project costs to calculate the

benefit-cost ratio. The low-marginal returns cropx has a benefit-cost ratio of 4.38:1,
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and the high-marginal returns crop mix has a béwgeft ratio of 8.81:1 (Table 11).
That is, society is projected to experience beméfitween $4.38 and $8.81 for every $1

of project costs.

Table 10. Costs (Nominal and Real) of the USDAARS, Weslaco, Texa&rundo
donax Biological Control Program

Year Nominal Value ($ Milliorf) Real Value ($ Milliony
2007 $ 1.00 $ 1.04
2008 $ 1.00 $ 1.02
2009 $ 1.00 $ 1.00
2010 $ 1.00 $ 094
2011 $ 2.00 $ 1.78
2012 $ 3.00 $ 251
2013 $ 4.00 $ 3.15
2014 $ 5.00 $ 371
2015 $ 150 $ 1.05
2016 $ 0.50 $ 0.33
Total $ 20.00 $ 16.54

@ Data for program costs were provided by Gool&908b).

® Real value costs, in 2009 dollars are inflate®.@43% (for years 2007 and 2008) and discounted at
discount rate of 6.125% for years 2010 through 2016
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Table 11. Benefit-Cost Implications for theArundo Biological Control Program
in the Rio Grande Basin between San Ignacio and D&lio, Texas, 2009

Social Benefits
(Using Normalized Prices)

Result Item Low Value of Watgr High Value of Watét  Costs
Present Value ($ Million) $ 72.43 $ 145.67 $ 16.54
Annualized Benefits ($ Million) $ 4.68 $ 940
Benefit-Cost Ratio 4.38:1 8.81:1

@ “Low Value of Water” refers to the low-margina&turns for water calculated using the composite

acre for low value crops (i.e., corn, cotton, aadgbum), a value of $139.22. The values calculated
with the low value of water represent the lowertmbof the social benefits to be realized over e 5
year planning horizon.

b “High Value of Water” refers to the high-margimaturns for water calculated using the composite
acre for high value crops (i.e., fruits, vegetapbsemar cane, corn, cotton, and sorghum), a vdlue o
$279.99. The values calculated with the high valixater represent the upper bound of the social
benefits to be realized over the 50-year plannirigbn.
The benefit-cost ratio is an indication of the ratuto society per dollar of government
cost. Since in both cases, the present valueedb¢nefits are greater than the present

value of the costs (i.e., the benefit-cost rati@sgreater than one), these results suggest

the Arundobiological control project is economically viable.

Sensitivity Analyses

Sensitivity analyses are performed to account fmedainty in selected variables, using
both low- and high-marginal values of water withrmalized prices, providing a range

of values encompassing the baseline determinissiglts. Normalized prices were
selected as the basis for the sensitivity analysethey are lower than market prices and

establish expected lower (i.e., conservative) bewrdestimates. These sensitivity
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analyses include varying the assumptions for (eQgue control from beneficial insects,
(b) Arundoacreage expansion rate, (c) natural vegetatioanase, (d) value of water,
(e) costs of the program, and for all cases (fewase ofArunda These sensitivity
results are presented in a pair-way fashion (ih only two variables varying at a

time): (a) water use dirundoand (b) one of the other variables noted.

Sensitivity analyses depicting ranges in the priegaine of benefits, annuity equivalent
of benefits, and the benefit-cost ratio for botWwd@nd high-marginal-value crops are
provided for the combination &rundowater use and the percentAsindocontrolled

by the release of the beneficial insects. Addalmensitivity analyses on other key data-
input variables only depict a range in the benadst ratio of low-marginal-value

crops?’

Amount of Water Consumed by Arundo and EfficaBialbgical Control Agents

In Tables 12, 13, and 14, the amount of water amesubyArundois varied about the
baseline, 4.37 acre-feet per year (across theotwjy and the efficacy of the biological
control agents is varied about the expected 67&b tontrol from the release of the

biological agents (down the left column), for badiv- and high-marginal-value crops in

7 |t is anticipated that the low-marginal-valuemsare the likely recipients of any additional wate
the Lower Rio Grande Valley region, as high-marbirsdue crops experience higher returns and thus,
are assumed to already receive the necessary avatemt to produce maximum yields.



Table 12. Sensitivity Analysis, Present Value ($ Mion) of Benefits with Variations in Annual Water Consumption of
Arundo and Control Rate from Beneficial Insects (Total %) Using Normalized Prices, with Low- and High-Margnal-
Value Crops in the Texas Lower Rio Grande Valley, @09

variation in annual water consumption (ac-ft)

-2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Marginal-Value :
Crops Annual Water Consumption @frundo (ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
40.00 % $25.83 $38.74 $51.65 $56.43 $64.56 $77.48 3$90.
Control | 50.00 % $28.54 $42.81 $57.08 $62.36 $71.35 $85.61 8899.
Rate from| 60.00 % $31.25 $46.87 $62.50 $68.28 $78.13 $93.75 $309.3
Beneficial| 67.00 %| $33.15 $49.72 $66.30 $72.43 $82.87 $99.45 $116.02
Insects | 70.00 % $33.96 $50.95 $67.93 $74.21 $84.91 $101.89 $118.87
(Total %) | 75.00 % $35.32 $52.98 $70.64 $77.17 $88.30 $105.96 $123.62
80.00 % $36.67 $55.02 $73.35 $80.14 $91.69 $110.03 $128.37
High-Marginal-Value Annual Water Consumption @éfrundo (ac-ft/year)
Crops 2.00 3.00 4.00 4.37 5.00 6.00 7.00
40.0 % $51.94 $77.91 $103.87 $113.48 $129.84 $155.81 1.$38
Control | 50.0 % $57.39 $86.09 $114.79 $125.40 $143.48 $172.18 0.820
Rate from| 60.0 % $62.85 $94.27 $125.70 $137.32 $157.12 $188.55 9.921
Beneficial| 67.0% $66.67 $100.00 $133.34 | $145.67 $166.67 $200.00 $233.34
Insects | 70.0 % $68.30 $102.46 $136.61 $149.25 $170.76 $204.91 .$239
(Total %) | 75.0 % $71.03 $106.55 $142.06 $155.21 $177.58 $213.10 6248
80.0 % $73.76 $110.64 $147.52 $161.17 $184.40 $221.28 3258

€8



Table 13. Sensitivity Analysis, Annuity Equivalent($ million/year) of Benefits with Variations in Annual Water

Consumption of Arundo and Control Rate from Beneficial Insects (Total %) Using Normalized Prices, with Low- and
High-Marginal-Value Crops in the Texas Lower Rio Grande Valley, 2009

variation in annual water consumption (ac-ft)

_ -2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Marginal-Value Crops Annual Water Consumption @éfrundo (ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
40.00 % $1.67 $2.50 $3.33 $3.64 $4.17 $5.00 $5.83
50.00 % $1.84 $2.76 $3.68 $4.03 $4.61 $5.53 $6.45
Control Rate from 60.00 % $2.02 $3.3 $4.03 $4.41 $5.04 $6.05 $7.06
Beneficial Insects 67.00 % $2.14 $3.21 $4.28 $4.68 $5.35 $6.42 $7.49
(Total %) 70.00 % $2.19 $3.29 $4.39 $4.79 $5.48 $6.58 $7.67
75.00 % $2.28 $3.42 $4.56 $4.98 $5.70 $6.84 $7.98
80.00 % $2.37 $3.55 $4.74 $5.17 $5.92 $7.10 $8.29
High-Marginal-Value Crops Annual Water Consumption éfrundo(ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
40.00 % $3.35 $5.03 $6.71 $7.33 $8.38 $10.06 $11.73
50.00 % $3.70 $5.56 $7.41 $8.10 $9.26 $11.11 $12.97
Control Rate from 60.00 % $4.06 $6.09 $8.11 $8.86 $10.14 $12.17 $14.20
Beneficial Insectg 67.00 % $4.30 $6.46 $8.61 $9.40 $10.76 $12.91 $15.06
(Total %) 70.00 % $4.41 $6.61 $8.82 $9.63 $11.02 $13.23 $15.43
75.00 % $4.59 $6.88 $9.17 $10.02 $11.46 $13.76 $16.05
80.00 % $4.76 $7.14 $9.52 $10.40 $11.90 $14.28 $16.67

¥8



Table 14. Sensitivity Analysis, Benefit-Cost Ratiof Benefits with Variations in Annual Water Consunption of Arundo
and Control Rate from Beneficial Insects (Total %),Using Normalized Prices, with Low- and High-Margiral-Value
Crops in the Texas Lower Rio Grande Valley, 2009

variation in annual water consumption (ac-ft)

_ -2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Marginal-Value Crops Annual Water Consumption @éfrundo(ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
40.00 % 1.56 2.34 3.12 341 3.90 4.68 5.47
50.00 % 1.73 2.59 3.45 3.77 4.31 5.18 6.04
Control Rate 60.00 % 1.89 2.83 3.78 4.13 4.72 5.67 6.61
from Beneficial | 67.00 % 2.00 3.01 4.01 4.38 5.01 6.01 7.02
Insects (Total %) 70.00 % 2.05 3.08 4.11 4.49 5.13 6.16 7.19
75.00 % 2.14 3.20 4.27 4.67 5.34 6.41 7.48
80.00 % 2.22 3.33 4.44 4.85 5.54 6.65 7.76
High-Marginal-Value Crops Annual Water Consumption éfrundo(ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
40.00 % 3.14 471 6.28 6.86 7.85 9.42 10.99
50.00 % 3.47 5.21 6.94 7.58 8.68 10.41 12.15
Control Rate | 60.00 % 3.80 5.70 7.60 8.30 9.50 11.40 13.30
from Beneficial| 67.00 % 4.03 6.05 8.06 8.81 10.08 12.09 14.11
Insects (Total %9) 70.00 % 4.13 6.20 8.26 9.02 10.33 12.39 14.46
75.00 % 4.30 6.44 8.59 9.39 10.74 12.89 15.03
80.00 % 4.46 6.69 8.92 9.75 11.15 13.38 15.61

G8



86

the upper and lower halves of the tables, respagtivihe baseline deterministic values

calculated in the model are bold and located irstteeled cells.

Presented in the top-half of Table 12 is the rasfghe 2009 low-marginal-value
composite acre crop present value of expected befrefim varying the amount of water
consumed byArundoand the control efficacy of the beneficial insecthie present
value (benefits) results of tigundobiological control program’s effects over 2009
through 2058 range from $25.83 million at 40% colnftrom the beneficial insects with
2.00 acre-feet of water consumedAryindoto $128.37 million at 80% control efficacy

from the beneficial insects adundowater use at 7.00 acre-feet per year in 2009.

Also presented at the lower-half of Table 12 isrdrege in the 2009 high-marginal-value
crops present value of expected benefits from ugrundowater use and the control
efficacy of the beneficial insects. The high-magdivalue results of the program range
from $51.94 million at 40% control from the benédldnsects with 2.00 acre-feet of
water consumed b&rundoto $258.16 million at 80% control efficacy fronmeth

beneficial insects andrundowater use at 7.00 acre-feet per year.

Overall, the program produces positive expecteetisrfor the Texas Lower Rio
Grande Valley, ranging from $25.83 million and $2&Bmillion in 2009. These
expected benefits depend Arundds water consumption rate, the efficacy of the

insects, and the new adopted crop mix (acres ctstv&om dryland to irrigated). As
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expected, less water consumedAnyndoand decreased efficacy of the biological
control agents produces smaller total expectedfierné the control program. To the
contrary, the highest expected benefits are pratluith the greatest level éfrundo
water consumption combined with the highest effjaate of the biological control

agents in the scenarios considered.

The annuity equivalents (i.e., annual amounts)eoieiits for the low-marginal-value
crops from varying thé&rundowater use and the efficacy of the biological coinagents
are identified in the top-half of Table 13. Theults range from $1.67 million per year
at 40% control efficacy from the beneficial insemtelArundowater use at 2.00 acre-
feet of water per year to $8.29 million at 80% cohéfficacy from the beneficial insects

andArundowater use of 7.00 acre-feet per year in 2009.

For the high-marginal-value crops, the annuity ealgnts from varying thA&rundo
water use and the efficacy of the biological cordigents are presented in the lower-
half of Table 13. These annual values range fr8B8%million at 40% control efficacy
from the beneficial insects adundowater use at 2.00 acre-feet of water per year to

$16.67 million at 80% control efficacy ardundowater use of 7.00 acre-feet per year.

Overall, the benefits of the program range betwi&ke7 million and $16.67 million
annually, depending oftfrundds water consumption rate, the efficacy of the atsgand

the new adopted crop mix (acres converted fromadd/kto irrigated). Actual realized
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benefits are expected to fall in this range. Aseeted, less water consumedAmyndo

and decreased efficacy of the biological contra@rdg produces smaller annual expected
benefits of the control program. In contrast, highest annual expected benefits are
produced with the greatest levelAfundowater consumption combined with the

highest efficacy rate of the biological control atgein the scenarios considered.

The benefit-cost ratio is presented in Table 14Herlow-marginal-value crops due to
varying theArundowater use rate and the efficacy of the biologicadtrol agents. The
ratio ranges from 1.56:1 at 40% control efficagnirthe beneficial insects witrundo
water use at 2.00 acre-feet of water per yearatia of 7.76:1 at 80% control efficacy
from the beneficial insects adundowater use of 7.00 acre-feet per year. At the
lowest, most conservative set of assumptions exanimthis analysis, the return on the
project would be $1.56 for every $1.00 of resouingssted by the public sector,

indicating the project is feasible.

The benefit-cost ratio of the high-marginal-valueps ranges from 3.14:1 at 40%
control efficacy from the beneficial insects wAhundowater use at 2.00 acre-feet of
water per year to a ratio of 15.61:1 at 80% corgffitacy from the beneficial insects
andArundowater use of 7.00 acre-feet per year. With thetrnonservative scenario
examined, the return on the project would be $&t4very $1.00 of money invested by

the public, indicating the project is feasible.
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Overall, the benefits of the program range fronb810 $15.61 for every $1 of public
funds spent, depending émundds water consumption rate, the efficacy of the atsg
and the new adopted crop mix (acres converted thomand to irrigated). This range
indicates a positive net outcome in all scenandécated. Actual realized benefits are
expected to fall in this range. As expected, \eater consumed b&rundoand

decreased efficacy of the biological control agemtsiuces a smaller return on the costs
of the control program. To the contrary, a higherndowater consumption rate
combined with the greatest efficacy scenario canrsid of the biological control agents

produces the greatest possible return on the ob#te program.

The remaining sensitivity tables only report oraage in the benefit-cost ratio as caused
by variations inArundowater consumption paired with each of the othéa-@igput
variables, separately. Only the sensitivity restdt the low-marginal-value crop mix

are presented, as the land used for these crapsdern, cotton, and sorghum) is
expected to convert from dryland to irrigation etthan to the high-marginal value
crops. Therefore, the low-marginal-value cropstheelikely recipients of the water

saved from the reduction in giant reed due to thkgical control program.

Amount of Water Consumed by Arundo and Arundo EstparRate
In Table 15, the amount of water consumed\hyndois varied across the top row and

the annual expansion rateAfundoafter expected-realized control is varied down the



Table 15. Sensitivity Analysis, Benefit-Cost Ratiof Benefits with Variations in Annual Water Consunption of
Arundo and Annual Expansion Rate ofArundo After Control, Using Normalized Prices, with Low-Marginal-Value
Crops in the Texas Lower Rio Grande Valley, 2009

variation in annual water consumption (ac-ft)

_ -2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Marginal-Value CropS Annual Water Consumption @érundo(ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
0.00 % 2.00 3.01 4.01 4.38 5.01 6.01 7.02
Arundo 0.25 % 2.00 3.01 4.01 4.38 5.01 6.01 7.01
Expansion | 0.50 % 2.00 3.00 4.00 4.37 5.01 6.01 7.01
Rate After | 0.75% 2.00 3.00 4.00 4.37 5.00 6.00 7.00
Control 1.00 % 2.00 3.00 4.00 4.37 5.00 6.00 7.00
(@annual %) | 1.25 % 2.00 3.00 4.00 4.37 5.00 6.00 7.00
1.50 % 2.00 3.00 4.00 4.36 4.99 5.99 6.99

2 The benefit-cost results may appear similar, asmihanges are not reflected in the rounding ®htlmbers. As the expansion rate increases, the
benefits decline by a small amount compared t@tists. Changes in the results become visible whemded to the thousandth decimal place.

06
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left column using low-marginal value crops. Thedime deterministic value calculated

in the model is in bold and located in the shadsHd ¢

The low-marginal-value crops benefit-cost ratios/feom 2.00:1 at an expansion rate
of 0.00% withArundowater use at 2.00 acre-feet to a ratio of 6.98dnaxpansion rate
of 1.50% and arundowater use amount of 7.02 acre-feet (Table 15)thAtmost
conservative scenario examined in this analysesreéturn on the project would provide
$2.00 for every $1.00 of money invested by the jgubidicating the project is

economically feasible.

In the sensitivity table withrundowater use andrundoexpansion after the expected-
realized control from the biological agents (Tab#g, the benefit-cost ratio is greater
than one in all scenarios presented. These raaditate that even at the most
conservative scenario, the project will generateenvalue in benefits than the value
spent in cost (i.e., economically feasible). Apented, less water consumedAryindo
and a loweArundoexpansion rate after the realized impacts of tdrerol program
produces greater returns to the control programcohtrast, the highest expected returns
with respect to the costs are produced with thatget level oArundowater

consumption combined with the lowest ratédofindoexpansion after the realized

impacts of the control program in the scenariostered.



92

Amount of Water Consumed by Arundo and Native ¥egetWater Use

In Table 16, the amount of water consumed\hyndois varied across the top row and
the water use amount of the native (replacememgtadion is varied down the left
column using the low-marginal value of water. Haseline deterministic value

calculated in the model is bold and located inghaded cell.

The 2009 benefit-cost results from varying &rendowater use and the water use
amount of native (replacement) species range froati@of 1.50:1 with the native
vegetation water consumption rate at 50%Anfndowater use andrundowater use at
2.00 acre-feet of water per year to a ratio of & 4#th the native vegetation water
consumption rate at 20% Afundowater use anfirundowater use of 7.00 acre-feet per
year (Table 16). At the most conservative sesstimptions examined in this analysis,
the return on the project would be $1.50 for esg&ry00 of money public investment,

indicating the project is feasible.

In the sensitivity table withrundowater use and water use by native vegetation, the
benefit-cost ratio is greater than one in all scesgresented. These results indicate
that even at the most conservative scenario, thjegrwill generate more value in
benefits than the value spent in cost (i.e., ecocaliy feasible). As expected, less
water consumed b&rundoand the highest water consumption rate of native

(replacement) vegetation produces smaller retunitdi® cost of the control program.



Table 16. Sensitivity Analysis, Benefit-Cost Ratiof Benefits with Variations in Annual Water Consunption of Arundo
and Natural Vegetation, Using Normalized Prices, wi Low-Marginal-Value Crops in the Texas Lower RioGrande

Valley, 2009
variation in annual water consumption (ac-ft)
-2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Marginal-Value :
Crops Annual Water Consumption éfrundo (ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
20.00 % 2.41 3.61 4.81 5.26 6.01 7.22 8.42
Natural 25.00 % 2.26 3.38 4.51 4.93 5.64 6.77 7.89
Vegetation | 30.00 % 2.10 3.16 4.21 4.60 5.26 6.31 7.37
Water Use | 33.33 % 2.00 3.01 4.01 4.38 5.01 6.01 7.02
(% of 40.00 % 1.80 2.71 3.61 3.94 4.51 541 6.31
Arundg | 45.00 % 1.65 2.48 3.31 3.61 4.13 4.96 5.79
50.00 % 1.50 2.26 3.01 3.28 3.76 4.51 5.26

€6
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To the contrary, the highest expected returns wsipect to the costs are produced with
the greatest level dfrundowater consumption combined with the lowest water
consumption rate of native (replacement) vegetatidhe scenarios considered (more

water is saved, as less water is consumed).

Amount of Water Consumed by Arundo and Value oéWat
In Table 17, the amount of water consumed\hyndois varied across the top row and
the value of water is varied down the left colunsing the low-marginal value of water

as the base for the analysis (in the bold, shadid c

The 2009 benefit-cost ratio results from varyingAnundowater use and the value of
water range from 0.72:1 with the value of wate®%@ andArundowater use at 2.00
acre-feet of water per year to a ratio of 11.34ith whe value of water at $200 and
Arundowater use of 7.00 acre-feet per year (Table Af)the most conservative set of
assumptions examined in this analysis, the retarthe project would be $0.72 for every
$1.00 of money public investment, indicating theject is not feasible at this level.

However, under most scenarios considered, theqirigjéeasible.

As shown in the sensitivity table, less water comsd byArundoand a lower value of
water produces the smallest returns on the casieofontrol program. At this point, the

benefit-cost ratio is infeasible, where the valtievater is $50.00 and th&rundowater



Table 17. Sensitivity Analysis, Benefit-Cost Ratiof Benefits with Variations in Annual Water Consunption of

Arundo and the Value of Water, Using Normalized Prices, ith Low-Marginal-Value Crops in the Texas Lower Rio
Grande Valley, 2009

variation in annual water consumption (ac-ft)

-2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Mz?:rrgc;gil-Value Annual Water Consumption éfrundo(ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
$50.00 0.72 1.08 1.44 1.57 1.80 2.16 2.52
$100.00 1.44 2.16 2.88 3.15 3.60 4.32 5.04
$125.00 1.80 2.70 3.60 3.93 4.50 5.40 6.30
V\‘;"\}gteeff $13922| 2.00 3.01 4.01 4.38 5.01 6.01 7.02
$150.00 2.16 3.24 4.32 4.72 5.40 6.48 7.56
$175.00 2.52 3.78 5.04 5.51 6.30 7.56 8.82
$200.00 3.24 4.86 6.48 7.08 8.10 9.72 11.34

G6
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consumption is 2.00 acre-feet. The project becagmesomical at 2.00 acre-feet when
the value of water increases to $100 or wherAtlumdowater use increases to 3.00
acre-feet at $50.00 (i.e., more water would be ¢énmm the reduction oArundg.

Thus, the project will generate more value in bes¢han the value spent in cost

(i.e., economically feasible) in all scenarios abtive most conservative scenario
presented. The highest expected returns with cespéehe costs are produced with the
greatest level aArundowater consumption (i.e., more water saved fronréiaeiction of

giant reed) combined with the highest value of watéhe scenarios considered.

Amount of Water Consumed by Arundo and Cost dPtbgram

In Table 18, the amount of water consumed\hyndois varied across the top row and
the cost of the USDAARS Arundo donadbiological control program is varied down the
left column for the low-marginal value of waterh& deterministic value calculated in

the model is bold and located in the shaded cells.

The 2009 benefit-cost ratio results from varyingAnundowater use and the cost of the
USDA-ARS, Weslaco, Texadrundo donaxbiological control program range from
1.54:1 with the cost of the program at 30% grethian the baseline calculations and
Arundowater use at 2.00 acre-feet of water per yeaa,raio of 10.02:1 with the cost of
the program at 30% less than the baseline calonkand arundowater use amount

of 7.00 acre-feet per year (Table 18). At the ntosiservative set of assumptions



Table 18. Sensitivity Analysis, Benefit-Cost Ratiof Benefits with Variations in Annual Water Consunption of Arundo
and the Cost of the Program, Using Normalized Pricg with Low-Marginal-Value Crops in the Texas LowerRio
Grande Valley, 2009

variation in annual water consumption (ac-ft)

-2.37 -1.37 -0.37 0 0.63 1.63 2.63
Low-Marginal-Value :
Crops Annual Water Consumption éfrundo(ac-ft/year)
2.00 3.00 4.00 4.37 5.00 6.00 7.00
-30.00% 2.86 4.30 5.73 6.26 7.16 8.59 10.02
-20.00% 2.51 3.76 5.01 5.47 6.26 7.52 8.77
Cost of -10.00% 2.23 3.34 4.45 4.87 5.57 6.68 7.80
Program 0.00% 2.00 3.01 4.01 4.38 5.01 6.01 7.02
10.00% 1.82 2.73 3.64 3.98 4.56 5.47 6.38
20.00% 1.67 2.51 3.34 3.65 4.18 5.01 5.85
30.00% 1.54 2.31 3.08 3.37 3.85 4.63 5.40

L6
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examined in this analysis, the return on the ptojeruld be $1.54 for every $1.00 of

money public investment, indicating the projedeiasible.

In the sensitivity table withrundowater use and the cost of the program (Tableth8),
benefit-cost ratio is greater than one in all sdesgresented. These results indicate
that even at the most conservative scenario, thjegrwill generate more value in
benefits than the value spent in cost (i.e., ecocaliy feasible). As expected, less

water consumed bfrundoand the highest scenario for the cost of the cbptogram

(i.e., higher costs than the deterministic valuegpces smaller returns on the cost of the
control program. At the other end of the spectrtiig,highest expected returns with
respect to the costs are produced with the grelatestof Arundowater consumption
combined with the highest scenario for the coshefcontrol program (i.e., lower costs

than the deterministic value) in the scenarios icamned.

Economic Impact

Multipliers for economic activity, value-added, agwhployment are applied to changes
in gross revenue attributable to increased irrdjaieres in the Lower Rio Grande Valley
to assess expected impacts associated with thation use of the water saved due to
controllingArundoin the Rio Grande Basin. The impacts are estidhb#sed on
deflated increases in gross returns to crops ®iT#xas Lower Rio Grande Valley (i.e.,

the Texas southern-most four counties of Cameraglgo, Starr, and Willacy). Impact
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analysis is conducted for this four-county regfmver the 50-year planning horizéh.
The IMPLAN program (Minnesota IMPLAN Group, Inc.@) is the source of the

economic multipliers.

The base for the impact analysis is the 2007 Téxpmi.ife Extension crop budgets and
the USDA-NASS acreage data, as 2007 data were the most saa@lable at the time
of this work. In 2007, the designated four-couviifley region realized a total gross
revenue from crop production of $350.6 millionydiich $282.3 million are from
irrigated crops and $68.3 million are from drylammdps (NASS 2008a; Texas AgriLife
Extension Service 2007). Changes in the base geossues (as a result of the
USDA-ARS, Weslaco, Texa&rundobiological control program) and the associated
economic impact occur due to conversion in acrdéaye dryland to irrigated, as farmers
utilize more water. The change, or increase, asgreturns to crop production by year
is simply the subtraction of pirundocontrol gross returns converted dryland acres
from postArundocontrol gross returns on the same acres convertiedgated

production®®

% Since 100% of the direct impacts are assumee &pknt within the four-county region of the Texas
Lower Rio Grande Valley, state impacts are notyaeal in this study, as the outcome is similar to
regional impacts.

2 Although the sector mix of the economy is nogljkto remain unchanged, this study assumes the
structure of the economy remains constant ovebthgear planning horizon.

%0 Converted crop acres will differ significantlyrfliow-marginal-value crops and high-marginal value
crops, as the crops with the low-marginal valueinegless water than crops with a high-marginattgal
(i.e., 0.54 acre-feet per acre and 1.36 acre-freagre, respectively), allowing for different amtsiof
acreage to be converted from dryland to irrigatedte two scenarios.
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Low-Marginal-Value Composite Acre — Economic Impaatthe Valley

In 2009, with the 59 acre feet of potential netevaiaved and 0.54 acre-feet of water use
for the low-marginal value irrigated composite aer¢otal of 108 acres could be
converted from dryland to irrigated. Of the 20@®es converted to irrigation, 33 are
from dryland cotton and 75 from dryland sorghunihe3e source amounts of the new
irrigated composite acre are calculated by muliiyg/\the total acres converted by the

weighted proportion used for each crop in calcotathe dryland composite acre.

A similar procedure based on proportionate comprstof the low-marginal-value
irrigated composite acre is applied to the low-nraafgvalue crops to predict that corn

will gain 25 irrigated acres (23% of the acres e@ated), cotton will gain 28 irrigated

acres (26% of the acres converted), and sorghuhgaiit 55 irrigated acres (51% of the
acres converted). No acres are gained for ciregetables, or sugarcane, as they are not
included in the low-marginal-value composite acfée respective crop acres are
calculated for conversion in 2015, 2025, 2035, 2455, and 2058, indicating 31,516,
43,252, 58,022, 76,611, 100,006, and 108,140 aceesonverted from dryland (rain-

fed) to irrigation for the respective years (Tab®).
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Table 19. Number of Acres Converted from Dryland ¢ Irrigated Acres for Low-
Marginal-Value and High-Marginal-Value crops in the Texas Lower Rio Grande
Valley, 2009-2058

Year Low-Marginal-Value Crop Acres  High-Marginal-Value Crop Acres
Converted to Irrigation Converted to Irrigation
2009 108 43
2015 31,516 12,599
2025 43,252 17,291
2035 58,022 23,195
2045 76,611 30,627
2055 100,006 39,980
2058 108,140 43,231

The additional irrigated acres are added to theeatiacreage amount and then
multiplied by the uninflated gross revenues per acre, by crop, to obtain thegness
revenues by year. These new gross revenues dagedeto 2006 dollars by the projected
IMPLAN deflator® The deflated gross revenues associated with tietisdn dryland
cotton and sorghum acres are subtracted from thectxd new irrigated gross revenues
to identify the anticipated net increase in gr@&nues, by year. These net new gross
revenues are the direct benefits for the Vallelie multipliers for economic output,
value added, and employment (Table 20) are thetiphet by the respective increases
in gross revenue to estimate the annual impaadoh year of the 50-year planning
horizon. For example, the multiplier for value-addor corn is 0.712 for the four-

county Valley (i.e., the multiplier suggests a o#gil value-added of $0.71 for each

31 2007 base year prices were used in all futuremes estimation, thus reflecting the increasinguarho
of Arundocontrolled through time and in the multipliers.

%2 The deflation of the 2007 dollars to 2006 doligraecessary, as the IMPLAN model uses 2006 data
to project the multipliers for each sector.
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dollar increase in corn gross revenue). The ecamantivity generated is $1.387 for
each dollar increase in corn revenue. Lastlyethployment multiplier suggests 34.9

jobs are created per $1.0 million increase in gooss revenue. All other multipliers are

interpreted in a similar manner.

Table 20. Regional Economic Multipliers (in IMPLAN) for the Texas Lower
Rio Grande Valley Counties of Cameron, Hidalgo, Sta, and Willacy, 2006

Economic Output Value-Added Employment per

Crop (in Million $) (In Million $) $1.0 Million
Corn 1.387 0.712 34.933
Cotton 1.499 0.685 21.478
Sorghum 1.387 0.712 34.933
Cotton (Dryland) 1.499 0.685 21.478
Sorghum (Dryland) 1.387 0.712 34.933
Citrus 1.149 0.892 22.376
Vegetables 1.483 1.037 17.730
Sugarcane 1.395 0.622 53.849

Estimating the economic impacts of the projecteghenix changes this far into the
future is a challenge. While the structure oféhenomy in the region could and likely
will change over time, affecting the multiplieregetmultipliers used in this analysis are

current and are used as an approximation of futopacts based on the best information

available at the time of this study.

As displayed in Table 21, the annual increase amemic output using the low-
marginal-value crop mix for the four counties ie fhexas Lower Rio Grande Valley in

2009 is $22.14 thousand, and for 2015, it is $&8bon. In 2025, the economic output
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generated is $8.90 million, $11.94 million in 20$45.77 million in 2045, $20.58

million in 2055, and $22.26 million in 2058.

The impact of the saved water increases econonprigwalue-added, and the number
of jobs in the region, and is a positive impacthit® Texas Lower Rio Grande Valley.
Presented in Table 21, value-added is estimatattitease by $11.01 thousand in 2009,
by $3.23 million in 2015, $4.43 million in 2025, .98 million in 2035, $7.84 million in

2045, $10.24 million in 2055, and by $11.07 million2058.

Additionally, no additional employment is assocthtégth the change in gross revenues
for 2009, 143 jobs are associated with the chamgedss revenues for 2015, 197 for
2025, 264 for 2035, 349 for 2045, 455 for 2055, 494 for 2058 as shown in Table 21.
The increase in employment per $1 million is natiide, but is rather the total for that
year and includes those jobs per $1 million addeti¢ regional economy in previous

years.



Table 21. Regional Economic Impact to the Texas keer Rio Grande Valley in 2006 Dollars from the USDAARS, Weslaco,
TexasArundo donax Biological Control Program Using Low-Marginal Return Crops, 2009-2058

Deflated Change in

Change in Gross Revenue Gross Revenue Economic Output Value-Added
Year ($ million, 2007) ($ million, 2006) ($ million) ($ million) Employment
2009 $ 0.02 $ 0.02 $ 0.02 $ 0.01 0
2015 $ 4.63 $ 458 $ 6.56 $ 3.23 143
2025 $ 6.36 $ 6.28 $ 8.90 $ 4.43 197
2035 $ 8.3 $ 843 $ 11.94 $ 594 264
2045 $ 11.26 $ 11.13 $ 15.77 $ 7.84 349
2055 $ 14.70 $ 1453 $ 20.58 $ 10.24 455
2058 $ 15.90 $ 15.71 $ 22.26 $ 11.07 492

& Region includes the lower four counties of tteesbf Texas: Cameron, Hidalgo, Starr, and Willacy.

70T



105

High-Marginal-Value Irrigated Crop Acre — Econontimpacts to the Valley

The same process for calculating the economic itspEdhe low-marginal-value

irrigated crop acre is repeated for the economjzaicts of the high-marginal-value
irrigated crop acre. In order to calculate theneeoic impacts, the acreage changes from
dryland to high-value irrigated acres are deterchivéh the high-marginal-value
composite acre using the same process as disaunsexricalculation of converted acres
with the low-marginal-value composite crop acne.2009, 43 dryland acres are
converted to irrigated acres, compared to 12,588samonverted to irrigated in 2015,
17,291 acres converted in 2025, 23,195 acres ctaaver 2035, 30,627 acres converted
in 2045, 39,980 acres converted in 2055, and 433284s converted to irrigation in

2058 (Table 20).

As displayed in Table 22, a (deflated) net increaggross revenue of $32.95 thousand is
realized in the Texas Lower Rio Grande Valley radmr 2009, based on the high-
marginal-value crop mix. In 2015, a (deflated) inetease in gross revenue of $9.54
million is realized, $13.09 million in 2025, $17.56llion in 2035, $23.19 million in

2045, $30.27 million in 2055, and $32.73 millionZ2@58. Economic output increases
by $44.63 thousand in 2009, $13.08 million in 20857.94 million in 2025, $24.07
million in 2035, $31.79 million in 2045, $41.49 iivh in 2055, and $44.87 million in

2058 as a result of the increase in gross reveanesis presented in Table 22.



Table 22. Regional Economic Impact to the Texas keer Rio Grande Valley in 2006 Dollars from the USDAARS,
Weslaco, Texa®Arundo donax Biological Control Program Using High-Marginal Return Crops, 2009-2058

Deflated Change in
Change in Gross Revenue Gross Revenues Economic Output  Value-Added

Year ($ million, 2007) ($ million, 2006) ($ million) ($ million) Employment
2009 $ 0.03 $ 0.03 $ 0.05 $ 0.03 1
2015 $ 9.65 $ 954 $ 13.08 $ 8.60 256
2025 $ 13.25 $ 13.09 $ 1794 $ 11.81 351
2035 $ 17.77 $ 17.56 $ 24.07 $ 15.84 471
2045 $ 23.47 $ 23.19 $ 31.79 $ 20.92 622
2055 $ 30.63 $ 30.27 $ 41.49 $ 27.30 812
2058 $ 33.12 $ 32.73 $ 44.87 $ 29.52 878

& Region includes the lower four counties of tretesbf Texas: Cameron, Hidalgo, Starr, and Willacy.

90T
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In the Texas Lower Rio Grande Valley region, vadukeled increases by $29.37 thousand
in 2009, $8.60 million in 2015, $11.81 million 1025, $15.84 million in 2035, $20.92
million in 2045, $27.30 million in 2055, and $29.6@llion in 2058, based on the high-
marginal-value crop mix (Table 22). The Valleymaisalizes an increase in

employment, with one new job associated with tloegase in gross revenues for 2009,
255 jobs associated with the increase in grossweagefor 2015, 351 for 2025, 471 for
2035, 622 for 2045, 812 for 2055, and 878 for 2bb&8ssociation with the increase in
gross revenues using high-marginal-value crops ttmradditional saved water by the

reduction inArundo donax

Per-Unit Costs of Saved Water

The Arundobiological control program costs of $20.0 millimominal dollars)

projected to occur during 2007 to 2016 are inflatedn annual rate of 2.043% for years
2007 and 2008 and discounted at an annual ratd 5% for years 2010-2058 to obtain
the present value of costs, $16.54 million, in 2@68ars. Additionally, the annual
cumulative amounts of water saved (from 59 acre#e2009 to 58.9 thousand acre-feet
in 2058, for a total of 1.6 million nominal acresteof water) are discounted by the social
discount rate of 4.00% to obtain the present vafugater for 2009 of 520 thousand

acre-feet of raw water (Table 24).
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Annuity equivalents of the respective present \&loe the cost of the program and the
acre-feet of water saved are then obtained fob@hgear planning horizon (i.e., 24.2
thousand acre-feet of water saved per year, amill®n gallons of water saved per
year). Dividing the annuity equivalent of coststbg annuity equivalent of water saved
results in a program cost of $44.08 per acre-foohw water, or $0.1353 per 1,000

gallons of raw water (Table 23).

The per-unit cost of water saved due to the USBRS, Weslaco, Texadrundodonax
biological control program is comparable to therage cost of $45 per acre-foot for
several of the on-going projects in the Rio Gravidbey designed to conserve raw water
(prevent water loss) (Sturdivant et al. 2007). ISpimjects include installing pipelines to
prevent water loss from seepage and leaks ($5&qoeffoot), lining irrigation canals
($35 per acre-foot), and installing meters andneley to regulate water flow ($83 per

acre-foot) (Sturdivant et al. 2007).
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Table 23. Baseline Results for the Cost-of-Savilyater with the Beneficial Insect
Program in the Rio Grande Basin and the AssociateReduction in Arundo donax,
2009 Dollars

Result ltem Units Nominal Value Real Vaflue
Initial Program Costs (for 10 years) 2009 dollars 920,000 $16,537,369
Saved Water ac-ft (lifetime) 1,561,664 520,260
- annuity equivalent ac-ft per year 24,218
Saved Water 1,000 gal (lifetime) 508,869,773 169,5864,0
- annuity equivalent 1,000 gall/yr 7,891,520
NPV of Total Cost Streaim 2008 dollars $20,000,000 $16,537,369
- annuity equivalent $lyear $1,067,553
Cost-of-Saving Raw Watfer $/ac-ftlyear $44.08
Cost-of-Saving Raw Water $/1000-gal/year $0.1353

@ Determined using a 2.043% compound factor forg/2807 and 2008and a 6.125% discount rate for
dollars in years 2010 through 1016, and a 4.000¢odint rate for water.

® These are the total project costs anticipatech{nal and real) relevant to saving raw water otier30-
year planning period. Only the program costs ireaiduring 2007-2016 of the planning horizon are
included, as there are no annual operating andtemgince costs, nor any capital reinvestment costs
involved. Further, the value of the water (in terofi delivery revenue for an irrigation district, o
residual returns to agriculture) is ignored in thealues.

¢ Basis is free-along-side-river-diversion poingxas Lower Rio Grande Valley; i.e., any diversiosts
or irrigation district conveyance-system lossesrarteconsidered.

Conclusion

The water saved as a result of the biological cbtfrArundo donaxalong the Rio
Grande occurs primarily between San Ignacio andRid@| Texas on the Mexico-Texas,
U.S. border. Water flow for this reach of the Rmande is controlled by the operation
of Falcon and Amistad reservoirs. The reductioAnmndosuggests increased flow into
Falcon Reservoir. Since Falcon Reservoir has mater losses than Amistad

Reservoir, any water saved between the reservdirallew more water to be retained at



110

Amistad Reservoir, thus improving the efficiencytloé water management system in the

Lower Rio Grande [River] (Rubinstein 2008).

OnceArundo donaxs controlled, more water is expected to be avhalédr the Rio
Grande Valley. Based on agriculture being thedresdiuser of water, it is anticipated to
be the beneficiary of any saved water, as drylaodscconvert to irrigated crops,
resulting in more production of agricultural comnt@s$ and hence, increased value of
production. Over a 50-year planning horizon, gstimated that the biological control
of Arundowill be associated with a market-price-based pregalue for low-marginal-
value crops of $97.80 million, compared to a presatue for high-marginal-value crops
of $159.87 million. Overall, benefit-cost rati@nge from 4.38-8.81:1, suggesting a
socially-beneficial project that leads to the da@abf jobs and increased economic

activity.

The additional water available to the Texas Lowier ®ande Valley as a result of the
USDA-ARS, Weslaco, Texagrundo donaxiological control program is anticipated
to increase economic output between $22,000 an@@d5sincrease value-added
between $11,000 and $29,000, and increase emplayogeme job for 2009. Over

time, the amount of water available to the regidlhincrease as a result of this program,
further enhancing the economic impacts to the YalBy 2058, economic output is
projected to increase between $22.26 million anrtl&Z4million, value-added is

projected to increase between $11.07 million ar@l%2million, and employment is
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expected to increase by between 492 and 898 jbbhase increasing positive impacts to
the pre-production processes and farm-gate levitleoéconomy suggest the program
provides positive impacts to the Texas Lower Riarle Valley and will continue to do

so over the 50-year planning horizon.

The estimated per-unit cost of saving water (bycaty giant reed) is $44.08 per acre-

foot. This low cost per acre-foot of theundobiological control program suggests the

program is cost-competitive as an effort to inceeaater supply in the Texas Lower Rio
Grande Valley. Not included in this study are ptitd benefits to the eco-system,

environment, Mexico, and improved national security
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DISCUSSION

The many different aspects of this project contetto the complexity of the research.
The central focus of the economic study relateshether the benefits of thierundo
biological control program justify the expendituddederal (social) resources. While
the preliminary calculated results indicate expe@esitive net benefits of therundo
biological control program, several of the critidalta-input variable values are
uncertain, including (a) the actual growth curvéaindoacres in the riparian of the
River, (b) discrepancies among estimates of theuainaf water the plant uses, (c) the
growth rate and water use of the replacement natagetation, and (d) whether a
reduction in the height/density (biomass)Afindois equivalent to the acreage
reduction assumed in this thesis. Additionally émterprise crop budgets’ related
calculations for the inferred values of irrigatiater are greater than those reported in

much of the literature.

Arundo Considerations

Several major factors perceived to influence thenemics of theArundobiological
control program in the Rio Grande Basin are idedifn this section. Sensitivity
analyses were conducted to examine the stabilitigefesults to variations in each

variable.
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Only two data estimates édirundoacres infested in the Rio Grande Basin are availab
i.e., 15,71%Arundoacres in 2002, and 18,0A2undoacres in 2008 (Yang 2008). The
assumed linear growth curve over the 50-year ptanhorizon may not be reflective of
the actual biological growth of the plant that vailicur in the future, as biological
growth typically follows growth curves similar tbe logistic growth function, increasing

in the beginning, but leveling off over time (Bire899).

The water use oArundo donaxs a critical factor in estimating the benefits@sated

with the Arundobiological control project. A wide range of watese estimates exist for
the plant, however, varying from 3.8 acre-feet k3an, Katagi, and Loper 2002) to more
than 5.5 acre-feet per acre per year (Watts 20@9sdn 1994). The 4.37 acre-feet per
acre per year estimate Afundowater consumption used in the calculations fa thi

analysis and thesis is between these two estimates.

Research on how the plant uses water relativezé&y density, and under different control
conditions (e.g., mechanical control, chemical oanor biological control) could not be
identified. The assumption of the reduction inesoequaling the reduction in density
and height of the plant may or may not accuratyesent actual changes in water use

occurring after the release of the biological conigents.

Documented water use estimates for the naturaltagge in the Rio Grande Basin

(which is expected to replace the mitigafedndogrowth) are also unavailable. The
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native vegetation’s water use estimate of one-tiatative to giant reed comes from
experts in the region and research performed oifio@ah riparian areas (lverson 1994);
however, should the actual water use by theseaeplant plants be higher, the amount
of water to be saved as a result of the biologioakrol program is over-estimated. Such
over-estimation would result in higher calculateséfits than the actual benefits
realized from the water saved due to redusachda Of course, the opposite is true if

natural riparian vegetation uses less water tharestimate assumed in this study.

Another critical variable that impacts benefit$he value of water per crop acre or acre-
foot estimated. The calculated annual $190 pexr-foot for low-value crops and $273
per acre-foot for high-value crops are higher tivater market prices in the Texas
Lower Rio Grande Valley (Sturdivant 2009b; Hinoj@¥08). These results are likely
associated with this study’'s use of the high cropgs experienced by farmers as
commodity prices rose during the 2007 year (tharassl data period for this parameter),
while costs of production were relatively low. Aher possible explanation for the
apparent discrepancy in the value of water coulthbdypical under-realization of the

true value of water by its users (Griffin 2006).

The discount rate used in this thesis researchpsitant in determining the present
value of water, and the related estimates of dbeoefits and the benefit-cost ratio. The
discount rate on dollars assumed for water sawvaegarring throughout the 50-year

study period also affects the estimated value fatew The lower the discount rate, the
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greater the weight assigned to future values x&dt current values, and vice versa.
Differences in opinion exist among economists gard to the value of the discount
rate, with some arguing for a negative discourd,ras they expect water to be worth
dramatically more in the future, especially wheewed as a depleting resource

(Michelsen 2008; Segarra 2008).

The early involvement of economists has providegoogunities for their participation
during the research project. This involvementleen helpful in ensuring the
appropriate (e.g., type and required accuracy) a&tadentified and collected for the
economic analyses. However, because of the dadgs of the research project, the
economic results must be viewed as preliminarysaaject to revisions as more

concrete data are identified.

The use of the biological control agents is anéited to result in additional water being
available for use in the Texas Lower Rio Granddeyal With the rapid population
growth (U.S. Census Bureau 2000) and increasececanover water supply in the
Valley, theArundobiological control program is expected to be bemafto the region.
The amount of water saved, and the value therswmfy the control of giant reed is still

an estimate at this date (i.e., May 2009).
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Other Arundo Considerations

Arundo donaxalthough considered an invasive weed, has mdrer oses and is of
interest to different companies around the nati®ome of these uses include potential
for bio-fuel production, use for woodwind reed, grdduction of a “paperless” paper

(i.e., alternative to wood pulp).

Previous studies have suggestedndoas a candidate for producing bio-fuel, due to its
rapid growth rate and biomass production (Angelf@@ccarini, and Bonari 2005).
Biomass Investment Group (BIG) Corporation in thated States is attempting to
obtain permits to grovirundodonax or “e-grass,” in mass for bio-fuel production
(Burnham 2008). The company plans to market esgulsg the Gulf Coast of the
United States, from south Florida to south Texasr(fass Investment Group 2007).
While Arundoappears ideal as a bio-fuel candidate, becauisg ioasiveness, it is
classified as a noxious plant nationally and ind®USDA-NRCS 2009); thus, permits

to grow it are difficult to obtain.

Historians and researchers initially thouginindowas brought to the United States for
use as roof-thatching (Hoshovsky 1986; Dudley 19%8hile this situation may have
been the case initially, the design and constroatioroofs have changed from the
plant’s original introduction until now, ardrundois no longer used for this purpose.
Further records show the useAstindoas a form of erosion control along rivers and

streams (Dudley 1998), which likely contributedhe plant’s invasion. Currently,
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however Arundodonaxis a popular plant used for making reeds for waadw
instruments (Perdue 1958). While this is anotlissiple use for the plant in the Valley,
enough reeds are currently in production to meehteds of musicians. Certainly,
current and projected standsArfindofar surpass the amount of giant reed required to
meet the produce the quantity of woodwind reedessary to meet the music industry’s

demand.

The Nile Group was founded in 1996 and is alsaasied inArundodonaxas a means

to meet the demands of the wood industry. ThadgibéArundocan be bleached
(Shatalov and Pereira 2005) to obtain a non-wobdtgute. This company has received
patents in China, Taiwan, and India for their prddu Additionally, the group’s website
shows stands @dkrundoin the United States that withstood the wind fesroéHurricane

lvan in September of 2004 (The Nile Group 2006).

These alternatives might be considered opportwaisys (i.e., foregone revenue streams)
to the research presented in this thesis. Dueettotation of the giant reed (Rio Grande
[River] Basin), however, harvesting may be difficaihd problematic; thus, these

opportunity costs are not included in this research

Limitations
While many issues were addressed in this reseeectain areas were not considered.

Specifically, potential benefits to the DepartmehHomeland Security and recreational
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use and environmental values were not evaluatée. Department of Homeland
Security clearly anticipates benefits associatet tihie reduction of giant reed along the
Rio Grande (Goolshy 2009a). The Department hagged financial support to the
USDA-ARS for the project; meanwhile, an article in theuston Chroniclenewspaper
noted on March 24, 2009 that the Border Patrolss mvesting another $2.1 million
along a 1.1-mile stretch at Laredo to investig#ter@ative control approaches for
controlling giant reett (Schiller 2009). Increased controlAfundomeans heightened

border protection and improved safety for the Boflgtrol agents.

The Rio Grande also has many opportunities foreggan, particularly in the vicinity of
Amistad Reservoir. Reducédundoinfestations would lead to both increased water
access and more water being available for recreaghind the dam and throughout the
river stream. The riparian of the Rio Grande wauddonger be filled with dense reed,
but rather native vegetation, which is consideredensuitable for recreation.
Additionally, many benefits are expected to act¢outhe environment from the
reduction ofArunda Growth of giant reed often leads to faster, maar streams,
altering the water stream and source for nativenats (Dudley 1998) residing in and
around the Rio Grande. The dense growth of thet pliad the lack of ecological
diversity also do not provide favorable conditidosthe native animal inhabitants (Bell

1993a). The Rio Grande Basin is home to the eretadgOcelot. Removing or

% The majority of the research for this thesis waisducted prior to March 25, 2009 and consequently,
does not include contemporary data regarding tdéiadal control effects oArundoprovided by the
Department of Homeland Security funding.
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reducingArundowould restore the natural habitation for this $pgcas well as others

(Dudley et al. 2007).

The calculation of the benefits mentioned aboveld/owolve alternative methods of
analysis, such as contingent valuation throughesismtravel cost analysis, and others.
These results often yield a wide range of resuésy wildly, and are prone to
uncertainty of accurate results due to populatiasds and characteristics (Tietenberg
2006). While it is certain these values existusig, environmental and recreational

values are not included in the calculation of thaddits for this project.

Due to funding constraints, this study only exarmitiee economics associated with the
biological control of giant reed and does not cdesbenefits or costs associated with
mechanical or chemical (i.e., herbicides) contretmds. Other methods of control,
including the cut-stump method and grazing of goatshe reed are currently under
investigation by the Laredo Community College amel Department of Homeland
Security (Vaughn 2009). Additional study is needadhe economics of using these

different methods of control to determine the numst-effective method.

Additionally, since the wasp is mobile and Mexicitl wveceive 50% of the net water
saved (Rubinstein 2008), benefits of the USIARS, Weslaco, Texas program are
expected to occur in Mexico as well (Goolsby 2008bhis study estimates a reduction

in giant reed from both sides of the Rio Grande,dmly accounts for benefits accruing



120

to the United States from the release of the biokgontrol agents; thus, benefits are

underestimated.

Agencies in Mexico are also investigating usingstheame insects as biological control
agents for giant reed. This study does not accaurany releases of the insects by the
Mexican government, or benefits accruing to Mexromn the U.S. release of the
biological control agents. That is, only the USB¥RS program and U.S. benefits
received from the control &rundo donaxn the limited project study area (i.e., 170

river miles between San Ignacio and Del Rio, Texas)accounted for in this thesis.

Expected benefits accruing to the U.S. only fromrélease of etramesa romanand
Rhizaspidiotus donacishe wasp and scale, respectively) are consideréd.impact on
controlling giant reed fronCryptonevra spp. (i.ethe fly) andLasioptera donacisi.e.,
the leafminer) are not yet known and thus, arenmtided in the calculation of the U.S.

benefits.

Furthermore, this study only includes the acre&rahdoin the Rio Grande riparian and
does not include tharundoacres or reduction iArundoacres from tributary streams of
the Rio Grande Basin due to the use of the biokdgiontrol program. Finally, the early
phases of the overall project require several aptions to facilitate the economic

analysis.
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CONCLUSIONS

The increased urgency of water availability fromidapopulation growth and rising
concerns of illegal immigration into the United t8&contribute to the importance of
researching the implications of controlliAgundodonaxin the Rio Grande Basin. This
study evaluates the infestation and control oftgiaad in the Texas Rio Grande Basin
and provides an estimation of the value for savatemin agriculture using crop budgets
for crops with both low- and high-marginal returnehese values are applied to an
expected amount of water to be saved fAamndoreduction, resulting in a present
value range of benefits from $97.80 to $159.87iaml(Table 9) over a 50-year planning
horizon (2009 through 2058). Although benefitsexpected to accrue to Mexico,
border security, and for recreational purposesyaes regarding these areas have not

been evaluated in this research.

The benefit-cost analysis suggests returns of $.38.81 for every public dollar
invested (Table 11). These results suggest néiymoeeturns for théArundo donax
biological control project. Additionally, the rd®ireveal a positive impact to the
regional economy, increasing (a) economic outpthiwia range of $22,000-$45,000 in
2009, $11.94 million to $24.07 million in 2035, a$22.26 million to $44.87 million in
2058, (b) value-added within a range of $11.0128.3$7 thousand in 2009, $5.94
million to $15.84 million in 2035, and $11.07 malfi to $29.52 million in 2058, and

(c) employment within a range of 0 to 1 job in 20264 to 471 jobs in 2035, and 492 to
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878 in 2058 (Tables 22 and 23). These resultsatelia positive economic impact to the

Texas Lower Rio Grande Valley.

The per-unit cost of water saved as a result ot s8DA-ARS Arundobiological

control program are $44.08 per acre-foot, or $0B13& 1,000 gallons (Table 23).
These results are comparable to the per-acre-mb$ ©f current programs in use or
under consideration for increasing water supplybsequently, the comparable costs of
the program indicate that should similar resultsdadized, biological control is a viable

option for increasing water supply to the Texas epRio Grande Valley.

As of May 2009, the data results for different asp@f this project are continuing to be
observed and collected. It is expected more atedkata will be identified as the project
continues. Based on the current available datarendesults of the economic research
reported in this thesis, however, the release@two biological control agents,
Tetramesa romanéwasp) andRhizaspidiotus donaciscale), to controArundodonax

in the Rio Grande Basin (a) increases water auétiato the Rio Grande Valley and

(b) creates a positive impact both at the farmllaune for the regional economy. Thus,
the null hypothesis that “the USBARS biological control program fékrundo donax

is not economically feasible” is rejected, anddhernative hypothesis that “the
USDA-ARS biological control program fakrundo donaxs economically feasible” is

accepted.
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APPENDIX A
COLLABORATORS ON THE USDA —ARS, WESLACO, TEXAS

ARUNDO DONAX PROGRAM

TheArundo donadiological control program encompasses many diffefields of
study. Several researchers from various entitiegsallaborating in an effort to become
more knowledgeable about the plant and the invastuation in the Rio Grande Basin.
The project is spearheaded by Dr. John A. Gool$iblyeoUSDA-ARS. Below is a list
of collaborators for the project, obtained fromoster presentation titledAtundo
donaxGiant Reed; an Invasive Weed of the Rio GranderBasy Goolsby et al.

(2008) and from personal communication with Dr. Gbg (2009c).

Primary Investigator
USDA-ARS, Kika de la Garza Subtropical Agricultural Resé Center, Weslaco, TX
John A. Goolshy

Collaborators
USDA-ARS, Kika de la Garza Subtropical Agricultural Resé Center, Weslaco, TX
John Adamczyk
Jim Everitt
Patrick Moran
Alex Racelis
Chenghai Yang

USDA-ARS, European Biological Control Laboratory, Morlipe France
Walker Jones
Alan Kirk

USDA-ARS, Bushland, TX
Prasana Gowda

USDA-ARS, Invasive & Exotic Research Unit, Davis, Catifa
David Spencer
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USDA-APHIS, Edinburg, Texas
Ken Jones
Paul Parker
Ray Penk
Tim Roland
Leeda Wood

Texas A&M University, Department of Biology, Colegtation, Texas
Jim Manhart
Alan Pepper
Daniel Tarin

Texas A&M University, Department of Ecosystem $eiemd Management, College
Station, Texas
Georgianne Moore
David Watts

Texas A&M University, Department of Agriculturalddmmics, College Station, Texas
Ronald D. Lacewell
Dean A. McCorkle
M. Edward Rister
Emily K. Seawright

Texas AgriLife Extension Service, Department ofcddfural Economics, Weslaco,
Texas
Allen W. Sturdivant

Pronatura Norestre, Monterréy, Mexico
Beto Contreras Arquieta

Instituto Mexicano de Tecnologia del Agua, Jiutepaexico
Maricela Martinez Jiménez

Universidad de Alicante, Spain
Eduardo Galante, Professor of Zoology
Maria Angeles Marcos, Biogeography and Ecology
Elena Cortés Mendoza, Institute of Biodiversity

Texas Parks & Wildlife, Austin, Texas
Earl Chilton
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University of Texas, School of Biological Scien&sstion of Integrative Biology,
Austin, Texas
Lawrence Gilbert

Texas A&M International, Department of Biology, Edo, Texas
Amede Rubio
Tom Vaughn

Insect Diet Research, Raleigh, North Carolina
Al Cohen

Bureau of Reclamation, Denver, Colorado
Fred Nibling

Algiers, Algieria-Field Collection
Abida Zeddam

The Hebrew University of Jerusalem, Departmentvafiiion, Systematics, and
Ecology, Jerusalem, Israel
Avinoam Danin

Tel Aviv University, Tel Aviv, Israel
Dan Gerling, Department of Zoology
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APPENDIX B

CROP ENTERPRISE BUDGETS

The 2007 Texas AgriLife Extension Service Crop Betddor Region 12 (i.e., the
counties of Atascosa, Brooks, Cameron, Dimmitt, &u¥im Hogg, Frio, Hidalgo, Jim
Hogg, Jim Wells, Kenedy, Kleberg, La Salle, LivekQilaverick, McMullen, Starr,
Webb, Willacy, Zapata, and Zavala) are used irdgtermination of price and water use
for the low- and high-marginal-value composite acr&he following pages contain the

budgets used for this research, including:

Texas AgriLife Extension Service, Region 12 Cromget for Corn, Reduced Tillage,
Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Cromget for Corn, Conventional
Tillage, Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Cromget for Cotton, Reduced Tillage,
Roundup-Ready, Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Crom8et for Grain Sorghum,
Conventional Tillage, Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Crop8et for Grain Sorghum, Reduced
Tillage, Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Crom8et for Grain Sorghum,
Conventional Tillage, Dryland 2007.

Texas AgriLife Extension Service, Region 12 Crop8et for Sugar Cane, Plant Cane,
Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Cropl8et for Sugar Cane, Ratoon
Cane, Furrow Irrigation, 2007.
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Texas AgriLife Extension Service, Region 12 Croml&et for Onion, Hybrid Yellow
Varieties, Furrow Irrigation, 2007.

Texas AgriLife Extension Service, Region 12 Cropmget for Grapefruits, Years 8+
Mature Orchard, Flood Irrigation, 2007.



Projections for Planning Purpases Cnly B-1241 (C12)
Not fo be LS8 WIthour Lipdating after December 1, 2000

Tabla 2.A Estimated costs and returns per acra
Corn; Feducad Tillage, Furrew Irr.
Frojected for 2007, Rio Grande Valley, For Flanning Purposes

ITEN THIT FRICE OMANTITY  AMOTHT YOOF. FARN
dollars dallars
IHCOHE
Corn b 328 100 . 0000 325,00
TOTAL THOOME 32% .00

DIRECT EXFEMEESD

FERTILIZER
RN {33% W) CHT 1. 00 . 6000 3L.20
HERBICIDE
Roundup Titra 45L =t L -1 1.2500 3.0
AAtren AL BT 1.58 . 0000 310
TRATGATION SOFFLIES
Irrigation Wataer ac-It Z0.00 0 E000 16,00
SEELY FLANTE
Corn Saed thous i.00 1E . DOOD 1E.00
CUSTOM ERRVEST/RAUL
Cugtom Harvest Coenm bo r B3 1.0000 D:22
Haul Corn b o.11 100 DO00 Ir.20
THEORARCE
MWECT: IEE. Corn acTa 5. 00 1.0000 L
OFERATOR TAROR
Tractorsg hour T. %0 0. Ze20 1.9E
HAMD LABOR
Inplamants house T.%0 0,.1110 o83
TRATGATION LAEOR
Labor (Flood] hour T. 50 . 0000 15,00
Labor [Trr. Setup) hioee T.%0 0. z000 1.50
MHALLOCATED LABOR o T.50 0. Z09E 1.57
DIESEL. FUEL
TEACTLES gal Z. 30 1.7093 3B
REFATR & MAINTERANCE
Implemants AcTa F.E2 1.0000 .83
TEACTHES acTa .41 1.0000 .41
THTEREET ON OF. CAF. AcTd 2.79 1.00040 20
TOTAL DIFECT EXFEMEES 12508
RETORNE ABOVE DIRECT EXFEMEES 192,91
FIXED EXFENSEZS
Inplamants acTa 9.34 1.000:0 5.34
TractHEg acra 6,759 1.0000 8.5
TOTAL FINED EXFENSES 16.14
TOTAL EFECIFIED EXFENSES 141.22
RETORNE ABOVE TOTAL SFECIFIED EXFENEEER 1BE. M7
ALLOCARTED O0ST TITEME
Shara Rent Wof Groas L} 32%.00 32 . 0000 107,25
RESIDOAL RETURNS T6.52

Erand LARGS &C& BAnCicned only as XARples and 1mply DO GRAOTSERAnT.

infermtion prewsnted i prepansd sosl a8 pesere puids & nof inends i recognee o praci e st & retame fom any oos cpereias:
Thoms o TCE afnff § sppeoved for pusliaion.

Source: Texas AgriLife Extension Service 2007.
Exhibit B-1. Texas AgriLife Extension Service, Regn 12 Crop Budget for
Corn, Reduced Tillage, Furrow Irrigation, 2007
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for Pianning Purposes Only B-1241 (C12)
Mot fo be Uised without Updating after December 1, 2008

Tablae 1.% Estimated costs and returns par acra
Cornj Conwenticnal Tillage, Farrow Irr.
Frojected for 2007, Rio Grande Valley, For Flanning Purposes

ITEH THIT FRICE MENRTITY PHOUNT YOUR FARM
dollars dollars
IHOOHE
Corn bu 3,28 1000000 325 00
TOTAL THOOHE 25,00

DIRECT EXFENZEE

FERTILIZER
ORH [32% W] cwt 12.494 Z.8000 31.20
HERBICIDE
ARtrex 4L =i 1.58 Z.0000 110
IRRIGATION SUPFLIES
Irrigation Watar ac-Tt 20.00 0.B000 1&6.00
SEED/FLANTS
Corn Saad thous 1.09 13.0000 LE.O0
OISTON HARVEST/HAOL
Custom Harvest Cormn bu a.22 1.0000 o33
Haul Corn bu 0.11 100, 0000 11.20
INSURANCE
HECI: Irr. Corm acce 5,404 1.0000 &.DD
OFERATOR LABDR
Tractors hour 7.50 0.%820 4.44
D LABCR
Inplanants hour 7.50 0.1110 L83
IRRIGATICN LABOFR
Labar [Flood)] hour 7.50 Z.0000 15,00
Labar [Irr. Setupl hour 7.50 0.2000 1.50
TMALILOCATED LABOR hour T.80 0.4T35 3 88
DIESEL FUEL
Tractors gal 2.20 4.5213 .94
BEFAIR & MATHTEMANCE
Inplamants acoa .83 1.0000 4.B3
Tractors acre im 1.0000 3.81
INTEREST O OF. CAP. ACER .85 1.0000 4.4%
TOTAL DIRECT EXFENESEE 173.10
RETURNS RBOVE DIRECT EXFENSES 191 .83
FIXED EXFENIE3
Inplanants aAcra 11.31 1.0000 11.31
Tractors acoe 11.14 1.0000 11.14
TOTAL FIXED EXFENSES 2 48
TOTAL SFECIFIED EXFENSES pL T
RETURNI ASOVE TOTAL SFECIFIED EXFEMIES 16543
RLLOCATED CO3T ITEME
Share Rant %of Gross L] 325,04 33.0000 107.28
AESIOIAL RETURNE 62,18

Erand namas are mentioned cnly as examplas and imply no endorsement.

infrmtion cressnted I prepanss scisl an# pessrsl puid § nof infndec! fo recognee o pracid e st & retsrme fom any oos opereias
T TCE afef & sppeved o pubiceion.

Source: Texas AgriLife Extension Service 2007.
Exhibit B-2. Texas AgriLife Extension Service, Regn 12 Crop Budget for Corn,
Conventional Tillage, Furrow Irrigation, 2007
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Frgackions for Flansing Fupcsss Only Badn ol
st o b Ll wilfacad Lipcimiing alfer Decasber 1, 2008

Tahls d.A Estleatsed coOBTS ST CACLITIE [a BSTS
Catton; Baduced Tillage, Sowmdbip-Ssady; Furroe TrT.
Frofacoed far 2007, Blo Gracds Vellsy, For Flannling Purposss

TR IWTT FRICE QUAMTTTY RMOAT  TOUR FRRM
acllars dallars
TRCOME
Catton Lint (13 O.83 . RET.S000  4mALTE
Catton fmsd tion 7,00 S.E000 L&D
TOTAL THOOS L5138, LY

OTRECT EEFNGES

TITOM SPEAT
A By Adr [ gull  appd 2.80 30002 7.80
HAEVEST ATD
Zrcpp 31 WE & .07 2. 5000 10.97
FRXRALTHG
ain b 0.0% - EX3.0000 1 Ak
FERTILIIES
I (3w =] T 12.00 2.3005 30.00
HESRICTIRE
Soundup Ultr S T {11 3, 7500 i7.10
durfsccant Pt o.a 3.0000 2.6
Amrmony Extrs oz 12.51 &, EO0d 7.5
1,4-0 Amlra pr 1.40 2.3005 2.80
TERCTICTOR FHITTOIR
‘Pulate =LV oz 1.08 16.2002 i7.28
Guthicn ZL pr 3.0l 3.0000 11.5%
Tracar L] LN 2.3005 11.32
TRETGATIOH SUWPLIES
Irrizacion Watar -1 30.00 2. 4000 n.o0o
HERL, FLANTS
Cotton Sead 3R & 1.07 12,2002 16.02
ROWTH SRGEITATCR
iz e O.7& 12.2002 i1z
HEVICE TR
Inamct Scoutlng BT .00 L0000 .00
CUEATOM EREVEST/RAUT
Faul Cotton = 6.11 a32.2002 .72
THAIRRNCE
WRCTa  [or. Cotton TR 12.00 L.000% 12.00
CPIRATOR TARCH
Tractaoa haur 7.50 i.an
Salf-Fropallsd &3 hour 7.50 18T
HRAT ZAROS
Ioplacante hour 7.50 Z.aaat .9
TRATGNTION LARGH
labar [Flosd] haur 7.80 7.80
latar [Irr. @etup| hour 7.50 a.73
IFASIOCKTRD LARIR haur 750 [ & ]
OIEEsl RS
Tractcos aal 220 1. 706% .13
Salf-Fropalled &5, gal .20 L.eaad t.am
REFAIR & MAINTERMGS
[op] amen e TR &0z 1.200% .02
Tractzos BITR 579 1.2002 3.7
Salf-Fropallesd &5, BITR 16.59 1.2002 1639
MTERRST O OF. OAF. BITR LR 1.2002 388
TOTRL DIRECT DAFEHERS 3217
FETIEHS AEOWE DIERCT IXFEMSRE 12697
FTEED EXPRMGES
[epl amancs L= 13.76 1.,0008 15.76
Tractcra RETR 1633 1.2000 16.33
Salf-Fropsllad 3. BETR 3z.02 1.2000 3283
TOTAL FTEED EXFRESES .13
TOTRL SPRECTFTED IXPENSRE 436.30
FETIEME ASNE TUTAL SrRCIFIEZD DNFENSES wi.m
RLLOCATRED DOGT TTME
Srars rartd of Gooms L1 Alm.33% I5.0002 i3.538
FESIDUAL EETIMRNG =17.54

Bracd oumss ace mantlonad cnly A scisples and leply no sndcTassant

Source: Texas AgriLife Extension Service 2007.
Exhibit B-3. Texas AgriLife Extension Service, Reign 12 Crop Budget for Cotton,
Reduced Tillage, Roundup-Ready, Furrow Irrigation,2007
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Projections for Flanning Purposes Oniy B-1241 [C12)
Not to be Used withowt! Uipdating after December ¥ 2008

Table €.2 C=timated costs and returns per acre

Grain Sorghum:; Conventiocnal Tillage, Purrow L

Projected for Z007, Rio Grande Valley, Planning Furposes

LIIEM UNIT FRICE QUANTITY BMOTHT TOUR FARM

dollars dollarcs

Grain Jorghum (=4 2.EQ

IOTARL INCOME

DIRECT EXPERSES

FERTILIZER
Fert Z5-10-0 tons ZZ5.00 02000 45.00
EERBICIDE
Aptrex 4L pt L.85 Z. 2.10
IBRIGATICH JUEPLIES
Irrigation Water ac-ft Z0.00 0._4000 .00
SEED/PLANTS
b L.04 6.0000 6.24
L Sorghum cwt 0.50 43.0000 21.80
OFERRICE LABOR
Tractors heour 7.50 0.5020 6.78
ERND LEEQR
Implements hour 7.80 0.1110 0.E3
IRRIGATION LABOR
Labor [Flood) hour T.E0 1.0000 7.80
Labor [Ixr. tup) hour T.50 0.1000 0.75
UHALLOCATED LAEOR hour 7.80 o.723z 5.42
DIESEL FUEL
Tractors gal Z2.20 6.8313 15.02
REPAIR & MATHTEMEMCE
Implements 6.27 1. 6.27
Tractors 5.77 1. 5.77
INTERE3T OH OF. CAF. 5.66 1 5.66
IOTAL DIRECT EXPEM3ES 137.67
RETURNS REOVE DIRECT IZXPENSE3 g6.52
FIXED ECXFENSE3
Implements acre 14,95 1. 12.85
Tractors acre l&.E3 1. 16.E63
IOTAL FIXED EXFEMSES
IOTAL SFECIFIED EXFENSE3
RETUERNZ RROVE TOTAL SPFECIFIED EXPENSES 36.689
ALLOCATED COST ITEMS
Share Rent %of Gross % 20640 33_0000 66.11
RESIDURL EETURMS -31.42

Brand names are mentioned only as examples and imply no endorssment.

lalzemaicn prosen e i3 pmpaced sy w4 e n gude £ ol infeeding b cecopre e o grecdict e ceals £ cefuess boes any one coaesien
T prsscficnd wive colectnd § devakyed by TOE slal £ spproved b pubkoson

Source: Texas AgriLife Extension Service 2007.
Exhibit B-4. Texas AgriLife Extension Service, Reign 12 Crop Budget for
Grain Sorghum, Conventional Tillage, Furrow Irrigation, 2007
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for Planning Purpases Only B-1241 (C12)
Mot to be Used without Uipdating after December 1, 3006

Tabla T.A Estimated costs and returns per acra
Grain Eorghumy Feducad Tillage, Furrow Irr,
Frojected for 007, Ric Grands Valley, For Flamning Purposas

ITEN THIT FRICE OMANTITY  AMODHT YOOF. FAFM
dallars dallars
THCOHE
Grain Sorghum CWT 4,80 43, 0000

TOTAL THOOME

DIRECT EXFENEES

FERTILIZER
Fary 25-10-0 tons 225,00 O, 2000 45 00
HERBICITDE
Roundup Titra 451 PT 458 3. 2500 14.82
ARtrew AL PT 1.55 2. 0000 310
IRATGATION SOFFLIES
Irrigation Water ac-Tt Z0.00 O, 40:0:0 B .00
SEEDYFLANTE
Grain Sorghuym Sead 1b i.04 6. D000 &.24
CUSTOM HARVEST/EATL
Harvest/Haul Eorghum oWt 0. =0 43, 0000 Z1.50
OFERATOR LABOR
Tracruors our T.50 0, 2420 1.81
Eelf-Fropalled Eq. BoaE T.50 0. 0330 o.24
HANT LABOR
Inplamanta our T.50 0,.1110 .83
IRATGATION LABOR
Labor [Flood] houg T.5%0 1. 0000 T.50
Labor (ITr. Batup) o T.50 0, 1000 075
ONALLOCATED LABOR BoRE - 0. 2200 1.65
DIESEL FUEL
Tracnors gal Z.20 1.5754 I.4E
Exlf-Fropalled Eq. gal 220 O.0EEd 0.14
AEPATR & MATHTEHANCE
Inplamanta acTE 3.1% 1. 0000 .75
Tractorg RCTE 2.2 1. 0000 .24
Salf-Fropalled Eg, ACTH o.53 1, D000 0.53
INTEREET OH OF. CAF. ACTiE 4.84 1. 0000 4.64
TOTAL DIRECT EXFEMEE3D 126.25
FETUANE ABOVE DIRECT EXFENEES BED.14
FIXED EXFENSES
Inplamanta aCT@ 9.1E 1. D000 5.1E
Tractorg RCTE 6.31 1. 0000 6.31
Balf-Fropalled Eq. ACTA 0.5 1, D000 B.57
TOTAL FIXED EXFENSES 16,458
TOTAL SFECIFIED EXFENIES 142,70
RETURNE ABOVE TOTAL SFECIFIED EXPEREER 63,69
ALLOCATED COET ITEME
Share Rent Raf Groes L1 208 40 33, 0000 6E.11
RESIIAL RETURNE -4.41

Erand Ramgs ALe BEnCionsd onlY AS eXAEDles aAnd 1EPlY OO GNACTSGRART.

infermtion prewsnted I prepanss sl an @ passrel puids & nof prmcict the cote & speratas
Thum oy TEE afnff & sppeoved for pubiceion.

Source: Texas AgriLife Extension Service 2007.
Exhibit B-5. Texas AgriLife Extension Service, Reign 12 Crop Budget for Grain
Sorghum, Reduced Tillage, Furrow Irrigation, 2007



Not fo be Used withowt Updating after December 1, 2006

Table B.A Estimated costs and returns per acre
rain Sorghum; Conventiomal Tillage, Dry

Land

Projected for 2007, South Tema=, For Flanning Purposes Only

ITEM TKIT FRICE QUANTITY AMOTHT YOUR FARM
dollara dollars
INCOME
Grain Sorghem =" 4. B0 22 .0000 135. 60
TOTAL INCOME 105 60
DIRECT EXPENSE3
FERTILTIZER
Fert 25-10—0 tons 225.00 g.1z00 27.00
HERBICIDE
Permit & applicat acre 1200 1.0000 12.00
SEED,PLANTS
Grain Sorghum Jeed 1b 1.04 4.5000 4._68
COSTOM HARVEST (HATL
Harvest/Haul Sorghum cwt 0.50 22 .0000 11.03
CPERATOR LABCRE
Tractors hour 7.50 0.8840 €.63
HAND LAROR
Implements hour 750 0.1110 G.g2
MRLLOCATED LAROR hour 750 g:Ta72 5.320
DIESEL FOEL
Tractors gal 2.20 €.65975 14.73
REPATR & MATNTEMAWCE
Implements acre &.20 1.g0on 6.20
Tractors acre S.60 1.0000 S.60
INTEREST ON OP. CAP. acre 4.51 I.gooo 4.51
TCTAL DIRECT EXPEN3IES G8.50
BRETURNS ABOVE DIRECT EXEENIES T7.0%
FIZED EXPENSE3
Implements acre 14.76 1.0000 14.76
Tractors acre 16.40 1.0000 16.40
TOTAL FIXED EXFEN3ES 2L.17
TCTAL SPECIFIED EXFENSES 125 68
RETITRNI ABOVE TOTAL SPECIFIED EXPEN3IES -24.08
ALTOCATED COST ITEMS
Share Rent #of Gros=s & 105. 60 a3a.oaon 34_B4
RESIDUAL RETTRNS -58.82

Brand names are mentioned only as examples= and imply no endorsement.

B-1241 (C12)

Imftrmation preseried s prepared sofel' as & peneml quide £ nof Infended io recognize o predict e ooty & refums Pom any one DpeTaion.
These pegfertions weee cofecsd & developed by TCE siaf £ approved for pubilcasion.

Source: Texas AgriLife Extension Service 2007.

Exhibit B-6. Texas AgriLife Extension Service, Reign 12 Crop Budget for Grain

Sorghum, Conventional Tillage, Dryland, 2007
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for Planning Purpases Only B-1241 (C12)
Motitp be Lised without Lipdating after December 1, 3005

Tabla 3.A Estimated costs and returns per acra
Sngar Cane; Flant Cana, Furrow Trr.
Frojected for 2007, Rio Grands Vallay, For Flamming Purposes

ITEN THIT FRICE QMANTITY  AMOTHT YOOR. FARM
dollars dallazrs
THCOHE
Sugar Cang Tong 1E. DO 50, D000 300 .00
TOTAL THOOME 300,00

DIRECT EXFENZES

FERTILIZER
Fart 10-34-0 CHL 14.75 Z. 0000 25.50
HERBICIDE
Atrazine 4L =t 1.40 1Z. D000 1&.80
Frowl 3.3 EC BT 3.16 10, D000 ZL.e0
IRARTGATION SOFPLIES
Trrigation Wataer ac-ft 20,00 5. D000 100,00
SEEDY FLANTES
Feed CoTe ton 2400 4. 5000 10E.00
COSTOM CANE OFE
faad cutting Ton 5.E4 4. 5000 26,28
seed transport/distr acre 12%, D0 1.0000 12% .00
seed covaring [ Takq 5,00 1.00040 E.00
OFERATOR LABOR
TraCToDs ke T.%0 O, e840 6.E3
HAND LABOR
Implamants bour T.50 0. 1010 0.8
IRRIGATION LABOR
Labor [Flood) hour T.50 &, D000 4% .00
Labor (Irr. Satup] bour T.50 1.00040 7.50
MHALLOCATED LAEOR houe T.%0 O, T2 3.30
DIESEL FUEL
Tractorg aal .30 6,.4875 14.27
AEFAIR & MAINTEHANCE
Inplamants [ Takq 4.I7 1. D000 4.27
Tractorg ROTH .74 1.00040 .74
IHTEREET OH OF,. CAF, ACTH 38,36 1. o000 28,56
TOTAL DIRECT EXFENSES 569,23
RETURNE ABOVE DIRECT EXTENSES 330,78
FIXED EXFENIES
Implamants ACTH 9,36 1,000 5.38
Tractors ACTE 16.71 1.00040 16,71
Amortized Tand FEap. acra 2.11 1.0004 Z.11
TOTAL FIXED EXFENSES ZB.19
TOTAL EFECIFIED EXFENSES 597,43
RETORNE ABOVE TOTAL SFECIFIED EXFERSES 302,56
ALLOCATED C0ST ITEMES
Cash Rant, 2. Carw [ Teta 100,00 1.0000 100 .00
RESIDIRL BETURNS 0Z. 56

Erand names are mantioned only as examples and imply no endorsemant.

TCE atuf § mppemvad for puicmfion.

informtion premeted i prepans soisl 8 @ gesene g & nof prcict e i & cparafias

Source: Texas AgriLife Extension Service 2007.
Exhibit B-7. Texas AgriLife Extension Service, Reign 12 Crop Budget for Sugar
Cane, Plant Cane, Furrow Irrigation, 2007



Mot ip be Lised without Uipdatng ater December 1, 2000

for Planning Puposes Only

Tabla 10.A Estimated costs and retuUIns Dar ACT®

Sogar Canej Ratoom Cana,

Furrow ITT.

Projected for 2007, Ric Grands Valley, For Planning Purpose

.‘IT.-SI THIT FRICE QANTITY AMOTHT YOOF. FAFH
dallars dallars
THCOHE
Sugar Cane Tons 1E. D0 3%, 0000 E30.00
TOTAL THOOME &30 .00
DIRECT EXFENEES
COSTOM SFRAY
Feliar Irom Bulphate acra 2.00 o, 5000 4.50
FEATILIZER
ORN {32% H} (=00 1z.040 3. 0000 Z6 00
HERBICITE
Atrazine 4L FT 1.40 1z . OO0 Is.80
Prowl 3.3 EC BT 3.16 10, poon 3L.60
Roundop gal 3650 0. 1000 365
IRATGATION SOFFLIES
Irrigation Water ac-ft 20,00 4. 5000 S0 .00
OFERATOR. LABOR
TEACTOrS hone T.50 0. 5760 4.32
Salf-Fropalled Eg. hour 7.50 0, 0330 o.24
HAHD LABOR
Implamants hour T.5%0 0. 0E75 050
Labor (Waad Conteold} hour T.50 1.T500 13.13
IRATGATION LREECE
Labor [Flood] hour T.5%0 5. 4000 40.50
Labor (Irr. Batup) hour T.50 D, 30040 6,75
MHALLOCATED TABOR kour T.50 0.4872 3,65
DIESEL FUEL
Tractors gal Z.20 4.3071 g.47
Ealf-Fropallad Eg. gal 2.20 0. DEED 0.14
REFATIR & MATHTEHANCE
Inplamants ATk 3.0E 1. D000 3.06
Tractorg ACTH 3.E3 1. 0000 3.483
Salf-Fropalled Eg, ACT# 0,53 1, 0000 0.53
INTEREET OH CF. CAF. AT 10,22 1.00040 10,13
TOTAL DIRECT EXFEHEES 278 .43
BETORNE ABOVE DIRECT EXFENEES 381,16
FIXED EXFENSES
Inplamants ATk T.15 1. D000 T.15
Tractorg ACTH 11.13 1. 0000 EL.13
Ealf-Fropalled Eg. ACTH o.s7 1, D000 0,57
TOTAL FIXED EXFENEES 1936
TOTAL SFECIFIED EXFENJES 296810
RETURNS ABOVE TOTAL SFECIFIED EXPEREER 32r.85
ALLOCATED COET ITEME
Cash Rant, 2. Cana ACTH 100,00 1. 0000 100 .00
RESTIDAL RETURNE 231.89

Erand namgs are mentioned only as examples and imply no endorsement.

drfermation sressnted & PrEpeT Sl a5 8 paner g §

Source: Texas AgriLife Extension Service 2007.
Exhibit B-8. Texas AgriLife Extension Service, Reign 12 Crop Budget for Sugar
Cane, Ratoon Cane, Furrow Irrigation, 2007
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Profections v Flanaing Purposes Ony B-1241 (13
(ol o be e withod Lindafing affer December 1, 2006

Tabls 14.8 Estimsted ccats akd caturns pac scrs
Smicmr Bybrid Yallow Vacistims, Tarcow Irt.
Projectsd for 2007, Rio Goasds Vallay, For Plenning Puorposs

ITEM ImIT PRICE TEANTITY  AMDUNT YOUR FRFM
dollers dollec-s
INCOHE
Crdiona, Yallow mack 0.00 230_0000 4400.00
TOTAL INCOME 4400.00

CIRECT EXFENSES

FERTILIZER
Fact 10-34-0 ot 14.78 20000 20.50
Faligsa Gt z0.8E T.0000 145,95
RN (42 N EE3 12.00 . THG0 9.36
FIRGICIDE

mdthane F-45 ge 1.54 20000 7.08

Rovzal 4% =3 z0.34 3. 0000 41.08

Ridomil Gald oz 5.18 ®. 0000 40,80

Bewva Ulkras qt 1z.58 20000 25,00
NERBITINE

Frafas 4E gt 10,00 2.74500 27.50

Gosl IXL gul 108,00 . 300G 18.50

Triflusalin 42C PE z.48 10000 Z.48
INSECTICIDE/MITICIDE

Iocaban &K e 612 1.Ti00 10.71

Cdezinan AELO0 -3 1. 1.5000 5.78

Hazsts oz z.03 ¥ Hi00 19.48
IFRTSRTION SUPFLIES

Ircigation Water ac-fr 20,08 2.8000 48,00
SEEDY PLRNTS

Cnion Samd uml® 100.09 1.5%000  1%0.00
CUSTM NORT. ERFVEST

Mecveat Snione Eag 1.% 5300000  7%0.00

Coying dnicms Eag 0.30 5300000 150.00

Feck & Coont Oniomns  bag 1.8 E30.0000 725.00

Sals Conmign. Cmicns bag 0.48  S00.0000  200.00
CERRATOR LAROR

Tractaoca housr T 1.5270 11.45
HAKT LADOA

Tzpleants bots 1.5 . AT z.78
TFRTSRTION LASBOR

Labor [Flood) hour 7.5 T.0000 53.50

Labor [Ict. Swbtepl hous 7.5 0. 4000 1.00
URALLOCATED TADOR Boizx 7.5 0.2527 1.14
CIESEE FUEL

Toackoca gul z.20 114423 25.17
BEFRIR & MAINTENRSCE

Tzplessnts scrw 5.38 1.0000 i.38

Trackoea acrw 0.1 1. 0000 a.71
INTEREST ON OF. CAF. acce 80,93 10000 €0.93

TOTAL DIRECT EXPESSES 2496.24

AETURNS RDOVE DOIRECT EXFENSES 103,75

FINED EXFEMSES
T=plesants acrw 17,582 1.m00 19.52
Tractora scrw zh.61 10000 28,61

TOTAL FIKED DXFENSES 46.13

TOTAL SFECIFTED EXFENIES 2642.38

AETURNS RDOVE TOTAL SPECTFIED EXFENSES 175781

ALIOCATED OOST TTIMG

Cash Renk, Ifr. Vg acts 100, 02 1.0000.  100.00

AESTONRL METURNS 1e8F .41

Brant namss are mantionsd oroly ss szssples and Leply no andocsesant.

L e ] s 1 i

Source: Texas AgriLife Extension Service 2007.
Exhibit B-9. Texas AgriLife Extension Service, Regn 12 Crop Budget for Onion,
Hybrid Yellow Varieties, Furrow Irrigation, 2007
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Projections for Planning Pupoases Only E-1247 (312}
Nof fo be Used without Lipdating afer Decamber 1, 2000

Table 25.8 Estlmated costs and cetucns pear scoe
Geapafrult; Yeass 8% Matura Occhasd, Flood lrc.
Frojucted faz 2007, Mo Grande Valley, For Planslng Pucposs

ITEN IT FRICE  QUANTITY  ANMOUNT  TOUR FAMM
dallaca dellics
ENCOME
Grapefrulr [Ala Red) Tans -] Z3.0000 044,24
TOTAL INCOME 044,24

OIRECT EXFENSES

FERTILIZER

bwim Sulfava (216 Wp  cee 13,50 T.L&00 DE. 3%
HERBICIDE

Simizlna DOGF pallan 2,80 5. 2600 14.00

Erevar 1 80 OF ] 11,30 30000 33,00
IRSECTICIDE /MITICIDE

Wpdate gal 400 0.0625 3.758

Vabdax i 23.00 63000 L3d.00

Clrrus ol pal 2.50 5,000 12.50

Agri-Hak gal 654,30 0. 540 35.10
IERIGATION SUPPLIES

Irrigatlon Watar ac=fL 2600 1.2000 24.00
ADIPERNT

Surfactast Pt b.28 2.%000 L.7E
CIASTOM CRCED, SPRAY

Locaban 48 pt 5.57 B, G000 44,56
THEURANCE

Eatablishad crapaler acre 115,00 1,3000 115.00
CIRSTOM ORCHARD OFS.

Hudglog or Topping  ecre 6000 0.5000 30,00

Cusdtem Fact. Clifus  acre 4.00 2.0000 a.00

Custos Orchicd Speay acse 35,00 4. 000 Lgo.on
OFERATON  Lahon

Trastors Eaus .50 o.1z20 0.9l
HAMD LA

Izplassnts baus 1.50 b.oELD 0.45
IERIGATION LABON

Labaz [Flacd) Beanis 7.50 3. 3000 22.50
URALLOCATED LABDE Eaus .50 0.3a122 o.0g
DEESEL FUEL

Tractoca Gal 2020 D.9410 2.0
REPAIR & MATHTENAMCE

Isplanants acEw b.27 1,000 a.21

Teastors asre 0. 64 1, 0000 .64
INTEREST OH OF. CAF. acis 41,59 1.0000 41.1%

TOTAL OIRECT EXPENZES TEd.21
BETURNS ABOVE DIRECT EXPERSES 1re0.02

FIXED EXPENSES

Inplamants [ b.40 10000 0.0
Tractoca [ 1.4 1.00600 1.94
Patnasmnt Valve [re. acze 45,00 1.G000 45.00
Yaar L Eae, Coats [ 200, 04 1.%000 Z09.04
TOTAL FINED EXPENSES TEE.38
TOTAL SPECIFIED EXFENSES 1z0.53
BETURNS ABOVE TOTAL SPECIFIED ENPERSES 1823, 64

ALLOCATED Co=T [TEMS
Land Cosr, Ofchard [ 150, 80 10000 150,00
FESIDUAL PETUMNT ET3.64

Hrurd masws acs mantlicned only en szasples asd Geply fo asdotaemast.

it ol - s s & rer [ e
dacru | oy O el mukicarca.

Source: Texas AgriLife Extension Service 2007.
Exhibit B-10. Texas AgriLife Extension Service, Rgion 12 Crop Budget for
Grapefruits, Years 8+ Mature Orchard, Flood Irrigation, 2007
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