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Abstract: As metropolitan areas require additional water supplies to meet the needs of growing
populations, many are looking to outlying rural areas to provide water. This study examines
potential economic impacts from water sales in Burleson and Hale Counties in Texas, focusing
on agricultural output, household spending, and trade flows with nearby trade centers. While
a net economic gain is estimated for Burleson County when accounting for water leases and
agricultural production, Hale County suffers significant losses that extend to the Lubbock
County trade center. These results suggest more arid regions are likely to experience greater
agriculture losses which may result in overall regional economic decline even though individual landowners benefit. Incorporating trade flows into the regional economic model provides
additional information about effects on the broader regional economy, including regional trade
centers that serve rural communities.

1. Introduction
As metropolitan areas require additional water
supplies to meet growing populations, many cities
look to purchase water from outlying rural areas.
Transferring water from rural agriculture to highervalued urban uses promotes economic growth and
aggregate social welfare (Michelson, 1994; Griffin,
2006). The question of whether and how to implement water transfers is mired in the economic, social,
and environmental questions surrounding what is often call the natural resource curse.
Picking up only on the economic thread, regional
and agriculture economists have long held that value
chains and local processing of natural resources resulted in a stronger economy than shipping raw commodities (Ross, 1999; Kilkenny and Schluter, 2001;
Tunstall, 2015; Lu and Dudensing, 2015). To some
people, selling water formerly used for agricultural
production is akin to felling the forest and trucking
out the logs. Others see water leases as similar to
mineral leases, which extract an underground resource and ship it for refining and use in population

center (Howe and Skaggs, 2015). Water leases that
curtail agricultural production may also affect farmers’ ability to feed more than 9 billion people on the
planet by 2050.
Water leases can provide reliable income to farmers and other landowners who face substantial risk
from low commodity prices, increasing input costs,
weather, and pests. In Texas, most groundwater
rights are attached to the land, and most groundwater is used for farming, although farmers are reducing
their use of the resource through both voluntary and
mandatory conservation programs and by adopting
less water intensive crop varieties while still enhancing yields and quality (Wagner, 2012). Decreased water use is intended to prevent aquifer depletion and
extend the economic use of the aquifer. But these adaptations also enhance landowners’ abilities to sell
water while maintaining crop incomes and increase
incentives to separate water rights from land sales, as
is often the case with mineral estates. Likening water
leases to oil and gas leases is appealing because oil
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and gas law is fairly established and understood by
landowners (Howe and Skaggs, 2015), and in many
cases water transfers are expected to only marginally
displace agriculture (Brajer and Martin, 1990). However, the comparison to mineral leases falls short in
regions where ground water transfers could significantly curtail irrigated agricultural production.
Agriculture may be significantly affected by reduced revenues resulting from lower water-use crop
mixes and reductions in irrigated land, especially in
arid regions (Howe et al., 1990; Seung et al., 1998). In
turn, reduced agricultural productivity affects the
wider economy though both reduced farm income
and reduced input purchases as farms transition to
lower water use crops and to less input-intensive dryland production. These impacts are unlikely to be reflected in the water price (Brajer & Martin, 1990).
The motivation for this study is a proposed water
sale in central Texas as well as increasing discussion
of such transfers across the western U.S. The Vista
Ridge Consortium plans to pipe 50,000 acre-feet of
water annually from the Carrizo-Wilcox Aquifer in
Burleson and Milam Counties 142 miles to San Antonio (Huddleston, 2015). A consortium partner holds
71,000 acre-feet in leases for the San Antonio project
and an existing project already piping 20,000 acrefeet/year 54 miles to Austin suburbs. The lease rate
for the San Antonio project is $46 per acre-foot, a price
many landowners view as a source of revenue similar
to an oil and gas lease.
The project has faced severe criticism by some
Burleson and Milam County residents (Chubb, 2014;
Gibbons, 2015) as well as by San Antonio residents
facing water rate hikes (Rivard, 2014). Although rural residents are concerned about losing irrigation
water, the regional groundwater conservation district
believes there are sufficient water supplies and that
the district has the ability to maintain water availability (Day, Totten, and Westbrook, 2015). Vista Ridge
is the latest of several well-documented attempts by
San Antonio to secure water from rural areas (Lee et
al., 1987; Whited, 2010).
The Vista Ridge project provides the scenario for
this case study comparing the potential economic impacts of water sales in a Texas county with moderate
rainfall, low irrigation use, and an aquifer with a
faster recharge rate to a semi-arid county with a heavily irrigated, low-recharge aquifer in the Texas High
Plains. The study is unique in (1) comparing how individual industries are affected by water lease income versus decreased agricultural productivity and
(2) incorporating trade flows between the rural
county and a nearby metropolitan area.
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2. Literature review
2.1. Water economics
Growing cities have long looked to other regions
to supply water needs (Lee et al., 1987; Howe et al.,
1990; Albrecht, 2014), and some economists believe
interest in rural-urban water transfers is increasing
(Molle and Berkoff, 2009). Studies of water quality
trading programs are perhaps more common and
provide information relevant to this study. In fact,
this journal had a 2012 special issue dedicated to that
topic (Cropper et al., 2012; Greenhalgh and Selman,
2012; Mitchell and Willett, 2012; O’Hara, Walsh, and
Marchetti, 2012; Smith et al. 2012; Smith et al. 2012).
There has been a steady flow of studies on the economics of water transfers and sales since at least the
1980s (Howe et al., 1986; Michelson, 1994; Knapp et
al., 2000; Rosegrant et al., 2000; Howe and Easter,
2013). Many studies have estimated the economic impacts of water transfers through input-output analysis (Howe et al. 1990; Thorvaldson and Pritchett,
2006) or computable general equilibrium (CGE) models (Seung et al., 1998; Goodman, 2000). In fact, several impact studies have focused on Texas water
transfers (Lee et al., 1987; McCarl et al., 1997; Whited,
2010). Other studies have considered the economic
impacts of water allocations and/or curtailments
(Lichty and Anderson, 1985; Vinlove and Emerson,
1990; Varela-Ortega 2011). Of course, economic impact studies of non-water natural resource concerns
are also relevant to modeling water impacts (Marcouiller, Schreiner, and Lewis, 1990; Irland et al.,
2001; Paul et al., 2013).
Focusing on trading of groundwater, Whited
(2010) estimated losses of $30 million in output and
more than 750 jobs in Uvalde County, Texas, due to
potential water sales to San Antonio. Her analysis assumed that all water was converted to non-agricultural use and modeled a conversion of 63,250 irrigated acres to 55,276 dryland acres supporting wheat
and sorghum production. This crop conversion was
modeled in IMPLAN using an analysis by parts
method to incorporate differences in irrigated and
dryland cost functions specified from Texas Extension crop budgets. Negative economic impacts from
crop conversion were estimated at $35.4 million in total output, but this figure was offset by estimated output impacts of $4.4 million from lease payments starting at $135/acre-foot, or $10 million in aggregate.
Lee et al. (1987) found that Uvalde County impacts were negative, but these differences were mitigated at the regional level. Whited did not consider
regional impacts, which support overall efficient
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allocation of resources but matter little to the county
that loses economic value. Seung et al. (1998) found
that regional losses to agriculture did not offset recreation-related gains and water payments in the Walker
River Basin of Nevada and California.
Conflicting results are in keeping with research
that shows rural counties react differently to a variety
of economic scenarios. When considered in water
trading scenarios, water exhibits the properties of
mineral rights. Deller (2014) found that non-oil and
gas mining has a positive relationship income growth
in many rural counties but a negative association in
others. Deller also found similar heterogeneity between rural areas in both the effects of tourism on
poverty (2010a) and the effect of microenterprises on
population and employment growth (2010b). Deller
(2014, 46) concludes, “the heterogeneity of the rural
U.S. makes broad generalizations difficult if not
simply wrong.”
Furthermore, the instability of mining operations
creates uncertainty that limits positive economic potential because businesses are hesitant to form or expand (Deller, 2014). The decisions of businesses related to water-intensive industries may be affected by
uncertainty about whether landowners will lease
their water and about if and when leased water will
actually be exported. Wheeler et al. (2012) found that
intent to sell water was related to debt, low farm income, and low water allocations, all of which relate to
agricultural uncertainty, especially in drought scenarios.

2.2. Case study regions
This case study considers two regions of Texas
with vastly different climatic, hydrological, and economic scenarios. Hale County in the semi-arid Texas
High Plains averages 19.90 inches of precipitation annually. More than 40% of annual precipitation occurs
in May, June, and July. Winters tend to be dry with
most precipitation falling as snow; less than three
inches, or 14%, of annual rainfall occurs between November and February (Alvarez and Plocheck, 2013).
The average minimum January temperature is 24.4°F
and the average maximum July temperature is 91.0°F.
Burleson County is in the Post Oak Belt of the Gulf
Coastal Plains. Annual rainfall of 38.5 inches is almost double Hale County’s precipitation, including
both a wet spring and a wet fall. The average
minimum January temperature is 36.4°F and the
average maximum July temperature is 96.7°F.
Burleson County sits atop a stratified series of aquifers, including the Queen City, the Sparta, and Carrizo-Wilcox, the region’s major aquifer (George et al.
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2011). In all three of these aquifers, water flows (although very slowly) from a northern outcrop on the
land surface toward the south. The Carrizo-Wilcox
has an average freshwater thickness of 685 feet, and
major irrigation from the aquifer occurs in the Winter
Garden region, which is a deeper portion of the aquifer to the south of Burleson County.
Hale County relies primarily on the Ogallala Aquifer, the largest in the U.S., for its water. The Ogallala has a saturated freshwater thickness of only 95
feet. More than 95% of water in the county is used for
agricultural purposes, and irrigation from the Ogallala has resulted in decreasing aquifer levels to the
point that pumping costs have become inefficient for
some farmers (Peterson et al., 2003; TAWC, 2013).
Farmers have reduced water needs through increased irrigation efficiency, but the aquifer continues to be depleted (Peterson and Ding, 2005; Johnson
et al., 2011). The regional groundwater management
district limited pumping to 1.5 acre-feet per contiguous acre in 2014 and 2015 and to 1.25 acre- feet per
contiguous acre in 2016 (TAWC 2013). However,
farmers can apply more water to some acres by applying less to contiguous land. Furthermore, the restriction does not apply if only one harvestable crop
is planted. As noted by Peterson (2003), Texas is not
inclined to enact strong water regulation.
Irrigation use is much different in the two counties. Only 19,598 (5.8%) of Burleson County’s 335,346
acres in farms were irrigated in 2012 (USDA, 2014b),
and the pumping limit is 2 acre-feet per year. In Hale
County, 202,238 (31.6%) of the county’s 640,609 acres
in farm are irrigated. The number of irrigated acres
decreased by 16.9% between 2007 and 2012 even as
the number of acres in all farms increased by 8.8%.
Higher pumping costs associated with lower Ogallala
Aquifer levels contributed to decreased irrigated
acreage.
Differences in climate and water availability result
in very different agricultural practices. Cotton is the
dominant field crop in both Burleson and Hale Counties, but cash receipts from cotton are almost 8 times
higher in Hale County (2011-14 average of $125.6 million) than in Burleson ($16.0 million) (Salinas and
Robinson, 2015). Cotton receipts have been dramatically reduced since 2013 by drought as well as water
restrictions and costly pumping (Figure 1). Like cotton, feed corn is a popular but water-intensive crop in
both counties. Sorghum and wheat, both of which are
productive dryland crops, are also important crops,
although far less important than cotton.
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Figure 1. Gross receipts from selected agricultural commodities in Burleson and Hale Counties
in Texas, 1988-2014.

3. Conceptual framework
This study employs an input-output modeling
framework with multi-regional considerations. Shaffer (1999) provides a thorough description of the logic
and construction of input-output models, and the interested reader is referred to Shaffer’s paper, as well
as to similar discussions by Miernyk (1965) and Davis
(2001) and to Holland and Wyeth (1993) for inclusion
of household income to generate social accounting
matrices. Most input-output models are concerned
with a single region. Lindall, Olson, and Alward
(2009) discuss the concepts and particulars of modeling trade flows between regions, or multi-regional
analysis.
This paper assumes that farmers and other landowners with the opportunity to sell water may
choose do so if the income from water is greater than
income foregone from other agricultural enterprises
(essentially a profit maximization scenario in which
the decision is already known); this assumption is
plausible in that Burleson County farmers have already sold water at a given price and a price can be
set that equals calculated returns to agricultural water use in the High Plains. However, widespread
changes in crop mix and production practices (i.e., input intensive irrigated v. dryland production) result
in changed purchase patterns that must be accounted
for in the regional economic analysis.
In conceptualizing a model incorporating changing industry production functions, a few points bear
special mention. The multipliers generated by inputoutput models are based on data accounting for
transactions between industries, households, other
institutions, and the world outside the modeled economy (Shaffer, 2004). Within a transactions table, supply is equal to demand. Using the common symbolic
summary, total sales by a given sector i (Xi) is the sum

of sector i’s intermediate sales to all other sectors, including to household sectors, and final demand sales
(Yi):
X1=X11+X12+…+X1n+Y1
X2=X21+X22+…+X2n+Y2
⋮
Xn=Xn1+Xn2+…+Xnn+Yn

(1)

or more succinctly:
Xi=Xij+Yi

(2)

A direct requirements table is created by dividing
industry j’s use of industry i’s product by the sum of
industry i’s total sales. Given final demand Y, the
number of equations is reduced to the number of unknowns (Shaffer, 2004). Thus, the demand by sector
j for sector i’s products (Xij) is a function of sector j’s
level of production (Xj):
Xij=aijXj

(3)

where aij is a coefficient describing the dollar value of
sector i production required to produce a dollar of
sector j output.
From here, the model is often represented using
matrix algebra as
Y=X-AX

(4)

with Y the vector of final demand, X the matrix of industry sales, and A the matrix of aij coefficients. Using an identify matrix I:
Y=(I-A)X

(5)

Equation (5) can then be rearranged to solve for X:
X=(I-A)-1Y

(6)
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with the (I-A)-1 matrix providing the Leontieff (1966)
multipliers.
While economists often refer to abbreviated matrix notation to set up discussions of input-output
models, the individual aij derived from the transactions table are critical to forming the industry multipliers through the (I-A) matrix inversion. Farm profit
maximization is a function in which both income and
expenses vary with water use, as profit (Π) is a function of income from water leases (WLI) plus crop income less crop production expenses:
𝑛

Π = 𝑊𝐿𝐼 + ∑𝑛𝑐=1 𝑃𝑐 𝑄𝑐 (𝑤) − ∑𝑧=1 𝐶𝑧 𝑍𝑧 (𝑤)

(7)

where Pc is the price of commodity c, Qc is the quantity of commodity c produced, Cz is the cost of input
z, and Z is the amount of the input used. Both Q and
Z are a function of water use. Over a large number of
producers, different production functions (e.g., different expenses patterns in producing irrigated v.
dryland cotton) result in different transactions tables
and, subsequently, different direct requirements coefficients (aij) and multiplier values for the region.

4. Methods and data
Water sales generate additional income to households, similar to the effects of oil and gas sales. However, if water prices are greater than the value of another unit of irrigation to agricultural production,
farmers may reduce their agricultural water use to be
able to sell at least a portion of their water on the market. In this case, there is a simultaneous loss to the
economy that results from reduced input purchases
as farmers transition to crops and production methods that better fit reduced irritation scenarios.
For example, conventional dryland cotton in the
southern high plains generates expected revenue of
$254.82 per acre while higher-yielding, pivot-irrigated cotton generates $909.84 per acre (Texas A&M
AgriLife Extension, 2015a, 2015b). Irrigated crops do
generate larger profits, but they also have higher
fixed and variable costs. Variable costs are estimated
at $760.05 for irrigated cotton and $288.50 for dryland. A decision not to irrigate cotton results in reduced purchases of seed, fertilizer, chemicals, and energy. Many of those purchases are made locally or
regionally, so losses are multiplied as supplying businesses also experience declining sales. Different industries are likely to benefit from increased income
and hurt by changes in agricultural production.
County-level and regional economy-wide impacts of
increased household income from water sales and

potentially decreased agricultural production are
modeled using input-output analysis, specifically
IMPLAN (IMPLAN Group, 2014).
Low levels of irrigation in Burleson County suggest that water sales are unlikely to constrain agricultural production. Water sales are economically
equivalent to sales of oil and gas, which are widespread in Burleson County. That is, water sales are a
source of income without reducing agricultural production. Thus, expected water sales can be modeled
simply as an increase to household income. The
planned Vista Ridge water project included approximately 25,000 acre-feet of Burleson County water at a
cost of $46/acre-foot, so a $1.15 million Burleson
County water sale was modeled as income to households with annual incomes in the $35,000 to $50,000
range, the appropriate income group as defined by
IMPLAN. Median household income in Burleson
County was $45,650 with a mean income of $56,682 in
the 2012 American Community Survey (Census Bureau, 2015). Similarly, farm operators reporting net
gains averaged annual incomes of $41,929 (USDA,
2014). Farm incomes are relevant because most water
sales will be from farmers or others with agricultural
land holdings.
Median household income in Hale County was
$45,650 with a mean income of $56,682 in the 2012
American Community Survey (Census Bureau, 2015).
Farm operators reported average annual incomes of
$45,152, although farm operators reporting net gains
averaged annual incomes of $132,439 (USDA, 2014).
Still, the value of water sales was modeled as an increase in income to households with $35,000 to
$50,000 annual incomes due to the variability of crop
revenues and the fact that a good deal of land, and
therefore water, is owned by retirees with relatively
low incomes.
Agricultural irrigation accounts for more than
95% of water use in Hale County, and irrigation from
the Ogallala aquifer in that region is near maximum
levels. Thus, agricultural irrigators may opt to use
less water in their agricultural operations and sell a
portion of their water to outside interests. In this
case, increased income from water sales is offset by
reduced agricultural production. The most likely scenario given crop water use requirements would be to
convert land from irrigated cotton to dryland cotton
or to irrigated small grains, which require less water
than does irrigated cotton (Masoner et al., 2003).
Estimating the effect of decreased water use requires modifying IMPLAN cost functions to represent both irrigated and dryland crop production.
Rather than relying on analysis by parts to change
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costs following Whited (2010), this study customized
IMPLAN coefficients following Dudensing and Falconer (2009) and Dudensing, Robinson, and Hanselka
(2016). IMPLAN value-added coefficients represent
employee compensation, proprietor’s income, other
property income, and taxes as a proportion of an industry’s final demand sales, while absorption coefficients represent expenditures for goods and services
purchased from other industries. Because value
added and absorption coefficients are based on expenditures per dollar of final demand sales, each expense in the cotton and wheat budgets was divided
by expected revenue to convert per acre expenditures
to a per-sales-dollar or proportion of revenue basis
(Texas A&M AgriLife Extension Service, 2015a,
2015b).
The 2015 budgets for both dryland and irrigated
cotton and wheat estimated slightly negative returns
above total costs, which are partially compensated by
crop insurance and disaster payments after harvest.
Farmers enter a cropping year with the intent to break
even or be profitable and purchase inputs in line with
those expectations. Thus, revenues were increased to
breakeven levels for purposes of modifying IMPLAN
coefficients; this allowed budget proportions to sum
to 1 and was equivalent to proportioning expenses.
Each item in the budget from seed to proprietor’s income was matched to the appropriate IMPLAN sector.
An IMPLAN model was modified to represent a
specific commodity and production method combination (e.g., irrigated cotton or dryland wheat) in two
phases. First, study area data were customized to
represent the appropriate Extension budget’s value
added coefficients based on proprietors’ income,
rental or share-rent values, and wages. Second, industry production was customized by replacing
some default absorption coefficients with values
calculated from the crop budget. Extension crop
budgets focus on major expenses and do not consider
payments to all sectors of the economy. For example,
Extension crop budgets do not have a line for ac-

counting services or computer equipment, but IMPLAN does. In fact, the irrigated and dryland cotton
budgets respectively list 33 and 28 expenses represented by 12 IMPLAN sectors, but the IMPLAN cotton cost function includes absorption coefficients for
99 sectors. To estimate payments across the entire
economy, the budget-driven coefficients were not
held as fixed but rather were allowed to vary when
the model rebalanced, which is an automated process
in the IMPLAN model.
The magnitude of cropping changes and the direct
effects of water sales on agricultural production was
estimated based on irrigation water use by irrigated
cotton versus wheat and grain sorghum. Cotton irrigation was set at 25 acre-inches (2.1 acre-feet) annually (Warrick et al., 2002; Masoner, 2003). Wheat and
sorghum irrigation was set at 19.5 acre-inches (1.6
acre-feet) (Rogers and Sothers, 1996; Masoner, 2003;
Almas and Collette, 2006; Adusumilli et al., 2011).
Twelve thousand irrigated cotton acres would
need to be converted to dryland to support water
sales of 25,000 acre-feet, the same volume as the Vista
Ridge project in Burleson County (Table 1). This
would decrease the value of cotton production by
$7.86 million because dryland cotton yields only 350
pounds/acre compared to 1,250 pounds for irrigated
cotton. Farmers could choose to convert irrigated cotton acres to dryland wheat, which has higher profitability than dryland cotton; however, because dryland
wheat also has lower revenues, the value of agricultural production would decrease by $9.32 million.
Alternatively, 15,385 acres of irrigated wheat could be
converted to dryland wheat or sorghum, decreasing
the value of grain sales by $4.08 million. Conversion
of irrigated cotton to irrigated wheat or sorghum is
not logical given large negative returns to irrigated
small grains in the Extension budgets for both 2015
and 2014; conversion to dryland cotton or wheat is
more profitable. If irrigated small grains were to become profitable, the vast number of acres required
would require significant coordination.

Table 1. Expected Hale County crop acreage and value changes due to water leases.
Scenario
Irrigated cotton to dryland cotton
Irrigated cotton to dryland wheat
Irrigated cotton to irrigated wheat
or sorghum
Irrigated wheat to dryland wheat

Required
acreage shift
12,000.00
12,000.00
54,545.45
15,384.62

Loss to
original crop
$10,918,080.00
$10,918,080.00

Gain to
conversion crop
$3,057,840.00
$1,596,000.00

Difference
-$7,860,240.00
-$9,322,080.00

Not preferred under current conditions
$6,123,076.92

$2,046,153.85

-$4,076,923.08
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The losses and gains for the three viable agricultural scenarios as well as the household income generated by water sales were modeled in individually
in IMPLAN. Because each commodity production
method had a unique cost function, the loss or gain
for each commodity/production practice combination was analyzed in a separate model, and results
were summed. Models were also created for Brazos
and Lubbock Counties, metropolitan counties adjacent to Burleson and Hale Counties, respectively, to
capture the trade flow impacts of local economic
changes.

5. Data analysis
The direct effects on water payments to households
and changes in agricultural production result in two
types of multiplier effects: indirect effects from the purchase of inputs among local industries and induced effects from the expenditures of institutions such as
households and governments benefitting from

increased the activity among local businesses (Davis,
2001). The total effects are the sum of direct, indirect
and induced effects for each of four outcomes: output
(gross sales), total value added (contribution to gross
regional product), labor income, and employment.
Labor income is a component of value added, which
is a component of output, so the figures in the tables
below cannot be summed.
The Burleson County model included only the increased income from lease payments at $46 per acrefoot as water sales there do not require a decrease in
irrigated crop production. The total impacts of the
$1,150,000 lease payments in the county were
$565,100 in output and 4.8 full- and part-time jobs
(Table 2). Leakages from household income are high
because a large share of money is saved or invested,
as well as being spent outside the local economy. The
impact of the leases is most likely lower than estimated by the model because all leases were assumed
to be made to Burleson County residents, which is
unlikely.

Table 2. Total economic impacts estimated for water sales scenarios.
Burleson County Water Lease Payments
Output

Value Added

Labor Income

Employment

$347,500

$153,900

4.8

Value Added

Labor Income

Employment

$1,083,700

$627,100

$304,400

9.6

Irrigated Cotton Loss

($16,046,500)

($4,270,200)

($2,137,800)

-82.4

Dryland Cotton Gain

$4,457,600

$1,437,300

$894,700

23.7

Overall Total Effects

($10,505,200)

($2,205,800)

($938,700)

-49.1

Lease Income =Total Effects

$565,100

Hale County: Conversion of Irrigated Cotton to Dryland Cotton
Output
Lease Income

Hale County: Conversion of Irrigated Cotton to Dryland Small Grains
Output
Lease Income
Irrigated Cotton Loss
Dryland Small Grains Gain
Overall Total Effects

Value Added

Labor Income

Employment

$1,083,700

$627,100

$304,400

9.6

($16,046,500)

($4,270,200)

($2,137,800)

-82.4

$2,353,300

$624,400

$331,300

12.5

($12,609,500)

($3,018,700)

($1,502,100)

-60.3

Hale County: Conversion of Irrigated Small Grains to Dryland Small Grains
Output
Lease Income

Value Added

Labor Income

Employment

$1,083,700

$627,100

$304,400

9.6

Irrigated Small Grains Loss

($8,979,800)

($2,160,000)

($968,600)

-41.1

Dryland Small Grains Gain

$3,017,100

$800,500

$424,800

16.1

($4,879,000)

($732,400)

($239,400)

-15.4

Overall Total Effects

In Hale County, higher water rates were assumed
based on water’s agricultural value. The value of water was estimated at $75 per acre-foot based on a

share of returns above variable costs in the irrigated
and dryland extension crop budgets. This value was
in line with estimates cited by the EPA (2012) and
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Ziolkowska (2015). These lease payments totaling
$1,875,000 would be expected to generate $1.08 million in output and 9.6 jobs.
The Hale County scenarios assumed that leased
water was diverted away from agriculture. When irrigated cotton was converted to dryland cotton, economy-wide losses of $10.51 million in output and 49.1
jobs were expected (Table 2). Decreased agricultural
revenue and accompanying decreases along the agricultural supply chain outweighed the value of lease
payments in every scenario. When irrigated cotton
was converted to dryland small grain (wheat and sorghum) production, total economic losses included
$12.61 million in output and 60.3 jobs. When irrigated small grains were converted to dryland wheat
or sorghum, losses included $4.88 million in output
and 15.4 jobs. It is tempting to think that, facing large
direct losses in agricultural sales, farmers would not

sell their water; however, profits are a small share of
gross commodity sales and are often negative without crop insurance payments or government subsidies. Water leases involve much less risk than does
crop production.
Losses were not distributed equally across the
county economy. The direct losses to agriculture production were largest. Relative effects on other sectors
depended upon the industry or household group
with sales increases or decreases. This is illustrated
well in the case of irrigated cotton acreage converted
to dryland small grains (Table 3). Home ownership
and real estate, retail, restaurants, and healthcare
were most affected by lease income to the $35,000 to
$50,000 household income group. Agricultural support, insurance, and equipment repair ranked among
the most affected industries for agriculture commodities.

Table 3. Total Hale County output impacts for each aspect of an irrigated cotton to dryland small grains
conversion ranked by top 10 sectors affected.
Lease Income
Rank IMPLAN Sector
-- Total
1

Owner-occupied
dwellings

2 Real estate
3 Wholesale trade
4

Limited-service
restaurants

5 Hospitals
6
7
8
9
10

Electric power transmission and distrib.
Retail - General
merchandise stores
Retail - Food and
beverage stores
Other local
government
enterprises
Automotive repair &
maintenance

Irrigated Cotton Loss
Output
IMPLAN Sector
Change

$1,083,663 Total
$215,575 Cotton farming
Support activities for
agriculture & forestry
Electric power transmission
$40,497
& distribution
Insurance agencies &
$37,294
brokerages
Maintenance & repair of
$36,695
nonresidential structures
$51,054

$30,612 Wholesale trade
Commercial & industrial
equipment repair & maint.
Nitrogenous fertilizer
$28,795
manufacturing
$30,068

$28,590 Owner-occupied dwellings
$25,536 Real estate

This study did not consider the economic benefits
of the water received by the purchasing city. Such an
analysis is outside the immediate scope of interest to
the rural county facing decreasing economic activity
resulting from the sale, although it should be of interest to the broader region. However, we used IMPLAN trade flows between the water importer and

Dryland Small Grains Gain

Output
Change

IMPLAN Sector

Output
Change

($16,046,480) Total

$2,353,318

($11,044,729) Grain farming

$1,613,847

Insurance agencies, brokerages, & related activities
Support activities for
($595,702)
agriculture & forestry
Commercial and industrial
($475,068)
equipment repair & maint.

($1,184,012)

$170,196
$117,314
$48,423

($386,059) Wholesale trade

$39,667

($196,927) Real estate

$36,802

($193,323)

Nitrogenous fertilizer
manufacturing

($175,180) Owner-occupied dwellings
Monetary authorities &
($172,934) depository credit
intermediaries
Other local government
($160,853)
enterprises

$34,100
$25,811
$18,585
$16,313

exporter to consider how the economic relationship
between the rural county and a nearby city affect the
economic impacts. Trade flows to neighboring
Brazos County from Burleson County lease payments
were modeled but were associated with only $3,700
in additional output in the Brazos County economy.
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Hale County is adjacent to metropolitan Lubbock
County, which could conceivably purchase water
from Hale County. Even if Lubbock did not purchase
the water, the higher ordered city would likely experience trade flow effects from Hale County. In addition to being a regional shopping and medical care
destination, Lubbock has a large cottonseed oil mill

that relies on cottonseed from the surrounding area
as well as agricultural finance, insurance, and supply
firms. The Lubbock County economic loss from Hale
County converting 12,000 acres of irrigated cotton to
dryland cotton was estimated at $2.16 million in output and 12.7 jobs (Table 4).

Table 4. Economic impact on Lubbock County of Hale County water leases and associated
cropping changes.
Direct Effect
Indirect Effect
Induced Effect
Total Effect

Output
$0
($1,832,200)

Value Added
$0
($909,400)

Labor Income
$0
($469,400)

Employment
0
-9.8

($330,000)
($2,162,200)

($190,000)
($1,099,400)

($102,700)
($572,200)

-2.9
-12.7

While Lubbock County’s output impacts associated with Hale County lease income totaled only
4.91% of the lease payments, Lubbock total output
losses totaled 27.18% of irrigated cotton losses in Hale
County due to the links within the regional cotton industry. As a result, indirect or business-to-business
effects are 4.5 to 5 times larger than induced effects,
meaning that the relatively more vocal and politically
active business community may take a stand in regional water plans, particularly if water is exported
outside the region. Business interests may be divided
if water leases benefit local industry and residents.
Trade flow effects back to Hale County were negligible, ranging from $340 (0.03%) for the lease payments
to $40,750 (0.25%) for revenue loss from irrigated cotton. Trade flow effects appear to be important considerations in determining the regional impact of water transfers.

6. Conclusions
These results indicate that in situations where an
aquifer is irrigated at or exceeding maximum sustainable levels, water leases are not equivalent to leases
on mineral rights. Rather, losses to agricultural
productivity offset gains in income to households.
For rural, agriculture-dependent counties, these agricultural losses likely outweigh economic gains from
lease payments. Counting the entire value of water
leases as income to the local economy may be
misleading, as only about half of that income stays in
the economy. Not considering impacts of lost agricultural productivity overlooks another important
component of a water transfer. Furthermore, sectors
of the economy are affected differently by shocks to

income and agricultural production, and an understanding of likely impacts across sectors can help
communities to plan for future scenarios.
Incorporating trade flows into the analysis of water leases recognizes that other jurisdictions within
the regional may experience losses. If water is transferred within the region, trade flow losses should be
included along with analyses of the economic benefits to the importing jurisdiction. If water is exported
outside the region, losses will not offset benefits to the
importer but will magnify losses in the exporting region—a fact that should be acknowledged by statelevel planning bodies.
This study considers only the backward-linked
economic impact of water sales in the cases of previously unused water and water reallocated from agriculture to export. It does not consider the effects on
forward linked processing plants, such as denim
mills or flour mills that may be constrained or benefit
from changes in local crop availability. Furthermore,
the study does not address issues of social equity and
impacts, environmental issues, or legal concerns,
each of which poses additional threats to water transfer deals and to water-exporting regions.

References
Adusumilli, N.C., M.E. Rister, and R.D. Lacewell.
2011. Estimation of Irrigation Water Demand: A
Case Study for the Texas High Plains. Selected
paper prepared for presentation at the Southern
Agricultural Economics Association Annual
Meeting, Corpus Christi, TX (February 5-8).
ageconsearch.umn.edu/bitstream/98801/2/SAEA2011_NCAdusumilli_152.pdf.

Water Sales Impacts

Albrecht, D.E. 2014. Rethinking Rural: Global Community and Economic Development in the Small Town
West. Washington State University Press, Pullman, WA.
Almas, L.K., and W.A. Collette. 2006. Wheat Production and Profit Maximization with Alternative
Water Management Strategies in the Texas Panhandle. Paper 24. Conference Proceeding at
OpenSIUC, July 19. Available online at:
opensiuc.lib.siu.edu/cgi/viewcontent.cgi?article=1084&context=ucowrconfs_2006.

Alvarez, E.C., and D. Plocheck. 2013. Texas Almanac
2014-2015. Texas State Historical Association,
Austin, TX. texasalmanac.com/.
Brajer, V., and W. Martin. 1990. Water rights markets: social and legal considerations. American
Journal of Economics and Sociology 49:35-44.
Chubb, C. 2014. Open Letter: A Critical Look at the
SAWS-Vista Ridge Contract. The Rivard Report,
October 18.
Cropper, E.D., D.M. McLeod, C.T. Bastian, C.M. Keske,
D.L. Hoag, and J.E. Cross. 2012. Factors affecting
land trust agents’ preferences for conservation
easements. Journal of Regional Analysis and Policy
42(2):88-103.
Davis, H.C. 2001. Regional Economic Impact Analysis
and Project Evaluation. Vancouver: UBC Press.
Day, A., J. Totten, and G. Westbrook. GMA 12
Panel. Presentation at the Milam & Burleson
Counties Ground Water Summit, Caldwell, TX,
August 12.
Deller, S.C. 2010a. Spatial heterogeneity in the role
of microenterprises in economic growth. Review
of Regional Studies 40(1):70-96.
Deller, S.C. 2010b. Rural poverty, tourism and spatial heterogeneity. Annals of Tourism Research
37(1):180-205.
Deller, S.C. 2014. Does mining influence rural economic growth? Journal of Regional Analysis and
Planning 44(1):36-48.
Dudensing, R.M., and L.L. Falconer. 2010. Estimation of Economic Impact Multipliers for the Texas
Coastal Bend Cotton Industry. Proceedings of the
2010 Beltwide Cotton Conference, National Cotton Council of America, Memphis, TN. (January
4-7): p 330-334.
Dudensing, R., J. Robinson, and D. Hanselka. 2016.
Regionalizing Cotton Cost Functions in IMPLAN. Selected poster presented at the Beltwide
Cotton Conference, New Orleans, LA (January 57).

173

George, P.G., R.E. Mace, and R. Petrossian. 2011. Aquifers of Texas. Report 380. Texas Water Development Board Report, Austin, TX, July.
Gibbons, B. 2015. More than 70 protest Vista Ridge
water pipeline at San Antonio City Hall. San Antonio Express News, November 10.
Goodman, D.J. 2000. More reservoirs or transfers? A
computable general equilibrium analysis of projected water shortages in the Arkansas River Basin. Journal of Agricultural and Resource Economics
25(2):698-713.
Greenhalgh, S., and M. Selman. 2012. Comparing
water quality trading programs: What lessons are
there to learn? Journal of Regional Analysis and Policy 42(2): 104-125.
Griffin, R. 2006. Water Resource Economics: The Analysis of Scarcity, Policies, and Projects. Cambridge,
MA: MIT Press.
Holland, D., and P. Wyeth. 1993. SAM multipliers:
their decomposition, interpretation and relationship to input-output multipliers. Research Bulletin XB1027. Washington State University, College
of Agriculture and Home Economics Research
Center.
Howe, B., and J. Skaggs. Property Rights & Groundwater. Presentation at the Milam & Burleson
Counties Ground Water Summit, Caldwell, TX,
August 12.
Howe, C. W., and K.W. Easter. 2013. Interbasin
Transfers of Water: Economic Issues and Impacts.
Routledge.
Howe, C., J. Lazo, and K. Weber. 1990. The economic
impacts of agriculture-to-urban water transfers
on the area of origin: a case study of the Arkansas River Valley in Colorado. American Journal of
Agricultural Economics 72(5):1200-1204.
Howe, C.W., D.R. Schurmeier, and W.D. Shaw. 1986.
Innovative approaches to water allocation: the
potential for water markets. Water Resources Research 22(4):439-445.
Huddleston, S. 2015. In Burleson County, the Rush is
on for Water. San Antonio Express News, October
25.
IMPLAN Group, LLC. 2014. IMPLAN System [2013
data and software],16740 Birkdale Commons
Parkway, Suite 206, Huntersville, NC 28078. implan.com.

Irland, L.C., D. Adams, R. Alig, C.J. Bentz, C. Chen,
M. Hutchins, B.A. McCarl, K. Skog, and B.L.
Sohn. 2001. Assessing socioeconomic impacts of
climate change on US forests, wood product markets, and forest recreation. BioScience 51(9):753764.

174

Dudensing

Johnson, J. W., P.N. Johnson, B. Guerrero, J. Weinheimer, S. Amosson, L. Almas, and E. WheelerCook. 2011. Groundwater policy research: collaboration with groundwater conservation districts
in Texas. Journal of Agricultural and Applied Economics. 43(3):345-356.
Kilkenny, M., and G.E. Schluter. 2001. Value added
agriculture policies across the 50 states. Rural
America 16(1):12-18.
Knapp, K.C., M. Weinberg, R. Howitt, and J.F. Posnikoff. 2003. Water transfers, agriculture, and
groundwater management: A dynamic economic
analysis. Journal of Environmental Management
67(4):291-301.
Lee, J., R. Lacewell, T. Ozuna, and L. Jones. 1987. Regional impact of urban water use on irrigated agriculture. Southern Journal of Agricultural Economics 19:43-51.
Leontiff, W. 1966. Input-Output Analysis. New York:
Oxford University Press.
Lichty, R.W., and C.L. Anderson. 1985. Assessing
the value of water: Some alternatives. Regional
Science Perspectives 15:39-51.
Lindall, S., D. Olson, and G. Alward. 2009. Deriving
multi-regional models using the IMPLAN National Trade Flows Model. Journal of Regional
Analysis and Policy 36(1)76-81.
Lu, R., and R. Dudensing. 2015. What do we mean
by value-added agriculture? Choices. Fourth
Quarter. www.choicesmagazine.org/choices-magazine/submitted-articles/what-do-we-mean-by-value-addedagriculture.

Marcouiller, D.W., D.F. Schreiner, and D.K. Lewis.
1990. Constructing a social accounting matrix to
address distributive economic impacts of forest
management. Journal of Regional Analysis and Policy 23:60-90.
Masoner, J. R., C.S. Mladinich, A.M. Konduris, and
S.J. Smith. 2003. Comparison of irrigation water
use estimates calculated from remotely sensed irrigated acres and state reported irrigated acres in
the Lake Altus drainage basin, Oklahoma and
Texas, 2000 growing season. Water Resour. Invest. Rep. 03-4155. USGS Water-Resour. Div., Oklahoma City, OK.
McCarl, B., L. Jones, R. Lacewell, K. Keplinger, M.
Chowdhury, and Y. Kang. 1997. Evaluation of
"Dry-Year" Option Water Transfers from Agricultural to Urban Use. College Station, TX: Texas
Water Resources Institute, Texas A&M University.

Michelsen, A. 1994. Administrative, institutional,
and structural characteristics of an active water
market. Water Resources Bulletin 30(6):1-12.
Miernyk, W.H. 1965. Elements of Input-Output Analysis. Web Book of Regional Science. Regional Research Institute, West Virginia University.
Mitchell, D.M., and K. Willett. 2012. Modeling
Transactions Costs in a Regional Transferable
Discharge Permit System for Phosphorus Runoff.
Journal of Regional Analysis and Policy 42(2):126138.
Molle, F., and J. Berkoff. 2009. Cities vs. agriculture:
A review of intersectoral water re-allocation. Natural Resources Forum 33:6-18.
O’Hara, J.K., M.J. Walsh, and P.K. Marchetti. 2012.
Establishing a clearinghouse to reduce impediments to water quality trading. Journal of Regional
Analysis and Planning 42(2):139-150.
Paul, K.I., A. Reeson, P. Polglase, N. Crossman, D.
Freudenberger, and C. Hawkins. 2013. Economic
and employment implications of a carbon market
for integrated farm forestry and biodiverse environmental plantings. Land Use Policy 30:496-506.
Peterson, J.M., T.L. March, and J.R. Williams. 2003.
Conserving the Ogallala Aquifer: Efficiency, equity, and moral motives. Choices. First Quarter,
pp. 15-18.
Peterson, J.M., and Y. Ding. 2005. Economic adjustments to groundwater depletion in the High
Plains: Do water-saving irrigation systems save
water?” American Journal of Agricultural Economics
87(1):148-160.
Rivard, R. 2014. Council United on SAWS-Vista
Ridge Water Deal. The Rivard Report, October 16.
Rogers, D.H., and W.M. Sothers. 1996. Predicting the
Final Irrigation for Corn, Grain Sorghum, and
Soybeans. Irrigation Management Series Bulletin
No. MF-2174. Kansas State University Research
and Extension, Manhattan, Kansas.
Rosegrant, M.W., C. Ringler, D.C. McKinney, X. Cai,
A. Keller, and G. Donos. 2000. Integrated economic-hydrologic water modeling at the basin
scale: the Maipo river basin. Agricultural Economics 24:33–46.
Salinas, D.H., and J. Robinson. 2015. Estimated
Value of Agricultural Production and Related
Items, 2011-2014. (2014 Increment Report.) Texas
A&M AgriLife Extension Service, Department of
Agricultural Economics, College Station, TX,
May. Available online at:
http://agecoext.tamu.edu/resources/increment-report/.

Water Sales Impacts

Seung, C.K., T.R. Harris, T.R. MacDiarmid, and
W.D. Shaw. 1998. Economic impacts of water reallocation: A CGE analysis for the Walker River
Basin of Nevada and California." Journal of Regional Analysis and Policy 28(2):13-34.
Shaffer, W.A. 1999. The Logic of Input Output Models.
Regional Research Institute, West Virginia University.
Smith, C.M., J.C. Leatherman, J.M. Peterson, J.M.
Crespi, and J.D. Roe. 2012. BMPs For Sale! – Implications from a case study in BMP auctions. Journal of Regional Analysis and Policy
42(2):151-161.
Smith, C.M., J.M. Peterson, J.C. Leatherman, and J.R.
Williams. 2012. A simulation of factors impeding
water quality trading. Journal of Regional Analysis
and Policy 42(2):162-176.
Texas Alliance for Water Conservation. 2013. Texas
Alliance for Water Conservation Project Summary 2005-2012. Report submitted to the Texas
Water Development Board. Texas Tech University, Lubbock, TX, June. www.depts.ttu.edu/tawc/ResearchSummaries/TAWCProjectSummary.pdf.

Texas A&M AgriLife Extension Service. 2015a. Dryland Cotton Conventional Budget - South Plains
Extension District - 2. 2015 Texas Crop and Livestock Enterprise Budgets. Department of Agricultural Economics, College Station, TX.
agecoext.tamu.edu/resources/croplivestockbudgets.html.

Texas A&M AgriLife Extension Service. 2015b. Irrigated Cotton - Pivot Budget - South Plains Extension District - 2. 2015 Texas Crop and Livestock
Enterprise Budgets. Extension Department of Agricultural Economics, College Station, TX.
agecoext.tamu.edu/resources/croplivestockbudgets.html.

Thorvaldson, J., and J. Pritchett. 2006. Impact Analysis of Reduced Irrigated Acreage in Four River
Basins in Colorado. Completion Report No. 207.
Colorado Water Resources Research Institute,
Department of Agricultural and Resource Economics, Colorado State University, July.
Tunstall, T. 2015. Recent economic and community
impact of unconventional oil and gas exploration
and production on south Texas counties in the
Eagle Ford Shale Area. Journal of Regional Analysis
and Policy 45(1):82-92.
U.S. Census Bureau. 2014. Selected Economic Characteristics, Table DP03. 2009-2013 5-Year American Community Survey. Washington, DC, December.

175

U.S. Department of Agriculture. 2014a. 2012 Census
of Agriculture, Volume 1, Chapter 2: Countylevel Data - Texas, Table 4: Net Cash Farm Income of the Operations and Operators: 2012 and
2007. National Agricultural Statistics Service,
Washington, DC, last revision April 9, 2014.
U.S. Department of Agriculture. 2014b. 2012 Census
of Agriculture, Volume 1, Chapter 2: Countylevel Data - Texas, Table 10: Irrigation: 2012 and
2007. National Agricultural Statistics Service,
Washington, DC, last revision April 9, 2014.
US Environmental Protection Agency (EPA). 2012.
The Importance of water to the U.S. economy.
Part 1: Background Report. Public Review Draft.
Washington, DC, March.
Varela-Ortega, C., I. Blanco-Gutierrez, C.H. Swartz,
and T.E. Downing. 2011. Balancing groundwater
conservation and rural livelihoods under water
and climate uncertainties: An integrated hydroeconomic modeling framework. Global Environmental Change 21(2):604-619.
Vinlove, F.K., and M.J. Emerson. 1990. Regional economic impacts of constrained groundwater availability under a zero depletion management scenario. Journal of Regional Analysis and Policy
22(2):53-78.
Wagner, K. 2012. Status and Trends of Irrigated Agriculture in Texas: A Special Report by the Texas
Water Resources Institute. Report TWRI EM-115.
Texas Water Resources Institute, Texas A&M
AgriLife Extension Service. twri.tamu.edu/docs/education/2012/em115.pdf.

Warrick, B.E., C. Sansone, and J. Johnson. 2002. Cotton Production in West Central Texas. Department of Agronomy Bulletin SCS-2002-07. Texas
A&M AgriLife Research and Extension Service,
San Angelo, Texas. sanangelo.tamu.edu/extension/agronomy/small-grain-production-in-west-centraltexas/.

Wheeler, S., A. Zuo, H. Bjornlund, and C.L. Miller.
2012. “Selling the farm silver? Understanding
water sales to the Australian government.” Environmental and Resource Rconomics 52:133–154.
Whited, M. 2010. Economic impacts of irrigation water transfers on Uvalde County, Texas. Journal of
Regional Analysis and Planning 40(2):160-170.
Ziolkowska, J.R. 2015. Economic Value of Water for
Irrigation in the High Plains. Paper presented at
the National Value-Added Agriculture Conference, Austin, TX (May 18-20).

