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Abstract

Increasing pressure on limited and exhaustible natural resources for expanding crop production by way of irrigated
agriculture has led to the depletion of the most dependable water supply source in the Southern High Plains, the
Ogallala Aquifer. This study focuses on suggestions advocated by policy makers and researchers for increasing the
water use efficiency and for promoting judicious use of available water supply for irrigation. Advocating the concept
of water savings by economic evaluation of the value of available water is a vital step in the process, considering the
rapid depletion and limited recharge into the aquifer. The primary objective of this research was to conduct an
analysis to evaluate the water marketing options in cotton production in the Southern High Plains of Texas. This
study utilizes data from field experiments conducted from 2001 to 2008 at the Texas AgriLife Research facility at
Halfway, Texas, for economic evaluation of potential water marketing. Continuous cotton and cotton sorghum
rotation cropping systems were utilized as treatments to explore different scenarios for evaluating water use. The
primary focus of the field experiments was on crop management and designing effective cropping systems with the
ultimate objective of water conservation. The field study concluded that under current commodity prices and water
cost, continuous cotton production was the economically preferred crop production system compared with a cotton-
sorghum rotation. To analyze the potential of each production system for water marketing, the water conserved from
effective production systems was assigned a value and was compared with the opportunity cost of diverting the same
for urban use in the city of Plainview. The water marketing potential was found to be the highest for the cotton-grain
sorghum rotation production system at a low irrigation capacity because of the high sustainable use gap, which is the
difference between the net value of crop output per irrigated acre and the opportunity cost of diverting the same for
urban consumption. Therefore, a producer is faced with varied choices depending on the current production
practices and irrigation conditions. This study expects to provide necessary data and knowledge for cotton producers
to decide on management practices favorable for water conservation and utilize available water in the most
economic sector.

Introduction

Irrigated cotton production in the Southern High Plains of Texas is an important driver of the regional agricultural
economy. For irrigation purposes, groundwater is the major source, which is provided by the Ogallala Aquifer.
Continued reliance on groundwater has led to depletion of the aquifer, which is aggravated by a low recharge rate
for the region. Therefore, the producers in the region as well as policy makers have shifted focus towards increasing
‘water savings’ in contrast to water use efficiency. This in turn, has led to research focusing on generating
economically viable water saving techniques of crop production and irrigation. Producers have also started exploring
ways to understand the profitability of choices they face if the irrigation water is marketed for use in sectors other
than agriculture, such as municipal or industrial use. Crop rotations are considered useful production systems in
semi-arid regions (Howell et al., 2004), as they have shown positive impacts on biodiversity (Francis and Clegg,
1990) and sustainability (Parr et. al., 1990). Irrigated crop rotations have shown potential economic advantages over
continuous cotton production in previous studies (Segarra et al., 1991; Blackshear and Johnson, 2003). Research has
also analyzed the performance of crop rotations when coupled with varied irrigation treatments. This study utilizes
results from field experiments based on rotational systems in irrigated cotton production to determine the marketing
potential of irrigation water under each system.

Sales of water sale as a commodity in Texas have largely been restricted to surface water as groundwater rights are
different and largely governed by the rule of capture. This gives priority to ownership of water with few restrictions.
However, interest in groundwater sales has been rising in recent years, dating back to May 1993, when the Texas
Senate Bill 1477 was passed creating the Edwards Aquifer Authority (Voteller 1998). This enabled the water market
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for the Edwards Aquifer region and led to subsequent discussion amongst water districts and producers in other parts
of the state as they realized the advent of groundwater marketing. Unlike other water conservation districts, the
Edwards Aquifer Authority was now vested with the power to issue permits and regulate groundwater withdrawal in
the counties overlying the aquifer’s recharge and storage areas. While S.B. 1477 stood as a landmark for ending
unrestricted groundwater usage of the Edwards Aquifer, other Texas aquifers had no similar mandated restrictions
(Kaiser and Phillips, 1998). It is therefore in the interest of producers as well as the society to examine options
regarding groundwater marketing in other irrigated regions, to conserve water for future use and explore sources of
reliable water supply in urban areas.

A water market organizes economic activity using prevailing prices to communicate values for water across the
market, bringing about coordinated economic decisions between buyers and sellers. In order for such a market to
work, it must meet three particular characteristics. First, rights must be established for water ownership as a
commodity, which allow market participants to buy and sell. Second, the market must be comprehensive, not
excluding any willing buyers or sellers. Third, and the commodity marketed (water in this case) must be
homogeneous (McCarl, 1998). There are several general principles involved in assessing the economic value of
water and the costs associated with its provision. First, it is vital to obtain an understanding of both direct and
indirect costs involved with the provision of water. Second is the derivation of a value, which can be affected by the
reliability of water supply. The ideal condition to ensure sustainable use of water requires a balance of the costs and
values. The value in alternative uses and opportunity costs can be accurately accessed only when water supplies
match water demands for user sub-sectors. Water markets, if functioning, will perform these functions of matching
water demands with supplies if appropriate regulatory and economic policies are used to balance the effect of
externalities. However, in the absence of functioning water markets, a partial equilibrium approach becomes
important for such an analysis. This involves estimation of the opportunity cost of water when used in a particular
sub-sector in order to determine the cost to society of depriving other sectors of the use of this water. Utilizing this
concept, estimating the economic cost of water used in irrigation will require estimation of the value of water used
in the urban or industrial sectors (Rogers et al, 2002).

Materials and Methods

Data were collected at the Texas AgriLife Research facility at Halfway, Texas from 2001-2008. Irrigation was
supplied using a center-pivot and Low Energy Precision Application (LEPA) techniques. The two cropping systems
produced were continuous cotton (CCC) and a 2:1 cotton-grain sorghum rotation (ROT). Both production systems
were irrigated according to one of the three following irrigation strategies: 0 gpm / acre, 1.25 gpm / acre, and 2.5
gpm / acre (where gpm means gallons per minute). These strategies simulated dryland, reduced irrigation capacity,
and normal irrigation capacity. The average irrigation water applied in season was 0 acre inches for the 0 gpm/ac
irrigation treatment, 5.69 acre inches for the 1.25 gpm/ac irrigation treatment, and 10.35 acre inches for the 2.5
gpm/ac irrigation treatment. Price and cost information from 2008 was used to determine cotton price, grain
sorghum price, and irrigation cost. The assumed cotton price was $0.6305 per pound. The assumed grain sorghum
price was $6.75 per hundredweight. The irrigation cost was assumed to be $8.86 per acre-inch. Yield information
per acre was multiplied by the crop price to determine the crop value per acre. Irrigation applied in season was
multiplied by the irrigation cost to determine seasonal irrigation cost per acre. The crop value per acre was then
subtracted by the irrigation cost per acre and direct expenses for each production cycle to determine returns above
direct expenses. Direct expenses were found using 2008 Texas Crop Budgets for Texas Extension District 2 (Texas
AgriLife Extension Service, 2008). Returns above direct expenses were calculated and averaged for CCC and
Rotation production systems to create 2001-2008 system values. By calculating these system values, returns above
direct expenses for CCC were then compared to the returns above direct expenses for “Rotation”. Calculations of
returns above direct expenses are provided in the results section of this paper.

Analysis for assessing the marketing potential of irrigation water was performed using results from the CCC and
ROT systems. The calculations for the net returns over direct expenses on a per acre basis indicated that continuous
cotton production was economically preferred over rotation production system, at all levels of irrigation treatments.

This provided a basis for analyzing the economic value and opportunity costs associated with irrigation water for all
combinations of productions systems and irrigation treatments. The combination with the least gap between the
value of irrigated water and the opportunity cost was expected to hold the highest potential for marketing towards
urban use. The results for the irrigation treatments and production systems in terms of average net returns per acre
are provided in Table 1. The value of irrigation water ($/acre-inches) is calculated by finding the difference between
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the net returns from irrigated production and from dryland production, and then dividing the value by total volume
of water pumped for irrigation on a per acre basis. Given, the three irrigation level treatments with pumping
capacities of 0, 1.25 and 2.5 gpm / acre, the average net returns from the treatment with 0 gpm / acre served as a
base value for dryland production, for calculation purposes. The total value for irrigation water for each combination
was a sum of the net returns per acre and the value of recharge water. An annual recharge rate of 0.4 inches per acre
was assumed for Hale County (Texas Water Development Board, 2010a).

The cost associated with the irrigation water was broadly the opportunity cost for diverting the water for municipals
use. To arrive at the opportunity cost of irrigation water for each combination, the annual water demand
(consumption) for the city of Plainview were utilized (Texas Water Development Board, 2010b). Also, the annual
consumption per household was calculated by dividing the annual water consumption by the number of household
units in the city of Plainview (United States Census Bureau, 2010). Average annual water consumption was
estimated to be 0.74 acre-feet per household. These calculations are shown in Table 2. Current municipal tiered rates
for the city of Plainview are shown in Table 3. These rates have been procured from the city of Plainview (2010)
and were used for calculating the consumer willingness to pay for urban consumption on a per household basis.
Table 4 shows the calculations for the economic value and costs associated with each irrigation treatment and
production system.

Results and Discussion

Table 1 contains the returns calculated under the assumed prices, irrigation costs, and direct expenses associated
with each production system. This table shows that continuous cotton production was the economically preferred
production system for each of the irrigation treatments. The table also provides the difference in returns between the
continuous cotton production and a cotton-grain sorghum rotation. The difference in returns under the 1.25 gpm /
acre irrigation treatment, $28.10, is the smallest of the three irrigation treatments because the marginal physical
product is increasing at an increasing rate between the two treatments.

Table 1. Economically preferred production system under assumed prices and costs

Irrigation Average irrigation Production Average returns Difference from
treatment water applied System above direct the CCC system
(acre-inches) expenses ($ / acre)
0 gpm/ac 0.00 CCC 62.27
0.00 Rotation 29.42 -32.85
1.25 gpm/ac 5.65 CCC 162.21
5.72 Rotation 134.11 -28.10
2.50 gpm/ac 10.33 CcCC 342.77
10.37 Rotation 255.44 -87.33

Table 2. Municipal water consumption statistics for the city of Plainview

Parameters Values
Population’ 21,502
Number of Housing Units' 9,001
Persons per Household' 2.39
Municipal Water consumption (ac-ft)* 6,677
Consumption/Household (ac-ft) 0.74
Consumption /Person /Household (ac-ft) 0.31

'USGS, 2010 “Llano Estacado Regional Water Plan, TWDB, 2010

Table 2 shows the statistics for the Municipal water consumption for the city of Plainview, which is the nearest city
to the research site for the experiment. Annual water consumption for this city is 6,677 acre-feet, which is the water
demand for urban use. This statistic is divided by the total number of housing units, which gives the average annual
consumption per household in the city as 0.74 acre-feet, assuming an average number of 2.39 persons per household.
The average consumption per person per household annually is calculated to be 0.31 acre-feet. Current Municipal
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tiered rates for the city of Plainview are provided in Table 3. An average household in the city will pay a charge of
$1.65 for every 1000 gallons consumed in the upper limit of 25,000 gallons. For consumption in excess of 25,000
gallons, the price increases to $1.84 for every thousand gallons consumed. There is a minimum monthly charge of
$12.50, levied on water consumption for every household.

Table 3. Current Municipal tiered rates for the city of Plainview

Amount of Water (in gallons) Pricing
1 - 25,000 $1.65 /1,000 gallons
25,001 and up $1.84/ 1,000 gallons
Minimum Monthly Charge $12.50

From the above three tables, analysis for water value and opportunity costs associated with each production system
and irrigation treatment was conducted. Table 4 summarizes the calculations for each production system at irrigation
capacities of 1.25 and 2.5 gpm / acre, when compared with no irrigation treatment. The results indicate that the
sustainable use gap, which is the difference between the economic value and opportunity cost for urban use, was
highest ($12.09) for the rotational system at a lower irrigation capacity of 1.2 gpm / acre. This was followed by the
continuous cotton cultivation at 2.5 gpm/ac, which projected a gap of $11.66. The higher irrigation capacity of 2.5
gpm / acre led to a lower gap between the value and costs of both the production systems under continuous cotton
and cotton-sorghum rotation respectively, on account of a higher net value of crop output per irrigated acre.

Table 4. Economic value and costs for each irrigation treatment and production system ($/acre-inch)

System Value components Cost components Sustainable use gap

Net value  Net benefits Opportunity

of crop from return cost for Pumping

output flows urban use cost (Value- Costs)
CCC (1.25 gpm / acre) 17.96 7.18 44.8 8
Total 25.14 36.80 -11.66
Rotation (1.25 gpm / acre) 17.65 7.06 44.8 8
Total 24.71 36.80 -12.09
CCC (2.5 gpm / acre) 27.00 10.79 44.8 8
Total 37.79 36.80 0.99
Rotation (2.5 gpm / acre) 20.89 8.35 44.8 8
Total 29.24 36.80 -7.56

Figure 1 provides a comparison of value and gap under different production systems and irrigation treatments. It is
clearly observed that a higher irrigation capacity leads to higher net returns per irrigated acre and therefore bridges
the gap between the economic value of water in irrigated agriculture and the opportunity cost of the same. The
economic value of water from crop output exceeded the opportunity cost for urban use in continuous cotton
cultivation at 2.5 gpm / acre, on account of a higher price premium for irrigated cotton in the market as well as
higher productivity on a per acre basis. In contrast, the highest sustainable use gap was observed for the rotational
system with a lower irrigation capacity of 1.25 gpm / acre. It is therefore concluded that farmers will find the water
marketing option more profitable, only when the economic value of crop output is less than the opportunity cost of
marketing the same water for urban use. Also, the farmers irrigating the land with a lower pumping capacity well
may consider water marketing as an option, because of lower productivity per acre when compared to productivity
at a higher pumping capacity on a per acre basis.
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Figure 1. Comparison of value and gap under different production systems
Conclusions

The intent of this study was to determine the marketing potential of irrigation water for urban use under continuous
cotton production and a cotton-grain sorghum rotation at varied levels of irrigation treatments. The results of the
field experiment clearly indicated the higher economic profitability of continuous cotton production over a 2:1
cotton-grain sorghum rotation at current prices and costs. However, the water marketing potential was found to be
the highest for the cotton-grain sorghum rotation production system at a low irrigation capacity because of the high
sustainable use gap, which is the difference between the net value of crop output per irrigated acre and the
opportunity cost of diverting the same for urban consumption. Therefore, a producer is faced with varied choices
depending on the current production practices and irrigation conditions. It is important to realize that water district
restrictions on pumping and transfers of water rights will also influence the behavior of water marketing in the
region. Future research in this direction could be focused on developing water banks, which are useful tools for
leasing water for a limited period of time on a voluntary basis between willing water rights holders and users. It
provides temporary transfers of water entitlements without a permanent change in water rights. Also, the
incorporation of intrinsic values in finding the total economic value of irrigation water and inclusion of
environmental externalities like factors affecting public health and ecosystem through water consumption, for
calculating the opportunity cost could provide a more realistic and appropriate scenario for marketing irrigation
water for urban use.
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