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ABSTRACT 

This study addressed the impacts of the 2008 US recession on water extraction rates from the Ogallala Aquifer in the 
Southern High Plains of Texas by examining the differences in projected macroeconomic variables and how they im- 
pact agricultural production and irrigation water use. The approach used pre- and post-recession FAPRI-based projec- 
tions of commodity markets and an economic optimization model formulated for the Ogallala Aquifer to simulate water 
use adjustments. Results indicate that, based on the projections used, the 2008 recession decreased, then increased water 
use slightly in the representative counties, ceteris paribus, with minimal cumulative effect, and water use responsive- 
ness to economic forces within the region was variable. This analysis also demonstrates that relating policy and eco- 
nomic changes to resource use changes is possible. 
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1. Introduction 

Economic analyses of the impacts of changes in tech-
nologies, market shocks, and government policies and 
programs typically focus on surplus measures, prices, 
quantities, revenues and/or costs. While impacts on re-
source use may be implicit in these analyses through the 
derived demand for inputs, resource use impacts typi-
cally receive secondary, if any, attention. However, as 
concerns about resource sustainability grow, those re-
source impacts become more relevant to some public 
interests and policy makers. 

Water is a key resource for both agriculture and the 
public at large. In 2008, 54.9 million acres of US crop-
land were irrigated, covering approximately 12% of all 
cropland [1], much of which occurred over the Great 
Plains in states such as Nebraska, Kansas, and Texas. On 
the Texas High Plains the southern portion of the Great 
Plains irrigated acres produced 60% of the states’ irri-
gated cotton and nearly 80% of the irrigated corn [2]. 
Throughout the southern and central Great Plains region, 
the Ogallala Aquifer (Figure 1) provides most of the  
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Figure 1. The Ogallala Aquifer, with location of study coun-
ties. Source: high plains underground water conservation 
district #1 [3]. 
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groundwater needed for irrigation, accounting for nearly 
65% of the irrigated acreage in the US [3]. However, 
since irrigation development began in the late 1940s, 
there has been a general persistent decline in available 
water from the aquifer from extraction rates exceeding 
recharge1. Understanding the water use implications of 
changes in technologies, economic phenomena, and poli-
cies is an important component of effective regional wa-
ter use planning. The southern portion of the Ogallala, 
where the aquifer is generally the most accessible but 
most limited in quantity, was among the first to rapidly 
develop irrigation, and where depletion issues first be-
came obvious. Consequently, the area tended to adopt 
water efficient irrigation application technology most 
rapidly. To date, regulatory limitations on pumping have 
not been implemented. 

Theory and empirical studies have shown that com-
modity and input prices affect resource use, and policies, 
programs, changes in business cycles, recessions, or other 
factors may affect prices. Recent events have provided a 
natural experiment that may aid in understanding the 
linkages. Until 2007, the US had been through a rela-
tively long period of economic growth with generally 
rising or relatively flat, although variable, agricultural 
commodity and energy input prices. In 2008, the start of 
a recession created uncertainty and altered future expec-
tations within the agricultural market system. 

This study addressed the impacts of the 2008 US re-
cession, on water extraction from the Ogallala Aquifer in 
the Southern High Plains. The approach focused on rep-
resentative water resource situations in the region and 
utilized pre- and post-recession FAPRI-based projections 
of commodity markets to simulate the adjustments in 
water use caused by changes in those macroeconomic 
variables. From a broader perspective, this analysis also 
serves to empirically demonstrate how external forces 
may work through economic incentives to impact resource 
use. 

Macroeconomic forces (economic growth, interest rates, 
exchange rates, etc.) are known to impact individual sec-
tors of the economy, including the agricultural sector. 
The direct effects on the agricultural sector are typically 
through variables such as commodity prices, exchange 
rates, interest rates, and production input costs. Resulting 
shifts in production of agricultural commodities, in turn, 
spill back to affect aggregate output, prices, other mar-
kets, and trade balances. Prior studies of the macroeco-
nomic impacts in agriculture have focused on either 
structural changes that could occur within the dynamics 
of the economic system or broad characteristics within 
the market such as land values, consumer expenditures,  

and agricultural incomes [4-6]. This study adds to the 
existing literature by focusing attention on the implica-
tions of macroeconomic changes on resource use. At the 
same time, the paper provides a framework for relating 
resource use to the broader market for future policy analy-
sis. 

2. Conceptual Framework 

The basic model of groundwater irrigators’ profit is based 
on economic, hydrologic, and agronomic factors [7]: 

   πt t tR w C H w  t               (1) 

where πt = profit in time period t, R(w) = net farm reve-
nue from water use, except for pumping costs (which 
depends on crops produced, crop yield functions, com-
modity values, and crop costs of production of all factors 
except water pumped), and C(H) = cost per acre of pump-
ing water, which varies with pumping lift (that varies 
over time based on aquifer flow factors, aquifer volume, 
and aquifer yield of water. 

The Ogallala is an unconfined underground aquifer (an 
impervious clay-lined bottom with the layers of soil over 
it not sealed), consisting of water deposited several mil-
lion years in the past in a layer of water-bearing sand. 
The strata lies at different depths below the surface, var-
ies in its thickness, and the sands yield water at different 
rates, all of which impact cost of water pumped across 
the region. Environmental factors such as rainfall, tem-
peratures, and soils, which also vary across the region, 
also affect agronomic and economic choices of crops 
grown and aquifer recharge rates from rainfall and per-
colation through the soil. Across the region, variable re-
charge rates have been small relative to water extraction, 
resulting in persistent aquifer depletion since the begin-
ning of irrigation development in the late-1940s. 

The complex decision for irrigators is how to optimize 
use of the depletable groundwater aquifer over time. 
From Equation (1) above, irrigators are assumed to at-
tempt to maximize profit over the (variable) life of the 
groundwater resource. In the process, they determine 
rates of depletion of the aquifer. Factors that impact R 
and/or C in Equation (1) may affect the optimum profit 
and the rate of depletion of the aquifer. Thus, major 
variables affecting that decision include crop production 
possibilities, production functions, soil characteristics, 
rainfall levels and patterns, temperature levels and pat-
terns (agronomic factors), water pumping lifts, well yields, 
water in storage, recharge rates (hydrologic variables that 
change as water is pumped), irrigation application tech-
nology, commodity values, and many different input costs 
(economic variables). 

Irrigators make these decisions on the basis of these 
types of microeconomic variables, which are generated 
in a macroeconomic environment. Economic recessions 

1The rate of decline varies across well sites from variations in pumping 
rates, well spacing, aquifer hydrologic characteristics, and recharge 
rates. Recharge rates vary with rainfall and soil percolation rates [3]. 
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consist of a slowing or decline in aggregate economic 
activity. As production in economic sectors declines, 
effects typically include rising unemployment, declining 
demand and prices in some goods markets, and declining 
demand and prices in some factors of production markets; 
these also typically recover once he economy recovers 
from the recession. Recession impacts on irrigated agri-
culture production and profit (and aquifer depletion rates) 
occur largely through the prices of commodities that ag-
riculture produces and the prices of production inputs 
that agriculture uses. To the extent that commodity prices 
are reduced by a recession, commodity production and 
profit and inputs used may be reduced (differentially for 
different crops depending on the relative price reductions, 
nature of production functions, etc.). To the extent that 
input costs are reduced by a recession, input use, com-
modity production, and profits may be increased (differ-
entially by inputs and commodities). The net outcome of 
such changes depend on the specific changes emanating 
from the particular recession and all of the relationships 
implicitly embodied in Equation (1) and the outcome 
becomes an empirical question. 

3. Methods and Procedures 

The approach used in this analysis was to 1) estimate the 
optimum combinations of irrigated crops and irrigation 
water use in three counties with different aquifer situa-
tions in the southern High Plains over a 10-year period 
based on the 2008 FAPRI 10-year projections of com-
modity prices and input costs [8], which were based on 
the available macroeconomic outlook in early 2008; 2) 
re-estimate the same situations using the 2009 FAPRI 
projections [9], which used the macroeconomic outlook 
after the recession was underway; and 3) analyze the  

projected irrigation water use differences, which repre-
sent the recession’s estimated impact on aquifer deple-
tion. The analysis was conducted on a set of representa-
tive county situations rather than on the region as a 
whole because of the variation in irrigation conditions 
and water use patterns within the region. This facilitates 
understanding of resource use responses to the various 
underlying conditions but precludes empirical projections 
of aggregate water use for the region as a whole without 
estimating all individual situations and aggregating to the 
regional total. 

The three counties selected were Floyd, Lubbock, and 
Yoakum counties in the southern High Plains region of 
Texas. These counties vary in climatic factors, hydro-
logic characteristics, soil types, and cropping patterns. 
Primary drivers of the crop mix allocations within each 
county are soil type and irrigation water availability. The 
general county level hydrologic characteristics and en-
terprise allocations are presented in Tables 1 and 2. Floyd 
County has more clay soils, produces more grain crops 
and less cotton (Table 1), and has the most irrigation 
water available, with the most saturated thickness and the 
highest well yields (Table 2). Lubbock County has a 
mixture of clay and sandy soils, is dominated by cotton, 
has the greatest amount of irrigated cotton (Table 1), and 
lies between the other two counties on irrigation water 
availability (Table 2). Yoakum County, with 39% of its 
major crop acreage under irrigation, has predominantly 
sandy soils, the lowest proportion of irrigated acreage in 
cotton and sorghum and the greatest in wheat, and is the 
only county in the study producing irrigated peanuts. Its 
water is the most limited, as evidenced by the least aqui-
fer saturated thickness and lowest well yields, but the 
shallowest (and least costly) pumping lift (Table 2). 

 
Table 1. Average county level crop patterns of major crops (2005-2009). 

County 
Crop 

Floyd Lubbock Yoakum 

 Acres % Acres % Acres % 

Irrigated cotton 103,475 31% 162,057 48% 67,146 20% 

Irrigated corn 11,301 3% 1789 1% 196 0% 

Irrigated sorghum 20,844 6% 13,591 4% 7923 2% 

Irrigated peanuts 37 0% 690 0% 26,941 8% 

Irrigated wheat 14,435 4% - 0% 29,507 9% 

Dry cotton 61,154 18% 97,300 29% 52,765 16% 

Dry sorghum 27,381 8% 27,715 8% 21,790 6% 

Dry wheat 99,495 29% 24,629 7% 9083 3% 

Source: National Agricultural Statistics Service [2]. 
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Table 2. County level aquifer hydrologic characteristics (2009). 

  County  

Characteristic Floyd Lubbock Yoakum 

Avg. recharge (inches/yr) 3.7007 3.3196 2.3621 

Avg. specific yield (%)* 0.154 0.155 0.153 

Avg. saturated thickness (ft) 76 56 52 

Avg. pump lift (ft) 226 130 94 

Avg. well yield (gpm)‡ 205 146 135 

*Specific Yield is defined as the percentage of one foot of saturated sands in the Ogallala Aquifer that contain water; ‡Gallons per 
minute (GPM) based on Saturated Thickness (ST); GPM = 2.234*ST + 0.0078336*ST2 − 0.000282*ST3, [25]. 

 
3.1. The Model 

Optimum crop combinations and water use were esti-
mated using a non-linear dynamic economic optimization 
model that embodies hydrologic conditions, crop acre-
ages, cost and revenue relationships, and crop yield func-
tions for each county within the region. The framework, 
originally developed by Feng and Segarra [10] and later 
modified [11-17], is referred to as the Ogallala Model 
(OM). The model was estimated using the General Alge-
braic Modeling System (GAMS), a computer optimiza-
tion program [18]. 

The objective function for each county is: 

   Max 1 1
t

tNPV NR r
t          (2) 

where NPV is the net present value of net returns ($/acre); 
r is the discount rate; Ω is the expected average rate of 
yield increase through time (assumed to be 0 in this 
analysis); and NRt is net revenue at time t ($/acre). NRt is 
defined as: 

   , ,

t

ikt i ikt ikt ikt ik ikt t t
i k

NR

PY WA WP C WP X ST   ,  (3) 

where i represents crops grown; k represents irrigation 
application system used [surface row irrigation; low- 
energy, precision application sprinkler irrigation (LEPA); 
or sub-surface drip irrigation]; Θikt is the percentage of 
crop i produced using irrigation technology k in time t; Pi 
[s the output price of crop (in $/unit of crop produced); 
WAikt and WPikt is acre inches of irrigation water applied 
and water pumped, respectively; Yikt[·] is the per acre 
yield production function for crop i, irrigation system k, 
and time t; Cikt ivariable production costs ($/acre) for 
crop i, irrigation system k, and time t; Xt is pumping lift 
(ft.) at time t; and STt is the saturated thickness of the 
aquifer (ft.) at time t. 

The model constraints are: 

1 ,t t ikt ikt
i k

ST ST WP R A s

        
  
     (4) 

1 ,t t ikt ikt
i k

X X WP

        
  
 R A s     (5) 

   2
4.42 ,t tGPC ST IST WY AW        (6) 

t ikt
i k

WT WP   ikt             (7) 

tWT GPC t                (8) 

  2.31ikt t iktPC EF X PSI EP EFF WP        (9) 

ikt ik ikt ikt k k kC VC PC HC MC DP LC        (10) 

1 for allikt
i k

t             (11) 

0ikt                 (12) 

Equations (4) and (5) are equations of motion that up-
date the two state variables, saturated thickness (STt) and 
pumping lift (Xt), where R is the annual recharge rate (ft.), 
A is the proportion of irrigated acres (initial number of 
irrigated acres in the county divided by the total area of 
the county overlying the aquifer), and s is the specific 
yield of the aquifer (percent of the saturated sand area in 
the aquifer that is water). Equations (6)-(8) are the water 
application and water pumping capacity constraints. GPC 
is gross pumping capacity (gpm), IST is the initial satu-
rated thickness of the aquifer (ft.), and WY is the average 
initial well yield for the county (gpm). Equation (7) 
specifies the total amount of water that can be pumped 
per acre in time t, WTt, shows the sum of water pumped 
on each crop, and (8) requires WTt to be less than or 
equal to GPCt. 

Equations (9) and (10) are the cost functions in the 
model. PCikt is the cost of pumping ($/acre) for crop i, 
irrigation technology k, in year t, EF is the electrical en-
ergy used for pumping (kwh), EP is the price of energy 
($/kwh), EFF represents pump efficiency2, and 2.31 is a 
constant representing the height of a column of water, in  

2Pumping plant efficiency is a combination of the efficiencies of the 
separate components of a pumping system (power unit, pumping drive 
or gear head, and pump), which impacts the cost of pumping an acre 
inch, In the case of centrifugal electric pumps, the maximum attainable 
efficiency is 75% - 82% [19] Pumping efficiency was assumed to be 
60% in this study. 
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feet, that will exert a pressure of 1 pound per square inch. 
Equation (10) expresses the cost of production, Cikt in 
terms of VCik. the variable cost of production ($/acre), 
HCikt, the harvest cost ($/acre), MCk, the irrigation sys-
tem maintenance cost ($/acre), DPk, the per acre depre-
ciation of the irrigation system ($/year), and LCk, the cost 
of labor ($/acre) for the irrigation system. Equation (11) 
limits the sum of an acre of all crops i produced by irri-
gation systems k for time period t to be ≤1. Equation (12) 
assures that all decision variables in the model take on 
non-negative values. 

While the previous equations show the foundation for 
the optimization model, other constraints, scalars, and 
estimation procedures within the model provide a degree 
of stability for the solution through time. In this analysis, 
a key constraint was that crop acreage changes were lim-
ited to 2% per year. This constraint (1) ensured that the 
model did not rapidly shift acreage into high value crops 
that are not feasible on a regional scale and (2) is consis-
tent with historical shifts of acreages within counties in 
the region. All irrigation was assumed to be with LEPA 
systems, the predominant irrigation technology used on 
the southern High Plains3. Technology advancements 
through crop genetics or conversions to more efficient 
irrigation technologies were not considered over the 10- 
year horizon of this analysis, but advancements are im-
portant for long-term (30 - 60 years) projections [20,21]. 

The component that makes the optimization model 
non-linear is the use of quadratic production functions. 
CropMan, a software program that estimates crop yields 
based on regional conditions such as rainfall, tempera-
tures, and soils [22], was used to simulate county-spe- 
cific crop yield-irrigation application estimates4. These 
were then used to estimate quadratic yield-irrigation wa-
ter production functions using Ordinary Least Squares 
regression, and the production functions provided the 
adjustments in the optimization model for variations in 
irrigation water applications. 

Given the 10-year price projections derived from the 
FAPRI baselines, the initial crop acreages5 and hydro-
logic conditions for the three counties, the optimization 
model was used to derive the net revenue maximizing 
crop production combinations and water use associated 
with them over the 10-year (2010-2019) period. Average 
climate conditions for each of the 10 years were assumed  

in both the FAPRI and OM projections. These solutions 
provided the basis for deriving 10-year projected crop-
ping patterns and water use patterns under average hy-
drologic conditions for each of the three counties under 
the 2008 baseline projections (pre-recession), and under 
the 2009 baseline projections (recession). Comparison of 
these two solutions provided an estimate of the impact of 
the recession on irrigation water use in the three counties 
and a comparison across counties. 

The 2008 and 2009 FAPRI projections showed varia-
tions in two primary variables that affect the irrigated 
production system and resource use-commodity prices 
and energy costs. The comparison described above cap-
tures only the combined effects of these, so two separate 
scenarios were evaluated for each of the FAPRI baseline 
projections to isolate the impacts of the shift in crop 
prices from the effects of energy costs. The first scenario 
was for the combined effect, described above. The sec-
ond scenario held energy (production) costs at the 2008 
levels and used price projections from the 2009 baseline. 
Thus, the comparison of the two baselines under scenar-
ios one and two provided and estimate of the water use 
changes driven by the crop price changes alone and, by 
implication, changes driven by the shift in energy costs. 

3.2. Data 

The initial county level enterprise allocations and hydro-
logic characteristics are shown in Tables 1 and 2. Land 
devoted to other crops, along with the aquifer underlying 
that land, was omitted from the model; this effectively 
assumed that acreages in those crops and the water allo-
cated to them did not change over the 10-year study pe-
riod. Note that in Table 2 the parameters in the first two 
rows, recharge and specific yield, are constant over time 
in the model while parameters in the last three rows 
change over time as water is pumped from the aquifer. 

The data used to categorize the irrigation components 
and aquifer characteristics were obtained from the Texas 
Water Development Board [23], the High Plains Under-
ground Water Conservation District No. 1 [3], and the 
Texas Tech Center for Geospatial Technology [24]. All 
pumping plants were assumed to be electric submersible 
(the predominant type) and pumping cost was estimated 
based on brake horsepower requirements for the county 
average pumping depth, typical operating pressure, and 
the average pumping efficiency (60%). Initial well yields 
for each saturated thickness level were estimated using 
an equation developed by Lacewell et al. [25] and esti-
mated values for recharge were based on work originally 
developed by Stovall [26]. 

3Some surface row irrigation still exists and some sub-surface drip 
irrigation systems are in use, but data on acreages under these applications 
do not yet exist and they are known to be small in relation to acreage 
under LEPA. 
4Comparisons of CropMan estimates and county data showed that the 
program performs well in estimating county average yields while nor-
mally underestimating yields based on the latest genetic advancements. 
5Livestock (stocker cattle) grazing was also included in the model, but 
discussion of them is omitted here because they did not enter any of the 
solutions during the period of this analysis. 

Major macroeconomic and price projections from 
FAPRI [8,9] that impact this analysis are summarized in 
Tables 3 and 4. The world and US GDP growth projec-
tions indicate an economic slowdown in 2009 and 2010  

Copyright © 2013 SciRes.                                                                                   NR 
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Table 3. Sample of macroeconomic projections within the FAPRI 2008 and 2009 baselines. 

2008 FAPRI baseline projections Year 

 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Real GDP growth projections (Percentage change from previous year) 

World 3.3 3.6 3.5 3.5 3.3 3.2 3.2 3.2 3.3 3.2 

United States 1.9 2.7 2.8 2.9 2.5 2.3 2.3 2.4 2.4 2.4 

Exchange rate* projections           

Australia −1.6 1.6 −1.6 0.1 0.3 0 0 0 0 0 

Canada −6.7 2 1.1 1.1 0.5 2 2.2 1.8 1 −0.4 

European Union −9.2 2.6 3.3 2.7 2 0.2 −1.2 −1.4 −1.4 −1.4 

Japan −11 −6 −2.6 −1.2 −0.8 −0.4 −0.2 −0.1 0.1 0.3 

Petroleum price (Dollars per Barrel) 

Refiner acquisition cost of crude oil 80.9 76.1 69.8 69.3 68.2 67.5 67.3 67.4 67 67 

2009 FAPRI baseline projections Year 

 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Real GDP growth projections (Percentage change from previous year) 

World −0.7 2.6 3.8 3.7 3.5 3.4 3.4 3.4 3.4 3.4 

United States −2.5 2.2 3.2 2.8 2.5 2.6 2.8 2.9 3 3.1 

Exchange rate* projections           

Australia 18 −0.5 −5.9 −1.7 0.2 0.2 0.2 0.2 0.2 0.2 

Canada 15.9 −8.3 −6.6 −2 −0.2 2.6 2.7 0.7 −1.9 −0.2 

European Union 9.9 0 −2.4 1.3 −0.7 −1.2 −1.4 −1.4 −1.4 −1.4 

Japan −10 0.1 −3.7 −0.9 −0.4 −0.2 −0.2 −0.1 0 0 

Petroleum price (Dollars per Barrel) 

Refiner acquisition cost of crude oil 31.5 47.4 71.9 80.8 86.4 86 80.7 79.3 79.3 79.3 

*In local currency per US dollar. 

 
Table 4. FAPRI projected prices* for the 2008 and 2009 baselines. 

     Year      

2008 Baseline 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Cotton 0.648 0.636 0.637 0.631 0.626 0.624 0.629 0.632 0.633 0.633 

Corn 3.890 3.870 3.760 3.800 3.850 3.930 3.920 3.950 3.900 3.900 

Peanuts 0.2150 0.2230 0.2150 0.2170 0.2150 0.2150 0.2160 0.2160 0.2170 0.2160 

Sorghum 0.063 0.065 0.062 0.064 0.064 0.066 0.066 0.067 0.067 0.067 

Wheat 5.270 5.200 5.160 5.230 5.280 5.390 5.440 5.500 5.530 5.560 

2009 Baseline           

Cotton 0.518 0.559 0.571 0.579 0.591 0.601 0.607 0.614 0.619 0.625 

Corn 3.710 3.690 3.850 3.880 4.020 4.090 4.140 4.110 4.100 4.080 

Peanuts 0.1844 0.1908 0.1979 0.1998 0.2028 0.2049 0.2045 0.2051 0.2054 0.2058 

Sorghum 0.058 0.058 0.060 0.062 0.064 0.065 0.067 0.067 0.068 0.068 

Wheat 5.270 5.260 5.410 5.510 5.650 5.780 5.860 5.880 5.900 5.920 

*Cotton ($/lb lint), Corn ($/bu), Peanuts ($/lb), Sorghum ($/lb), Wheat ($/bu). 

 
from the recession with recovery thereafter. Exchange 
rate changes differed across countries in response to the 
differences in recession impacts on economies. Petro-

leum price projections showed a sharp decline in 2009 
and 2010 from the recession, then recovery to higher 
prices in later years. Crop commodity price projections 
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(Table 4) in the 2008 baseline showed a general increase, 
with the 2009 baseline projections having generally lower 
initial prices and different rates of growth during recov-
ery; commodity markets are impacted differently by mac-
roeconomic forces. 

The FAPRI commodity price projections were local-
ized by calculating the basis (average 1990-2007) be-
tween the national FAPRI prices and Texas prices [2] 
and applying that basis to the projections. Prices used in 
the analysis are shown in Table 5. Cotton prices include 
a weighted value for lint and cottonseed based on a 1:1.3 
turnout ratio of lint to cottonseed. 

Initial enterprise production costs for the three coun-
ties were obtained from Texas crop and livestock budgets 
[27], with costs and revenues in the enterprise budgets 
adjusted for each year of the ten year time horizon. Reve-
nue adjustments used the price projections shown in Ta-
ble 5; yield changes from technology were assumed to be 
0 over the period of the study due to the uncertainty of 
that technology but yields were allowed to vary with ir-
rigation water application rates through the production 
functions embodied in the model. Cost adjustments on 
electricity and labor were based on FAPRI projections of 
those items Excluding electricity and labor costs, all other 
cash field expenses were shifted based on the changes in 
US indices of prices paid by farmers provided by the 
FAPRI outlook (Table 6). FAPRI projections had the 
primary differences in production costs due to fuel (en-
ergy); fuel costs declined more rapidly with the recession 
but recovered over time. Farm program income such as 
direct and counter-cyclical payments or crop insurance 
programs were not included within the revenue calcula-
tions of this analysis because they have little, if any, ef-
fect on crop selection decisions. The initial electricity 
rate to pump irrigation water in the region was from the 
Texas Utilities Commission for the Southwestern Public 
Service Pool. This rate ($14/kwh) was adjusted for each  

year of the planning horizon using FAPRI’s projections 
of percentage changes in cost of fuels. 

4. Results 

Results are presented by county and scenario. The first 
sub-section explains the estimated overall effects of the 
recession on irrigation water use over the 10-year hori-
zon and the second explains the estimated impacts of 
commodity price and production (energy) cost shifts as-
sociated with the recession and compares the scenario 
results. 

4.1. Scenario 1—Projections with Price and  
Energy Cost Changes 

Projected optimal crop acreages under the 2008 baseline 
are shown in Table 7; 2008 acreages changed from the 
historical patterns (Table 1), but not by large magnitudes. 
Projected irrigated acreages of all crops in each county 
decreased over time, as expected. Crop mixes remained 
largely unchanged, but total production of all crops de-
creased. Water use projections (Table 8) showed differ-
ences in the amounts of water pumped across counties. 
Floyd County, with relatively more water available to 
pump (higher saturated thickness of the aquifer), increased 
pumping from the aquifer over the 10-year period, with a 
cumulative increase of 3.15% over ten years. This change 
was possible because there was sufficient capacity for 
increased pumping to occur. Floyd County was projected 
to decrease pumping during the recession, but increased 
pumping as recovery occurred. In this case, a decline in 
the price of electricity caused the water use to increase 
slightly, which increased yields, which compensated for 
the 2009 decrease in commodity prices. Similar adjust-
ments would likely occur in counties that have relatively 
high water available to irrigate and are not at maximum 
pumping capacities. 

 
Table 5. Localized projected prices* for the 2008 and 2009 baselines. 

     Year      

2008 baseline 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Cotton 0.741 0.766 0.770 0.765 0.762 0.762 0.770 0.774 0.778 0.778 

Corn 4.166 3.870 3.760 3.800 3.850 3.930 3.920 3.950 3.900 3.900 

Peanuts 0.2237 0.2215 0.2147 0.2158 0.2149 0.2146 0.2164 0.2162 0.2169 0.2157 

Sorghum 0.065 0.065 0.062 0.064 0.064 0.066 0.066 0.067 0.067 0.067 

Wheat 5.270 5.200 5.160 5.230 5.280 5.390 5.440 5.500 5.530 5.560 

2009 baseline           

Cotton 0.680 0.724 0.742 0.753 0.769 0.782 0.790 0.797 0.803 0.810 

Corn 3.986 3.966 4.126 4.156 4.296 4.366 4.416 4.386 4.376 4.356 

Peanuts 0.1844 0.1908 0.1979 0.1998 0.2028 0.2049 0.2045 0.2051 0.2054 0.2058 

Sorghum 0.060 0.060 0.062 0.064 0.066 0.067 0.069 0.069 0.070 0.070 

Wheat 5.157 5.147 5.297 5.397 5.537 5.667 5.747 5.767 5.787 5.807 

*Cotton ($/lb lint), Corn ($/bu), Peanuts ($/lb), Sorghum ($/lb), Wheat ($/bu). 
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Table 6. FAPRI projected annual percentage changes in costs of production items; 2008 and 2009 baselines. 

2008 baseline 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Maintenance 1.02% 1.02% 1.03% 1.03% 1.02% 1.03% 1.03% 1.03% 1.03% 1.02% 

Labor 1.01% 1.01% 1.01% 1.02% 1.02% 1.02% 1.03% 1.03% 1.03% 1.01% 

Fuel 11.60% −3.20% −4.70% −0.20% −0.80% −1.10% 0.10% 0.70% 0.50% 0.70% 

Other prod. items 1.00% 1.01% 1.01% 1.01% 1.01% 1.02% 1.02% 1.02% 1.02% 1.02% 

2009 baseline           

Maintenance 1.01%* 1.02% 1.01% 1.02% 1.01% 1.01% 1.01% 1.01% 1.01% 1.02% 

Labor 1.01%* 1.01% 1.01% 1.02% 1.02% 1.02% 1.03% 1.03% 1.01% 1.01% 

Fuel 30.10%* −17.00% −4.30% 9.10% 7.60% 5.40% 0.70% −0.31% −0.40% 0.50% 

Other prod. items 1.00%* 1.03% 1.03% 1.03% 1.02% 1.00% 1.01% 1.01% 1.01% 1.01% 

*Actual. 

 
Table 7. Projected crop acreages from 2008 baseline, by county. 

Floyd County 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Corn Irr. 11,301 11,075 10,853 10,636 10,423 10,215 10,011 9810 9614 9422 

Cotton Dry 61,154 66,692 72,120 77,440 82,652 87,761 92,768 97,674 102,482 107,194

 Irr. 103,475 101,406 99,378 97,390 95,442 93,533 91,663 89,830 88,033 86,272 

Peanuts Irr. 37 37 37 37 37 37 37 37 37 37 

Sorghum Dry 27,381 26,833 26,296 25,770 25,255 24,750 24,255 23,770 23,294 22,828 

 Irr. 20,844 20,427 20,019 19,619 19,226 18,842 18,465 18,096 17,734 17,379 

Wheat Dry 99,495 97,505 95,555 93,644 91,771 89,935 88,137 86,374 84,646 82,953 

 Irr. 14,435 14,147 13,864 13,586 13,315 13,048 12,787 12,532 12,281 12,035 

Lubbock County 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Corn Irr. 1789 1754 1719 1684 1651 1618 1585 1553 1522 1492 

Cotton Dry 105,908 110,506 115,013 119,429 123,756 127,998 132,154 136,227 140,219 144,131

 Irr. 162,057 158,816 155,639 152,527 149,476 146,486 143,557 140,686 137,872 135,114

Peanuts Irr. 690 690 690 690 690 690 690 690 690 690 

Sorghum Dry 21,715 21,281 20,855 20,438 20,029 19,629 19,236 18,852 18,475 18,105 

 Irr. 13,591 13,319 13,052 12,791 12,536 12,285 12,039 11,798 11,562 11,331 

Wheat Dry 24,629 24,136 23,653 23,180 22,717 22,262 21,817 21,381 20,953 20,534 

Yoakum County 

  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Corn Irr. 196 192 188 185 181 177 174 170 167 163 

Cotton Dry 52,765 51,709 50,675 49,662 48,668 47,695 46,741 45,806 44,890 43,992 

 Irr. 67,146 65,803 64,487 63,197 61,933 60,694 59,481 58,291 57,125 55,983 

Peanuts Irr. 26,941 26,941 26,941 26,941 26,941 26,941 26,941 26,941 26,941 26,941 

Sorghum Dry 21,790 21,354 20,927 20,508 20,098 19,696 19,302 18,916 18,538 18,167 

 Irr. 7923 7764 7609 7457 7308 7162 7018 6878 6740 6606 

Wheat Dry 9083 12,669 16,184 19,629 23,004 26,312 29,554 32,731 35,845 38,896 

 Irr. 29,507 28,917 28,339 27,772 27,216 26,672 26,139 25,616 25,104 24,602 
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Table 8. Water use by county and year, scenario 1. 

2008 baseline (acre-feet/year) 

Year Floyd Lubbock Yoakum 

1 236,102 267,325 127,059 

2 223,024 267,325 127,059 

3 221,791 267,325 127,059 

4 220,859 267,325 127,059 

5 220,373 263,871 127,059 

6 220,938 250,391 127,059 

7 221,014 238,208 127,059 

8 221,035 227,162 127,059 

9 220,639 217,117 127,059 

10 220,426 207,957 127,059 

Cumulative 2,226,202 2,474,005 1,270,590 

2009 baseline (acre-feet/year) 

Year Floyd Lubbock Yoakum 

1 227,451 267,325 127,059 

2 228,187 267,325 127,059 

3 228,512 267,325 127,059 

4 229,313 266,750 127,059 

5 229,956 262,576 127,059 

6 230,360 250,551 127,059 

7 230,576 238,353 127,059 

8 230,638 227,294 127,059 

9 230,798 217,237 127,059 

10 230,512 208,067 127,059 

Cumulative 2,296,304 2,472,802 1,270,590 

Cumulative change 3.15% −0.05% 0.00% 

 
Lubbock and Yoakum counties exhibited different re-

actions to the recession relative to Floyd County. These 
counties had little or no cumulative changes in irrigated 
crop water use. Cumulative water consumption in Lub-
bock dropped slightly (−0.05%), while Yoakum showed 
no change. Lubbock and Yoakum counties lack the ca-
pacity to increase pumping. Lubbock County was pro-
jected to have a small decrease in pumping, then in-
creased pumping with economic recovery; Yoakum County 
was projected to have no variation in irrigation with-
drawals. 

Thus, the model results for scenario 1 indicate that the 
overall estimated impact of the recession increased cu-
mulative water withdrawals from the Ogallala by a rela-
tively small amount, but not uniformly across the region 
and with different withdrawal patterns through time. 
Cumulative water withdrawals increased when aquifer 
conditions provided sufficient water to permit increased 
pumping. Also, where groundwater is relatively more 
abundant, the more likely farmers were to decrease water 
use in response to the recession, then increase water use 
later during economic recovery (and cumulatively use 
more water over the 10-year period). Thus, under the  

conditions projected in the FAPRI projections for this 
particular recession and the assumptions underlying the 
OM structure, scenario 1 results indicate that the in-
creased incentive to use more water due to lower pump-
ing costs associated with the lowered energy costs from 
the recession outweighed the incentive to use less water 
due to lower commodity prices from the recession when 
producers had remaining pumping capacity. In cases 
where producers were already at their pumping capacity, 
the recession had no impact on water use, but there was 
an impact on net returns. 

With commodity prices, input costs, production, and 
water use all changing, effects on projected net returns 
from scenario 1 are shown in Table 9. The projected 
pattern was for the collective recessionary impacts to 
decrease farm income, but with the decrease diminishing 
with economic recovery, and cumulative negative im-
pacts on farm income over the 10-year period. 

4.2. Scenario 2—Projections with Energy Costs 
Constant and Comparisons 

Crop acreages in scenario 2 did not change from scenario 
1 (Table 7 also shows crop acreages for scenario 2), al-
though farm income fell relative to the 2008 baseline 
(Table 10). However, with production costs held at 2008 
baseline projections, net revenues were higher under 
scenario 2 (the projected effect of the recession on farm 
income was less from the commodity price changes than 
from the production, largely energy, cost changes). The 
scenario 2 ten year water use projection results are shown 
in Table 11. In this scenario, Floyd County had a slight 
cumulative water use decline (−0.47%) instead of the 
slight increase (3.15%) under scenario 1. Lubbock County 
showed a 0.09% decrease compared to the 0.05% de-
crease in scenario 1and Yoakum County had no change 
(0.00%) in both scenarios. 

Comparison of the time patterns of water use in Table 
10 show that, as in scenario 1, both Floyd and Lubbock 
counties decreased water use in response to the recession 
commodity price declines, and by a larger decline than in 
scenario 1 (Table 8), then increased water use with eco-
nomic recovery, but by a smaller increase than in sce-
nario 1 (the input cost decline did not occur with scenario 
2). Yoakum County showed no water use response to the 
recession in scenario 2, as in scenario 1. 

Thus, as commodity prices declined, ceteris paribus, 
producers in two out of the three counties responded to 
the projected recessionary impacts by lowering water use, 
then increased water use in recovery, with a slight cumu-
lative decrease over the 10-year period; this result is 
logical and not inconsistent with theoretical expectations. 
The lack of response in Yoakum County may be due to 
their water resources being committed to the point of no 
flexibility, at least within the range of price and cost  
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Table 9. Weighted returns over variable costs ($/acre), by year and county, scenario 1. 

County 

Floyd Lubbock Yoakum 
Year/baseline 

2008 2009 2008 2009 2008 2009 

1 154.08 114.33 226.61 153.60 189.40 127.06 

2 232.79 180.30 266.85 198.63 231.64 181.44 

3 229.01 183.51 262.34 204.04 219.11 193.18 

4 216.27 182.22 247.89 204.15 212.20 195.06 

5 205.38 185.66 235.44 208.48 203.61 199.50 

6 199.09 189.99 227.53 212.69 199.14 202.49 

7 200.78 195.47 226.59 216.36 199.76 200.66 

8 198.00 198.07 220.82 216.12 196.05 199.03 

9 194.49 198.39 214.14 213.25 192.42 196.12 

10 187.00 200.07 203.77 211.96 188.09 193.54 

Avg. 201.68 182.80 233.20 203.93 203.14 188.81 

 
Table 10. Weighted returns over variable costs ($/acre), by year and county, scenario 2. 

Floyd Lubbock Yoakum 
Year/baseline 

2008 2009 2008 2009 2008 2009 

1 154.08 192.40 226.61 222.95 189.40 181.44 

2 232.79 202.42 266.85 233.05 231.64 193.18 

3 229.01 204.90 262.34 235.19 219.11 195.06 

4 216.27 212.06 247.89 242.54 212.20 199.50 

5 205.38 218.13 235.44 248.46 203.61 202.49 

6 199.09 219.82 227.53 247.12 199.14 200.66 

7 200.78 219.88 226.59 244.11 199.76 199.03 

8 198.00 218.28 220.82 239.03 196.05 196.12 

9 194.49 217.43 214.14 234.96 192.42 193.54 

10 187.00 217.20 203.77 232.14 188.09 193.39 

Avg. 201.68 212.25 233.20 237.96 203.14 195.43 

 
variations represented in this analysis. Generally, water 
use in these simulations became less responsive to the 
economic conditions analyzed as aquifer conditions ap-
proach exhaustion. 

Comparing scenarios 1 and 2 also suggests that within 
the Southern High Plains and the groundwater situations 
represented in this analysis, water use is likely more re-
sponsive to variations in the cost of pumping water than 
to variations in commodity prices, at least within the 
range of changes caused by the 2008 recession. While in 
general (across the three counties represented in this 
study) the lowering of commodity prices represented by 
the recession caused a decline in water use and the low-
ering of input (energy) costs and caused an increase in 
water use. In this case, the latter effect was larger than 
the former. Comparisons across counties suggest that the 
nearer (farther) the water resource use is to capacity, the  

less (more) responsive water use is to shifting macro-
economic factors, commodity prices, and water pumping 
costs. 

5. Summary and Conclusions 

This study simulated the impacts of the 2008 recession 
on water use on the Southern Great Plains using two ex-
isting analytical modeling systems the FAPRI baseline 
projections for 2008 and 2009 (the differences repre-
senting the recession impacts) and an optimization model 
embodying aquifer hydrologic characteristics (“Ogallala 
Model”). The FAPRI projections were driven by the ex-
pected shifts in macroeconomic projections and trans-
lated them into commodity and input market projections 
that impact irrigation water use decisions at a farm and 
regional production level. The optimization model esti-
mated the impacts of the projected commodity price and  
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Table 11. Water use by county and year, scenario 2. 

2008 baseline (acre-feet/year) 

Year Floyd Lubbock Yoakum 

1 236,102 267,325 127,059 

2 223,024 267,325 127,059 

3 221,791 267,325 127,059 

4 220,859 267,325 127,059 

5 220,373 263,871 127,059 

6 220,938 250,391 127,059 

7 221,014 238,208 127,059 

8 221,035 227,162 127,059 

9 220,639 217,117 127,059 

10 220,426 207,957 127,059 

Cumulative 2,226,202 2,474,005 1,270,590 

2009 baseline (acre-feet/year) 

Year Floyd Lubbock Yoakum 

1 218,495 265,332 127,059 

2 219,568 265,891 127,059 

3 220,092 265,595 127,059 

4 221,123 265,922 127,059 

5 221,951 264,770 127,059 

6 222,454 251,201 127,059 

7 222,787 238,941 127,059 

8 222,966 227,828 127,059 

9 223,233 217,724 127,059 

10 223,001 208,511 127,059 

Cumulative 2,215,668 2,471,715 1,270,590 

Cumulative change −0.47% −0.09% 0.00% 

 
input cost changes through time (a 10-year period) on 
crop production and irrigation water use in the southern 
portion of the Ogallala Aquifer. Three counties were 
analyzed, representing different crop mixes and aquifer 
characteristics. Because the recession initially led to de-
creased commodity and input cost decreases, which af-
fect crop output and water use in opposite ways, two 
scenarios were run to isolate the impacts of commodity 
price changes from input price changes from the reces-
sion. 

The results of this study show that in the southern por-
tion of the Great Plains’ Ogallala Aquifer the 2008 re-
cession the expected effect was an initial slowdown of 
aquifer depletion, but an increase in the depletion rate as 
the economy recovers such that the expected net long- 
term cumulative effect on the depletion rate is minimal. 
Further, the impacts are not expected to be evenly dis-
tributed across the region. In locations where withdraw-
als are at or near capacity, the anticipated cumulative 
adjustments in water use appear to be unresponsive to the 

changes driven by the 2008 recession, and possibly oth-
ers. In locations where the aquifer is further from deple-
tion where there is more flexibility in pumping water use 
would likely adjust more, with a decrease in withdrawals 
in response to the recession and an increase with recov-
ery. More specifically, water use within the region would 
be expected to respond to economic forces in the 2008 
recession, but only where increased pumping flexibility 
exists. Further, expected water use in the region is likely 
more responsive to pumping costs than to commodity 
prices associated with the 2008 recession and the ex-
pected crop mix appears relatively unresponsive to both. 

The approach used here presents a means of examin-
ing expected outcomes of a recession, and perhaps of 
other types of anticipated macroeconomic and/or policy 
changes on production sectors and resource (in this case, 
water) use, as opposed to examining or quantifying what 
actually happened (after the fact). These types of ap-
proaches may become more important as focus on water 
scarcity becomes of more interest. That is, the public 
interest in the expected impacts of economic variables on 
water use may become as important as their expected 
impacts on production and incomes. 
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