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Background           

            Water is a major determinant in crop production. In the Kansas High Plains where 

natural precipitation is scarece, crop production relies heavily on irrigation water. 

Irrigated crop production is vertically linked to the livestock and meat processing sectors, 

which are the primary drivers of development in the regional economy, particularly in 

south western Kansas. Therefore, it is no exaggeration to say “the High Plain economy 

runs on water” (Peterson, Marsh, and Williams 2003). 

Because of the state’s climate, western Kansas has little surface water. Ground 

water is the principal source of fresh water in most of this area. The most important 

groundwater resource in western and south-central Kansas is the High Plains aquifer, 

which underlies approximately 33,500 square miles of 46 counties in Kansas and is 

present in seven other states in the Great Plains region of the United States. Irrigation 

accounts for over 90% percent of groundwater use in the state. With the development of 

new irrigation technology in the 1960’s, irrigated crop production expanded considerably. 

Some lower quality lands which were previously unirrigable could now be irrigated. 

Therefore, the demand for water increased dramatically. With increased water 

withdrawals and a low rate of recharge, the decline of water table is irrevocable. In 

1970’s, the depletion problem became apparent and attracted concerns from many 

economists and policy makers.  

 

Statement of the Problem 

The motivation of this research is the concern to groundwater conservation. To 

begin this study, it is important to understand that there are dynamic relationships 
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between the water use, water availability, and crop patterns. As water table declines, it 

becomes more difficult to pump the water from the aquifer. The costs of pumping water 

for irrigation will increase because of higher energy costs and lower pumping efficiency. 

The pumping cost can be looked at as the price of groundwater, which has the same 

effect on profits as other inputs prices. Farmers choose crops to grow by comparing the 

expected profit for each crop; therefore declining groundwater levels would affect crop 

choices by changing profit through their effect on pumping cost. As the pumping cost 

increases, water intensive crops will be less profitable to produce, and farmers are more 

likely to grow water extensive crops. 

 Previous research indicated that crop-specific water demand tends to be highly 

inelastic due to a low degree of substitutability between water and other crop inputs. 

Because water application rates differ across crops, the long run changes in water use are 

explained to a large degree by changes in irrigator’s crop choices. Therefore, if the 

increased pumping cost could change the crop patterns to more acreage of water intensive 

crops and less acreage of water extensive crops, then irrigation water demand will 

decrease and the depletion rate of the aquifer will be reduced.  

             Understanding the factors that affect crop choices is relevant for policy making. 

For instance, a common policy recommendation for conserving groundwater is a cost-

share program for investments in more efficient irrigation technologies (e.g., Johnson, 

Rvenga, and Echeverria). Yet, irrigators with more efficient delivery systems may not 

find it profitable to reduce water use (Huffaker and Whittlesey). Indeed, recent trends in 

the Kansas High Plains suggest that increasing efficiency has been associated with more 

acreage in water intensive crops. In 1991, about 1.2 million acres in western Kansas were 
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irrigated with traditional flood systems; by the end of the decade all but about 300,000 of 

these acres had been converted to more efficient center pivot systems. During the same 

period, the irrigated acreage of water intensive crops (corn and alfalfa) approximately 

doubled (Peterson and Bernardo, 2002). Other trends that are believed to have played a 

role in the changing crop mix include relatively low energy costs and commodity policies 

that have changed effective crop price ratios. The relative importance of these factors is 

not well understood. The objective of this research is to identify the determinants of 

irrigated crop choices and to empirically assess their impacts on the Kansas High Plains 

during the 1990s. 

 

Literature Review  

  Many studies have analyzed the factors affecting crop choices. The studied 

factors include: output price, water availability, pumping cost, land quality, irrigation 

development and government policy. 

Chanyalew, Featherstone and Buller (1989) constructed a mathematical 

programming model with a nonlinear yield response function to examine the optimal 

combination of crops in responding to changes in water availability, output price and 

pumping costs. The crops considered in the paper included corn, irrigated sorghum and 

dryland sorghum. Results suggested that the decrease of groundwater availability would 

reduce acreage of irrigated corn and increase acreage of dryland sorghum, although the 

increase of pumping costs would not change the crop pattern until water became too 

expensive to pump. The paper also indicated that “Increased pumping costs affect return 

more strongly than do water table declines.” 
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            The study by Lichtenberg (1989) examines the interactions between land quality, 

crop choice and irrigation development, by using a multinomial logit model of county-

level crop land allocations of the seven major crops grown in western Nebraska. Results 

indicated that land quality has a significant effect on crop choice and the crops tend to be 

grown on a specific range of land quality. However, irrigation development has brought 

marked changes to crop patterns by making the low quality lands that were previously 

unirrigable, irrigable. Therefore, adoption of new irrigation technology on lower quality 

lands is especially attractive to farmers. 

The effects of irrigation development on water use are uncertain. Since new 

irrigation technologies are more efficient in applying water, the average water use per 

acre will be reduced. However, due to higher efficiency and lower cost of new 

technologies, farmers may tend to produce more water-intensive irrigated crops or 

increase irrigating acres, which could result in increased total water usage. Moreover, 

applying new irrigation technologies on lower quality lands will result in greater erosion 

hazard and groundwater contamination by agricultural chemicals. 

Green and Sunding (1997) also studied the relationship between land allocation, 

soil quality and the demand for irrigation technology. They found that the effects of water 

price and land quality on irrigation technology adoption are different for different crops.  

The research by Moore, Gollehon, and Carey (1994) tried to establish how 

producers adapt to water-scarcity signals. They examined the role of water prices on 

multicrop production decisions in western irrigated agriculture. They employed a probit 

model to estimate crop choice decisions, a Tobit model to estimate land allocation and 

supply functions, and a Heckman model to estimate water demand functions. The results 
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indicate that water price has a significant effect on water demand at the extensive margin 

of land allocation, but is insignificant at the intensive margin of short run water demand. 

Wu, Mapp and Bernardo (1994) developed a dynamic model to analyze farmers’ 

irrigation investment and crop choice decisions under alternative water quality protection 

policies. The results suggested that a tax on nitrogen runoff and percolation would be 

very effective in reducing nitrate pollution by affecting technology adoption and crop 

selection. 

 

Model Specification 

             In order to achieve the stated objective, we must construct an estimable model 

where crop choice is an endogenous variable. Conceptually, we assume that the owner of 

an irrigated field optimizes the expected profit, therefore he or she will choose the crop 

that is most profitable for his/her particular circumstances.  

             Suppose a farmer has J alternatives, indexed j=1, 2 …J. The expected profit of 

crop j for individual i is denoted as Πij. Πij can be written as a deterministic component 

plus a random component: V ij + εij , where V ij is a function of characteristics specific to 

individual i and εij is a random error.  

             Further, we assume that V ij takes the form j ixβ , where jβ  is a vector of 

parameters associated with the j-th crop choice and ix is a vector of explanatory variables 

including prices, irrigation system, weather, and hydrologic conditions faced by i-th 

individual. 

     The grower is assumed to maximize expected profit by selecting a crop from J 

alternatives, as a result the grower will chooses crop j if and only if ikij Π>Π , for all 
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other k≠j. Let Yi be a random variable that indicates the choice made, and then the 

probability of individual i choosing crop j is: 
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This multinomial logit model is derived by McFadden (1973).  

           In the present research, we concentrate on the five most commonly irrigated crops 

in western Kansas: alfalfa, corn, grain sorghum, soybean and wheat. In the empirical 

model, we have 6 categories of crops. Besides the five major crops above, we create an 

‘other’ category which includes all the other crops planted by farmers. In estimation, we 

choose the ‘other’ category as the base category for the multinomial logit model. 

Conventionally, we normalize the 1β (the coefficient for the ‘other’ group) to zero. Under 

this specification, the probabilities are: 
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By using this model, we try to determine that how the independent variables affect the 

probability of choosing crop. 
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Data and Variables 

           In this research, we estimate the empirical model by using parcel-level data from 

Sheridan County, KS during 1990s. Many of the data requirements for estimating this 

micro level model can be met from a unique database maintained by the Kansas Division 

of Water Resources (DWR). All irrigators in Kansas are required to report water use for 

each irrigated parcel to the DWR annually, along with crop choices, hydrologic 

characteristics (pump capacity and depth to water), and irrigation system type. This data 

set has been acquired for all irrigated parcels in western Kansas for 1990-2000, and it has 

been supplemented with price and weather data from published sources. Since the type of 

irrigation system was reported from 1991, the sample period is set between 1991 and 

2000. 

            The dependent variable is the crop choice on each parcel. In the database, the 

reported type of crop irrigated is coded as: 1=Alfalfa, 2=Corn, 3=Grain Sorghum, 

4=Soybean, 5=Wheat and 6=other.   

           Five categories of explanatory variables are defined: output and input prices; 

hydrologic conditions; weather; type of irrigation system; and lagged crop choice. Crop 

price variables are constructed as expected prices based on ARIMA model using state-

level time series data from USDA. Input price is denoted by the index of prices paid by 

farmers for inputs such as fertilizer and seed in Kansas based on 1982-84 dollars (Source: 

Natural Agricultural Statistics Service). The energy price is a yearly index calculated by 

the sum of the percentage of wells pumped by a given energy times the price of that 

given energy (Sources: KDA/DWR and Bureau of Labor Statistics). 
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               Two variables are used to represent the hydrologic conditions: depth to water 

table and well capacity. As the water table declines over time, depth to water increases 

and well capacity decreases. 

               To account for the effect of the irrigation system, we create dummy variables 

for the three major types of irrigation systems in Sheridan County: flood, center pivot 

sprinkler (CPS) and center pivot with drop nozzles (CPD). Other irrigation systems are 

treated as the base group. Irrigation systems differ in the efficiency of water delivery; 

typical application efficiencies of these systems are 0.6, 0.75, and 0.9 for flood, CPS and 

CPD respectively. 

               Two rainfall variables are used to represent the weather conditions for a year: 

Inches of rainfall in October-December of the previous year, in the District the PD (Point 

of Diversion) is located in; Inches of rainfall in January-May of the current year, in the 

District the PD is located in (Source: KSU Research & Extension Weather Library). In 

estimation, these two rainfall variables are added to one to represent the weather 

conditions faced by a farmer when he/she makes choice. 

               The lagged crop choice is supposed to have some effect on the current crop 

choice; therefore we created a dummy variable (lag_corn) to capture this effect. If the 

lagged choice is corn, then lag_corn is equal to 1; otherwise 0. We only include lag_corn 

into the regression because corn is the dominant category in our data set. 

               Table 1 reports the variables we use in estimation and their descriptions. 

Additional description of the data and variables is available from the authors. 
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Table1: Descriptive Information for Selected 
Variables 
Variable Mean 
Depth to water table (feet) 126.7882
Pumping rate (gallons per minute) 537.6277
Expected price of Alfalfa ($/ton) 45.8307
Expected price of Corn ($/bu) 1.7735
Expected price of Sorghum ($/cwt) 2.8871
Expected price of Soybean ($/bu) 4.1940
Expected price of Wheat ($/bu) 2.1181
Index of energy 2.1820
Input price index 109.2449
Rain (inches) 8.1916
Flooda (dummy variable) 0.2422
CPS (dummy variable) 0.3617
CPD (dummy variable) 0.2715
Lag_corn (dummy variable) 0.5814
Number of observations 5643.0000
  
Note: a Instead of mean, we report the percentage 
of individuals for dummy variables 

 

 

Estimation Results 

              The multinomial logit model is estimated using Logistic procedure in 

SAS/STAT software version 8.2. The estimated coefficients and standard errors for each 

crop are reported in Table 2. As shown by likelihood ratio test, the multinomial logit 

model is significant and the maximum likelihood estimation exists. 

              Since corn is the dominant crop in western Kansas, having more than half 

observations, the change of probability of growing corn would affect the whole crop 

patterns. Corn is also the most water intensive crop and therefore has the largest impact 

on overall water use. Therefore, our analysis will be focused on corn.  

              The coefficients of the multinomial logit model do not directly measure the 

marginal effects of the independents variables. The interpretations based on the estimated 
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coefficients would be misleading, and it is better for us to calculate the marginal effects. 

The marginal effects calculated at means are reported at Table 3. 

 

Table 2: The estimated coefficients     
Variables alfalfa corn sorghum soybean wheat 

Intercept 7.1089 
(16.9822)

-1.1183 
(6.0027) 

6.7445 
(11.0730) 

33.8032 
(26.8843) 

1.6336 
(17.9960) 

Depth to water table -0.0232 
(0.00206)

0.00021 
(0.000994) 

-0.00429 
(0.00188) 

0.00791 
(0.00373) 

-0.00687 
(0.00289) 

Well Capacity -0.00154 
(0.000512)

-0.00015 
(0.000201) 

-0.00258 
(0.000388) 

-0.00253 
(0.000752) 

-0.0009 
(0.00070) 

Expected price of Alfalfa 0.0225 
(0.0893) 

-0.0142 
(0.0348) 

0.0866 
(0.0732) 

0.3737 
(0.1597) 

0.0933 
(0.1123) 

Expected price of Corn 0.3867 
(6.0696) 

2.9731 
(2.2342) 

-7.4426 
(4.4722) 

-12.2058 
(9.5794) 

3.3337 
(7.3798) 

Expected price of Sorghum -0.0176 
(3.7694) 

-1.7393 
(1.3749) 

4.4704 
(2.7224) 

7.6723 
(6.0520) 

-1.9043 
(4.4163) 

Expected price of Soybean -0.5669 
(0.8821) 

-0.0192 
(0.3540) 

-0.1141 
(0.7922) 

-3.987 
(1.5631) 

0.2596 
(1.3064) 

Expected price of Wheat 0.1748 
(0.4810) 

-0.0517 
(0.2098) 

-0.3795 
(0.5545) 

0.6241 
(0.6379) 

-0.3383 
(1.0798) 

Index of energy -2.7464 
(3.3188) 

-0.9831 
(1.1627) 

1.2815 
(2.2219) 

1.4956 
(3.8242) 

-2.7564 
(3.8370) 

Input price index 0.0122 
(0.1223) 

0.027 
(0.0443) 

-0.1117 
(0.0845) 

-0.3603 
(0.2095) 

-0.0312 
(0.1377) 

Rain -0.1272 
(0.1694) 

-0.0427 
(0.0653) 

-0.0531 
(0.1472) 

-0.6312 
(0.2809) 

0.0661 
(0.2647) 

Flooda -0.8322 
(0.2912) 

0.7492 
(0.1276) 

1.2561 
(0.2395) 

1.3373 
(0.6466) 

-0.1806 
(0.4292) 

CPS 0.3614 
(0.2205) 

0.8981 
(0.1223) 

0.3882 
(0.2609) 

1.3793 
(0.6235) 

0.8141 
(0.3726) 

CPD -0.6893 
(0.3000) 

0.8293 
(0.1301) 

-0.9337 
(0.3910) 

1.696 
(0.6184) 

0.4002 
(0.4394) 

Lag_corn -1.0433 
(0.3262) 

2.7313 
(0.0775) 

-0.5976 
(0.2342) 

2.182 
(0.2671) 

-0.8783 
(0.4061) 
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Table 3: The marginal effects     

Variables dPalfalfa/dxi dPcorn/dxi dPsorghum/dxidPsoybean/dxi dPwheat/dxi

Depth to water table -0.000167 0.000171 -0.000067 0.000097 -0.000044 

Well Capacity -0.000010 0.000031 -0.000037 -0.000029 -0.000004 

Expected price of Alfalfa 0.000186 -0.007665 0.001410 0.004611 0.000615 

Expected price of Corn -0.010533 0.790864 -0.145722 -0.171897 0.009464 

Expected price of Sorghum 0.007593 -0.469784 0.086916 0.106942 -0.005308 

Expected price of Soybean -0.003607 0.033243 -0.000747 -0.047953 0.002077 

Expected price of Wheat 0.001516 -0.011346 -0.005395 0.008068 -0.001929 

Index of energy -0.014820 -0.205985 0.030924 0.026734 -0.013164 

Input price index -0.000004 0.010045 -0.001951 -0.004562 -0.000280 

Rain -0.000635 -0.002554 -0.000220 -0.007243 0.000670 

Flooda -0.010002 0.136096 0.010987 0.009561 -0.004690 

CPS -0.002167 0.165890 -0.004297 0.008772 0.000968 

CPD -0.009196 0.170556 -0.023847 0.013568 -0.001188 

Lag_corn -0.021389 0.567296 -0.039556 0.003151 -0.017855 

                 

                Observing the table of marginal effects, we could find out how the probability 

of choosing corn changes with response to the changes of the independent factors. Some 

results are consistent with our expectations. For example, as well capacity increases the 

probability of choosing increases; as the price of energy increases the probability of 

choosing corn decreases. However, some results are opposite to our expectations: the 

depth to water table has positive effect on the probability of choosing corn. Our 

explanation to it is that this effect may be insignificant. In fact, the marginal effects 

calculated at means are not accurate; the signs of the marginal effects may change over 

the range of a variable. And also, the marginal effects at the means of dummy variables 

are meaningless. 
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                 A better to examine the marginal effects is to calculate the probabilities of 

choosing corn by changing the values of the interested variable and keeping all other 

variables constant. Fgure 1 plots the probability of choosing corn under different type of 

irrigation systems as the value of depth to water table (dtw) changes (assuming the lagged 

choice is corn and all other variables are at means). 

   
 
 
Figure 1 
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          As the figure 1 shows, the farmer with flood irrigation has a lower probability to 

grow corn no matter what the value of dtw is. As the value of dtw increases, the 

probability of choosing corn first increases and then decreases. It is surprising to find out 

that the depth to water table has positive effect on the probability of choosing corn; our 

explanation to it is that when the value of dtw is relatively low, its effect on crop choice 

may not be significant. 
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          In figure 2, we depict how the probability of choosing corn changes by the well 

capacity under different irrigation system. The graph shows that as the well capacity 

increases, the probability of choosing corn also increases. However the effects of well 

capacity are not the same under different irrigation technology. The farmer using CPS 

and CPD is more likely to grow corn than those using flood. 

Figure 2 
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          In figure 3, we see the relationship between the price of energy and the probability 

of choosing corn under different irrigation technologies. As expected, the probability of 

choosing corn decreases when the price of energy increases, since corn is the water 

intensive crop. Again farmers using flood systems generally have the lowest probability 

of growing corn. 
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 Figure 3 
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          We note that the previous choice has a big effect on the current choice. Keeping 

other variables at means, if the previous choice is corn, then the probability of choosing 

corn for current year is 0.8724; otherwise, the probability is only 0.3025.  

 

Conclusions 

 This paper has used micro-level data to quantify the factors that determine 

irrigators’ crop choices in the Kansas High Plains. As expected, cropping decisions 

depend heavily on crop prices, input costs, and hydrologic conditions. Corn is by far the 

most popular crop in the study region but also the most water intensive; farmers are likely 

to switch from corn to less water-demanding crops as water becomes more scarce and 

pumping costs increase. Irrigation technology was also found to be an influential factor in 

cropping decisions. Generally, the farmers with advanced irrigation systems are more 

likely to choose the water-intensive crop (such as corn). A limitation of our model is that 
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it did not incorporate soil quality and changes in the farm policy environment over the 

sample period. Data on these two variables are currently being compiled and will be 

included in an extension of this work in the future. 

 The differential effects of irrigation technology are particularly important in 

policy making. Our results suggest that subsidies or cost share programs for new 

irrigation technologies may work against the goal of water conservation, in the sense that 

efficient systems would encourage water intensive crops. Whether such changes at the 

extensive margin lead to an overall reduction in water use depends on the effects of 

technology at the intensive margin. This issue will be addressed in future research.  
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