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ABSTRACT 

 

 

 

 Agriculture plays a vital role in the growth and development of the High Plains 

Region of the United States. Historically, early settlers in the semi-arid region were 

plagued by crop failures largely due to drought; however, affordable irrigation 

technology aided in the transformation of the High Plains into one of the most 

agriculturally productive regions in the world (Peterson et al., 2003). The primary source 

of irrigation in this region is the Ogallala Aquifer. Spanning approximately 174,000 

square miles, the aquifer lies under parts of Texas, New Mexico, Oklahoma, Colorado, 

Kansas, Nebraska, Wyoming, and South Dakota (Alley et al., 1999).  

Currently, water from the aquifer is being used at a much faster rate than natural 

recharge can occur, resulting in a high rate of depletion from this finite resource. 

Depletion of scarce water resources will have a significant economic impact on the long-

term sustainability of the region. The objective of this study is to evaluate the impact 

alternative prices and discount rates have on groundwater policy recommendations. 

Deterministic models of groundwater withdrawals were developed and used in order to 

analyze and evaluate the impact of high, average, and low crop prices in a status quo 

scenario as well as a policy scenario reducing irrigated acreage allocation. Furthermore, 

this study analyzes the effects and associated consequences of alternative discount rates 

on net and total revenue. As indicated by results of this study, alternative prices, costs, 
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and discount rates utilized in a model have an effect on the resulting policy 

recommendations. These assumptions play a significant role in determining what 

measures of groundwater policy should be implemented. Considering the declining levels 

of saturated thickness seen in the results of this study, the analysis of alternative discount 

rates and the associated policy recommendations is merited. 
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CHAPTER I 

 

 

 

INTRODUCTION 

 

 

 Agriculture has been a key factor in the overall evolution and expansion of the 

High Plains Region. Early farmers in this semi-arid region were afflicted by widespread 

crop failures due to drought; however, the invention of affordable irrigation technology 

after World War II has aided in the transformation of the High Plains into a more fertile 

farming region in which a large number of crops are grown annually (Peterson et al., 

2003). The primary source of irrigation in the region is the Ogallala Aquifer, Figure 1. 

The Ogallala Aquifer is a body of water which lies underneath parts of Texas, New 

Mexico, Oklahoma, Colorado, Kansas, Nebraska, Wyoming, and South Dakota, spanning 

roughly 174,000 square miles (Torell et al., 1990). 
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Figure 1. The Ogallala Aquifer 

Source: United States Geological Survey (USGS) 

 

 

 The High Plains economy is fueled largely by water drawn from the Ogallala. The 

region produces corn, grain sorghum, soybeans, wheat, and alfalfa with irrigation drawn 

from the aquifer. More than ninety percent of the groundwater pumped from the Ogallala 

irrigates approximately one-fifth of all cropland in the United States (Guru et al., 2000). 

Subsequently, these crops are used as the primary feed source for livestock. In turn, this 

livestock becomes the principal input for a large number of concentrated animal feeding 

operations and meat processing facilities operated within the region. As of January 2016, 

approximately eighty percent of the nation’s cattle on feed were located within the High 

Plains Region in states overlying the Ogallala Aquifer, such as Texas, New Mexico, 

Oklahoma, Kansas, Colorado, and Nebraska (United States Department of Agriculture 
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(USDA) Cattle on Feed Report, January 22, 2016). The crop, livestock, and meat 

processing industries are at the heart of the regional economy and account for a large 

portion of the employment and gross output in the area (Peterson et al., 2003).  

 Before crop irrigation, the Ogallala Aquifer was left largely undisturbed. In this 

time, natural discharge from the aquifer was approximately equal to amounts of natural 

recharge. Natural recharge is a slow process which occurs from water percolating down 

through the soil and eventually ending up in the aquifer. With the widespread use of crop 

irrigation, this is no longer the case. The continued use of irrigation practices does not 

come without associated consequences. The Ogallala Aquifer is estimated to contain 

about 3.5 billion acre-feet of groundwater; however, the increase in irrigated agriculture 

and irrigated acres as well as the low amounts of natural recharge are having a great 

impact on the aquifer. Under current production practices, water table levels in the 

Ogallala decline at a rate from approximately six inches to several feet annually. This 

holds particularly true in the southernmost portions of the Ogallala, where natural 

recharge is small in comparison to other areas (Torell et al., 1990). The focus of this 

study is on four counties in Southwest Kansas that are rich in agriculture but have high 

groundwater depletion rates in comparison to low amounts of recharge. The groundwater 

stock in the aquifer is steadily declining largely due to the fact that the amount of water 

withdrawn for irrigation purposes far surpasses the minimal amount of natural recharge 

(Birkenfeld, 2003). This holds particularly true within the counties in study.  

 Approximately ninety percent of the natural recharge to the aquifer is percolated 

through the soil from small playa lakes found on the landscape from Texas to Nebraska 
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(Alley et al., 1999). The amount of natural recharge varies throughout the region, but 

amounts generally range from half an inch to several inches each year per surface acre 

(Wheeler, 2008). In the 1950s, approximately 480 million cubic feet of groundwater per 

day were extracted from the Ogallala Aquifer for irrigation purposes. By 1980, that 

amount increased exponentially to slightly over 2,150 million cubic feet per day (Alley 

et. al., 1999). Although pumping water from the aquifer takes seconds, actual recharge 

through percolation can take years to reach the aquifer. Furthermore, once evaporation 

and absorption rates are accounted for, only a small portion of rainfall and standing water 

actually reach the aquifer. When considering the rapid and overwhelming use of 

groundwater, the slow process of percolation, and the minimal amount of natural 

recharge occurring each year, it is safe to say the Ogallala Aquifer is an extremely finite 

resource (Peterson et al., 2003).  

Specific Problem Description 

 Undoubtedly, the depletion of the Ogallala Aquifer has significant implications 

for the High Plains Region as a whole. With this issue in mind, the enactment of water 

conservation policies may effectively extend the life of the Ogallala Aquifer and the 

associated agricultural enterprises within the four Southwest Kansas counties in study. In 

an effort to combat the bleak ultimatum of a depleted aquifer, the United States 

Department of Agriculture – Agricultural Research Service (USDA – ARS) has funded 

the Ogallala Aquifer Program (OAP) to conduct innovative scientific research in order to 

discover ways to improve the sustainability of agricultural industries and rural 

communities dependent upon this resource. The OAP is tasked with developing various 
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water-saving scenarios which could have an impact upon the region. In this program, 

models have been created to evaluate these scenarios in order to determine the feasibility 

of implementation in order to conserve water and still provide sufficient cost savings and 

revenue procurement to producers currently utilizing water from the Ogallala.  

Study Area 

Located in Southwest Kansas, Finney, Grant, Hamilton, and Stevens counties 

account for the production of over 370,000 acres of corn, more than 195,000 acres of 

sorghum, and over 23,000 acres of soybeans (The Water Information Management and 

Analysis System (WIMAS)), Figure 2. See Appendix B for full description of initial 

acreage data. Current crop prices, acreage data, and budgets were obtained from the 

Kansas State University Agricultural Experiment Station and Cooperative Extension 

Service, as well as WIMAS, and incorporated into the MATLAB code. The model was 

then able to generate outcomes for two alternative scenarios. The first policy, a status quo 

scenario, did not incorporate changes in current practices. This scenario was included to 

model outcome should irrigation continue at current rates without regulation. The four 

crops analyzed in the model were irrigated corn (C1), irrigated grain sorghum (C2), 

irrigated soybeans (C3), and crop 4 (C4) was used as an aggregate measure to take into 

account dryland crop production yields and subsequent revenues accrued in each of the 

four counties, for the aforementioned three crops.  
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Figure 2. Southwest Kansas Counties Evaluated 

Source: diymaps.net 

 

 

 The second model factored in a 10% reduction of irrigated acreage for Finney, 

Grant, Hamilton, and Stevens counties. Under both the status quo and the acreage 

reduction policy, alternative scenarios were run to allow for years of high, average, and 

low prices of C1, C2, and C3. This was done in an effort to discern how the output would 

change dependent on crop prices and yields. Furthermore, various discount rates were 

applied to revenues obtained under both the status quo scenario and the acreage reduction 

scenario. This step was taken in order to evaluate how the discount rate ultimately affects 

the model’s results and consequently the choice of groundwater conservation policy. The 

discount rates applied to net and total revenues under both the status quo and the acreage 

reduction scenario were 5%, 2.5%, 0%, -2.5%, and -5%.  
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Objectives 

While this study compares a status quo scenario to a groundwater conservation 

scenario, the purpose is not to justify one over the other. Instead, the focus of this study is 

on how alternative prices and discount rates impact the choice of policy. Discounting 

converts future revenue to present dollars. Typically a positive discount rate is used. This 

is indicative of present consumption holding higher value than future consumption. 

However, alternative discount rates should be considered when analyzing water use to 

reflect differences in stakeholder goals for water conservation. This information is 

relevant given the high prevalence of irrigated agriculture in the region. This is evident 

based upon the large number of irrigated acres for the counties in study, shown in Table 

1. 

Table 1. Production Acreages by County 

 

County 

LEPA 

System 

Acres 

Furrow 

Irrigation 

Acres 

 

Dryland 

Acres 

 

LEPA 

Percentage 

Total 

Irrigated 

Acres 

Finney 189,924 53,947 188,642 77.9% 243,872 

Grant 97,308 24,761 89,665 79.7% 122,069 

Hamilton 21,989 14,868 182,735 59.7% 36,857 

Stevens 191,937 15,035 121,153 92.7% 206,972 

 

Source: The Water Information Management and Analysis System (WIMAS) 

 

The overall objective of this study is to evaluate groundwater policies in four 

Southwest Kansas counties (Finney, Grant, Hamilton, and Stevens). More specifically, 

the primary objectives are to: 
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 Analyze the impacts alternative discount rates have on groundwater policy 

recommendations. 

 Examine how different levels of crop price affect the choice of 

groundwater policy. 
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CHAPTER II 

 

 

 

CONCEPTUAL FRAMEWORK 

 

 

 There are two primary goals set forth in the area of production economics: 

development of methods in which to enhance revenue; and methods of cost reduction. 

This study analyzes the relationship between production economics and groundwater 

policy. The implementation of irrigation practices drives both revenues and costs of 

production up when compared to simple dryland agriculture production. However, 

producers are better able to increase total profit received from crops when an irrigation 

system is implemented. From a producer’s standpoint, the added benefit from 

implementing any strategy must be compared to the subsequent revenues accrued and the 

overall costs incurred. The overall goal of any producer is profit maximization. As 

illustrated in Formula 1 below, total profit is equal to total revenue minus total costs.  

(1)     𝜋 = 𝑇𝑅 − 𝑇𝐶 

 In general, most producers are only willing to allocate a minimal amount of 

resources in an effort to maximize profit. The maximization of an individual producer’s 

profit does not necessarily indicate that the most innovative or recommended production 

practice will be implemented. Instead, each individual producer must assess the degree to 

which he or she desires to allocate their resources in their attempt to maximize overall 
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profit. This will surely vary for individuals based upon their attitude towards risk as well 

as their financial status. Producers need to use the level of input, in this case water, at 

which the marginal value product is equal to marginal factor costs, Formula 2. This 

means that the market value of the crops produced under irrigation practices should be 

equal to the additional cost incurred from utilizing the irrigation. In the case of the 

producers in this study, decisions must be made regarding the amount of water they 

choose to apply to their crops. 

(2)     𝑀𝑉𝑃 = 𝑀𝐹𝐶 

 Adoption of irrigation practices and the amount of groundwater producers use on 

their crops is largely based on farm location and groundwater availability. It is assumed 

that the majority of producers simply pump water to their crops at whatever rate they feel 

necessary in an effort to maximize yields and receive the greatest profit possible 

(Wheeler, 2008). Lacewell and Grubb (1971) noted that the importance of long run profit 

of crop production is often underestimated until it is too late. As producers are faced with 

the decision to save water for future years or pump more water in the current period, they 

will oftentimes fail to appreciate the overall value of the resource and continue to deplete 

the water supply in order to maximize short run profits. 

 According to Golden and Peterson (2008) a producer’s annual objective function 

can be defined as seen in Formula 3. In this formula, wi,t  is the water allocation for crop i 

in time period t. Ai,t  is the acreage allocation for crop i in time period t. Yi,t is the per acre 

yield for crop i in time period t, while Ci,t is the per acre cost for crop i in time period t. Pi 
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is the per unit cost of crop i. In any given time period (t), yields (Y) and costs (C) are 

functions of the applied irrigation water (w). 

(3)     𝑚𝑎𝑥
𝐴,𝑤

∑ 𝑃𝑖
𝑛
𝑖=1 𝑌𝑖,𝑡(𝑤𝑖,𝑡)𝐴𝑖,𝑡 − 𝐶𝑖,𝑡(𝑤𝑖,𝑡)𝐴𝑖,𝑡  

 Golden and Peterson (2008) assumed aquifer recharge (R) to be less than the total 

quantity of water pumped from the aquifer. Therefore, the aquifer’s saturated thickness 

(ST) will decline over time and the depth to water (DW) will see an increase over time. 

These changes in ST and DW tend to reduce pumping capacities and limit total water 

availability (TW). This means that water becomes increasingly difficult and subsequently 

more expensive to pump. For this reason, producers are faced with difficult decisions 

regarding ideal pumping rates and the declining levels of the Ogallala. The formula to 

calculate the change in saturated thickness (ST) is seen below in Formula 4. For this 

formula, S denotes the specific yield of the aquifer, L is the land area overlying the 

aquifer, and R is recharge. Recharge has been specified in the formula as a function of 

time (t), but was left at zero throughout the time period for this study.  

(4)     ∆𝑆𝑇 = 𝑆𝑇𝑡+1 − 𝑆𝑇𝑡 =  
𝑅𝑡

𝑆
 −

𝑇𝑊𝑡

𝑆∗𝐿
 

 The objective function is subject to the constraints of water availability (saturated 

thickness and total water) and total acreage at each point in time throughout the entirety 

of this study. The constraints on water availability state that the saturated thickness and 

total water use at time (t) is equal to an amount which was determined through the 

Kansas Geological Survey High Plains Aquifer Section-Level Database. The constraint 



 

12 
 

on total acreage simply states that the acreage cannot change over time. Within the total 

acreage, the crop mix is allowed to change to maximize producer profit under declining 

water availability, however, without exceeding current total irrigated acreage. 

 This research analyzes how alternative discount rates applied to revenue and 

different levels of crop prices can affect policies regarding the pumping of groundwater 

from the Ogallala Aquifer. Applying alternative discount rates to net and total revenue 

allows for a detailed examination of profits considering the difference in the value of 

receiving money now versus in the future. Various discount rates and price levels are 

applied to a status quo scenario as well as an acreage reduction scenario within the 

model. This is done to show how profit levels vary as prices fluctuate and the need to 

pump water increases and decreases throughout time. When the model is run under the 

acreage reduction scenario, an additional constraint is implemented into the code to allow 

for the reduction in irrigated acreage.
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CHAPTER III 

 

 

 

LITERATURE REVIEW 

 

 

 In the last century, research regarding the depletion of groundwater sources has 

drawn a high level of attention as the issue is of the utmost importance. Due to the fact 

that all users seemingly pump from the same aquifer, individual conservation practices 

are not seen as beneficial. Individual farmers cannot pump less water this year and know 

with certainty they will have the ability to pump more in the future; therefore, the 

motivation to save water is minimal. In the early 1960s, researchers began concentrating 

efforts on evaluating the depletion of the Ogallala Aquifer and the effect depletion would 

have on regional economies which are heavily dependent upon the revenues produced 

from irrigated agriculture (Fellow, 1982).   

 Throughout time, government agencies have strongly encouraged the 

development of irrigation practices as a way to settle many of the semi-arid regions of the 

United States. However in recent decades, especially in the Western United States, the 

once vast amounts of water available for irrigation have dwindled significantly. This is 

causing government agencies to now consider enforcing a variety of water extraction 

mandates and policies in order to salvage the remaining amounts of water. 
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Early Research Regarding Preservation of Natural Resources 

 One of the pioneers in the study of exhaustible resource management was Oscar 

Burt. Burt was a noted scholar in the profession of agricultural economics. Born in 

Nebraska, Burt graduated with high distinction from the University of Nebraska in 1958. 

He then attended graduate school at the University of California – Berkeley, where he 

obtained a Master of Science degree in statistics in 1961 and a Ph.D. in agricultural 

economics in 1962. Burt went on to make both theoretical and applied contributions in 

production economics, natural resource economics, decision theory, and farm 

management (Fellow, 1982). His pioneering efforts on intertemporal allocation of natural 

resources are especially renowned and the overall quality of his applied research is still 

widely recognized today. 

 Burt (1964) focused on the optimal allocation of non-renewable resources 

centered upon the use of a common aquifer as well as the common property problem.  He 

developed two separate functions using an empirical-theoretical model in order to 

estimate an optimal rate of use and the expected present value of the resource under a 

socially optimal policy. Primarily, Burt compared the marginal social value of water at a 

single point in time to the marginal social value of water as a standard resource in the 

forthcoming period in order to factor in overall importance and necessity of the resource 

in future time periods. Burt (1966) expanded upon his previous research by utilizing more 

advanced sequential decision theory as a means to develop policies focused on optimal 

groundwater usage. The study analyzed the net social benefits of water use as well as the 

common aquifer and property issue. Optimal groundwater extraction rates in the study 
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were based on the net present value of water in a specific area and basin, and as such 

would vary for different areas of the country based upon saturated thickness and depth of 

the aquifer in each area. 

 Burt (1970) once again expanded upon his own research by focusing on the 

possible implication of institutional restrictions and their ultimate effect on groundwater 

use as well as storage. Burt analyzed several different options in the study. These options 

ranged from an unrestricted optimization to, in stark contrast, limiting the amount of 

pumping to equal the amount of natural recharge for a specific area. The first option 

analyzed potential water pricing by a central agency. In this option, Burt assumed that 

producers would continually utilize the water to the point where the marginal revenue of 

applying the water equals the price procured from its use. The second option discussed 

the pros and cons of non-pricing by a central regulating agency. This option would 

require perfect knowledge, as the market would identify a price for a limited quantity of 

water in a certain basin. The third option was somewhat of a compromise by the central 

regulating agency in which optimality was based on decision criteria other than economic 

efficiency. This third scenario would be used in a situation and area such as the state of 

New Mexico where water rights are based on prior appropriation. In these areas, the goal 

is to supply water to the priority right holders as they have the right and capability to use 

and exhaust their resource as they see fit.  

 Other frontrunners in the field of natural resource management were Ronald D. 

Lacewell of Texas A&M University and H.W. Grubb of Texas Tech University. Both of 

these distinguished individuals were professors of agricultural economics in the 1970s at 
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their respective universities. Lacewell and Grubb (1971) declared that over sixty-five 

percent of Texas’ irrigated acreage in the High Plains region is watered from the Ogallala 

Aquifer. However, in strict opposition to existing conditions in other aquifers, the 

Ogallala does not receive appreciable amounts of natural recharge. The aquifer underlies 

virtually all of the High Plains, but is noted to be relatively thin (less than 100 feet) in 

many areas. This was cause for concern as they proclaimed the water supply to be 

exhaustible in the future. 

 In their 1971 study, Lacewell and Grubb investigated the potential implications 

when alternative levels of irrigation water are utilized from the Ogallala Aquifer in the 

Texas High Plains. The primary focus of their study was on individual farmers 

concerning how much land to irrigate each year as well as the decision variables that 

played a pertinent role in their decision. They also analyzed how to properly and 

efficiently develop “capital-valuation estimates” of the aquifer. They stated that the 

primary objective of the farmer should be to develop water use plans that maximize the 

monetary value of the water supply each and every year. Their study analyzed the 

impacts of a variety of different financial factors on aquifer use throughout time. 

Specifically, Lacewell and Grubb looked at the overall impacts different discount rates 

and crop prices had on water use as well as aquifer management. In order to complete 

this task, linear programming was used as a way to estimate the optimal allocation of 

dryland and irrigated crops when producers were faced with a water availability 

constraint. The linear model they created showed that the discount rate used had a 

significant effect in determining the overall optimal rate of water use. They discovered 
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that the water use can mirror the movement of the discount rates.  As the discount rate 

falls in a current period, overall water usage would also decline. In conclusion, Lacewell 

and Grubb noted that in a real-world scenario, a producer’s overall goal will always be to 

maximize profit in the short run. The importance of long run profit is often 

underestimated until it is too late. They noted that when faced with a decision to attempt 

to save water for future years or pump more water in the current period, producers will 

most oftentimes fail to appreciate the overall value of the resource and continue to 

deplete the water supply in order to maximize their profit in the short run. 

Groundwater Depletion and Competition for Resources 

 Micha Gisser and David A. Sanchez, professors at the University of New Mexico, 

studied many important issues concerning water resources. They are most widely noted 

for their research regarding the optimal management of groundwater as well as the 

particulars involved in pumping from a common aquifer. Gisser and Sanchez (1980) 

discussed the economic aspects of a model dealing with the problems farmers face when 

pumping groundwater from an aquifer. They elaborated upon the pre-conceived 

viewpoint regarding the study as a typical example of an externality. Aquifer research 

had always been perceived as such due to the fact that when all producers increase their 

output as a whole, the cost function of each individual producer is affected. 

 Gisser and Sanchez (1980) compared the depletion of the aquifer to depletion of 

other natural resources, such as fisheries and timber. In the case of fisheries, the fishing 

grounds are a nonexclusive resource, meaning that anyone and everyone has the 
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opportunity to utilize this resource however they see fit. Consequently, this can lead to 

the dissipation of rent as well as a possibly inefficient distribution of effort over time. If 

too many people simply over-fish an area, all those active participants will eventually 

begin to suffer due to a lack of fish in comparison to prior population numbers. Effort and 

expense to haul in a catch will need to increase, while the profit gained from the catch 

will more than likely decrease due to hauling in a smaller number of fish. On the other 

hand, timber is a privately owned resource. This means that only the owners of the land 

on which the timber resides have the authority to cut the timber. All other parties are 

excluded from cutting. In the case of timber, there is no dissipation of rent, and owners 

may spread their production over time in an optimal manner. Exclusiveness is present in 

groundwater usage, much like timber, in that only farmers who own land overlying the 

aquifer can pump water and other farmers are excluded from utilizing the resource.  

 In contrast, however, exclusiveness in the case of farmers using groundwater is 

not as complete as in the case of privately owned timber. Gisser and Sanchez (1980) 

noted that the disparity of pumping from an aquifer with the cutting of timber revolved 

around the temporal allocation of groundwater. Each farmer does not own his or her own 

little aquifer. Instead, water is pumped from a community aquifer. With this being the 

case, an individual farmer cannot necessarily expect to have more water in storage next 

year if he or she chooses to pump less water this year. Consequently, farmers simply 

pump water each and every year in an effort to make a short run profit with little or no 

thought regarding future pumping endeavors. 
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 In their work, Gisser and Sanchez (1980) carried out an analytical comparison 

between a free market behavior with no control, also called a status quo scenario, and a 

scenario with optimal control. Through their findings it was revealed that if the storage 

capacity of the aquifer is relatively large, then the two strategies perform equally well. 

This result gave way to the proclamation that it is of little or no use to impose restrictions 

or controls over water usage as long as the aquifer is of adequate depth and saturated 

thickness. They concluded at that time that the economic profession would benefit more 

from estimating economic and hydrologic parameters than from further discussing 

optimal control schemes for groundwater management. However, Gisser and Sanchez did 

consent that if it was revealed the aquifer did indeed have a bottom it could get to the 

point where all water rights should be restricted. 

 Bill Provencher, an agricultural economics professor at the University of 

Wisconsin, teamed up with Oscar Burt in a study of similar nature regarding the common 

property arrangement of groundwater extraction. Provencher and Burt (1993) insisted 

that the rate of groundwater extraction and depletion under the common property 

arrangement is an outcome based upon feedback strategies. The analysis of their study 

centered on the externalities involved with the inherent use of groundwater and identified 

another “risk externality” that could potentially arise should users be too risk averse when 

pursuing their water extraction needs.  

 Provencher and Burt (1993) identified two externalities as being responsible for 

preventing the efficient exploitation of groundwater. These two externalities can be 

referred to as the “pumping cost externality” and the “stock externality.” The stock 
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externality arises because the decision of each entity regarding when and how much 

water to pump is constrained by the total groundwater stock available. This is where the 

“rule of capture” comes into consideration. Under the rule of capture, a firm may lay 

claim to a unit of groundwater stock only by pumping it. Any attempt of a firm to 

increase its welfare by storing units of groundwater would be rendered futile due to the 

possibility of other firms gaining access to that water. Provencher and Burt noted that 

although making the choice to lower water use would undoubtedly make future pumping 

costs lower for all firms, a firm is not rewarded or compensated for their conservation 

efforts, causing a risk externality to come into play. Provencher and Burt identified the 

risk externality as being oftentimes overlooked in strategic analysis of groundwater usage 

from a common property aquifer. This risk externality ultimately arises because the 

income risk for each firm is directly associated with the total amount of groundwater 

stock available for pumping. Just because a firm chooses to pump less water one year 

does not necessarily mean that it will have the opportunity to pump more water at a future 

date. With this being the case, firms will generally pump water too aggressively in order 

to pursue profits while the water is plentiful as well as cheap and easy to obtain. This 

mindset is what leads to the rapid depletion of an aquifer, such as the Ogallala.  

Economic Implications Concerning Regulation of Groundwater Extraction 

 While many studies have been published detailing the reasoning behind 

groundwater depletion, a large number have also been published analyzing the potential 

economic implications associated with imposing rules and regulations regarding 

groundwater extraction. Feinerman and Knapp (1983) created empirical estimates of 
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benefits for groundwater management. Their region of study was Kern County, 

California, an area with heavy reliance on groundwater supplies. The study investigated 

the extent of benefits from groundwater management systems, the sensitivity of such 

systems to various parameters, and the related welfare effects on groundwater users.  

 Feinerman and Knapp (1983) showed that the benefits of groundwater 

management decrease as the aquifer area and the specific yield increase. This aligns with 

the results in Gisser and Sanchez (1980). Feinerman and Knapp determined that either 

quotas or pump taxes could be used to achieve efficient groundwater withdrawals when 

looking at an aggregate. If groundwater extractions are controlled by a system of quotas, 

all management benefits will accrue to pumpers. However, if extractions are controlled 

by pump taxes without rebates, at least a portion of benefits will go to nonusers. 

Feinerman and Knapp noted that whether or not users would be better off with pump 

taxes compared to no management was still in question. Although they would be paying 

for water that was previously free, future pumping costs would be lower. When 

comparing quotas to taxes, it was revealed that groundwater users would gain under 

quotas but suffer heavy losses under taxes. They noted that under a constant pump tax 

scheme, losses from tax revenues paid by users were three to six times as large as the 

benefits from management. Therefore, the research concluded that groundwater users 

would be better off under quotas and much worse off under taxes. The two most 

significant factors affecting the impact on management were the cost to pump the water 

as well as the discount rate applied to the water used. Feinerman and Knapp declared that 
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as energy costs continue to rise, the benefits obtained from groundwater management 

would also increase substantially.  

 Micha Gisser of the University of New Mexico published a separate study in 1983 

analyzing the possible advantageous nature concerning groundwater in competitive 

markets. Gisser (1983) noted that theoretical studies of the welfare economics of 

groundwater have tended to focus on the contradiction between optimal control of ground 

water and no control whatsoever. He argued the point that under certain circumstances, 

assigning property rights to groundwater and allowing competitive markets to operate 

could help to remedy numerous inefficiencies associated with the community aquifer 

problem. He concluded the appropriative system, establishing exclusive individual water 

rights, not only prevents congestion but also results in pumping trajectories roughly 

identical to those seen under optimal control scenarios. Gisser also attempted to call to 

attention the lapses of research seen due to the profession’s obsession with optimal 

control. He declared most research is so focused on optimal control that the issue of 

groundwater allocation among users is oftentimes overlooked.  

 Gisser was involved in another study in 1984 with Richard C. Allen of the 

University of New Mexico. Allen and Gisser (1984) considered the case where many 

farmers and other users pump water from a common aquifer in the Pecos Basin of New 

Mexico. Research noted that exclusiveness is present in acquisition of the aquifer’s 

resource since only owners of the land overlying the aquifer can pump water and other 

farmers are excluded from utilizing the resource. Cities and nonfarm producers owned 

limited water rights. These entities could only increase their water use by purchasing 
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additional water rights from other users. Because of the situation noted in Gisser and 

Sanchez (1980), in which many farmers pump water from a common aquifer, the 

individual farmer cannot expect to have more water available next year if he or she 

pumps less this year. Consequently, in the absence of a central management that allocates 

water to farmers according to some optimal control scheme, farmers simply pump water 

each year, satisfying the condition that the marginal cost of pumping equals the marginal 

value product of water.  

 Allen and Gisser (1984) studied the dilemma of optimal control versus no control 

by creating a nonlinear demand function. Overall, their research supported the previous 

findings of Gisser and Sanchez (1980). Results confirmed that for a nonlinear demand 

curve for groundwater, the speculation that if the area of the aquifer is large relative to 

the natural recharge and relative to the slope of the linearly estimated demand for water, 

then the strategies of optimal control and no control are expected to perform almost 

equally well. Allen and Gisser (1984) made an important additional conclusion by 

declaring that even if simulated optimal control yields slightly better results than no 

control, unless it can be determined under absolute certainty the estimated demand for 

groundwater is very close to true demand, a strategy of no control is likely to yield better 

results than any kind of optimal control strategy. Ultimately, however, the no control 

strategy as well as optimal control strategy would both lead to the eventual total depletion 

of the Ogallala Aquifer. 
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Applying Economic Values to Groundwater 

 In 1985, Michael Nieswiadomy published a study analyzing the Gisser-Sanchez 

rule. As noted previously, the Gisser-Sanchez rule states that if the natural recharge and 

the slope of the demand curve for groundwater are small in comparison to the area of the 

aquifer, and if groundwater rights are exclusively assigned, then the welfare loss due to 

the intertemporal misallocation of pumping efforts can be considered insignificant. 

Nieswiadomy noted that the Gisser-Sanchez rule warrants great attention when 

determining the severity of the common property problem; however, the examination of 

this rule had been largely hindered due to a lack of reliable irrigation data, especially 

water pumping data. In his study, Nieswiadomy (1985) introduced a new methodology 

for calculating groundwater pumpage utilizing a difference equation describing the 

change in the depth of saturated thickness of the aquifer per year as a direct result of the 

water pumpage in acre-feet per year. Additionally, he analyzed the possible 

oversimplification of water pricing by using a hydro-economic model. Nieswiadomy’s 

study was the first of its kind as it calculated annual groundwater pumpage at the county 

level using primary data for seven counties in the southern portion of the High Plains of 

Texas. The counties included in the study were Cochran, Dawson, Gaines, Hockley, 

Lynn, Terry, and Yoakum. Nieswiadomy concluded that water delivery and irrigation 

efficiency were a function of overall water supply. As expected, when water prices begin 

to rise, producers seek to invest in more cost-efficient irrigation technologies. 

 The market value of water in the Ogallala Aquifer was the focus of Torell et al. in 

their 1990 study. The charge of this group was to decide upon a market value of water 
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when faced with declining water table levels as seen today. As farms return to dryland 

production because of declining water levels, an important economic impact for 

landowners will be falling land values. It was this fact that led to the court case of United 

States v. Marvin Shurbet in 1965, in which the court declared that taxpaying landowners 

are entitled to a cost depletion allowance related to their capital investment in 

groundwater. In order to claim this depletion allowance, the court ordered that the 

taxpayer must allocate the original purchase price of the land between land value and 

water value, and must also establish various parameters concerning the groundwater 

resource, including depth to water, rates of aquifer decline, and saturated thickness of the 

aquifer. This inquiry was motivated by the need for land-water value allocation (Torell et 

al., 1990). For the purpose of the study, they computed water value as the difference in 

price between irrigated and dryland farm sales. 

 Torell et al. (1990) comprised a data set of farm sales in New Mexico, Oklahoma, 

Colorado, Kansas, and Nebraska. This comprehensive data set was used to find the 

estimated value of water as the price differential between irrigated and dryland farm 

sales. Results of the study indicated that the value of water, including irrigation 

equipment, had fallen through time. The valuation of water in the marketplace declined 

by anywhere from thirty to sixty percent, depending on the area. Torell and his colleagues 

summarized that although the value of water in the Ogallala Aquifer had fallen, the water 

value component of irrigated farm sale transactions still ranged anywhere from thirty to 

sixty percent of the farm sale price, depending upon the state.  
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In 2006, Bill Golden, Ph.D., of Kansas State University, and associates discussed 

the implementation of state policies in Kansas. Two policies analyzed were the Voluntary 

Water Rights Transition Program (VWRTP) and the Conservation Reserve Enhancement 

Program (CREP). The overall purpose of their study was to develop a greater 

understanding of the factors that affect the market value of water rights as well as 

develop tools necessary to estimate the fair market value of water in Kansas. In order to 

accomplish this, Golden et al. (2006) utilized hedonic modeling procedures as well as 

spatial econometric techniques to develop appraisal models that had the ability to predict 

the value of water rights in the Ogallala region. They declared that policies which 

promote the adoption and utilization of more efficient irrigation technologies do not 

necessarily achieve the overall goals of water use reduction and aquifer conservation. 

Golden and colleagues agreed that the adoption of more efficient irrigation technology is 

vitally important and should continue because technological advances help sustain the 

profitability of irrigated agriculture. However, adoption of new technology and practices 

must be done in partnership with a water conservation policy set in place in order to 

reduce water consumed from the Ogallala Aquifer for agricultural purposes. Their data 

proved that the cost of pumping water would rise as overall water levels declined; 

however, contrary to other findings, the value of water would continue to increase over 

time in spite of the higher pumping costs.  

Analysis of Discount Rate Theory  

 As stated previously, the Ogallala Aquifer is a finite resource upon which the 

High Plains economy is highly dependent. The degree of uncertainty regarding its future 
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is cause for concern. For this reason, the discount rate applied to revenues gained from 

use of the Ogallala is of the utmost importance. The process of discounting converts 

future revenues into present day dollars. Weitzman (1998) noted a problem with 

discounting the distant future payoffs of projects and activities; to think about the distant 

future in terms of standard discounting implies that one has an uneasy and intuitive 

feeling that something is wrong.  

 Newell and Pizer (2004) noted that the vast majority of environmental policies 

involve a trade-off between short-term costs and long-term benefits. The investment in 

cleaner and more efficient technology generally requires up-front expenditures, but can 

lead to environmental improvements over time. The comparison of costs and benefits 

which are separated by many years is done through discounting. For example, when an 

individual buys a new house or saves for retirement, the market interest rate allows for 

the conversion of costs and benefits at different points in time into comparable costs and 

benefits at a single point in time. However, according to Newell and Pizer, discounting 

can be more difficult for environmental assets, such a groundwater, that have maturities 

exceeding thirty years  

 The uncertainty about future discount rates provides a strong argument for using 

certainty equivalent social discount rates that decline over time. This is done by using 

today’s best average estimate, presumably based on observable market values, down to 

the smallest rates possible for the far distant future (Weitzman, 1998). Because future 

environmental benefits generally come with present day costs, Weitzman noted that 

optimal choice of discount rate policy might be skewed toward what would be most 
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favorable for a low-interest rate situation because, other things held constant, that 

situation will carry more weight in determining the expected difference between present 

discounted benefits and costs. 

 Newell and Pizer (2004) considered the effect of uncertain future discount rates 

on the valuation of future benefits to be distinct from any uncertainty about the 

magnitude of the benefits themselves. Because changes in the discount rates do not 

always align with the valuation of benefits, unexpectedly low rates tend to raise 

valuations by a much larger amount than unexpectedly high rates reduce them. According 

to Newell and Pizer, this uncertainty can cause a rise in future valuations relative to 

analyses that maintain a fixed discount rate forever.  

 The analysis of discount rate policy regarding future discount rates of 

environmental assets conducted by Gollier and Weitzman (2009) declared the concept of 

discounting to be central to economics. Discounting allows for effects occurring at 

different times throughout the future to be compared to each other by converting future 

dollar amounts into a common currency of equivalent, present-day dollars (Gollier and 

Weitzman, 2009). Because of its importance, the choice of an appropriate discount rate is 

critical. This holds especially true in projects involving long-term horizons, such as the 

cost-benefit analysis of pumping groundwater. Oftentimes, the results of these cost-

benefit analyses can be incredibly sensitive to even the smallest change in discount rate 

(Gollier and Weitzman, 2009). Gollier and Weitzman concluded that because future 

discount rates are uncertain, the effective discount rate must decline over time towards its 

lowest possible value. The result of this strategy is the distant future being weighted 
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much more heavily than is done by standard exponential discounting at a constant rate 

(Gollier and Weitzman, 2009).  

Impacts and Adjustments Related to Depleting Groundwater Supply 

 Peterson and Ding (2005) conducted a study in the semi-arid Kansas High Plains 

in which they developed a risk-programming model to quantify the effect of irrigation 

efficiency on irrigation water use, taking into account well capacity limits and irrigation 

timing. In alignment with Golden’s 2006 findings, Peterson and Ding noted that 

efficiency improvements do not always reduce overall water use. In reality, more 

efficient systems increase the share of gross irrigation that is actually consumed by the 

crop and not lost to runoff or evaporation. These efficiency measures, therefore, reduce 

the effective cost of net irrigation to which producers most often respond by increasing 

net irrigation in order to increase yields and subsequent revenue. 

Through empirical modeling, Peterson and Ding (2005) showed the implication of 

cost-share incentive programs would reduce irrigation water use for corn production in 

the Kansas High Plains. Furthermore, converting from flood irrigation methods to 

subsurface drip systems would decrease overall irrigation per acre as well as the total 

volume of groundwater withdrawn. The conversion from flood irrigation methods to 

center pivot irrigation systems would yield an increase in overall irrigation per acre but 

still decrease the total volume of water pumped. This was due to fewer acres being 

irrigated under a center pivot system. Peterson and Ding concluded that irrigators in the 

High Plains of Kansas could potentially combat groundwater depletion with the 
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utilization of high-efficiency irrigation systems. The conversion from flood irrigation to 

center pivot irrigation was found to be cost-effective for all cases considered in the study, 

with the greatest benefit of the conversion being seen when well capacities were low. The 

subsurface drip system consistently generated the largest return to land and capital, but 

the returns were not enough to outweigh the high costs of initial implementation. 

Peterson and Ding thought that if a cost-share program could be put into practice in order 

to help reduce the initial cost of installation by thirty percent it would make the 

subsurface drip irrigation the optimal method for farmers in the area. Therefore, their 

results lent support to the idea that such a program would serve to aid in groundwater 

conservation as well as improving the welfare of irrigators. 

Golden, along with Peterson and O’Brien, published a study in 2008 analyzing the 

economic impact of water use changes in Northwest Kansas. Their research evaluated 

three policy scenarios in four Kansas counties: a status-quo scenario where water use 

continued at current levels, a scenario where all water use stopped and immediate 

conversion to nonirrigated production commenced, and a scenario that implemented a 

thirty percent reduction in groundwater withdrawals relative to the status-quo scenario. 

Three options for achieving this thirty percent reduction were considered: a limited 

irrigation management strategy, a water rights buyout program, and a Conservation 

Reserve Enhancement Program (CREP). The corresponding impact of each policy 

alternative was taken as a measurement in relation to the status-quo scenario. 

Results of Golden et al. (2008) showed that of the three policy options considered, 

the Conservation Reserve Enhancement Program (CREP) was the most costly method of 
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conserving water. Although producers were compensated for their participation in CREP 

based programs, this payment was not sufficient to reimburse the average producer for 

losses in gross profit or the value-added contribution of crop production to the regional 

economy. The Water Rights Buyout Program proved to have short-run positive impacts 

on the economy. However, long run-negative impacts to the producer and regional 

economy as a whole were also revealed. The Limited Irrigation scenario was the least 

costly method of conserving water out of the policies analyzed. This policy allowed all 

irrigated cropland to remain in production, which helped to minimize the impact on the 

input supply sector. Overall, their research suggested that a thirty percent reduction in 

groundwater consumption was not sufficient to stabilize the groundwater resource. 

Golden et al. (2008) conceded that although the adoption of a water conservation policy 

might reduce groundwater consumption in the short-run, groundwater consumption will 

not be reduced over an infinite horizon. Instead, the water saved today will be used at a 

future date and the water resource ultimately exhausted.  

Erin Wheeler, Ph. D., conducted a study for her Dissertation at Texas Tech 

University in 2008 in which she analyzed the proposed application of water conservation 

policies for nine high water use counties in the Southern High Plains. She considered the 

policies of a ten year water rights buyout plan as well as a twenty year water rights 

buyout plan. Under each scenario twenty-five percent of a county’s irrigated acreage 

would be transitioned into dryland production for the entirety of the buyout. After the 

buyout term expired, enrolled acres would be allowed to return to irrigated production. 

Wheeler (2008) based her theory for this project on practices applied in the Conservation 
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Reserve Program (CRP), but with the goal of water conservation in mind rather than soil 

conservation. 

The models developed in Wheeler’s study were county level non-linear dynamic 

optimization models. General Algebraic Modeling System (GAMS), a computer software 

optimization program, was utilized to solve the optimization models formulated and also 

to evaluate the water rights buyout policies.  Status quo scenario models were estimated, 

in which no changes were made to current water policy, along with the ten and twenty 

year water rights buyout policy scenarios for three different discount rates. The discount 

rates utilized in the study were three, six, and nine percent. This was done in order to 

evaluate the role the chosen discount rate has on the net returns as well as the overall 

aquifer drawdown. Results of Wheeler’s study proved both the ten and twenty year water 

rights buyout policies would achieve the goal of conservation. Ultimately, 

implementation of the twenty year water rights buyout policy would save more water for 

a lower cost per foot of saturated thickness conserved than would the ten year buyout 

policy. However, neither policy proved to be restrictive enough to achieve the overall 

goal of significant groundwater conservation throughout the highest water using counties 

in the study.  

The analysis of proposed groundwater conservation polices is imperative to 

determine their associated economic, social, and hydrologic impacts and associated 

effectiveness.  Initially, policies regarding various discount rates and water buyout 

policies were examined by Wheeler, 2008. This study builds upon the work done by 

Wheeler and incorporates the use of the MATLAB system for analysis of water policies. 
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CHAPTER IV 

 

 

 

METHODS AND PROCEDURES 

 

 

General Approach 

 The effect of crop price and discount rate of revenues generated from 

groundwater withdrawal were evaluated in this study using county level deterministic 

models. MATLAB (2015) was used in this study to solve the optimization models 

formulated and to evaluate the profits accrued and the levels of water withdrawn from the 

Ogallala in each scenario. 

Study Area 

 The study area includes four counties located in Southwest Kansas. Specifically, 

the counties are: Finney, Grant, Hamilton, and Stevens. These counties were chosen 

because of the prevalence of irrigated agriculture as well as the levels of saturated 

thickness lying beneath their surface. Approximately 2.2 million acres sit on top of the 

Ogallala Aquifer in these four counties alone as illustrated in Table 2. 
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Table 2. Acreages by County 

County Land Area Acres Acres Overlying the Aquifer 

Finney 830,808 739,419 

Grant 368,115 368,115 

Hamilton 640,047 608,044 

Stevens 466,497 466,497 

 

TOTAL 2,305,047 2,182,075 

 

Source: The Water Information Management and Analysis System (WIMAS) 

 

 

Crops Analyzed 

Three irrigated crops were analyzed within this study. Crop 1 (C1) was irrigated 

corn, irrigated grain sorghum was crop 2 (C2), and crop 3 (C3) was irrigated soybeans. 

Of the three crops analyzed in the study, corn (C1) is the most prominent crop grown in 

each of the counties, with both sorghum (C2) and soybeans (C3) playing much smaller 

roles. The access to the aquifer helps account for the production of greater than 370,000 

acres of corn, over 195,000 acres of sorghum, and more than 23,000 acres of soybeans 

(WIMAS). See Appendix B for complete analysis of crop acreages. Crop 4 (C4) was used 

in the model as a representation of the overall dryland production of C1, C2, and C3, and 

the corresponding revenues obtained from growing those crops without the use of 

irrigation practices. A variety of different crops are actually grown in each county; 

however, only irrigated corn, irrigated grain sorghum, and irrigated soybeans were 

evaluated in this model. To do this, a normalized percentage was calculated for these 

three crops. This was done by figuring the percentage of overall production C1, C2, and 

C3 make up in acres. This percentage was then taken and applied to the total amount of 

available acres in each county in order to analyze how production would look if only C1, 
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C2, and C3 were grown. The amount of irrigated acres allotted to each crop was assigned 

based on these values, as seen in Appendix C.  

MATLAB Models 

 The effectiveness of policies on the longevity of the aquifer is examined 

throughout the course of this study by analyzing data with the use of Matrix Laboratory 

(MATLAB). MATLAB is a high-level modeling system used for analyzing mathematical 

programming and optimization data through a sophisticated language and interactive 

environment. Current crop prices, acreage data, and budgets were obtained from the 

Kansas State University Agricultural Experiment Station and Cooperative Extension 

Service and WIMAS before being incorporated into the MATLAB code. See D for 

complete crop budgets. The model was then able to generate outcomes for two alternative 

scenarios. The first policy was a status quo scenario which did not incorporate changes in 

current practices. This scenario was included to model outcome should irrigation 

continue at current rates without regulation. The model was run in order to account for 

years of high, average, and low prices for four different irrigated crops. The second 

model factored in a ten percent reduction of irrigated acreage for Finney, Grant, 

Hamilton, and Stevens counties. As in the first model, alternative prices and discount 

rates were evaluated.  

 Five discount rates (5%, 2.5%, 0%, -2.5%, -5%) were applied to revenues derived 

from water drawn from the Ogallala in order to evaluate and analyze how monetary 

discount rates ultimately affect the overall revenue function of an area. The application of 
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discount rates converts future revenue to present dollars. Typically, a positive discount 

rate is used, indicating that present consumption is valued more than future consumption. 

However, alternative discount rates should be considered when analyzing water use in 

order to reflect differences in stakeholder goals for water conservation. A 0% discount 

rate means current and future consumption are valued equally, while a negative discount 

rate, such as -2.5% or -5%, reflects that future consumption is worth more.  

Previous Dynamic Optimization Models 

 The framework of the optimization models used in this study was developed by 

Bill Golden, Ph.D., of Kansas State University. Golden chose to utilize the MATLAB 

software system in developing these models. It is based upon previous models developed 

by Golden as well as models developed by Erin Wheeler, Ph.D., of Texas Tech 

University. Wheeler completed her models in 2005 and 2008 using GAMS. 

Model Specification 

The focus of this study is the examination of groundwater policy, and the impact 

alternative prices and discount rates have on policy recommendations. The goal of this 

study’s county level, optimization models is to maximize net revenue accrued through 

irrigated crop production. This model assumes a profit maximizing producer will choose 

crop acreage allocation and crop-water application rates in such a manner as to maximize 

annual profits. The use of an optimization objective function based on maximizing 

producer net profits is consistent with past literature. Implicitly, this assumes that 

groundwater management should be based on what is best for the agriculture producer. In 
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order to do this, subsequent costs incurred as well as overall drawdown of the Ogallala 

Aquifer must be minimized. The models were run over a fifty year planning horizon for a 

given county as a whole. 

Data 

Specific data was compiled for each county within the study region. The county 

specific data included averages of planted irrigated acreages of cotton, grain sorghum, 

soybeans, and dryland production. Operating costs associated with irrigated agriculture 

were also collected for the aforementioned crops including variable expenses, irrigation 

fuel, seed, and fertilizer expenses, and harvesting and hauling expenses as seen in 

Appendix A. Crop prices and costs used in this analysis represent a modification to the 

average 2011 through 2015 Cost-Return Budgets published by the Kansas State 

University Agricultural Experiment Station and Cooperative Extension Service (2015). 

The budgets, available in Appendix D, have been modified to reflect long-run average 

returns to land, management, and equipment. As yield changes, fertilizer, repairs and 

maintenance, and fuel expenses are adjusted appropriately. For example, overall repair 

and maintenance costs to equipment will go down in years of low yield, because farmers 

are not prompted to work their machines as hard as seen in years of high yield. Likewise, 

fuel expenses decrease as less total fuel is needed to water and harvest a low yield crop in 

comparison to a high yield crop. 

Hydrologic data collected included the area of each county overlying the aquifer, 

basin surface area, depth to water, saturated thickness, hydraulic conductivity, and 
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specific yield. The amount of natural recharge in the Ogallala is not known, and most 

estimates are considered controversial at best. For the purposes of this study, total annual 

recharge was left at zero feet and therefore not included in the parameters of the model. 

The saturated thickness, aquifer recharge, hydraulic conductivity, specific yield, and 

average decline in saturated thickness data was obtained from The Kansas Geological 

Survey High Plains Aquifer Section-Level Database (2015). The hydrologic data 

incorporated in this study is found in Table 3 below. The Water Information Management 

and Analysis System (WIMAS) provided data on water rights, water use, irrigated crop 

mix and type of irrigation technology used. These data are maintained by the Kansas 

Department of Agriculture, Division of Water Resources. 

 

Table 3. County Hydrologic Parameters 

 

County 

 

Recharge 

(in/ac) 

Pump 

Lift 

(Feet) 

Saturated 

Thickness 

(Feet) 

Well 

Yield 

(GPM) 

Acres 

Per 

Well 

Specific 

Yield 

(ft³) 

Hydraulic 

Conductivity 

(ft/day) 

Finney 0 121 183 1000 126 0.159 80.03 

Grant 0 233 199 1000 126 0.133 55.36 

Hamilton 0 173 72 585 126 0.136 48.89 

Stevens 0 185 322 1000 126 0.156 65.73 

 

Source: The Kansas Geological Survey High Plains Aquifer Section-Level Database 
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CHAPTER V 

 

 

 

RESULTS 

 

 

 The results of this study are indicative of a rapidly depleting aquifer, declining 

levels of saturated thickness, and ever increasing difficulty of earning profit in the 

farming industry. Figures of saturated thickness levels, total water use, and total revenue 

are included in this section for Finney, Grant, Hamilton, and Stevens counties. These 

figures have been generated in Excel from data produced by MATLAB. Lines indicative 

of saturated thickness, total water use, and revenue under high, average, and low crop 

prices are shown on these figures. This is done for both the status quo scenario (SQ) as 

well as the acreage reduction scenario (AR). All figures show a fifty year study horizon 

for which data has been evaluated under a 0% discount rate.  

 Also included in this section is a table for each county displaying the relationship 

between discount rate and net revenue. In Table 4 through Table 7, discount rates of 5%, 

2.5%, 0%, -2.5%, and -5% are applied to net revenue received for crops in low, average, 

and high price years. These discount rates are evaluated for revenues accrued under both 

the status quo scenario as well as the acreage reduction scenario. The subsequent percent 

change from one scenario to the other is then calculated and displayed in the last column 

of the table.  
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Finney County  

Finney County is the easternmost county in this study. Finney has over 830,000 

acres of land area and approximately 739,000 acres overlying the Ogallala Aquifer, 

making it the largest county in study.  Despite its size, saturated thickness in Finney 

County steadily declines under each scenario and price analyzed within the model. 

However, the acreage reduction scenario does allow for slower depletion of the Ogallala 

than does the status quo scenario. Overall, the acreage reduction scenario under low price 

years allows for the slowest depletion rates. The data in Figure 3 shows the aquifer to 

decline by approximately 100 feet over the next fifty years, resulting in about half as 

much water being available fifty years from now as is available today. Notice that 

relative to the corresponding status quo scenario, all acreage reduction scenarios have 

more saturated thickness at the end of the fifty year modeling horizon. This implies that 

these scenarios conserve groundwater. Golden and Johnson (2013) suggest that an 

objective analysis should place monetary value on the conserved groundwater. Valuing 

the conserved groundwater goes beyond the scope of this thesis and requires future 

research. 
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Figure 3. Finney County Saturated Thickness¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario  

 

 

 With 1,811 wells located within its borders, Finney County has more than twice 

the number of wells as any other county in this study (WIMAS). As shown on Figure 4, 

total water use for Finney County will decline over the next fifty years due to increased 

difficulty of extracting water resulting from the ever dwindling water table. The two 

sharp drops in water use are indicative of farmers being forced to make the switch to 

dryland production. This is done because the water table shrinks to the extent that it is no 

longer economically feasible to incur any irrigation costs under production agriculture 

when prices of crops are low. The figure below shows this change happening in thirty 

years with low prices under the status quo scenario and in thirty-five years with low 

prices under the acreage reduction scenario.  
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Figure 4. Finney County Total Water Use¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

When considering overall revenue for Finney County, the status quo scenario 

initially yields greater revenues for each price category than does the acreage reduction 

scenario. However, as shown in Figure 5, this seems to change for each price scenario as 

the data progresses throughout the fifty years in study. The acreage reduction scenario is 

shown to yield more profit beginning in about year thirty-two under high and average 

prices. Under low prices, the acreage reduction scenario yields greater profit for about ten 

years beginning in year twenty-five. In the years following, the acreage reduction and 

status quo scenario are very close together for low prices, with acreage reduction 

beginning to be more profitable once again nearing the fifty year mark. This analysis 

shows the need for irrigated acreage reduction as the farmers would ultimately benefit by 

experiencing larger net revenues in future years due to greater availability of groundwater 

in the Ogallala Aquifer. 
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Figure 5. Finney County Total Revenue¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

An analysis of net revenue earned under the status quo scenario as well as the 

acreage reduction scenario under different discount rates is seen in Table 4. The percent 

change between the two scenarios is also calculated and portrayed in the last column. 

This percent change between status quo revenue and acreage reduction revenue is largest 

under a 5% discount rate and high price scenario. The percent change is smallest under a 

–5% discount rate and average price scenario. The discount rate chosen to apply to net 

and total revenue is important because is dictates the preference farmers have in receiving 

profit. Positive discount rates imply that farmers are only concerned with short-term 

profits and desire to make as much money as possible in the shortest amount of time. As 

discount rate becomes increasingly negative, the implication of preferred long-term 
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profits is present. Those who choose to apply a negative discount rate to net and total 

revenue show that they are concerned with acquiring profits in the future, as the water 

table dwindles and irrigation becomes increasingly less cost efficient to perform. 

Table 4. Discount Rate Analysis for Finney County 

Discount Rate Price 

Revenue Status Quo 

Scenario 

Revenue Acreage 

Reduction Scenario 

Percent 

Change 

5.0% Low $1,014,808,037 $982,225,204 3.21% 

5.0% Average $1,862,313,301 $1,776,008,394 4.63% 

5.0% High $2,732,866,346 $2,582,668,126 5.50% 

2.5% Low $1,549,494,332 $1,505,265,922 2.85% 

2.5% Average $2,795,430,853 $2,689,293,483 3.80% 

2.5% High $4,101,451,729 $3,906,827,244 4.75% 

0.0% Low $2,675,118,457 $2,608,462,996 2.49% 

0.0% Average $4,701,200,146 $4,574,727,774 2.69% 

0.0% High $6,894,295,589 $6,635,213,229 3.76% 

-2.5% Low $5,334,510,354 $5,217,122,348 2.20% 

-2.5% Average $9,058,104,485 $8,928,970,125 1.43% 

-2.5% High $13,272,949,046 $12,923,110,955 2.64% 

-5.0% Low $12,343,142,078 $12,092,015,470 2.03% 

-5.0% Average $20,179,262,161 $20,138,196,899 0.20% 

-5.0% High $29,537,862,034 $29,077,677,205 1.56% 

 

 

Grant County 

Grant County is not as large as Finney County, but it has deeper levels of 

saturated thickness under its soil. Figure 6 shows the saturated thickness of Grant County 

declining at a constant rate under both the acreage reduction scenario and the status quo 

scenario; however, the acreage reduction scenario shows to preserve more water 

throughout the fifty year study. The saturated thickness begins at 199 feet, but declines to 



 

45 
 

right around 55 feet under the status quo scenario. In comparison, the acreage reduction 

scenario shows to leave about 70 feet of saturated thickness in the aquifer in year fifty. 

This additional 15 feet of saturated thickness could prove vital for acquiring profits in 

years exceeding the fifty year study horizon. 

 
Figure 6. Grant County Saturated Thickness¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

As Figure 7 indicates, the status quo scenario will result in more total water use 

than will the acreage reduction scenario throughout the entirety of the study. Without 

imposing any type of water use regulation, the results show that total water use will begin 

to decrease significantly in year forty-six under the status quo scenario when prices are 

high or average. This same rapid decrease begins in year forty-eight for low prices under 

the status quo scenario. The total water use decreases because there is much less water to 

pump than was originally present. As the lines drop sharply, it is an indication of the 

forthcoming need to switch to dryland agriculture. This switch will become necessary as 
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the water becomes increasingly more difficult and costly to pump. The sharp downward 

trend does not become present within the fifty year parameter under the acreage reduction 

scenario, indicative of sufficient water amounts to continue pumping. 

 
Figure 7. Grant County Total Water Use¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

Total revenue is initially higher under the status quo scenario for each price 

category. However, results shown in Figure 8 indicate that the acreage reduction scenario 

will become more profitable beginning in year forty-six for high and average prices and 

in year forty-eight for low prices. This is because the aquifer is depleted more rapidly 

under the status quo scenario compared to the acreage reduction scenario. The acreage 

reduction scenario prolongs the ability to irrigate crops in Grant County for more years 

than does the status quo scenario. The ability to irrigate allows for future profits to be 

greater than does a depleted aquifer and dryland farming.  
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Figure 8. Grant County Total Revenue¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

When analyzing net revenue under the status quo and acreage reduction scenario, 

it is evident that an absence of reduction in irrigated acreage will yield more total revenue 

throughout the study than an application of a mandatory irrigated acreage reduction. 

Table 5 shows that high prices in combination with a 5% and 2.5% discount rate applied 

to the revenue will generate the largest percent change between the two scenarios. The 

smallest percent change between the status quo scenario and the acreage reduction 

scenario is evident when a -2.5% discount rate is applied to the revenue in combination 

with low prices.   
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Table 5. Discount Rate Analysis for Grant County 

Discount 

Rate Price 

Revenue Status Quo 

Scenario 

Revenue Acreage 

Reduction Scenario 

Percent 

Change 

5.0% Low $357,815,339 $342,679,751 4.23% 

5.0% Average $833,621,493 $776,332,481 6.87% 

5.0% High $1,311,888,924 $1,212,080,334 7.61% 

2.5% Low $540,898,601 $520,472,060 3.78% 

2.5% Average $1,278,012,967 $1,193,990,663 6.57% 

2.5% High $2,020,051,674 $1,871,678,085 7.35% 

0.0% Low $922,310,320 $892,950,020 3.18% 

0.0% Average $2,215,582,401 $2,079,774,109 6.13% 

0.0% High $3,519,959,408 $3,275,938,098 6.93% 

-2.5% Low $1,813,124,767 $1,767,931,581 2.49% 

-2.5% Average $4,429,402,281 $4,184,174,464 5.54% 

-2.5% High $7,073,708,515 $6,623,796,750 6.36% 

-5.0% Low $4,133,121,713 $4,059,330,459 1.79% 

-5.0% Average $10,243,570,281 $9,748,001,580 4.84% 

-5.0% High $16,432,243,599 $15,501,234,915 5.67% 

 

 

Hamilton County 

Hamilton County has the least amount of saturated thickness out of all counties 

included in the study with a beginning depth of about 73 feet. Figure 9 portrays how both 

scenarios under all price categories deplete the saturated thickness at a very similar rate 

for the first twenty years. After that, low prices experienced under both the status quo 

scenario and the acreage reduction scenario will lead to much less depletion of the 

saturated thickness. The trends created by high and average prices seen under both 

scenarios continue to mirror each other for the duration of the study, with the acreage 

reduction scenario preserving about 3 additional feet of saturated thickness by year fifty.  
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Figure 9. Hamilton County Saturated Thickness¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

Due to the low amount of saturated thickness in Hamilton County, the future for 

irrigated agriculture seems bleak. Figure 10 shows water use to stay constant under both 

scenarios for about ten years, followed by a rapidly declining trend of overall water use. 

This change is not due to the simple preservation of water, but instead to the lack of water 

available for pumping. As shown on the graph below, low prices seen under the status 

quo scenario will force farmers to resort to dryland farming practices in year twenty 

while average prices under the status quo scenario will force the switch away from 

irrigation in year forty-six, as indicated by the sharp drops of the lines. 
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Figure 10. Hamilton County Total Water Use¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario 

³ AR-Acreage Reduction Scenario 

 

 

As shown in Figure 11, the revenues for Hamilton County mirror each other under 

each price category. The status quo scenario initially yields higher revenues; however, 

this begins to change between year thirty and thirty-five as the figure shows the acreage 

reduction scenario to be more profitable. This is due to water saved under the acreage 

reduction scenario still being available for pumping. In contrast, that water was already 

utilized under the status quo scenario, making pumping much more expensive and less 

feasible. 
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Figure 11. Hamilton County Total Revenue¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

As a whole, the percent changes between the acreage reduction scenario and the 

status quo scenario are less than seen in the other counties. This can be attributed to the 

smaller amount of saturated thickness found in Hamilton County. Due to the small 

amount of water available, pumping is already limited. Therefore, the change in revenue 

does not see a large change even when the acreage reduction scenario is applied. As 

shown in Table 6, the only negative percent change between the status quo scenario and 

the acreage reduction scenario of the entire study is seen in Hamilton County. This occurs 

under average prices with a -5% discount rate applied to the revenue. 
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Table 6. Discount Rate Analysis for Hamilton County 

Discount Rate Price 

Revenue Status Quo 

Scenario 

Revenue Acreage 

Reduction Scenario 

Percent 

Change 

5.0% Low $119,523,652 $117,266,278 1.89% 

5.0% Average $229,152,540 $221,391,213 3.39% 

5.0% High $347,526,564 $331,807,848 4.52% 

2.5% Low $180,492,442 $177,525,051 1.64% 

2.5% Average $335,661,249 $327,375,237 2.47% 

2.5% High $512,174,342 $493,118,539 3.72% 

0.0% Low $308,586,841 $304,203,993 1.42% 

0.0% Average $548,813,241 $541,576,587 1.32% 

0.0% High $844,216,038 $821,375,526 2.71% 

-2.5% Low $611,127,965 $603,507,049 1.25% 

-2.5% Average $1,028,039,244 $1,027,393,676 0.06% 

-2.5% High $1,596,174,105 $1,571,050,563 1.57% 

-5.0% Low $1,408,749,208 $1,392,770,875 1.13% 

-5.0% Average $2,236,484,502 $2,260,795,632 -1.09% 

-5.0% High $3,503,772,368 $3,486,470,852 0.49% 

 

 

Stevens County 

Stevens County has the largest level of saturated thickness out of the four counties 

in this study. Figure 12 shows levels of saturated thickness to decline at a constant rate 

throughout the fifty year study period. The acreage reduction scenario is revealed to 

preserve about 10 additional feet of saturated thickness in comparison to the status quo 

scenario. Overall saturated thickness declines from 322 feet in year one to between 208 

feet and 219 feet by the end of the study horizon. 
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Figure 12. Stevens County Saturated Thickness¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

The acreage reduction scenario and status quo scenario are practically mirror 

images of each other for total water use rates in Stevens County, as seen in Figure 13. 

Just as expected, high prices cause the most water use while low prices show to cause the 

least amount of aquifer depletion. Less water is used under the acreage reduction scenario 

than the status quo scenario, but water use rates are very similar. This can be attributed to 

the large amount of water available for pumping in Stevens County. 
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Figure 13. Stevens County Total Water Use¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

Due to the large amount of water available for irrigation purposes in Stevens 

County, the trends created in Figure 14 are somewhat different when compared to those 

in previous counties. Under the status quo scenario, where no constraint is placed upon 

the amount of water pumped, revenues are high in comparison to the acreage reduction 

scenario under high and average prices. However, the low price category shows that 

revenues received under the acreage reduction scenario begin to catch up to those 

received from the status quo scenario. Although this trend is not portrayed in the graph 

for average and high prices, the same would hold true if the graph were extended to show 

additional years on the x-axis. 
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Figure 14. Stevens County Total Revenue¹ 
¹ Results obtained under a 0% Discount Rate  

² SQ-Status Quo Scenario  

³ AR-Acreage Reduction Scenario 

 

 

The discount rate applied to net revenue is of vital importance in this study. As 

shown in Table 7, revenue incurred grows larger as the discount rate becomes 

increasingly negative. This implies that obtaining future profits with a dwindling water 

supply will be of greater importance than current profits. In Stevens County, the percent 

change in revenues received under the status quo scenario and the acreage reduction 

scenario are smallest under low prices and largest under high prices. The percent change 

under average prices is shown to fall in between the low and high price categories 
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Table 7. Discount Rate Analysis for Stevens County 

Discount 

Rate Price 

Revenue Status Quo 

Scenario 

Revenue Acreage 

Reduction Scenario 

Percent 

Change 

5.0% Low $679,223,368 $665,075,497 2.08% 

5.0% Average $1,515,639,583 $1,430,303,839 5.63% 

5.0% High $2,354,082,483 $2,197,270,619 6.66% 

2.5% Low $1,034,881,685 $1,016,845,357 1.74% 

2.5% Average $2,333,515,727 $2,205,036,436 5.51% 

2.5% High $3,635,985,123 $3,396,499,292 6.59% 

0.0% Low $1,782,330,102 $1,758,685,652 1.33% 

0.0% Average $4,069,705,557 $3,851,719,244 5.36% 

0.0% High $6,365,239,269 $5,951,675,535 6.50% 

-2.5% Low $3,543,254,144 $3,512,022,656 0.88% 

-2.5% Average $8,197,926,262 $7,771,643,546 5.20% 

-2.5% High $12,872,072,627 $12,047,712,694 6.40% 

-5.0% Low $8,166,138,722 $8,127,592,773 0.47% 

-5.0% Average $19,120,194,144 $18,152,894,765 5.06% 

-5.0% High $30,125,943,077 $28,221,692,996 6.32% 
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CHAPTER VI 

 

 

 

CONCLUSIONS 

 

 

The study objective of evaluating how discount rate and price impact the 

recommendation of groundwater policy has a related, underlying question, “Should we 

choose groundwater policies with aquifer conservation in mind?” A policy reducing 

irrigated acreage by ten percent would reduce total water used in all four counties; 

however, a larger, more sustained water reduction is present in counties as the amount of 

saturated thickness increases. For example, Finney County, with its high level of 

saturated thickness, will save more water by implementing a ten percent reduction in 

irrigated acreage than would Hamilton County with its much lower level of saturated 

thickness. Less saturated thickness results in less water saving ability; therefore a policy 

of acreage reduction is most likely beneficial in counties possessing at least normal 

amounts of saturated thickness such as Finney, Grant, and Stevens counties, and less 

effective in counties with low amounts of saturated thickness such as Hamilton. 

Production decisions are impacted by price. In Finney County, under low prices, 

producers are forced to convert to dryland as it becomes no longer economically feasible 

to irrigate crops and incur subsequent irrigation costs only to receive low prices for these 

crops upon harvest. Higher prices incentivize producers to use more water to maximize 
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yield and subsequent profit. However, results indicate little difference in water use when 

comparing high and average prices, indicating well capacity is the limiting factor. Prices 

have a large impact on projected producer revenue. High prices help producers justify 

utilizing any means necessary to pursue high yields and high returns. However, low 

prices have a negative impact upon the willingness of producers to spend money which 

will subsequently affect purchases with businesses located in the regional economy. 

As discussed in previous chapters, discounting converts future revenue into 

present dollars. Typically a positive discount rate is used, indicating that present 

consumption is valued more than future consumption. However, alternative discount rates 

should be considered when analyzing water use to reflect differences in stakeholder goals 

for water conservation. A 0% discount rate means current and future consumption are 

valued equally, while a negative discount rate, such as -2.5% or -5%, reflects that future 

consumption is worth more. The producer who values current consumption would be 

impacted to a greater degree by the policy than the producer valuing future consumption, 

regardless of price present in the market.  

In each of the four counties, the values of revenues accrued rise sharply as the 

discount rate becomes increasingly negative. This is indicative of future profits becoming 

increasingly difficult to obtain with a dwindling aquifer and increasing costs of pumping 

water for irrigation purposes. As seen in the revenue figures of Finney, Grant, and 

Hamilton County (Figures 5, 8, and 11, respectively), the acreage reduction scenario 

allows for profits to remain more constant over the fifty year study period than does the 

status quo scenario. This is due to the fact that implementing an acreage reduction policy 
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of ten percent each year will allow for saturated thickness levels to remain deep enough 

to justify the use of irrigation pumping for more years than does the status quo scenario. 

The acreage reduction policy would help preserve the Ogallala as a whole for future 

generations. 

While this analysis compares a status quo scenario to a groundwater conservation 

scenario, the purpose was not to justify one over the other. Instead the focus was on 

alternative prices and discount rates. The use of alternative prices does not have as large 

of an effect on results as the selection of a discount rate because the discount rate applied 

to revenues in a given area is directly dependent upon the hydrology in that area. In order 

to focus on prices and discount rates, the model was somewhat simplified. As an 

example, technologic growth in crop yields was not included. Amosson et al. (2009) 

illustrated that a groundwater conservation policy provides significant benefits when 

technologic growth in crop yields was included in the model.  

Shortcomings exist with every study. This study, much like Amosson et al. 

(2009), bases decisions largely on loss in producer income to assess the overall cost of 

implementing the conservation strategy analyzed. Also, yields stay the same throughout 

the model as static yield growth is not assumed for any year. This helps keep everything 

level and equivalent within the study. While the implementation of the irrigated acreage 

reduction scenario was compared to a status quo scenario, this research does not attempt 

to place a monetary value on the water conserved by policy implementation. 

Furthermore, the cost must be weighed against the benefit of generating water savings. 

To accomplish this, however, a ‘price tag’ needs to be given to the conserved water 
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(Golden and Johnson, 2013). If a price tag was developed for the conserved water, this 

detail would allow for further discussion regarding whether or not to implement a water 

conservation policy. 
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APPENDIX A 

 

 

COMMODITY PRICES AND COSTS OF PRODUCTION 

 

 

Table A.1. Prices and Costs of Production by Crop 

 

Unit 

 

Corn Grain Sorghum Soybeans 

 

Crop  

Price 

 

$/bu 

 

5.244 

 

4.789 

 

10.762 

 

Variable  

Expenses 

 

$/ac 

 

311.53 

 

207.49 

 

169.71 

 

Seed and 

Fertilizer 

Expense 

 

$/ac 

 

303.89 

 

124.53 

 

89.74 

 

Harvest and 

Hauling  

Expense 

 

$/bu 

 

0.29 

 

0.29 

 

0.32 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 
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APPENDIX B 

 

 

INITIAL ACREAGES BY COUNTY, CROP, AND IRRIGATION SYSTEM 

 

 

Table B.1. Finney County Initial Acreages 

Crop 

LEPA 

Irrigation 

Furrow 

Irrigation Dryland Total Acres 

Alfalfa 82,109 23,323 0 105,432 

Corn 67,788 19,255 4,935 91,978 

Sorghum 6,035 1,714 61,852 69,601 

Soybean 15,429 4,383 217 20,029 

Sunflower 489 139 3,938 4,566 

Wheat 18,074 5,134 117,700 140,908 

 

TOTAL 

 

189,924 

 

53,948 

 

188,642 

 

432,514 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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Table B.2. Grant County Initial Acreages 

Crop 

LEPA 

Irrigation 

Furrow 

Irrigation Dryland Total Acres 

Alfalfa 22,369 5,692 0 28,061 

Corn 55,813 14,202 3,139 73,154 

Sorghum 7,422 1,889 26,036 35,347 

Soybean 654 166 0 820 

Sunflower 1,321 336 3,680 5,337 

Wheat 9,730 2,476 56,810 69,016 

 

TOTAL 

 

97,309 

 

24,761 

 

89,665 

 

211,735 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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Table B.3. Hamilton County Initial Acreages 

Crop 

LEPA 

Irrigation (ac) 

Furrow 

Irrigation (ac) Dryland (ac) Total Acres 

Alfalfa 6,871 4,646 0 11,517 

Corn 7,639 5,165 3,666 16,470 

Sorghum 3,069 2,075 34,682 39,826 

Soybean 0 0 412 412 

Sunflower 0 0 886 886 

Wheat 4,410 2,982 143,088 150,480 

 

TOTAL 

 

21,989 

 

14,868 

 

182,734 

 

219,591 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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Table B.4. Stevens County Initial Acreages 

Crop 

LEPA 

Irrigation 

Furrow 

Irrigation Dryland Total Acres 

Alfalfa 8,953 701 0 9,654 

Corn 169,299 13,262 9,037 191,598 

Sorghum 2,787 218 47,657 50,662 

Soybean 1,916 150 160 2,226 

Sunflower 2,895 227 8,666 11,788 

Wheat 6,088 477 55,633 62,198 

 

TOTAL 

 

191,938 

 

15,035 

 

121,153 

 

328,126 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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APPENDIX C 

 

 

NORMALIZED IRRIGATED ACREAGES BY COUNTY AND CROP 

 

 

Table C.1. Finney County Normalized Irrigated Acres 

Crop 

Total Irrigated 

Acres Percentage 

Normalized 

Percentage 

New Irrigated 

Acres 

Alfalfa 105,432 43.23% 0.00% 0 

Corn 87,043 35.69% 75.95% 185,223 

Sorghum 7,749 3.18% 6.76% 16,490 

Soybean 19,812 8.12% 17.29% 42,159 

Sunflower 628 0.26% 0.00% 0 

Wheat 23,208 9.52% 0.00% 0 

 

TOTAL 

 

243,872 

 

100.00% 

 

100.00% 

 

243,872 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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Table C.2. Grant County Normalized Irrigated Acres 

Crop 

Total Irrigated 

Acres Percentage 

Normalized 

Percentage 

New Irrigated 

Acres 

Alfalfa 28,061 22.99% 0.00% 0 

Corn 70,015 57.36% 87.36% 106,639.52 

Sorghum 9,311 7.63% 11.62% 14,181.54 

Soybean 820 0.67% 1.02% 1,248.94 

Sunflower 1,657 1.36% 0.00% 0 

Wheat 12,206 10.00% 0.00% 0 

 

TOTAL 

 

122,070 

 

100.00% 

 

100.00% 

 

122,070 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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Table C.3. Hamilton County Normalized Irrigated Acres 

Crop 

Total Irrigated 

Acres Percentage 

Normalized 

Percentage 

New Irrigated 

Acres 

Alfalfa 11,517 31.25% 0.00% 0 

Corn 12,804 34.74% 71.34% 26,294 

Sorghum 5,144 13.96% 28.66% 10,563 

Soybean 0 0.00% 0.00% 0 

Sunflower 0 0.00% 0.00% 0 

Wheat 7,392 20.06% 0.00% 0 

 

TOTAL 

 

36,857 

 

100.00% 

 

100.00% 

 

36,857 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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Table C. 4. Stevens County Normalized Irrigated Acres 

Crop 

Total Irrigated 

Acres Percentage 

Normalized 

Percentage 

New Irrigated 

Acres 

Alfalfa 9,654 4.66% 0.00% 0 

Corn 182,561 88.21% 97.30% 201,379 

Sorghum 3,005 1.45% 1.60% 3,315 

Soybean 2,066 1.00% 1.10% 2,279 

Sunflower 3,122 1.51% 0.00% 0 

Wheat 6,565 3.17% 0.00% 0 

 

TOTAL 

 

206,973 

 

100.00% 

 

100.00% 

 

206,973 

 

Source: The Water Information Management and Analysis System (WIMAS) 
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APPENDIX D 

 

 

CROP BUDGETS 

 

 

Table D.1. Irrigated Corn Budget 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 

Year 2011 2012 2013 2014 2015 Average¹ Max Min

INCOME PER ACRE

     Yield Per Acre (bu) 240 240 240 250 250 244 250 240

     Price Per Bushel ($) 4.75 5.79 6.49 4.94 4.25 5.24 6.49 4.25

     Net Government Payment ($) 35.13 35.13 35.13 0.00 0.00 21.08 35.13 0.00

     Indemnity Payments ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous Income ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Returns Per Acre ($) 1175.13 1424.73 1592.73 1235.00 1062.50 1298.02 1592.73 1062.50

COSTS PER ACRE

     Seed ($) 94.32 104.04 125.64 126.72 142.56 118.66 142.56 94.32

     Herbicide ($) 32.78 30.00 28.55 61.00 51.00 40.67 61.00 28.55

     Insecticide / Fungicide ($) 37.37 36.48 54.10 16.54 19.07 32.71 54.10 16.54

     Fertilizer and Lime ($) 158.94 224.96 213.57 156.31 172.40 185.23 224.96 156.31

     Crop Consulting ($) 6.50 6.50 6.50 6.50 6.50 6.50 6.50 6.50

     Crop Insurance ($) 0.00 0.00 0.00 35.40 26.78 12.44 35.40 0.00

     Drying ($) 0.00 0.00 0.00 32.50 32.50 13.00 32.50 0.00

     Miscellaneous ($) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

     Custom Hire / Machinery Expense ($) 172.95 174.82 174.66 177.44 186.13 177.20 186.13 172.95

     Non-machinery Labor ($) 19.54 19.75 19.74 18.00 18.00 19.01 19.75 18.00

TOTAL VARIABLE COSTS ($) 279.15 277.55 293.55 357.39 349.98 311.53 357.39 277.55

     Land Charge / Rent ($) 74.40 182.40 204.00 144.00 130.00 146.96 204.00 74.40

IRRIGATION COSTS

     Labor ($) 6.50 6.50 6.50 7.50 7.50 6.90 7.50 6.50

     Fuel and Oil ($) 84.00 72.00 66.00 72.72 126.24 84.19 126.24 66.00

     Repairs and Maintenance ($) 7.92 7.92 7.92 7.92 7.92 7.92 7.92 7.92

     Depreciation on Equipment / Well ($) 45.24 55.00 55.00 53.56 64.26 54.62 64.26 45.24

     Interest on Equipment ($) 39.10 43.09 43.09 41.92 48.36 43.11 48.36 39.10

SUB TOTAL ($) 789.56 973.47 1015.27 968.04 1049.23 959.11 1049.23 789.56

     Interest on 1/2 Nonland Costs ($) 22.08 22.52 23.18 22.62 25.16 23.11 25.16 22.08

TOTAL COSTS ($) 811.64 995.99 1038.45 990.66 1074.38 982.22 1074.38 811.64

RETURNS OVER COSTS ($) 363.49 428.74 554.28 244.34 -11.88 315.79 554.28 -11.88

TOTAL COSTS PER BUSHEL ($) 3.38 4.15 4.33 3.96 4.30 4.02 4.33 3.38

RETURN TO ANNUAL COST ($) 0.49 0.46 0.57 0.28 0.01 0.36 0.57 0.01

GROSS PROFIT PER ACRE ($) 895.98 1147.17 1299.18 877.61 712.52 986.49 1299.18 712.52

¹Averages for the five year period were incorporated into the model
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Table D.2. Irrigated Grain Sorghum Budget 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 

  

 

 

 

Year 2011 2012 2013 2014 2015 Average¹ Max Min

INCOME PER ACRE

     Yield Per Acre (bu) 150 150 150 115 115 136 150 115

     Price Per Bushel ($) 4.30 5.52 5.87 4.44 3.82 4.79 5.87 3.82

     Net Government Payment ($) 35.13 35.13 35.13 0.00 0.00 21.08 35.13 0.00

     Indemnity Payments ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous Income ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Returns per acre ($) 680.13 863.13 915.63 510.03 439.30 681.64 915.63 439.30

COSTS PER ACRE

     Seed ($) 21.84 22.30 23.40 20.00 21.60 21.83 23.40 20.00

     Herbicide ($) 29.50 26.56 24.81 52.40 46.91 36.04 52.40 24.81

     Insecticide / Fungicide ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fertilizer and Lime ($) 95.37 135.52 127.63 73.45 81.56 102.71 135.52 73.45

     Crop Consulting ($) 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25

     Crop Insurance ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Drying ($) 0.00 0.00 0.00 14.95 14.95 5.98 14.95 0.00

     Miscellaneous ($) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

     Custom Hire / Machinery Expense ($) 145.70 142.69 142.40 111.48 119.18 132.29 145.70 111.48

     Non-machinery Labor ($) 16.46 16.12 16.09 18.00 18.00 16.94 18.00 16.09

TOTAL VARIABLE COSTS ($) 207.91 201.62 199.54 213.08 215.29 207.49 215.29 199.54

     Land Charge / Rent ($) 74.40 182.40 204.00 167.00 153.00 156.16 204.00 74.40

IRRIGATION COSTS

     Labor ($) 6.50 6.50 6.50 7.50 7.50 6.90 7.50 6.50

     Fuel and Oil ($) 56.00 48.00 44.00 48.48 84.16 56.13 84.16 44.00

     Repairs and Maintenance ($) 5.28 5.28 5.28 5.28 5.28 5.28 5.28 5.28

     Depreciation on Equipment / Well ($) 45.24 55.00 55.00 53.56 64.26 54.62 64.26 45.24

     Interest on Equipment ($) 39.10 43.09 43.09 41.92 48.36 43.11 48.36 39.10

SUB TOTAL ($) 551.64 699.71 708.44 630.27 681.02 654.21 708.44 551.64

     Interest on 1/2 Nonland Costs ($) 13.75 13.62 13.21 11.47 13.01 13.01 13.75 11.47

TOTAL COSTS ($) 565.39 713.33 721.65 641.74 694.03 667.23 721.65 565.39

RETURNS OVER COSTS ($) 114.74 149.80 193.98 -131.72 -254.73 14.41 193.98 -254.73

TOTAL COSTS PER BUSHEL ($) 3.77 4.76 4.81 5.58 6.04 4.99 6.04 3.77

RETURN TO ANNUAL COST ($) 0.23 0.23 0.29 -0.19 -0.35 0.04 0.29 -0.35

GROSS PROFIT PER ACRE ($) 472.22 661.51 716.08 296.94 224.01 474.15 716.08 224.01

¹Averages for the five year period were incorporated into the model
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Table D.3. Irrigated Soybeans Budget 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 

 

 

 

 

Year 2011 2012 2013 2014 2015 Average¹ Max Min

INCOME PER ACRE

     Yield Per Acre (bu) 65 65 65 67 67 66 67 65

     Price Per Bushel ($) 10.26 11.14 12.54 10.70 9.17 10.76 12.54 9.17

     Net Government Payment ($) 35.13 35.13 35.13 0.00 0.00 21.08 35.13 0.00

     Indemnity Payments ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous Income ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Returns Per Acre ($) 702.03 759.23 850.23 716.90 614.39 728.55 850.23 614.39

COSTS PER ACRE

     Seed ($) 49.50 46.50 55.50 64.50 67.50 56.70 67.50 46.50

     Herbicide ($) 27.58 26.19 28.73 37.31 42.39 32.44 42.39 26.19

     Insecticide / Fungicide ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fertilizer and Lime ($) 28.28 44.80 33.32 25.48 33.32 33.04 44.80 25.48

     Crop Consulting ($) 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25

     Crop Insurance ($) 0.00 0.00 0.00 9.50 4.37 2.77 9.50 0.00

     Drying ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous ($) 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00

     Custom Hire / Machinery Expense ($) 99.56 101.68 101.50 106.22 112.04 104.20 112.04 99.56

     Non-machinery Labor ($) 11.25 11.49 11.47 18.00 18.00 14.04 18.00 11.25

TOTAL VARIABLE COSTS ($) 154.64 155.61 157.95 187.28 193.05 169.71 193.05 154.64

     Land Charge / Rent ($) 74.40 182.40 204.00 167.00 153.00 156.16 204.00 74.40

IRRIGATION COSTS

     Labor ($) 6.50 6.50 6.50 7.50 7.50 6.90 7.50 6.50

     Fuel and Oil ($) 63.00 54.00 49.50 54.54 94.68 63.14 94.68 49.50

     Repairs and Maintenance ($) 5.94 5.94 5.94 5.94 5.94 5.94 5.94 5.94

     Depreciation on Equipment / Well ($) 45.24 55.00 55.00 53.56 64.26 54.62 64.26 45.24

     Interest on Equipment ($) 39.10 43.09 43.09 41.92 48.36 43.11 48.36 39.10

SUB TOTAL ($) 466.59 593.84 610.80 607.72 667.61 589.31 667.61 466.59

     Interest on 1/2 Nonland Costs ($) 10.78 10.18 10.03 11.22 13.06 11.06 13.06 10.03

TOTAL COSTS ($) 477.37 604.02 620.84 618.94 680.68 600.37 680.68 477.37

RETURNS OVER COSTS ($) 224.66 155.20 229.39 97.96 -66.29 128.18 229.39 -66.29

TOTAL COSTS PER BUSHEL ($) 7.34 9.29 9.55 9.24 10.16 9.12 10.16 7.34

RETURN TO ANNUAL COST ($) 0.50 0.28 0.39 0.18 -0.08 0.26 0.50 -0.08

GROSS PROFIT PER ACRE ($) 547.39 603.62 692.27 529.62 421.34 558.85 692.27 421.34

¹Averages for the five year period were incorporated into the model
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Table D.4. Dryland Corn Budget 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 

 

 

 

 

Year 2011 2012 2013 2014 2015 Average¹ Max Min

INCOME PER ACRE

     Yield Per Acre (bu) 100 100 100 77 77 91 100 77

     Price Per Bushel ($) 4.75 5.79 6.49 4.94 4.25 5.24 6.49 4.25

     Net Government Payment ($) 13.17 13.17 13.17 0.00 0.00 7.90 13.17 0.00

     Indemnity Payments ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous Income ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Returns Per Acre ($) 488.17 592.17 662.17 380.38 327.25 490.03 662.17 327.25

COSTS PER ACRE

     Seed ($) 52.40 57.80 69.80 44.96 53.28 55.65 69.80 44.96

     Herbicide ($) 30.74 26.20 24.79 78.63 67.47 45.56 78.63 24.79

     Insecticide / Fungicide ($) 1.00 1.00 1.00 0.00 0.00 0.60 1.00 0.00

     Fertilizer and Lime ($) 76.72 110.60 97.41 46.49 51.40 76.52 110.60 46.49

     Crop Consulting ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Crop Insurance ($) 0.00 0.00 0.00 9.14 6.48 3.12 9.14 0.00

     Drying ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous ($) 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50

     Custom Hire / Machinery Expense ($) 84.74 80.75 80.68 89.55 93.91 85.93 93.91 80.68

     Non-machinery Labor ($) 9.58 9.12 9.12 22.50 22.50 14.56 22.50 9.12

TOTAL VARIABLE COSTS ($) 131.56 122.58 121.08 205.31 195.85 155.28 205.31 121.08

     Land Charge / Rent ($) 66.60 115.20 117.00 82.50 42.00 84.66 117.00 42.00

IRRIGATION COSTS

     Labor ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fuel and Oil ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Repairs and Maintenance ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Depreciation on Equipment / Well ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Interest on Equipment ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUB TOTAL ($) 327.28 406.18 405.29 379.26 342.53 372.11 406.18 327.28

     Interest on 1/2 Nonland Costs ($) 9.12 9.46 9.37 9.64 9.77 9.47 9.77 9.12

TOTAL COSTS ($) 336.40 415.63 414.66 388.91 352.30 381.58 415.63 336.40

RETURNS OVER COSTS ($) 151.77 176.54 247.51 -8.53 -25.05 108.45 247.51 -25.05

TOTAL COSTS PER BUSHEL ($) 3.36 4.16 4.15 5.05 4.58 4.26 5.05 3.36

RETURN TO ANNUAL COST ($) 0.49 0.46 0.63 0.00 -0.04 0.31 0.63 -0.04

GROSS PROFIT PER ACRE ($) 227.49 301.20 373.88 83.62 26.72 202.58 373.88 26.72

¹Averages for the five year period were incorporated into the model
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Table D.5. Dryland Grain Sorghum Budget 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 

 

 

 

 

 

 

Year 2011 2012 2013 2014 2015 Average¹ Max Min

INCOME PER ACRE

     Yield Per Acre (bu) 100 100 100 90 90 96 100 90

     Price Per Bushel ($) 4.30 5.52 5.87 4.42 3.81 4.78 5.87 3.81

     Net Government Payment ($) 13.17 13.17 13.17 0.00 0.00 7.90 13.17 0.00

     Indemnity Payments ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous Income ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Returns Per Acre ($) 443.17 565.17 600.17 397.80 342.90 469.84 600.17 342.90

COSTS PER ACRE

     Seed ($) 9.60 9.87 10.14 10.35 11.25 10.24 11.25 9.60

     Herbicide ($) 30.74 26.20 24.79 73.51 66.59 44.37 73.51 24.79

     Insecticide / Fungicide ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fertilizer and Lime ($) 70.26 101.40 89.12 55.60 61.88 75.65 101.40 55.60

     Crop Consulting ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Crop Insurance ($) 0.00 0.00 0.00 10.01 7.27 3.46 10.01 0.00

     Drying ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous ($) 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50

     Custom Hire / Machinery Expense ($) 92.46 85.43 85.27 97.07 103.56 92.76 103.56 85.27

     Non-Machinery Labor ($) 10.45 9.65 9.64 22.50 22.50 14.95 22.50 9.64

TOTAL VARIABLE COSTS ($) 139.15 126.78 125.19 208.59 205.41 161.02 208.59 125.19

     Land Charge / Rent ($) 317.81 115.20 117.00 82.50 42.00 134.90 317.81 42.00

IRRIGATION COSTS

     Labor ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fuel and Oil ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Repairs and Maintenance ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Depreciation on Equipment / Well ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Interest on Equipment ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUB TOTAL ($) 285.60 353.25 341.45 357.04 320.54 331.58 357.04 285.60

     Interest on 1/2 Nonland Costs ($) 7.67 7.74 7.29 8.92 9.05 8.13 9.05 7.29

TOTAL COSTS ($) 293.27 360.99 348.75 365.96 329.59 339.71 365.96 293.27

RETURNS OVER COSTS ($) 149.91 204.19 251.43 31.84 13.31 130.13 251.43 13.31

TOTAL COSTS PER BUSHEL ($) 2.93 3.61 3.49 4.07 3.66 3.55 4.07 2.93

RETURN TO ANNUAL COST ($) 0.55 0.60 0.76 0.11 0.07 0.42 0.76 0.07

GROSS PROFIT PER ACRE ($) 224.17 327.12 375.72 123.26 64.36 222.93 375.72 64.36

¹Averages for the five year period were incorporated into the model
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Table D.6. Dryland Soybeans Budget 

 

Source: The Kansas State University Agricultural Experiment Station and Cooperative 

Extension Service 

 

Year 2011 2012 2013 2014 2015 Average¹ Max Min

INCOME PER ACRE

     Yield Per Acre (bu) 35 35 35 32 32 34 35 32

     Price Per Bushel ($) 10.26 11.14 12.54 10.77 9.22 10.79 12.54 9.22

     Net Government Payment ($) 13.17 13.17 13.17 0.00 0.00 7.90 13.17 0.00

     Indemnity Payments ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous Income ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Returns Per Acre ($) 372.27 403.07 452.07 344.64 295.04 373.42 452.07 295.04

COSTS PER ACRE

     Seed ($) 39.60 37.20 44.40 51.60 54.00 45.36 54.00 37.20

     Herbicide ($) 16.64 14.34 16.20 67.05 75.44 37.94 75.44 14.34

     Insecticide / Fungicide ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fertilizer and Lime ($) 15.66 24.80 18.45 11.96 15.64 17.30 24.80 11.96

     Crop Consulting ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Crop Insurance ($) 0.00 0.00 0.00 7.35 4.87 2.45 7.35 0.00

     Drying ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Miscellaneous ($) 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50

     Custom Hire / Machinery Expense ($) 69.56 66.27 66.17 72.29 76.46 70.15 76.46 66.17

     Non-machinery Labor ($) 7.86 7.49 7.48 22.50 22.50 13.57 22.50 7.48

TOTAL VARIABLE COSTS ($) 99.56 93.60 95.35 174.70 184.78 129.60 184.78 93.60

     Land Charge / Rent ($) 66.60 115.20 117.00 82.50 42.00 84.66 117.00 42.00

IRRIGATION COSTS

     Labor ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Fuel and Oil ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Repairs and Maintenance ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Depreciation on Equipment / Well ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

     Interest on Equipment ($) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

SUB TOTAL ($) 221.41 270.80 275.19 320.76 296.42 276.92 320.76 221.41

     Interest on 1/2 Nonland Costs ($) 5.42 5.06 5.14 7.74 8.27 6.33 8.27 5.06

TOTAL COSTS ($) 226.83 275.85 280.33 328.50 304.69 283.24 328.50 226.83

RETURNS OVER COSTS ($) 145.44 127.22 171.74 16.14 -9.65 90.18 171.74 -9.65

TOTAL COSTS PER BUSHEL ($) 6.48 7.88 8.01 10.27 9.52 8.43 10.27 6.48

RETURN TO ANNUAL COST ($) 0.68 0.49 0.64 0.07 0.00 0.38 0.68 0.00

GROSS PROFIT PER ACRE ($) 217.46 247.48 293.88 106.38 40.62 181.16 293.88 40.62

¹Averages for the five year period were incorporated into the model


