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PREFACE 

This study is concerned with the estimated growth and decline of 

irrigated agriculture in the Oklahoma panhandle during the period 1980 

to 2029. A recursive linear programming (RLP) model is specified to 

accomplish the objective. The model is capable of projecting future 

crop production for the region and determining the growth of irrigated 

and dryland production under two scenarios. A comparison between 

alternative irrigation systems as pumping costs increase over time was 

an important part of this study. 
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CHAPTER I 

THE RESEARCH PROBLEM 

Introduction 

Irrigated agriculture has been responsible for increased economic 

activity in the Oklahoma panhandle. Irrigated production has enabled 

producers to both increase and stabilize income and yield per acre. 

Primary and secondary multiplier effects generate additional economic 

activity. The 11,500 acres irrigated in 1950 have increased steadily 

to 386,000 acres irrigated with a sharp increase in 1964 (Table I). 

From 1966-72, water level declines of more than 40 feet have occurred 

in some areas of concentrated well development (Hart, Hoffman, and 

Goemaat). At some point in time, the water table will decline suffi­

ciently to result in reduced irrigated production, resulting in a 

decline in the economic activity of the region. 

Description of the Study Area 

Location and Size 

The Oklahoma panhandle, consisting of Cimarron, Texas, and Beaver 

Counties, is 5680 square miles in area. The rectangular panhandle is 

an eastward sloping plateau with its highest point in extreme north­

west Cimarron County at an altitude of 4,978 feet and its lowest point 

at the Cimarron River on the eastern edge of Beaver County at an alti-
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Year 

1977 
1975 
1973 
1971 
1969 
1967 
1965 
1963 
1959 
1958 
1957 
1956 
1955 
1954 
1952 
1950 

No. 
Farms 

1,155 
1,094 
1,530 
1,375 

960 
1,150 

745 
304 
275 
279 
267 
266 
212 

53 

Total 
Acres 

385,900 
404,610 
427,000 
356,360 
315,518 
263,000 
138,000 
84,500 
71,500 
69,575 
76,500 
71,200 
34,247 
24,680 
13,000 
11,500 

TABLE I 

IRRIGATION STATISTICS--OKLAHOMA PANHANDLE 

No. Farms 
Gravity 
System 

896 
901 

1,360 
1,165 

835 
1,010 

586 
241 

Acres 
Gravity 
System 

301,650 
329,460 
324,500 
302,938 
282,618 
224,850 
122,000 
72,560 
65,820 
62,623 
68,360 
64,700 
32,030 
23,758 

No. Farms 
Sprinkler 
System 

259 
193 
175 
255 
141 
145 
104 

75 
46 
53 
49 
41 

Acres 
Sprinkler 
System 

85,700 
75,150 

102,500 
54,422 
32,900 
38,150 
16,000 
11,940 
5,680 
6,960 
8,140 
6,500 
2,317 

922 

Number 
Irrigation 

Wells 

2,172 
2,112 
2,207 
1,846 
1,634 
1,358 

972 
409 
365 

359 
336 

Total Acres 
Irrigated 

(Groundwater) 

384,000 
402,550 
422,680 
344,040 
312,518 
261,000 
135,500 . 
83,020 
69,520 
67,375 
75,225 
70,100 
32,797 
23,580 

Source: Schwab, Delbert. Irrigation Survey Oklahoma. Department of Agricultural Economics, Oklahoma 
State University, Various Issues. 
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tude of 1990 feet. The average slope of the area is 14 feet per mile. 

The area consists of upland plains with some stream f1ood plains and 

intermediate s1opes. Most of the surface has very broad gentle swells 

or hi11s, shallow depressions, and some dune covered areas. Depres­

sions, which dot much of the p1ains in Cimarron and Texas Counties, 

and parts of Beaver County, range from a few feet to about 40 feet in 

depth (Hart, Hoffman, and Goemaat). 

The Oga11ala Formation, which consists of semiconsolidated clay, 

sand, and gravel is the princpal source of ground water in the Okla­

homa panhand1e. The sediments that compose the formation are believed 

to have been eroded from the Rocky Mountains and carried by streams 

to be deposited in the eroded and dissected surfaces of the pre­

Ogala11a rocks ranging back to prehistoric times. The formation 

runs through parts of eastern Colorado, Nebraska, western Kansas, 

eastern New Mexico, the Oklahoma panhandle, and the high plains of 

Texas. Unconnected distinct subdivisions can be identified in the 

formation. This is the case in the Oklahoma panhandle. The supply 

of water is distinct and independent of aquifers underlying Kansas 

and Texas. The surface area overlying the Oga1la1a aquifer in the 

panhandle is 5325 square miles. Only the Black Mesa area in north­

western Cimarron County does not overlie the aquifer. Figure 1 out­

lines the study area. 

Climate 

The panhandle has a semiarid climate with an annual rainfall of 

about 20 inches. Normally, 75 percent of the rainfall occurs during 

the warm season, from April to September. A steady and frequently 

3 
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strong wind is an important climatic characteristic. Because of the 

wind, much of the rainfall evaporates before it can be absorbed. 

Wide fluctuations in rainfall occur from year to year, and apparently, 

a favorable or unfavorable pattern of precipitation can persist for 

several years. Table 20, Appendix B, shows the distribution of mean 

monthly rainfall for the last 12 years. The length of the growing 

season averages 185 days per year with the first frost in mid to late 

October, and the last frost in mid April. The temperature is highly 

variable reaching above 100° in summer and below 0° in the winter. 

Soil and Water Resources 

5 

The major soil type in the study area is a clay loam soil inter­

spersed with either silty loam or silty clay laom soils. These clay 

soils are deep, level, and well drained. They comprise 65 percent of 

the total irrigable land base. Sandy soils comprise 35 percent of the 

total irrigation land base, have steeper slopes, and are relatively 

porous. Thirty-two percent of the land overlying the aquifer is not 

suitable for irrigation, soils with slopes too steep for irrigation, 

and roughs and breaks along the stream beds. A detailed description 

of the soil classifications is in Table II. 

Under natural conditions the water table underlying the Oklahoma 

panhandle is near equilibrium with natural recharge equal to natural 

discharge. There are slight variations in the water level in response 

to changes in annual precipitation, streamflow, and evapotranspiration. 

1 Based on an estimated average coefficient of storage of 0.1, the 

1This implies that the volume of water the aquifer releases by 
gravity is only 10 percent of the volume of the saturated material. 



TABLE II 

SOIL CLASSIFICATIONS--OKLAHOMA PANHANDLE 

Acreage Over- Irrigable Acreage 
Panhandle lying the Overlying the 
Acreage Aquifer Aquifer Totals 

Not Suitable for Acres 1,247,688 1,080,412 
Irrigation % 34.52 31.71 

Clay Soils Irrigable by Acres 1,171,396 1,159,766 1,159,766 
Surface Systems % 32 .• 41 34 .03 49.84 

ClaI Totals 
Clay Soils Irrigable by Acres 367,780 357,820 357,820 1,517,596 

Surface and Center Pivot % IO.SO 10.50 15.38 65.21 
Systems 

Sandy Soils Irrigable by Acres 400,876 390,159 390,159 
Surface and Center Pivot % 11.09 11.45 16.76 Sand! Soils 
Systems 809,591 

34.79 
Sandy Soils Irrigable by Acres 426,614 419,432 419,432 

Center Pivot Systems % 11.80 12.31 18.02 

Totals Acres 3,614,350 3,407,609 2,327,197 2,327,197 
% 100 100 100 100 

Source: Thompson, Mark. Soils and Groundwater Resource Situations in the Oklahoma Panhandle. Unpub­
lished paper, Department of Agricultural Economics, Oklahom& State University Stillwater 
1978. ' ' °' 



quantity of water stored in the Ogallala aquifer underlying the Okla­

homa panhandle in 1976 was computed to be 50 million acre feet (Hart, 

Hoffman, and Goemaat). 

Two major variables used to classify the water resources are 

depth to water and the thckness of the saturated material. There 

7 

is 23 percent of the irrigable land with a depth to water less than 

100 feet, 58 percent with a depth to water greater than 100 feet but 

less than 200 feet, and 19 percent with a depth to water greater than 

200 feet. There is 33 percent of the irrigable land with a saturated 

thickness greater than 400 feet, and 37 percent with a saturated thick­

ness less than 200 feet. Tables III and IV sUDU11arize these data. 

Type of Agricultural Production 

Production of feedgrains, hay, and silage characterize the agri­

culture of the panhandle. Concentrated cattle feeding operations have 

recently become important. The area has large acreages of extensive 

low input, low yield dryland crop production. Wheat and grain sorghum 

are the major crops and account for more than 90 percent of dryland 

production. More than 25 percent of the wheat produced is irrigated 

and more than 50 percent of the grain sorghum produced is irrigated. 

Virtually all of the corn grain produced is irrigated, and most of 

the alfalfa hay is irrigated. Table V presents a review of past 

production of these crops for selected years. 

Development of Irrigation 

Hart, et al. reported that irrigation began in the 1930's and 

by the end of the decade there were less than 30 wells. The drilling 



TABLE III 

SOIL AND WATER RESOURCE SITUATION ACREAGES 

Depth Saturated Thickness 
to (ft) 

Water Soil 
(ft) Type 50 150 250 350 450 550 

All 172381 202447 113302 52545 
75 Clay 74579 111120 31790 19670 

Sandy 97802 91327 81512 32768 

All - 413816 148898 204677 137965 445831 
150 Clay - 273768 104070 162672 120935 218783 

Sandy - 139048 44828 42005 17030 227048 

All - 73451 40763 146556 174565 
225 Clay - 70701 38955 127216 172247 

Sandy - 2750 14558 21658 2318 

1
B1ank areas constituted such a small part of the study area that they were combined with adjacent 
categories. 

CX) 



TABLE IV 

SOIL AND WATER RESOURCE SITUATION PERCENTAGES 

Depth Saturated Thickness 
to (ft) 

Water Soil 
(ft) Type 50 150 250 350 450 550 

All 07.4 08.6 04.8 02.2 
75 Clay 03.2 04. 7 01.3 00.8 

Sandy 04 .2 03.9 03.5 01.4 

All 17. 7 06.3 08. 7 05.9 19. 
150 Clay 11.8 04.4 05.9 05.1 09. 

Sandy 05.9 01.9 01.8 00.7 09. 

All 03.1 01.7 06.2 07.5 
225 Clay '03. 0 01.2 05.4 07 .4 

Sandy 00.1 00.5 00.8 00.0 

\0 
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TABLE V 

CROP STATISTICS FOR THE OKLAHOMA PANHANDLE 

Acres Acres Production Yield/Acre 
Crop Year Planted Harvested (bu) (bu) 

Wheat 1978 862,000 630,000 10,800,000 17.2 
1978 (irr) 137,200 110,800 3,910,000 35.3 
1977 1,125,000 741,000 17,537,000 23.7 
1977 (irr) 161,700 141,100 5,870,000 41.6 
1976 977,000 475,000 10,202,000 21.48 
1976 (irr) 144,000 129,500 4,918,500 37.95 
1975 1,013,000 815,000 12,885,000 15.81 
1975 (irr) 127,000 120,500 4,170,000 34.61 
1974 994,000 861,000 8,815,000 10.24 
1974 (irr) 105,900 100,100 2,258,000 22.56 
1969 742,500 511,800 11,460,400 22.39 
1964 772,500 432,500 5,291,000 12.23 
1959 830,000 814,500 12,487,000 15.33 

Grain 1978 338,400 296,500 11,012,000 37.1 
Sorghum 1978 (irr) 108,800 101,600 6,625,000 65.2 

1977 374,400 322,000 11,556,000 35.9 
1977 (irr) 107,300 89,600 5,921,000 66.1 
1976 507,000 395,000 9,930,000 25.14 
1976 (irr) 94,750 89,350 5,387,000 60.29 
1975 361,800 294,900 9,850,000 33.4 
1975 (irr) 97,400 86,310 6,116,000 70.86 
1974 350,700 295,700 12,180,000 41.19 
1974 (irr) 
1969 392,000 267,900 14,521,200 54.37 
1964 286,500 175,300 4,856,300 27.70 
1959 285,000 175,000 4,710,000 26.91 

Corn 1978 62,600 44,100 3,457,000 78.4 
(all irr) 1977 85,800 61,600 6,302,000 102.3 

1976 85,100 70,600 7,739,000 109.62 
1975 86,600 67,880 6,118,000 90.13 
1974 86,030 70,310 7,146,900 101.65 
1969 56,500 28,850 2,814,700 97.56 
1964 5,400 1,300 5,000 3.85 
1959 3,300 75,000 



TABLE V (Continued) 

Crop 

1 Alfalfa 
Hay 

Year 

1978 
1977 
1976 
1975 
1974 
1969 
1964 

Acres 
Planted 

Acres Production 
Harvested (ton) 

32,200 
17,300 
17,000 
14,000 
14,020 
14,320 
12,100 

414,000 
63,700 
78,800 
48,000 
49,420 
63,120 
52,100 

1 There are no figures available on irrigated production. 
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Yield/Acre 
(ton) 

4.34 
3.68 
4 .64 
3.43 
3.52 
4.41 
4.31 

Source: Oklahoma Crop and Livestock Reporting Service. Oklahoma 
Agricultural Statistics, various issues, 1959-78. 



of irrigation wells continued at a slow but steady pace until 1964 

when the rate increased rapidly in Cimarron and Texas counties. 

12 

Orought conditions and advances in technology are reasons for the 

increase. In 1960, about 400 wells were used to irrigate 80,000 acres; 

in 1965, 972 wells irrigated 135,500 acres. In 1973, 2,207 wells 

irrigated 422,000 acres; in 1977, 2,172 wells irrigated 384,000 acres, 

indicating a reduction of irrigation. Reasons for the decline were 

1) low crop prices, 2) increase in the price of natural gas, and 

3) a more even distribution of rainfall (Schwabb). 

Because wells are generally in a group the effect of heavy pump­

age is readily apparent by the lowering of water levels. During the 

period 1966-71, water levels declined at the rate of 1 to 5 feet per 

year in the Boise City area, and 1 to 7 feet per year in the Guymon 

area. Beaver county, with fewer wells, showed less decline. 

During this same period, estimates of pumpage were calculated 

from crop acreages and the amount of water applied annually to the 

various crops. Hart, et al., determined that in the 7 year period, 

Beaver county pumpage was estimated to be 310,000 acre feet; Cimarron 

county pumpage estimated to be 1,100,000 acre feet; and Texas county 

estimated to be 2,800,000 acre feet. During this period (1966-71), 

the amount of groundwater in storage was reduced by 2 percent. Com­

plete dewatering of the aquifer is not a realistic possibility, but 

it is estimated that if groundwater pumpage remains constant, 50 per­

cent of the aquifer would be dewatered in 42 to 55 years. If the 

usage of groundwater continues to increase as it has during the past 

decade, the rate of depletion will accelerate. Dewatering of the 

aquifer will not be uniform. Areas where the aquifer is heavily 

V 



developed for irrigation would be depleted by more than 50 percent 

in less time, whereas areas remote from concentrated centers may 

show little or no depletion (Hart, et al.). 

The Problem and Objectives of the Study 

The Ogallala aquifer underlying the Oklahoma panhandle has both 

an economic life and a physical life. The aquifer is physically ex­

hausted when all of the water has been pumped. The aquifer is eco­

nomically exhausted when ceteris paribus, the total cost of pumping 

and distributing the water is so high that the net return per unit 

of irrigated crop produced is less than the net return per unit of 

crop produced under dryland production. 

13 

With high levels of irrigated production continuing into the 

future, declines in the water level are inevitable. As the water level 

declines, saturated thickness is decreased which reduces the efficiency 

of the well. The water has to travel a greater vertical distance and 

the pump must work more hours to deliver the same amount of water. 

Ceteris paribus, net returns will progressively decline per unit of 

irrigated crop produced as the water level declines. Assuming a 

continued decline in the static water level based on the amount of 

water pumped, some crops will become uneconomical to irrigate in 

certain water resource situations. Another factor that will influence 

the economic life of the aquifer is the expected increase in the price 

of natural gas. About 92 percent of the pumps in operation are power­

ed by natural gas (Schwab). Again, ceteris paribus, net returns will 

progressively decrease per unit of irrigated crop produced as the price 

of energy increases. 



The adjustment from irrigated to dryland production could result 

in serious primary and secondary economic effects. Reduced farm in­

come and land values, investment losses, a decline in the rate of 

growth, etc., coupled with the multiplier effect could create serious 

economic and social problems for the region. The severity of the 

problems depend on the economic life of the aquifer as well as the 

adjustments in production practices that can mitigate the effects of 

the depletion of a scarce resource. 

The objectives of this study are to analyze the impact of the 

declining water supply on irrigated production of the key crops in 

the panhandle over time, and to analyze the impact of an increasing 

price of natural gas on the eocnomic life of the aquifer. Specific­

ally, a recursive linear programming (RLP) model is developed that 

depicts the panhandle's expected crop production to the year 2029 

14 

in order to 1) project changes in total irrigated and dryland acreage 

and the rate of decline of the water table in the soil and water 

resource situations, 2) estimate the acreages of irrigated and dryland 

production of the various crops, 3) project changes in production 

patterns among soil and water resource situations, and 4) estimate 

net returns to the region. 

The normative output from the model yields what should happen to 

maximize net returns over time subject to a series of restrictions. 

With an appropriate perspective, researchers and policy makers will 

be able to judge the extent and magnitude of resource requirement 

and flexibility. 

The rest of the thesis is organized as follows. Chapter II 

present the analytical model used in this analsis. It discusses the 
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recursive linear programming (RLP) model used to determine production 

patterns, groundwater depletion, and changes in net returns, all over 

time. 

Chapter III describes the methodology and assumptions used in 

establishing the benchmark conditions of soil and water resources of 

the panhandle in 1980, and specifies the input data of the recursive 

linear programming (RLP) model. 

Chapter IV presents the empirical results and Chapter V contains 

the summary and conclusions of the study. Limitations of the study 

and recommendations for future research are given. 



CHAPTER II 

THE ANALYTICAL MODEL 

Methodology 

Literature Review 

A recursive linear programming (RLP) model is used to analyze 

the impact of the declining water supply and an increasing price of 

natural gas on irrigated and dryland crop production. The RLP model 

is an adaptation of a static linear programming (LP) model. Changing 

conditions of time necessitate revision of the LP model for time period 

t + 1, based upon the solution for period t and conditions that exist 

in period t + 1. The revision may involve the objective function, the 

input-output coefficients, the right hand side restrictions, or any 

combination thereof. 

Bekure, using an RLP model, conducted an aggregate economic analy­

sis to determine the economic life of the central basin of the Ogallala 

Formation. The entire region overlying the aquifer was treated as one 

producing unit stratified by different soil and water resource situ­

ations, each associated with different costs and returns. This macro 

approach focused on alternative scenarios regarding the rate of develop­

ment of irrigated acreage. 

Mapp and Dobbins used a micro approach to focus on the potential 

effects of increasing energy costs on irrigated agriculture in the 
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Oklahoma panhandle. Patterns of crop production, agricultural out­

put, net returns, and water use were analyzed on representative farm 

firms with different soil and water resource situations. 

Bekure's macro study was completed before recent shifts in the 

prices of energy inputs, and Mapp and Dobbins used a micro approach 

to study fann firm reactions to increasing natural gas prices. Both 

micro and macro approaches were considered for this study. In the 

micro approach representative farm firms typical of the area are de­

fined, optimal solutions for each representative firm are obtained 

and the results are aggregated for the region. "Aggregation bias" 
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is likely because it is very difficult to specify a sufficient number 

of representative farms to insure that their aggregation will present 

a realistic picture of production, water use and income for the entire 

region. The macro approach ignores asset indivisibilities, labor 

availability problems, individual firm investment decisions, equity 

positions and other factors of importance at the firm level. It has 

the advantage of simplicity in terms of data requirements and is 

perhaps less expensive to solve. Sharples provides a good discussion 

of the pros and cons of the micro versus macro methodology. 

This study uses a macro approach that focus on the potential 

effects of the declining water supply and increasing energy costs of 

the economic life of the water supply in the Oklahoma panhandle. 

Individual farm operators irrigating from specific water resource 

situations would likely find the economic life of the irrigation water 

supply reasonably close to the results obtained in the macro model 

for those water resource situations. 
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The Analytical Model 

The three county Oklahoma panhandle overlying the Ogallala aquifer 

is treated as a single producing unit, stratified by different soil and 

water resource situations which are associated with different costs and 

returns. The RLP production model shown in the flow diagram of Figure 

3 has two computational aspects. The first part is a linear program­

ming model that maximizes net returns above total costs subject to 

a set of restrictions specified for period t. The second part is an 

updating process where changes related to the first part are computed 

and employed in revising certain parameters of the LP model for the 

subsequent t + 1 period. 

At any production period t, the inputs to the model are 1) the 

soil and water resource base and the appropriate set of production 

restrictions represented by vector B, 2) the various crop enterprises, 
t 

selling and buying activities represented by matrix Pt, 3) the associ-

ated input-output coefficients of the activities in Pt represented by 

matrix A, and 4) the net returns accruing from the activities in p 
t 

represented by vector Ct as shown in Figure 2. 

The outputs of the model are 1) the number of dryland acres and 

the acres irrigated for the various crops grown on each soil and water 

resource situation under different levels of water application, 2) 

the volume of water pumped from each soil and water resource situation, 

3) the level of other inputs used, specifically capital and labor, and 

4) the total net returns from all enterprises. 

In the second part of the model, several calculations are made 

to update and specify the parameters of the LP model for period t + 1. 



START 

Do ITER = 1, 7 

1 
Specify Current Water & 
Soil Resource Base & 

Associated Costs & Returns 
of the Various Crop Enterprises 

Bt' A, Pt, Ct 

Solve L.P. 
Max 

Subject to 

and 

Production 
ct Pt 

A•P < B 
t - t 

p > 0 
t-

Model 

~-----..... OUTPUT ....., ________ -t 

Number of Acres and Quantity 
of Each Crop Grown at Each 

Water and Soil Resource Base 
by Each Method, P, Specified 

in 1 That Maximize Net 
Returns Over Total Costs 

Volume of Water 
Pumped Out of the 
Aquifer for Irri­
gation & Level of 

Other Inputs 

Yes 

Yes-------)e 

3 
Operate Revise Procedure 

a. Compute decline 

d!jk = f(w!jk, R, aijk, cs) 

b. Revise Water Costs 
wcijk = (WCijk STijk STijk) 

t+l g t , t , t+l 
c. Call a projections 

of RH i 

Figure 2. The Recursive Linear Programming Model 

19 



20 

First, the volume of water pumped from a soil and water resource situ­

ation is denoted as ~jk, {where i = 75, 150, 225, represents the three 

depths to water; j = 50, 150, ••• , 550, represents the six saturated 

thicknesses and k = c, s, represents either clay or sandy soil). 

The decline of a static water level dijk, at the end of production 
t 

period tis calculated as a function of the volume of water pumped 

ijk 1 Wt , the recirculation coefficient, R = 0.2, the appropriate sur-

face (land) area aijk, and the coefficient of storage2 , CS= 0.1. 

Implicity, we have: 

dijk = 
t 

f(wijk ijk ) 
t , R, a , CS • (1) 

It should be noted that in this study industrial and municipal pumpage \ 

is assumed to be offset by recharge from precipitation. 

Based on the decline in the static water level, a new saturated 

ijk thickness STt+l is computed. Using equation derived from repeated 

irrigation costs runs based on relationship (7) of Chapter III, new 

water costs wc!l~ are derived from the previous water cost wc!jk, 
the new saturated thickness STijk t • 

wcijk c cwcijk sTijk sTijk) 
t+l g t , t , t+l 

Implicity we have: 

(2) 

1The recirculation coefficient is defined as the percentage of 
water applied that percolates back through to the water table. (Hart, 
et al.) 

2This implies that the volume of water the aquifer releases by 
gravity is only 10 percent of the volume of the saturated material. 
(Hart, et al.) 

/ 
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These water costs are used to update the cost of the water buying 

activities in Pt by revising the appropriate elements of vector Ct. 

Most of the right hand side restrictions in vector Bt are upper limits 

to crop production in the soil and water resource situations. A 

priori projections are used to revise the production restrictions in 

vector Bt in each new production period. Detailed explanations con­

cerning the~ priori projections and water cost revisions are given 

in Chapter III. 

When this process is completed, the inputs of the production 

model are updated and the model is ready to generate the production 

pattern for period t + 1. The complete process is iterated fort= 7 

periods, the first four periods representing a span of five years 

each, and the last three periods representing a span of ten years each. 

The model is run once for 1977 benchmark conditions by whose results 

the initial conditions for 1980 are specified. Then tis made to 

represent the five year period 1980-84. When t + 7, the calendar 

year period is 2020-29 and the production has been depicted for a 

period of one-half century. 

Two Scenarios 

Projecting long term rates of water withdrawal entails a complex 

interaction of physical, economic, political, and social factors that 

are impossible to predict with accuracy. 

Physical factors include the possibilities that exist to in­

crease the marginal productivity per acre inch of water if break­

throughs occur in plant breeding, fertilizer application, and pump­

ing and distribution efficiencies. Progress in these areas, as well 



as techniques to influence the weather, all serve to slow down 

the rate of water withdrawal. The transfer of water from surplus 

areas, if politically and economically feasible, may entirely alter 

the importance of groundwater in the study area. 

Many economic factors play a role in determining rates of water 

withdrawal. Input and output prices and availability of inputs will 

influence the producers decision to irrigate or produce dryland. 

Internationally, world supply and demand situations will influence 

the rate of water withdrawal. The spread of the green revolution to 

less developed countries is important in that it could increase world 

food supplies which would relieve pressure on irrigated agriculture 

in the study region to produce more exports. This would slow down 

the rate of water withdrawal. On the other hand, it is expected that 

as income rises in the less developed countries, demand for food in 

general, and meat in particular, will increase. This would have an 

effect on the concentrated livestock operations in the study area 

and increase the rate of water withdrawal. 
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Political factors include commodity price supports and export 

programs. The reduction of international trade barriers to allow 

production to migrate to areas of economic opportunity and compara­

tive advantage will have an effect on the demand for water from the 

aquifer. For instance, the tarrifs the Common Market imposes on 

American agricultural products reduces exports of grains from the U.S. 

and reduces slightly the pressure on water withdrawal. Socially, 

population growth must be mentioned; if it increases rapidly, there 

will be an increased demand for the water. 

J 



It is obvious that with so many possibilities in the future, 

any prediction is subject to error. What can be done is to devise 

two scenarios representing different time frames of the aquifer life 

23 

so that the actual events may occur somewhere between the two scenarios. 

The first scenario was designed to trace the impact of the decline 

in the water table through time if current input and output prices 

maintain current levels and the water table declines gradually. 

Essentially, rising pumping costs are hypothesized to lead to a shift 

from high to lower intensity irrigation levels and eventually to 

dryland production. The second scenario is designed to evalute the 

potential effect on profitability and irrigated production patterns 

of a gradual increase in the price of natural gas, all other prices 

remaining constant. It is hypothesized that the economic life will 

be shortened somewhat by the rise in the price of natural gas. 

The RLP production model was run under each scenario, with 

Scenario I representing a gradual decline in the water table and 

Scenario II representing a continuous increase in the price of natural 

gas. The price of natural gas is allowed to rise by 2 percent per year 

relative to all other input and output prices. Although an increase 

of 2 percent per year does not seem large, it is not expected that 

the price of natural gas will increase by itself without any price 

change in the other inputs or outputs. In scenario II, natural gas 

cost $1.40/MCF in 1980-84, $1.54/MCF in 1985-89, $1.69/MCF in 1990-94, 

$1.86/MCF in 1995-99, $2.25/MCF in 2000-09, $2.73/MCF in 2010-19, and 

$3.30/MCF in 2020-29. These prices are quite similar to predictions 

made by Holloway. These figures are used to update the cost of the 



water buying activities in Pt by revising the appropriate elements of 

vector Ct in Scenario II. 

This chapter describes the analytical model used in this study. 

The next chapter describes how the inputs used in the model were 

derived. 

• 
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CHAPTER III 

THE INPUT DATA FOR THE RECURSIVE 

LINEAR PROGRAMMING MODEL 

The input data used to specify the RLP production model and the 

assumptions used in developing the data are presented in this chapter. 

The first step in depicting the irrigated crop production pattern is 

to inventory the soil and water resources in the study area and 

stratify them according to their common characteristics. 

The Soil Classification Scheme 

The Soil Conservation Service (SCS) county soil surveys provide 

the basic data. The soils of each county were divided into irrigable 

and non-irrigable groups using the irrigated capability units as the 

criterion of classification. Non-irrigable soils account for 34 per­

cent of the total land base. Irrigable soils were subdivided into 

clay and sandy soils and further subdivided according to suitability 

for irrigation by alternative irrigation systems. Clay soils that 

are deep, well drained, and nearly level (0 to 3 percent slope) are 

best suited for surface irrigation systems. Sandy soils are charac­

terized by poor drainage and moderate to steep slope and are best 

suited for center pivot systems. Clay soils irrigable by surface 

systems comprise 50 percent of the land overlying the aquifer; clay 

soils irrigable by surface and center pivot systems comprise 15 
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percent; sandy soils only irrigable by center pivot comprise 18 per­

cent; and sandy soils irrigable by both methods comprise 17 percent 

of the acreage overlying the aquifer. These soil groups were identi­

fied and color coded on a map of each county. To simplify, clay 

soilswerecombined, assumed to be irrigated by surface systems, and 

account for 65 percent of the irrigable acreage. Sandy soils were 

combined, assumed to be irrigated by center pivot systems, and 

account for 35 percent of the total irrigable acreage. Table II 

in Chapter I sunnnarizes the distribution. 

The Soil and Water Resource Situation Strata 

Hydrologic maps of each county were used to inventory the water 

resources (Hart, Hoffman, Goemaat). Two maps for each county were 

utilized. The saturated thickness maps indicated the number of feet 

of water saturated material in the aquifer. The depth to water maps 

indicated the distance from the ground to the static water level. 

By superimposing the depth to water maps over the sauurated thick­

ness maps, the land overlying the aquifer was divided into 35 distinct 

water resource situations. The water resource maps were underlaid 

below the soil maps and the areas were planimetered to determine the 

complete soil and water resource situation (Thompson). These 70 

soil and water resource situations were reduced to 26 situations by 

disregarding categories representing very small portions of the study 

area and by combining the original hydrologic data into fewer water 

resource stata. Tables III and IV (Chapter I) present the acreages 

and percentages of the total irrigable land base. 



When soil type, depth to water, and saturated thickness are 

considered, there are 26 categories which serve as upper limit land 

restrictions in the model. The number of acres in each of the 26 

soil and water resource situations constitute the land base on which 

the total crop production activities take place. They are entered 

in the Bt vector as right hand side restrictions. 

The A Priori Production Goals 

The Quantity of Crops Produced 

The Water Resources Council has developed projections of agri­

cultural production from 1980-2020. The projections, referred to 
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as OBERS projections, are based on domestic supply-demand relationships 

and foreign export conditions that existed in the 1950-72 period. 

The projections represent an attempt, imperfect though it may be, 

to forecast the economic future with the specification of assumptions 

1 
and methodology introducing considerable objectivity into the process. 

The broadest assumptions underlying the methodology of the 

OBERS E' projections are: 1) a replacement fertility level, 2) an 

increase of private output per rnanhour of 2.9 percent annually, 

3) reasonably full employment (4 percent unemployment), 4) no foreign 

1The Water Resources Council has a number of OBERS projections 
on hand as a result of different assumptions of fertility levels, ex­
port trends, and updated informations. OBERS C, developed in 1967 
assumed a high fertility rate and low export level. OBERS E in 1972 
assumed a low fertility rate and a low export level. OBERS E', 1975, 
assumed a low fertility rate but a high export level and has the high­
est production projections of all three. It is these high projections 
of OBERS E' used in this study. 



conflicts, and 5) production will migrate to areas of economic oppor­

tunities and away from slow growth or declining areas. 
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Domestic consumption is based on a functional relationship be­

tween per capita demand and real income levels for each commodity. 

Total real disposable income, expressed inconstantdollars, is project­

ed to increase at 4.1 percent annually in 1980, and 3.8 percent annual­

ly from 1981 to 2020. As real income increases, income elasticity 

for food decreases; i.e., consumption increasing at a decreasing rate. 

Export projections are based on estimated world consumption 

requirements and the corresponding portion the U.S. is estimated to 

contribute. World population growth is expected to be 2 percent per 

year, and export projections are based on the assumption of continued 

growth in demand and a return to trends established prior to 1972. 

Expected crop yield changes involve complex biological relation­

ships, production inputs, and managerial factors. OBERS adjustment 

factors are based on recent yield trends and give consideration to 

possible trends in technology, resource availability, and input-pro­

duct price relationships. The general technique used in estimating 

future yields is a curvilinear Spillman regression model that projects 

yields to increase at a decreasing rate over time. A linear extrapo­

lation of the base period, 1950-1974, to the year 2020, serves as a 

maximum constraint. 

OBERS Projections tend to show exports, yields, and domestic 

consumption increasing at a decreasing rate over time. Long term 

projections are less reliable than short run. National production 

projections are more reliable than individual state projections. The 



broader the economic activity, and the shorter the time horizon, the 

more reliable the projections. 

State Production Projections 
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The underlying assumption for state estimations is that agricul­

tural production has historically and increasingly moved to areas of 

comparative economic advantage. Factors such as precipitation, growing 

season, and soil and water resources are considered in state estimates. 

The proj~ction techniques provide an extension of historical trends 

from 1950-1975, but at a decreasing rate of change. 

Regional Production Projections 

Reduction of the State of Oklahoma projections to the panhandle's 

projections involves a simple average of the percentage of state crop 

production that took place in the panhandle for agricultural census 

years 1954, '59, '64, '69, '74. These average percentages were held 

constant in determining the panhandle's share of projected state 

production (Table VI). 

One problem encountered in using OBERS projections is their scope 

or broadness. They require state production of a crop to be greater 

than one percent of national output if projections are to be made on 

a state level. This includes wheat, grain sorghum, barley, and hay. 

For these crops a simple average (5 census years) was taken of the 

pandhandle's percentage of state production. OBERS did not project 

state production of alfalfa hay, corn, or soybeans. For these crops, 

simple methods were developed to project panhandle production. 



OBERS provide hay projections for the state, and a five census 

year average of panhandle hay as a percent (1.58%) of state hay is 

multiplied by a five census year average of panhandle alfalfa hay as 
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a percent (59.5%) of panhandle hay. The product (.94%) is used to de­

rive panhandle alfalfa hay as a percentage of projected Oklahoma hay. 

There is a simple average of Oklahoma's perce~tage of national 

production of corn. This average is held constant and used to esti­

mate Oklahoma's future production of corn as a function of national 

projections. It is assumed that the panhandle will produce 90 percent 

of state projections. 

A simple two year average of the panhandle's percentage of 

national soybean output was used to estimate future regional pro­

duction of soybeans as a function of national projections. These 

average percentage distributions of crop production are presented 

in Table VI, and country, state, and panhandle crop projections are 

presented in Table VII. 

The Distribution of Production 

Unless the model is controlled in some way, all production would 

take place on the most profitable soil and water resource situations, 

on clay soils with the lowest depth to water. Therefore, it is assumed 

that irrigated crop production is distributed among the 26 soils and 

water resource situations according to the weight each one carries 

with respect to the total number of irrigable acres (Table IV, Chapter 

I). These weights were calculated in the following manner: 

ijk 
a =--

A 
(3) 



Crop 

Wheat 

TABLE VI 

AVERAGE PERCENTAGE DISTRIBUTIONS USED TO DERIVE 
PANHANDLE PRODUCTION GOALS FROM OBERS E' 

STATE AND NATIONAL PROJECTIONS 

Method 

Panhandle wheat production as a 
percentage of Oklahoma wheat pro­
duction 

Grain Sorghum Panhandle grain sorghum production 
as a percentage of Oklahoma grain 
sorghum production 

Barley 

Hay 

Alfalfa Hay 

Corn 

Crop 

Soybeans 

Panhandle barley production as a 
percentage of Oklahoma barley 
production 

Panhandle hay production as a per­
centage of Oklahoma hay production 

Panhandle alfalfa hay production as 
a percentage of panhandle hay production 
Panhandle alfalfa hay production as 
a percengate of Oklahoma hay pro­
duction 

Oklahoma corn production as a 
percentage of U.S. corn production 
Panhandle corn production as a per­
centage of Oklahoma corn production 
Panhandle corn production as a per­
centage of U.S. corn production 

Method 

Panhandle soybean production as a 
percentage of U.S. soybean production 
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5 Census 
Year Average 

.0949 

.4421 

.0158 

.5951 

.0094 

.0013 

.9 

.0011 

2 Census 
Year Average 

.0000033532 



Crop 

Wheat (1,000 bu.) 
us 
OK 
Pan 

Grain Sorghum (1,000 Cwt.) 
us 
OK 
Pan 

Barley (1,000 bu.) 
us 
OK 
Pan 

Hay (1,000 bu.) 
us 
OK 
Pan 

TABLE VII 

PROJECTED QUANTITY OF CROPS PRODUCED FOR THE 
COUNTRY, STATE, AND PANHANDLE (1980-2020) 

Production Period 

1980-84 1985-89 1990-94 1995-99 2000-09 

1,701,665 1,763,986 1,844,662 1,925,338 2,006,014 
140,236 148,655 159,142 169,629 180,116 
13,310 14,109 15,104 16,099 17,095 

572,332 633,639 714,176 794,713 875,250 
13,788 14,897 16,904 18,911 20,918 
6,096 6,586 7,473 8,361 9,248 

509,014 549,684 284,494 619,304 654,113 
21,261 24,136 27,046 29,954 32,863 

517 586 658 730 801 

131,986 139,617 147,065 154,513 161,961 
3,157 3,426 3,990 3,990 4,272 

49 54 63 63 67 

2010-19 

2,108,817 
197,819 
18,775 

932,094 
22,277 
9,849 

698,877 
37,424 

911 

172,790 
4,980 

78 

2020-29 

2,211,620 
215,522 
20,455 

988,938 
23,635 
10,449 

743,641 
41,986 

1,021 

183,618 
5,688 

90 

w 
N 



TABLE VII (Continued) 

Crop 1980-84 1985-89 

Alfalfa (1,000 bu.) 
us 63,748 67,434 
OK 1,524 1,654 
Pan 29 32 

Corn (1,000 bu.) 
us 6,078,769 6,610,181 
OK 7,709 8,383 
Pan 6,938 7,545 

Soybeans (1,000 bu.) 
us 1,738,010 2,061,304 
OK 4,733 5,614 
Pan 5 6 

Production Period 

1990-94 1995-99 2000-09 

71,320 74,629 78,226 
1,791 1,927 2,063 

34 37 40 

7,317,351 8,024,521 8,731,691 
9,280 10,177 11,074 
8,352 9,159 9,966 

2,344,010 2,626,717 2,909,423 
6,3~4 7,154 7,924 

7 8 9 

2010-19 

83,456 
2,405 

46 

9,270,959 
11,758 
10,582 

3,071,054 
8,364 

10 

2020-29 

88,686 
2,747 

53 

9,810,226 
12,422 
11,197 

3,232,684 
8,805 

10 

w 
w 
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where: 

i = 75, 150, 225, represents the three depths to water 

j = so, 100, ... , 550, represents the kth saturated thickness class 

k = c, s, represents either clay or sandy soils 

gijk = the weight for soil and water resource situation (i, j, k) 

aijk = the number of irrigable acres in soil and water resource 
situation {i, j, k), and 

A= 2,317,187 (the total number of irrigable acres). 

Since the number of irrigable acres in the 26 soil and water resource 

situations sum to A, the weights sum to 1.0. Hence we have: 

i"k 
g J = 1.0 

3 6 2 
E E E 

i=l j=l k=l 
(4) 

The production of any one crop is distributed among the 26 soil 

and water resource situations by multiplying these weights by the 

appropriate a priori projected production for the specified period 

given in Table VII. For any period t, let p;, X = 1, 2, ••. , 6, 

represent the a priori projection of total production for the six 

irrigated crops in model. The distribution of production among each 

soil and water resource situation is given by: 

xijk 
pt = ijk • X 

g pt (5) 

where pxijk is the upper limit for production of the xth crop in soil 
t 

and water resource situation (i, j, k), in period t. These 26 upper 

limites for each crop are entered in the B vector as right hand 
t 

side restrictions. 

\' .,), 
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Capital and Labor 

There are no restrictions to limit the use of capital and labor. 

It is assumed that all capital necessary can be borrowed at a 10 per­

cent simple interest rate and the labor necessary for all operations 

can be hired at a wage rate of $3.50 per hour. There are accounting 

restrictions to sum the total amount of capital and labor required 

for all production activities in the 26 soil and water resource 

situations. 

Crop Enterprise Activities 

Only the crops currently being irrigated in significant quantity 

are considered for enterprise activities. This includes wheat, grain 

sorghum, barley, alfalfa, corn grain, and soybeans. Wheat activities 

are dryland production, eight, twelve, and eighteen acre inches of 

water application. Grain sorghum activities include dryland production, 

six, eighteen, and twenty-four acre inches of irrigation water. There 

is no six inch activity for grain sorghum on sandy soils because more 

water is necessary to sustain a crop on that soil. Barley is pro­

duced either dryland and under eighteen inches of irrigation water; 

corn and soybeans are produced only with twenty-four acre inches of 

water and alfalfa is produced only with thirty-three inches of water. 

The irrigated wheat activities are only charged the variable cost of 

an acre inch of water because it is a spring crop. Irrigation systems 

are invested in only if they are profitable for the summer crops when 

the systems must cover the total cost of an acre inch of water. 

The input levels, costs, yields, and net returns for the 25 

enterprise activities are shown in Appendix A. Farm management 



specialists were consulted in order to develop current budget data. 

Prices 

Relative prices are of more concern than absolute prices. In­

cluded in the OBERS projections are historical deflated prices for 

the various crops as well as projections of deflated prices. The 

deflated pri~e is assumed constant throughout time. For instance, 

the deflated price of wheat was $1.39 in 1954, and is expected to 
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be $1.39 in 2020. A conversion factor was derived by dividing the 

deflated price of any other crop by the deflated price of wheat. 

Wheat was then adjusted up to $3.00 to represent current input output 

price relationships. The other crop prices were adjusted by multi­

plying their conversion factor by $3.00, the adjusted price of wheat. 

The historical deflated prices, conversion factors, and adjusted 

prices are presented in Table VIII. 

Per Acer Inch Water Costs 

Per acre inch water costs vary among water resource situations, 

between irrigation systems, and over time. Presented here are the 

assumptions used to specify variables of the Irrigation Costs Pro­

gram used to determine pumping costs. 

In studying the geohydrology of the Oklahoma panhandle with 10 

aquifer tests and 35 specific capacity tests, the researchers, (Hart, 

etal.) found a large variance in key parameters; transmissivity1 

1 A unit of measurement dealing with the vertical flow of water in 
the aquifer; (Hart, Hoffman, Geomaat) 1976. 



Crop 

Wheat 

Grain Sorghum 

Barley 

Alfalfa Hay 

Corn 

Soybeans 

Units 

bu. 

cwt. 

bu. 

ton 

bu. 

bu. 

TABLE VIII 

CROP PRICES 

Deflated 
Price 

1.39 

1.77 

1.00 

1.06 

2.50 

37 

Conversion Adjusted 
Pac tor Price 

1.00 3.00 

1.27 3.82 

.72 2.16 

18.00 54.00 

.76 2.29 

1.80 5.40 
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ranged from 500 to 11,800 feet squared per day, the storage coef ficinet 

2 ranged form 0.002 to 0.11, and hydraulic conductivity· ranged from 2.1 

to 55 feet per day. With this amount of variation, it is hard to 

specify cost estimations without some basic assumptions. 

One basic assumption is that well yield is dependent on saturated 

thickness; the de~per the saturated thickness, the greater the potential 

well yield. According to the Hart, et al., geohydrological study, 

the water aquifer may yield up to 2300 GPM. Associated with each 

saturated thickness interval is the assumption of a potential maximum 

yield of about 4 GPM per foot of saturated thickness and an actual 

~ 

yield of about 3 GPM per foot of saturated thickness. These somewhat 

arbitrary yields simplify the model, allow untform intervals, and 

seem realistic based on empirical evidence. It should be mentioned 

that well development is only 425 feet in the 450 foot saturated 

thickness interval and only 500 feet in the 550 feet saturated thick­

ness interval. 

According to a relationship between percent of maximum drawdown 

and percent of maximum yield for a water table well in a homogeneous 

water table aquifer, the most economical situation is 90 percent of 

maximum yi.eld with 67 percent maximum drawdown (Universal Oil Pro­

ducts Company). It is assumed that shallow water resource situations 

are yielding near maximum capacities with a high percentage drawdown, 

and in deep water situations, there is a lower percentage of maximum 

yield with a lower percentage of drawdown. These relationships are 

2A unit of measurement dealing with the horizontal flow of water 
in the aquifer, synonymous with "field coefficient of permeability"; 
see Hart, Hoffman, Geomaat, 1976. 



presented in Table IX and the initial water resource situations are 

presented in Table X. 

Irrigation Systems 

Center pivot systems cover about 130 acres and operate within . 

an initial range of 500 and 1000 GPM. Saturated thicknesses of 350 

feet, 450 feet, and 550 feet are assumed to yield 1000 GPM. With 

equal yield, the drawdown is less in the deeper saturated thicknesses 

as indicated the Drawdown (6) column in Table X. 
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Surface irrigation system costs were estimated under the assump­

tion that irrigated acres vary according to discharge capacity. Assum­

ing that an irrigator requires 6 GPM per acre per day to adequately 

irrigate a water intensive crop like corn, the GPM capacity is appor­

tioned~~ the proper number of acres. This is presented in Table X. 

Irrigation cost runs were made in order to determine initial 

engine and pump requirements, initial fixed, variable, and total costs 

per acre inch for each water resource situation under both irrigation 

systems. The results are presented in Table XI and additional details 

are provided in Appendix C. 

These acre inch costs are multiplied by the number of acre inches 

a crop enterprise uses and entered in the vector Ct. If a crop enter­

prise enters the solution, water costs are taken into account in net 

returns. 

The Relationship Between Declining 

Water Table, Well Yield 2 and Pumping Costs 

The decline in the static water level is directly proportional 

( ) 
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TABLE IX 

RELATIONSHIP OF IRRIGATION COST PARAMETERS 

Saturated Maximum Percentage Actual Percentage 
Thickness Yield Maximum Yield Maximum Drawdown 

(ft.) (GPM) Yield (GPM) Drawdown (ft.) 

50 250 .90 225 .67 35 
150 600 .85 500 .60 90 
250 950 .80 750 .55 140 
350 1350 .75 1000 .so 175 
450 1800 • 70 1250 .45 200 
550 2300 .65 1500 .40 220 
450 1800 .55 1000 .35 155 
550 2300 .45 1000 • 25 135 

Source: Ground Water and Wells. St. Paul: Johnson Division, 
Universal Oil Products Co. 1972. 

The table is interpreted: with a saturated thickness of 
250 feet, the maximum yield is assumed to be 950 GPM. Eighty percent 
of the maximum yield is 750 GPM, which corresponds to a 55 percent 
drawdown, 140 feet. 



TABLE X 

INITIAL WATER RESOURCE SITUATIONS AND IRRIGATION PARAMETERS 

Soil and Depth to Saturated Well 
Water Resource Water Thickness Depth GPM Drawdown Acres 

Situation (ft.) (ft.) (ft.) (ft.) Irrigated 

Surface System 

75-50-C 15 50 125 350 35 60 
75-150-C 75 150 225 500 90 80 
75-250-C 15 250 325 750 140 125 
75-350-C 75 350 425 1000 175 165 
150-150-C 150 150 300 500 90 80 
150-250-C 150 250 400 750 140 125 
150-350-C 150 350 500 1000 175 165 
150-450-C 150 450 575 1250 200 210 
150-550-C 150 550 650 1500 220 250 
225-150-C 225 150 375 500 90 80 
225-250-C 225 250 475 750 140 125 
225-350-C 225 350 550 1000 175 165 
225-450-C 225 450 625 1250 200 210 

Center Pivot 

75-150-S 75 150 225 500 90 130 
75-250-S 75 250 325 750 140 130 
75-350-S 75 350 425 1000 175 130 
150-150-S 150 150 300 500 90 130 .,:.. 
150-250-S 150 250 400 750 140 130 

._. 



TABLE X (Continued) 

Soil and Depth to Saturated 
Water Resource Water Thickness 

Situation (ft.) (ft.) 

150-350-S 150 350 
150-450-S 150 450 
150-550-S 150 550 
225-150-S 225 150 
225-250-S 225 250 
225-350-S 225 350 
225-450-S 225 450 

Well 
Depth GPM 
(ft.) 

500 1000 
575 1000 
650 1000 
375 500 
475 750 
550 1000 
625 1000 

Drawdown 
(ft.) 

175 
155 
135 
90 

140 
175 
155 

\ 

Acres 
Irrigated 

-
130 
130 
130 
130 
130 
130 
130 

~ 
N 



TABLE XI 

INITIAL ENGINE SIZES AND ACRE INCH COSTS 

Soil and Depth to Saturated Engine Fixed Cost Variable Cost Total Cost 
Water Resource Water Thickness Size per Acre Inch per Acre Inch per Acre Inch 

Situation (ft) (ft) (HP) ($) ($) ($) 

Surface Systems - Clay Soils 

75-50-C 75 50 so 1.20 1.48 2.68 
75-150-C 75 150 so 1.19 1.51 2.70 
75-250-C 75 250 110 1.04 1.62 2.66 
75-350-C 75 350 150 • 98 1.71 2.69 
150-150-C 150 150 70 1.47 1. 79 3.26 
150-250-C 150 250 130 1.20 1.87 3.07 
150-350-C 150 350 190 1.14 1.98 3.12 
150-450-C 150 450 280 1.06 2.11 3.18 
150-550-C 150 550 370 1.09 2.24 3.33 
225-150-C 225 150 90 1.72 2.06 3.78 
225-250-C 225 250 170 1.43 2.16 3.59 
225-350-C 225 350 250 1.29 2.25 3.54 
225-450-C 225 450 330 1.23 2.38 3.61 

Center Pivot sxstems 

75-150-S 75 150 90 1.92 1~91 3.83 
75-250-S 75 250 150 2.15 2.01 4.16 
75-350-S 75 350 220 2.41 2.11 4.52 
150-150-S 150 150 110 2.11 2.19 4.29 ~ 150-250-S 150 250 190 2.36 2.29 4.64 w 



TABLE XI (llintinued) 

Soil and Depth to Saturated 
Water Resource Water Thickness 

Situation (ft) (ft) 

150-350-S 150 350 
150-450-S 150 450 
150-550-S 150 550 
225-150-S 225 150 
225-250-S 225 250 
225-350-S 225 350 
225-450-S 225 450 

Engine Fixed Cost 
Size per Acre Inch 
(HP) ($) 

270 2.62 
270 2.13 
250 2.83 
130 2.27 
220 2.65 
300 2.75 
300 2.87 

Variable Cost 
per Acre Inch 

($) 

2.39 
2.34 
2.28 
2.46 
2.56 
2.61 
2.59 

Total llist 
per Acre Inch 

($) 

5.01 
5.07 
5.10 
4.73 
5.10 
5.35 
5.46 

,l!'-­
,1!'--



to the net volume of water removed from the aquifer. It can be com­

puted with the following equation: 
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= w!jk • (1-R) 

CS• aijk 
(6) 

(~ \ 
where: 

I 1' \ 

l ,-; 
/, 

dijk a the decline in the static water level in feet in soil 
t and water resource situation (1, j, k) 

CS = coefficient of storage, 0.1 

aijk = the appropriate surface (land) area 

Such an approach does not yield an average decline in the water 

table throughout the study area. It is assumed that water will not 

move from areas of high pressure to areas of low pressure in suffi­

cient velocity to insure a uniform decline. 

The effects of a <!_e~!_!_ning water ~a~!e are two-fold. Fi~~t, it 

increases the .. P~n.1-P __ !~f_t ( total dynamic head) by the amount it has de­

clined. Se':,O?,~_ly, a decline in the water table results in a decrease 

in the saturated thickness which affects well capacity. As the saturat­

ed thickness decreases the new well capacity is computed from rela-

tion (7): 

where: 

GPMt+l = • GPM 
t 

= the original well capacity in period t 

GPMt+l = the new well capacity in period t+l 

STt = the original saturated thickness in period t 

STt+l = the remaining saturated thickness in period t+l 

(7) 



Curvilinear relationships were developed to determine the change in 

water costs as the water levels, saturated thicknesses, and well 

capacities decrease over time. 
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Using equations (6) and (7), a number of cost ru~s were made~ 

d~_termine t_he change ;~--~~~~r -~e>-~~~ as the water levels, ~~~ura~e~ 

thicknesses, and well capacities decrease over time. A numbe1:"_gr __ _ ·-------~- .... 

irrigation cost runs were made s~mulati~g these. c.~~~-~s_. Engines 

and pumps were respecified each time well yield decreased by 250 GPM. 

Curvilinear relationships appear to capture the cost changes. For 

surface irrigation systems, the equation developed was: 

For center pivot systems, the equation developed was: 

where: 

STt = the saturated thickness in period t 

STt+l = the saturated thickness period t+l 

wet= the water cost in period t 

WCt+l = the water cost in period t+l 

(8) 

(9) 

Equations (8) and (9) are used to revise the water buying activities 

in vector Ct for period t+l based on the amount of water pumped and the 

decline in saturated thickness resulting in the solution of period t. 

This chapter presented the input data and how it was revised over 

time. The next chapter presents the results of the analyses. 



CHAPTER IV 

RESULTS OF THE RECURSIVE LINEAR 

PROGRAMMING PRODUCTION MODEL 

The changes projected for the study area under Scenarios I and 

II are presented in this chapter. Scenario I traces the impact of the 

decline in the water table through time if current input and output 

prices maintain current levels and the water table declines gradually. 

Scenario II evaluates the effect on profitability and irrigated produc­

tion patterns of a gradual increase in the price of natural gas. Pre­

sented and analyzed here are the mode's estimates of the number of acres 

irrigated, the depletion of the aquifer, the quantity of crops produced 

under irrigations, the pattern of irrigated crop production among the 26 

soil and wat·er resource situations, and the aggregate annual income for 

the region. 

Benchmark Conditions 

Elements of the input-output matrix and the right hand side re­

strictions were described in the previous chapters. The solution for 

1980 was obtained by using the Mathematical Programming System - Extend­

ed (MPSX) simple algorithm on the IBM-370 computer. The key solution 

variables were compared with the reported values of those variables 

for the year 1977 to establish benchmark conditions and test the valid­

ity of the model. Criterion variables of the test include irrigated 



48 

acreage under surface and center pivot systems, the acreages of the 

various irrigated crops, and the relative spread of dryland production 

to irrigated production for the different systems. 

In 1977, 85,000 acres of center pivot irrigation and 300,000 acres 

of surface irrigation were reported (Table 1, Chapter I). The model 

solution contained 68,000 acres under center pivot irrigation and 193,000 

acres under surface irrigation. The model further depicts dryland 

production of 255,000 acres on sandy soils, 3.6 times the acreage ir­

rigated, and 373,000 acres of dryland·production on clay soils, almost 

twice the acreage irrigated on clay soils (193,000). The model's ir­

rigated acreage of individual crops appeared very similar to those re­

ported in 1976; irrigated wheat is reported to be 129,000 acres and 

irrigated grain sorghum is 89,000 acres whereas the model depicts 

130,000 acres of irrigated wheat and 80,000 acres of irrigated grain 

sorghum. 

Exact reproduction of the actual events of 1977 is not the goal 

in verifying benchmark conditions. There are a number of items that 

deserve a closer look and some practical observations suggest that the 

model's initial solution may be quite reasonable. First, the budgets 

used in fulfilling production requirements represent good management 

techniques with yields considerably above county or study area averages. 

It is doubtful all producers in the study area could obtain these 

yields if their equipment and management practices are at all outmoded, 

or if they use any marginal lands. With the higher yields, it takes 

less irrigated and dryland production, hence lower acreages to fulfill 

the production requirements. Second, all irrigators may not apply as 

much water as suggested by the budgets. Some may irrigate alternate 
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rows, others may irrigate before planting only and some others may ir­

rigate once or twice after planting. Whether three, eight or eighteen 

acre inches are applied, the producer reports the acreage as irrigated. 

To the extent that this situation occurs in actual practice, farmers 

will have to irrigate more acres than the model indicates to meet the 

same production goal because yields per acre are smaller at lower 

rates of water application than at higher rates. Third, an irrigator 

using a center pivot system may report a whole quarter section (160 

acres) being irrigated when only 130 acres are actually irrigated. 

Also, farmers may intentionally overreport the number of acres irrigat­

ed because of suspicion of future governmental control and allocation 

of water within the aquifer. Finally, a linear programming (LP) model 

is a normative tool describing what should be rather than what is. 

When these factors are taken into account, the model is judged to 

perform satisfactorily in the initial period. 

Clay Soils 

Results of Scenario I: Projected Changes in 

Irrigated and Dryland Acreage and the 

Rate of Decline in the Water Table 

The empirical results of Scenario I (Table XII) project that as 

the study area produces its regional share of the six irrigated crops 

over time, the number of acres surface irrigated stays fairly constant 

from the initial 1980-84 period until t-he 1995-99 period. There are 

193,000 acres irrigated in the initial period and 200,000 acres ir­

rigated in 1995-99, followed by a decline to 161,000 acres in the 

2000-09 period. There are 75,000 acres surface irrigated in the period 



TABLE XII 

SCENARIO I - ESTIMATES OF TOTAL IRRIGATED AND DRYLAND ACREAGES (1980-2029) 

Period 

Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 

ClaI,__Sp_i._l_s (Acres) 

Wheat Dryland 212,294 225,038 240,914 312,626 369,487 625,408 
Wheat Irrigated 94,657 100,342 111,032 106,292 93,081 9,041 

Grain Sorghum Dryland 147,137 229,667 282,389 349,910 485,964 564,056 
Grain Sorghum Irrigated 61,053 36,810 36,562 43,970 14,172 6,992 

Total Dryland* 372,918 470,016 540,480 681,580 876,342 1,213,236 
Total Irrigated** 193,604 178,368 193,132 200,141 161,433 74,697 

Sandy Soils (Acres) 

Wheat Dryland 147,728 156,596 217,778 232,129 275,333 379,863 
Wheat Irrigated 36,505 42,244 24,715 26,343 30,495 7,148 

Grain Sorghum Dryland 100,737 108,086 135,737 162,562 230,049 311,489 
Grain Sorghum Irrigated 18,429 19,912 20,682 20,829 13,468 

2020-29 

694,472 
5,574 

611,425 
3,412 

1,332,532 
67,646 

429,876 

330,485 

VI 
0 



TABLE XII (Continued) 

Crop 1980-84 1985-89 1990-94 

Total Dryland* 255,660 272,812 362,581 
Total Irrigated** 67,763 75,365 59,983 

*Includes barley. 

**Includes alfalfa, corn, and soybeans. 

Period 

1995-99 2000-09 

404,752 516,438 
62,600 60,751 

2010-19 

703,908 
23,587 

2020-29 

774,272 
14,044 

Vt 
I-' 
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2010-19, and 68,000 acres surface irrigated at the conclusion of the 

study. Increases in irrigated acreage are due to the greater pro­

duction goals of each successive period and the shift to less intensive 

levels of water application as the cost of pumping water increases. 

Producers have an economic incentive to cut back on water application 

as water costs rise, but decreased yields due to decreased water ap­

plication result in more irrigated acreage to fulfill production goals. 

Dryland production increases steadily on clay soils starting with 

373,000 acres and concluding with 1,300,000 acres. The largest increase 

occurs after the 2000-09 period which corresponds to the largest decrease 

in irrigated production. The rising water costs in some of the water 

resource situations tend to divert production from high intensity levels 

of water application to less intensive levels and finally to dryland 

for those crops that have dryland alternatives. For those crops pro­

duced only on irrigated land, rising water costs results in production 

being terminated when net returns per acre fall to zero. 

Declines in the static water level by soil and water resource 

situation are presented in Table XIII. Water resources with small 

depths to water_ and deep saturated thicknesses (75-250-C, 75-350-C) 

experience increased declines in their water levels over time as a 

result of increased pumping to irrigate increased production. In these 

situations the water table declines 12 feet (2.4 feet per year) in the 

initial period, 33.5 feet (3.3 fpy) in the period 2000-09, and then 

26 feet (2.5 fpy) during the final period. Other water resource 

situations with larger depths to water (150-150-C) and smaller satu­

rated thicknesses (75-50-C) show reductions in the decline in the water 



Soil and 
Water Resource 

Situation 
(WRS) 

75-50-C 
75-150-C 
75-150-S 
75-250-C 
75-250-S 
75-350-C 
75-350-S 
150-150-C 
150-150-S 
150-250-C 
150-250-S 
150-350-C 
150-350-S 
150-450-C 
150-450-S 
150-550-C 
150-550-S 
225-150-C 
225-150-S 
225-250-C 

TABLE XIII 

SCENARIO I - ESTIMATED DECLINES IN THE STATIC WATER LEVEL 
BY SOIL AND WATER RESOURCE SITUATIONS (1980-2029) 

Static Water Level Decline (ft.) 

1980-84 1985-89 1990-94 1995-99 2000-09 

12.11 12.54 6.91 2.70 5.88 
12.11 12.97 14.22 14.94 21.90 
11.86 12.70 13.91 15.12 28.79 
12.10 12.97 14.22 15.48 33.46 
11.86 12.70 13.55 14.71 31.76 
12.10 12.97 14.22 15.48 33.46 
11.57 12.39 13.55 10.49 22.42 
10.31 8.85 9.55 8.72 15.92 
11.57 11.16 6.34 7.03 6.08 
11. 71 12.55 13.73 8.72 14.87 
5.21 5.65 2.56 2.80 6.08 

10.45 11.20 12.30 10.20 5.87 
2.12 2.31 2.55 2.79 6.07 
5.47 5.93 6.70 7.39 16.24 
2.12 .24 .25 .27 .58 
2.06 2.24 2.47 2.70 5.87 

.22 .23 .25 .27 .58 
5. 97 6.38 6.91 2.70 5.87 
2.13 2.31 2.56 2.80 6.08 
2.06 2.24 2.47 2.70 5.87 

2010-19 2020-29 

6.30 .02 
6.30 6.72 
6.50 .78 

28.84 6.72 
6.52 6.96 

31.37 26.13 
18 .14 6.96 
6.62 6.72 
6.52 6.94 
6.30 6.72 
6.52 6.94 
6.30 6.72 

.68 .78 
6.53 6.96 

.68 .78 
6.30 6.72 

.68 .78 
6.30 5.94 
6.50 6.93 

\JI 
6.30 6.72 w 



TABLE XIII (Continued) 

Soil and 
Water Resource 1980-84 1985-89 

Situation 
(WRS) 

225-250-S .17 .18 
225-350-C 2.06 2.24 
225-450-C 2.06 2.24 

Static Wate~ Level Decline (ft.) 

1990-94 1995-99 2000-09 

.20 .22 .47 
2.47 2.70 5.87 
2.47 2.70 5.84 

2010-19 

.55 
6.30 
6.30 

2020-29 

.63 
6.72 
6.72 

VI 
~ 



level as production is switched to less intensive water applications 

and as irrigated production is replaced by dryland production. 

Sandy Soils 
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The number of acres irrigated by center pivot system follows a 

pattern similar to the surface irrigated acres. Irrigated acreage is 

faily constant from the initial period with 68,000 acres, to the 

2000-09 period with 61,000 acres. A large decline in acreage ir­

rigated occurs in the 2010-19 period with only 23,500 acres being ir­

rigated. Dryland production increases steadily from 256,000 acres in 

the initial period to 774,000 acres in the terminal period, with the 

biggest increase occurring after the 2000-09 period. 

Declines in the static water level follow a pattern similar to 

the clay soils beginning with declines of 11.86 feet (2.4 feet per 

year) in WRS 75-250-S, increasing to 31.8 feet (3.2 fpy) in the 2000-

09 period, before decreasing substantially at the conclusion of the 

study. The total acreages of dryland and irrigated production for both 

soils are given in Table XII. The declines in the static water level 

by soil and water resource situation are given in Table XIII. 

Clay Soils 

Projected Acreages in Irrigated 

and Dryland Crop Production 

As the static water level declines and the cost per acre inch 

of water increases, producers are provided an economic incentive to 
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reduce water applications. For those crops with reduced levels of 

water application irrigators will switch to the less intense levels 

and then to dryland production. This applies to wheat, grain sorghum, 

and barley. Corn, alfalfa, and soybeans are only produced at one ir­

rigation level without a dryland alternative. As water costs increase, 

these activities will drop out of the solution when their net returns 

become negative and the land will be available for dryland production 

of the other crops. The net return of wheat is the most sensitive to 

water cost changes followed by grain sorghum, soybeans, corn, and 

alfalfa respectively. Wheat is the first crop to shift to less 

intense application levels and finally to dryland production. There 

are 95,000 acres of irrigated wheat in the initial period, 110,000 acres 
I 

in the 1990-94 period, and only 5,000 acres of irrigated wheat at the 

conclusion. There are 61,000 acres of irrigated grain sorghum in the 

initial period, 41,000 acres irrigated in the 1995-99 period and only 

3,000 acres of irrigated production occurring in the terminal period. 

There is no irrigated barley. Alfalfa and soybeans show progressive 

increases in irrigated acreage from the beginning to the end. Ir­

rigated corn acreage increases from an initial 35,000 acres to 54,000 

acres in the terminal period. Dryland wheat increases steadily from 

212,000 acres in the initial period up to 700,000 acres in the terminal 

period. The largest increase comes after the period 2000-09 when 

dryland wheat acreage increases from 370,000 acres to 625,000 acres. 

Dryland grain sorghum increases from 147,000 acres up to 611,000 acres 

with the largest increase occurring after the 1995-99 period. These 

changes are presented in Table XIV. 



Crop 

Wheat 
" 
" 
" 

Grain Sorghum 
" 
" 
" 

Barley 
" 

Alfalfa 

Corn 

Soybeans 

TABLE XIV 

SCENARIO I - CLAY SOILS - ESTIMATES OF ANNUAL IRRIGATED AND DRYLAND 
ACREAGES OF THE VARIOUS CROPS (1980-2029) 

Period 

1980-84 1985-89 1990-94 1995-99 2000-09 

Dry (Acres) 212,294 225,038 240,914 312,626 369,487 
8" 10,368 10,990 24,178 28,856 71,355 

12" 20,226 21,440 22,952 56,975 -
18" 64,066 67,912 63,902 20,461 21,726 

Dry (Acres) 147,137 229,667 282,389 349,910 485,864 
6" 27,681 - - 22,479 -

18" 22,075 28,440 27,065 18,124 10,448 
24" 11,297 8,370 9,497 3,367 3,724 

Dry (Acres) 13,487 15,311 17,177 19,044 20,891 
18" 

33" (Acres) 2,981 3,236 3,495 3,769 4,003 

24" (Acres) 34,805 37,848 41,897 45,947 49,996 

24" (Acres) 108 132 146 163 181 

2010-19 

625,408 
-

9,041 

564,056 
5,174 
1,818 

23,772 

4,831 

53,642 

191 

2020-29 

694,472 
5,574 

611,425 
3,412 

26,635 

5,648 

53,411 

201 

UI 
-..J 
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Sandy Soils 

Wheat irrigated on sandy soils began with 37,000 acres in the 

initial period and increased to 42,000 in the subsequent, 1985-89 

period. There were 30,000 acres irrigated in the 2000-09 period, 

7,000 acres irrigated in the 2010-19 period, and no irrigated wheat 

at the conclusion of the study. Irrigated grain sorghum acreage in­

creased steadily from 18,000 acres in the initial period up to 21,000 

acres in the 1995-99 period. There were only 13,000 acres irrigated 

from 2000-09, and no irrigated grain sorghum after that. All barley 

was produced dryland, alfalfa showed steady increases from the begin­

ning to the end, and corn and soybeans peaked in the period 2000-09. 
i 

Dryland acreage for wheat showed a large increase after 1985-89, and 

another large increase after2000-09. Dryland grain sorghum showed 

a large increase after 1995-99, and a larger increase after 2000-09. 

In summary, the most dramatic shifts from irrigated to dryland pro­

duction occurred after the period 2000-09. These shifts are present­

ed in Table XV. 

Clay Soils 

Changes in Production Patterns Among 

Water Resource Situations 

For the first two time periods there was a little movement in 

production patterns except for water resource situations with shallow 

saturated thicknesses. Equation 8 of Chapter III is used to revise 

water costs, and theequationis set up so that shallow saturated 

thicknesses experience rapid price increases. There was a major shift 



Crop 

Wheat 
" 
" 
" 

Grain Sorghum 
" 
" 

Barley 
" 

Alfalfa 

Corn 

Soybeans 

TABLE XV 

SCENARIO I - SANDY SOILS - ESTIMATES OF ANNUAL IRRIGATED AND DRYLAND ACREAGE 
OF THE VARIOUS CROPS (1980-2029) 

Period 

1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 

Dry (Acres) 147,728 156,596 217,778 232,124 275,333 379,863 
8" - - - - - 7,148 

12" - 19,158 - - 15,247 
18" 36,505 23,068 24,715 26,343 15,548 

Dry (Acres) 100,037 108,086 135,737 162,562 230,049 311,489 
18" 11,127 12,022 15,952 15,537 13,468 
24" 7,302 7,890 4,730 5,292 

Dry (Acres) 7,195 8,130 9,_066 10,061 11,056 12,556 
18" 

33" (Acres) 1,355 1,471 1,592 1,713 1,834 2,138 

24" (Acres) 10,763 11,705 12,957 13,673 14,878 14,268 

24" (Acres) 28 33 37 42 46 33 

2020-29 

429,867 

330,485 

13,911 

2,442 

11,583 

19 

VI 

"° 
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in water resource situation (WRS) 150-150-C after the initial period 

when 6" grain sorghum reverted to dryland production. This resulted 

in early downward movements in both the number of acres of clay soils 

irrigated and the number of acres of irrigated grain sorghum. 

Major shifts in production patterns occurred after the 1995-99 

period, the 2000-09 period, and after the 2010-19 period. Wheat and 

grain sorghum are the only crops involved in shifts in the earlier 

periods. There are two types of movement in the production patterns 

of the water resource situations. First, water resource situations 

with shallow saturated thicknesses experience rapid increases in 

water costs as water is pumped. Second, water resource situations with 

relatively large depths to water have high initial costs and, as the 

water level declines, water costs need only increase slightly in order 

to cause shifts in production patterns. Water resource situation 

(WRS) 75-50-C discontinues irrigation of wheat and grain sorghum after 

the 1985-89 period, WRS 510-350-C discontinues irrigation of wheat and 

grain sorghum after the 1995-99 period, while WRS 75-150-C is still 

irrigating wheat and grain sorghum in the terminal period. 

In water resource situations with higher initial water costs, and 

in the water resource situations when irrigated wheat and grain sorghum 

are discontinued less water is pumped to irrigate the more profitable 

crops; alfalfa, corn, and soybeans. As a result, changes in water 

costs are substantially smaller, and it is not until after the 2010-19 

period that these crops are affected by increased water costs. 
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Sandy Soils 

Sandy soils show less movement in production patterns among water 

resource situations than the shifts that occurred on clay soils. 

Because of the way water costs are computed, center pivot acre inch 

costs are less sensitive to declines in the static water level. 

Like clay soils, there are two types of movement in the production 

pattern of the water resource situations. On one hand, water resource 

situations with shallow saturated thicknesses experience quick 

increases in water costs while water resource situations with larger 

depths to water have high initial costs and require only slight 

increases in water costs to shift production patterns. Irrigated wheat 

is terminated in WRS 75-350-S after the 2010-19 period, and alfalfa 

production is not affected in any water resource situation throughout 

the study. 

Net Returns 

Net returns to the study increase from 19.5 million deflated 

dollars per year in the initial period up to 28.4 million dollars per 

year at the conclusion of the study. Since dryland production is 

profitable, and the production requiremetns increase throughout the 

study, net income increases. As the model shifts from high levels 

of irrigation to less intensive levels and finally to dryland, the 

change in net income indicates a slowdown in growth. Income increases 

at an increasing rate until 1995. The period 1995-2000 experiences 

the first annual decline in the rate of growth corresponding to a 

large decrease in irrigation on clay soils. The following period, 
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2000-2010, experiences a sharper decline in the rate of growth corre­

sponding to the large decreases in acreage irrigated on both clay 

and sandy soils. 

Clay Soils 

Results of Scenario II: Projected Changes in 

Irrigated and Dryland Acreage and the 

Rate of Decline in the Water Table 

Scenario II reflects a gradual increase in the price of natural 

gas, all other prices remaining constant. There is a steady decline 

in irriga~ed acres until the 2000-09 period with 56,000 acres. There 

is a small increase of irrigated acreage in the terminal period. This 

is presented in Table XVI. There are shifts to less intense applica­

tions of water as costs increase, resulting in increased acreage, 

but these increases in irrigated acreage are overshadowed by shifts to 

dryland production or the cessation of production of those crops with­

out dryland alternatives. 

Declines in the static water level by water resource situation are 

presented in Table XVII. Water resource situations with small depths 

to water and deep saturated thicknesses exhibit the largest declines 

for the longest time. WRS 75-150-C, 75-250-C, and 75-350-C have 

declines of 12.1 feet (2.4 fpy) in the initial period and the declines 

increase until the 1995-99 period with 14.94 feet (2.9 fpy). The 

increases are a result of increased pumping on order to meet increased 

production goals. After the 1995-99 period, declines decrease as 

irrigated production becomes less economical and less water is pumped. 



TABLE XVI 

SCENARIO II - ESTIMATES OF TOTAL IRRIGATED AND DRYLAND ACREAGES (1980-2029) 

Period 

Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 

ClaI_ S9ils (Acres) 

Wheat Dryland 212,294 225,038 363,987 493,577 590,477 648,513 
Wheat Irrigated 94,659 95,444 57,196 21,480 

Grain Sorghum Dryland · 147,137 229,667 395,572 442,541 529,656 583,889 
Grain Sorghum Irrigated 61,053 42,533 10,766 12,705 6,564 

Total Dryland* 372,918 470,016 776,736 955,162 1,141,024 1,256,175 
Total Irrigated** 193,607 179,192 113,499 84,062 60,744 55,896 

Sandy Soils (Acres) 

Wheat Dryland 147,728 227,241 255,093 338,332 359,248 394,558 
Wheat Irrigated 36,505 24s 777 25,495 

Grain Sorghum Dryland 100,037 128,055 185,901 234,598 259,498 311,489 
Grain Sorghum Irrigated 18,434 16,407 9,862 5,433 7,116 

2020-29 

706,549 

619,492 

1,352,676 
56,274 

429,867 

330,485 

°' w 



TABLE XVI (Continued) 

Crop 1980-84 1985-89 1990-04 

Total Dryland* 245,960 - 450,059 
Total Irrigated** 67,088 52,863 47,557 

*Includes barley. 
**Includes alfalfa, corn, and soybeans. 

Period 

1995-99 2000-09 

582,991 629,802 
17,379 18,864 

2010-19 

718,603 
3,931 

2020-29 

774,264 
323 

°' ~ 



Soil and 
Water Resource 

Situation 
(WRS) 

75-50-C 
75-150-C 
75-150-S 
75-250-C 
75-250-S 
75-350-C 
75-350-S 
150-150-C 
150-150-S 
150-250-C 
150-250-S 
150-350-C 
150-350-S 
150-450-C 
150-450-S 
150-550-C 
150-550-S 
225-150-C 
225-150-S 
225-250-C 

TABLE XVII 

SCENARIO II - ESTIMATED DECLINES IN THE STATIC WATER LEVEL 
BY SOIL AND WATER RESOURCE SITUATIONS (1980-2029) 

Static Water Level Decline {ft.) 

1980-84 1985-89 1990-94 1995-99 2000-09 

12.11 12.54 2.47 2.70 5.88 
12.11 12.97 13.74 14.94 5.87 
11.86 12.70 12.60 7 .03 15.44 
12.10 12.97 14.22 14.94 11.99 
11.86 12.38 12.24 2.80 6.09 
12.10 12.97 14.22 12.12 16.24 
11.57 6.69 2.55 2.79 .58 
10.31 8.85 8.11 2.70 5.90 
11.57 5.64 2.56 2.80 6.01 
11.71 11.20 2.46 2.70 5.87 
5.21 2.32 2.55 .27 .58 

10.45 10.07 2.47 2.70 5.87 
2.12 .23 
5.47 4.41 2.47 2.70 5.87 
2.12 .23 
2.06 2.24 2.47 2.70 5.87 

.22 .23 
5.97 2.24 2.47 2.70 5.87 
2.13 2.31 2.55 2.79 .58 
2.06 2.24 2.47 2.70 5.87 

2010-19 2020-29 

6.30 6.72 
.68 .78 

6.30 6.72 
6.50 
6.30 6.72 

.68 
6.62 

.68 .78 
6.29 6. 72 . 

6.29 6.72 

6.29 6.72 

6.29 6.72 

6.29 6.72 
0\ 

6.29 .78 V1 



TABLE XVII (Continued) 

Soil and 
Water Resource 1980-84 1985-89 

Situation 
(WRS) 

225-250-S .17 .19 
225-350-C 2.06 2.24 
225-450-C 2.06 2.24 

Static Water Level Decline (ft.) 

1990-94 1995-99 2000-09 

2.47 2.70 5.87 
2.47 2.70 5.84 

2010-19 

6.29 
6.29 

2020-29 

6.72 
6.72 

°' °' 
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Sandy Soils 

Acreage irrigated by center pivot systems is 67,000 acres at the 

outset, and decreases to 48,000 acres in the 1990-95 period. After 

that there is a large decrease with only 17,000 irrigated acres in 

the 1995-99 period, 19,000 acres in the 2000-09 period, and a negli­

gible 323 acres irrigated in the terminal period. This unexpected 

phenomena of irrigated acreage decreasing, increasing and then de-

_creasing can be explained. As the water table decreases, GPM decreases, 

and the cost of pumping water increases, the profitability of irrigated 

activities decreases and approaches the profitability of dryland 

production. Intensively irrigated activities become unprofitable, 
I 

while lower intensity activities still remain more profitable than 

dryland. Production goals increase, and more acres of lower intensity 

activities are required to meet production goals. 

Declines in the static water table are presented in Table XVII. 

There is an increase in the rate of decline after the initial period 

to meet increase production goals, but after the 1985-89 period, the 

rate of decline decreases. 

Clay Soils 

Projected Acreages in Irrigated and 

Dryland Crop Production 

Irrigated wheat begins with 94,600 acres in the initial period 

and increases to 95,400 acres in the subsequent 1985-89 period. There 

is a major decrease to 57,000 acres irrigated in 1990-94 period, 

followed by another decrease to 21,000 acres in the subsequent period, 
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followed by no irrigated wheat after 1995-99. Irrigated grain sorghum 

follows a similar pattern but stays in the model in the period 2000-

09 before dropping out. Dryland wheat increases steadily with the 

l a r gest increase occurring after the 1990-94 p-er'iocl. Dry land grain 

s or ghum showed steady increases with the biggest increase occurr ing 

after the 1990-94 period. Alfalfa showed a steady increase in 

irrigated production throughout the study , while corn and soybeans 

peaked in the 2010-19 period before leveling off. Table XVIII pro­

vides the data. 

Sandy Soils 

There are 36,500 acres of center pivot irriga t ed wheat in the 

1980-84 period, 24 , 700 acres in the subsequent period, 25 , 500 acres 

iu the 1990- 94 peri od, ~nd after that there is no irrigated wheat . 

Irrigated grain sorghum shows a st~a n~ deelioe but there are 1,000 

acres being irrigated in the 2000-09 period. Dryl and pr oduction shows 

a steady increase for both crops, a s shown in Table XI X. Irr iga t ed 

production of a lfalfa, corn, and soybeans were rela tively cons tant 

ove r time . With increa sed energy costs leading to increased cost per 

acre inch, alfalfa, corn, and soybeans all become more s ens i tive to 

irrigation costs. As water r e source situations become uneconomi c a l , 

irrigated acreage is reduced. However, increased produc tion goals 

tend to counteract the decrease . 



Crop 

Wheat 
" 
" 
" 

Grain Sorghum 
" 
" 
" 

Barley 
" 

Alfalfa 

Corn 

Soybeans 

TABLE XVIII 

SCENARIO II - CLAY SOILS - ESTIMATES OF ANNUAL IRRIGATED AND 
DRYLAND ACREAGES OF THE VARIOUS CROPS (1980-2029) 

Period 

1980-84 1985-89 1990-94 1995-99 2000-09 

Dry (Acres) 212,294 225,038 363,987 493,577 590,477 
8" 10,368 25,288 - 3,505 

12" 20,225 13,716 38,769 
18" 64,066 56,440 19,196 17,975 

Dry (Acres) 147,137 229,667 395,572 442,541 529,656 
6" 27,681 13,164 - - 4,857 

18" 22,075 20,999 7,756 12,705 1,707 
24" 11,297 8,370 3,010 

Dry (Acres) 13,487 15,311 17,177 19,044 20,891 
18" 

33" (Acres) 2,981 3,236 3,495 3,768 4,003 

24" (Acres) 34,805 37,848 41,896 45,946 49,996 

24" (Acres) 109 131 146 163 181 

2010-19 

648,513 

583,889 

23,773 

4,680 

51,034 

182 

2020-29 

706,549 

619,492 

26,635 

5,298 

50,794 

182 

°' \D 



Crop 

Wheat 
" 
" 
" 

Grain Sorghum 
" 
" 

Barley 
" 

Alfalfa 

Corn 

Soybeans 

TABLE XIX 

SCENARIO II - SANDY SOILS - ESTIMATES OF ANNUAL IRRIGATED AND 
DRYLAND ACREAGES OF THE VARIOUS CROPS (1980-2029) 

Period 

1980-84 1985-89 1990-94 1995-99 2000-09 

Dry (Acres) 147,728 227,241 255,093 338,332 359,248 
8" - 5,372 

12" - - 25,495 
18" 36,505 19,405 

Dry (Acres) 100,037 128,055 185,901 234,598 259,498 
18" 11,127 12,239 5,132 6,433 7,116 
24" 7,307 4,168 4,736 

Dry (Acres) 7,195 8,130 .. ~,065 10,061 11,056 
18" 

33" (Acres) 1,358 1,473 905 974 1,042 

24" (Acres) 10,763 10,173 11,262 10,939 10,686 

24" (Acres) 28 33 33 33 20 

2010-19 

394,558 

311,489 

12,556 

966 

2,965 

2020-29 

429,867 

330,485 

13,912 

323 

...... 
0 



Clay Soils 

Changes in Production Patterns Among 

Water Resource Situations 
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With the increase in the price of natural gas, the model depicts 

changes in 6 water resource situations after the first 5 year period. 

High intensity levels of irrigation switch to less intense applica­

tions and some of the less intense applications levels move to dry­

land production. Combined with a decline in the water table, another 

increase in the price of natural gas accelerates the movement towards 

dryland production in the shallower saturated-thickness and larger 

depth to water resource situations. This mov,ement results in wheat 

and grain sorghum being produced dryland in WR.S 75-150-C, 150-250-C, 

and 150-350-C, after the 1985-89 period. Alfalfa, corn, and soybeans 

are forced out of production in the later time periods in the shallow 

saturated thicknesses. 

Sandy Soils 

The increase in the price of natural gas has a more pronounced 

effect on center pivot systems than on surface irrigation systems. 

Consumption of natural gas is a function of brakehorsepower, and center 

pivot systems require higher brakehorsepower to sustain the pressure 

necessary to operate. After the first period 1980-84, there are 

shifts to less intensive water applications is WRS 75-250-S and 

75-350-S. There are shifts to dryland production in WRS 75-350-S, 

150-150-S, and 150-250-S. Corn drops out of production in WRS 150-

350-S, and 150-450-S, and soybeans drop out of WRS 225-150-S. After 
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fulfilling production requirements in the period 1985-89, WRS 150-350-S, 

150-450-S, 150-550-S, and 225-250-S were no longer economical to 

irrigate. Regardless of change in the saturated thickness or decline 

in the water table, the rise in the price of natural gas curtailed 

irrigation in water resource situations with large depths to water. 

Net Returns 

Net returns on an annual basis start at 19.5 million dollars in 

1980 and increase up to 27.5 million dollars in the year 2020. The 

increment of change of annual income increases from 1980 until the 

year 2000, after which the annual change in the increase of income 

begins to decline. The fact that production goals are not met as 

water resource situations become dewatered as a result of the increas­

ing cost of natural gas seems to account for the decline in the rate 

of increase of income. 

Comparison of the Results of the Two Scenarios 

Clay Soils 

In Scenario I, total irrigated acreage stays relatively constant 

from the initial period 1980-84 with 194,000 acres until after the 

period 1995-99 with 200,000 acres. Scenario II begins with 194,000 

acres and steadily declines to 84,000 acres after the 1990-94 period. 

After the 1995-99 period, the total irrigated acreage of Scenario II 

levels off and stays constant until the end, whereas Scenario I ex­

hibits a steady decline after the period 1995-99. At the conclusion of 

the study, Scenario I is irrigating 10,000 acres msre than Scenario II. 
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Irrigated wheat in Scenario I follows a pattern similar to the 

total irrigated acreage of Scenario I. Irrigated wheat begins with 

95,000 acres and is relatively constant through the 2000-09 production 

period when there are 93,000 acres being irrigated. After the 2000-09 

period, irrigated wheat declines sharply to 9,000 acres and at the 

conclusion of the study, there are 5,500 acres of irrigated wheat. 

In Scenario II, irrigated wheat stays constant for the first two 

periods and then declines in the next two periods, and drops out 

after the 1995-99 period. 

Irrigated grain sorghum follows a similar pattern in both scenarios 

for the first two production periods. After the 1985-89 period, irri­

gated grain sorghum declines sharply in Scenario II and drops out of 

production after the 2000-09 period. In Scen:ario I, there are 44, 000 

acres of irrigated grain sorghum in 1995-99, 19,000 acres in the period 

2000-09, and there is 3,400 acres irrigated at the conclusion. 

Corn, alfalfa, and soybeans follow the same pattern in both 

Scenarios up to the period 2000-09. After that period, production 

levels off in Scenario II while it continues to increase in Scenario I. 

Sandy Soils 

In Scenario I, total irrigated acreage begins at 68,000 acres, 

stays relatively constant, and 61,000 acres remain irrigated though 

the 2000-09 period. After that, total irrigated acreage drops to 

23,500 in the 2010-19 period and there are 14,000 acres being irri­

gated at the conclusion of the study. Scenario II begins with a total 

of 68,000 acres irrigated, decreases throughout the study, and ends 
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up with 323 acres being irrigated. The biggest decrease occurs after 

the 1990-94 period, and after the 2000-09 period, when the total irri­

gated drops from 19,000 acres to 4,000 acres. 

Irrigated wheat acreage begins at 36,500 acres in Scenario I, 

increases to 42,000 acres in the 1985-89 period, and decreases to 

30,500 in the 2000-09 period. There are only 7,000 acres irrigated 

in the 2010-19 period, and at the conclusion of the study, there are 

no acres of irrigated wheat. The solution of Scenario II begins with 

26,500 acres of irrigated wheat, decreases to 24,700 acres in the 

1985-89 period, irrigated 25,500 acres in the period of 1990-94, and 

there is no irrigation of wheat after that. The increase in the price 

of natural gas results in a substantial shortening of the time horizon 

for irrigated wheat on sandy soils. 

Under Scenario I, there is twice as much irrigated grain sorghum 

acreage as is irrigated under Scenario II from the 1990-94 period until 

the 2000-09 period. After that time, there is no longer any irrigated 

grain sorghum under either scenario. 

In Scenario I, alfalfa shows a steady increase in irrigated pro­

duction throughout the study. Corn and soybeans increase production 

up to the 2000-09 period after which the two crops begin to decline. 

In Scenario II, alfalfa acreage declines after the second production 

period and then stays relatively constant until the conclusion of 

the study, when there are only 323 acres of alfalfa irrigated. Soy­

beans irrigated on sandy soils increase after the first period, remain 

constant until the 1995-99 period, and after the 2000-09 period, pro­

duction is stopped. Corn production in Scenario II stays relatively 



constant at 11,000 acres until after the 2000-09 period, and finally 

production is stopped at the conclusion of the study. 
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When comparing the results of the two models, certain relationships 

become apparent that help explain the differences in the two models. 

The first is that wheat is charged: only the variable cost per acre 

inch versus the total cost per acre inch for the other crops. As 

mentioned previously, wheat is a spring crop receiving supplemental 

irrigation whereas summer crops like grain sorghum and corn are the 

primary crops irrigated intensively. While the cost of fuel is an 

important component of the total cost per acre inch, it becomes more 

important when just the variable cost is considered. In Scenario I, 

irrigation of wheat continues to the 2000-09 period regardless of 

soil type. In Scenario II, increases in the cost of natural gas 

significantly reduce irrigated wheat production after the 1990-94 

period regardless of soil type. 

The other relationship is that center pivot systems are less 

sensitive to declines in the water table than surface systems, but 

they are more sensitive to increases in the price of natural gas. 

The two systems are different in pressure per square inch required at 

the wellhead discharge, with center pivot systems needing larger 

engines with greater brake horsepower among other things. In both 

Scenario I and Scenario II, corn production on clay soils is very 

similar, while corn production on sandy soils appears to move in dif­

ferent directions. This seems to indicate that natural gas increases 

are less important on clay soils with surface systems than on soils 

with center pivot systems. 
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This chapter presented and analyzed the results of the study. 

The next chapter presents the summary and conclusions. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The acreage of irrigated crop production in the Oklahoma pan­

handle has increased rapidly in the past two decades. Natural re­

charge is insignificant relative to the amount of water being pumped 

from the aquifer. Irrigation is expected to expand in the area for 

some time to come which implies that the water supply is going to be 

depleted at a more rapid rate than currently observed. At the present 

time there is an "energy crisis" which will affect the economic life 

of the aquifer. However, there are no available estimates of the 

changes that will take place in the growth of irrigation, depletion 

of the water supply and the repercussions on the pattern of crop 

production and income of the area. 

The general purpose of this study is to estimate the changes 

that will take place with respect to these variables: a gradual 

decline in the water table by itself and with an increasing price 

of natural gas. The first part of this chapter presents a summary 

of the objectives of the study and the procedures employed. The 

second part presents the highlights of the empirical results and 

draws some conclusions from these results. Finally, the policy 

implications of the conclusions are discussed and the limitations of 

the study brought out. The need for further research in the study 

area is also stated. 
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Objectives and Procedures 

The major objective of this study is to present estimates of 

1) the growth of irrigation in the study area and 2) the rate of 

depletion of the aquifer over time and its effects on a) the pattern 

of irrigated and dryland crop production and b) the net returns of 
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the study area. More specifically, the first objective is to develop 

a model that 1) depict's the study areas irrigated and dryl~nd crop 

production, 2) projects the growth of irrigation, 3) estimates the 

resulting rate of groundwater withdrawal, and 4) estimates the changes 

in net return. The second specific objective is to compare results 

of the model under two sceanrios, t:he first, a base scenario with a 
I 

gradual decline in the water level, and the second, a scenario under 

which the price of natural gas is allowed to increase. The rate of 

~roundwater use and the study area's resulting net returns from the 

two sceanrios are compared and some policy implications inferred. 

The analysis in the panhandle is based on an inventory of the 

soil and water resource taken £~om county soil surveys and a geo­

gydrological study of the Oklahoma panhandle. The study area was 

stratified into 26 discrete soil and water resource situations based 

on soil types, depth to water, and saturated thickness (Thompson). 

These soil and water resource situations formed the basis of the 

analysis. Center pivot irrigation takes place on sandy soils and 

surface irrigation takes place on clay soils. Initial pumping costs 

are determined by the depth to water and the saturated thickness; 

changes in pumping costs as the water level declines are a function 

of the saturated thicknesses. A recursive linear programming (RLP) 
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model was employed to depict the pattern of irrigated crop production 

over the period 1980-2029, under both scenarios. The model used the 

study area's historic share of the projected U.S. and Oklahoma's 

supply of six irrigated crops (wheat, grain sorghum, barley, alfalfa, 

corn, and soybeans) as production goals. 

The model's solution produced the study area's projected supply 

of the six irrigated crops as long as the net returns were greater 

than dryland production for those crops with dryland alternatives 

(wheat, grain sorghum, barley), or as long as net returns were greater 

than zero for those crops without dryland alternatives (alfalfa, 

corn, soybeans). 

Findings and Conclusions 

The recursive linear programming (RLP) model was run for the 

period 1980-2029 under the two scenarios. The highlights of their 

results and comparisons are presented. 

Clay Soils 

In Scenario I, total irrigated acreage stays relatively constant 

from the initial period 1980-84 with 194,000 acres until after the 

period 1995-99 with 200,000 acres. Scenario II begins with 194,000 

acres and steadilydeclinesto 84,000 acres after the 1990-94 period. 

After the 1995-99 period Scenario II's total irrigated acreage levels 

off and stays constant until the end whereas Scenario I exhibits a 

steady decline after the period 1995-99. At the conclusion of the 

study, there are 10,000 more irrigated acres in Scenario I than in 

Scenario II. 
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Irrigated wheat in Scenario I follows a pattern similar to the 

total irrigated acreage in Scenario I. Irrigated wheat begins with 

95,000 acres and is relatively constant through the 2000-09 production 

period when there are 43,000 acres being irrigated. After the 2000-09 

period, irrigated wheat declines sharply to 9,000 acres and at the 

conclusion of the study, there are 5,500 acres of irrigated wheat. 

In Scenario II, irrigated wheat stays constant for the first two 

periods and then declines in the next two periods, and drops out after 

the 1995-99 period. 

Irrigated grain sorghum follows a similar pattern in both scenarios 

for the first two production periods. After the 1985-89 period, 

irrigated grain ~orghum declines sharply in Scenario II and drops out 

of production after the 2000-09 period. In Scenario I, there are 

44,000 acres of irrigated grain sorghum in 1995-99, t9,000 acres in 

the period 2000-09, and there-is 3,400 acres irrigated at the conclusion. 

Corn, alfalfa, and soybeans follow the same pattern in both 

Scenarios up to the period 2000-09. After that period, production 

levels off in Scenario II while it continues to increase in Scenario I. 

Sandy Soils 

In Scenario I, total irrigated acreage begins at 68,000 acres, 

stays relatively constant, and 61,000 acres remain irrigated through 

the 2000-09 period. After that, total irrigated acreage drops to 

23,500 in the 2010-19 period and there are 14,000 acres being irrigated 

at the conclusion of the study. The results of Scenario II begin with 

a total of 68,000 acres irrigated, decrease throughout the study, and 

ends up with 323 acres being irrigated. The biggest decrease occurs 



after the 1990-94 period, dropping from 47,500 acres to 17,400 acres 

in the 1995-99 period, and after the 2000-09 period, when the total 

irrigated drops from 19,000 acres to 4,000 acres. 

Irrigated wheat acreage begins at 36,500 acres in Scenario I, 

increases to 42,000 acres in the 1985-89 period, and decreases to 

30,500 in the 2000-09 period. There are only 7,000 acres irrigated 
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in the 2010-19 period, and at the conclusion of the study, there are 

no acres of irrigated wheat. Scenario II begins with 36,500 acres of 

irrigated wheat, declines to 24,700 acres in the 1985-89 period, irri­

gates 25,500 acres in the period 1990-94, and there is no irrigation 

of wheat after that. The increase in the price of natural gas results 

in a substantial shortening of the time horizon for irrigated wheat 

on sandy soils. 

With grain sorghum, Scenario I is irrigating twice the acreage 

of Scenario II from the 1990-94 until the 2000-09 period. After that 

time, there is no longer any irrigated grain sorghum under either 

scenario. 

In Scenario I, alfalfa shows a steady increase in irrigated pro­

duction throughout the study. Corn and soybeans increase production 

up to the 2000-09 period after which the two crops begin to decline. 

In Scenario II, alfalfa acreage declines after the second production 

period and then stays relatively constant until the conclusion of the 

study, when there are only 323 acres of alfalfa irrigated. Soybeans 

irrigated on sandy soils increase after the first period, remain 

constant until the 1995-99 period, and after the 2000-09 period, pro­

duction is stopped. Corn production in Scenario II stays relatively 
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constant at 11,000 acres until after the 2000-09 period, when it 

declines to 3,000 acres in the period 2010-19, and finally production 

is stopped at the conclusion of the study. 

Net Returns 

As the price of natural gas increases over time, Scenario II's 

net returns become a smaller percentage of Scenario I's net returns. 

In some soil and water resource situations, irrigated production is 

hastened into dryland production with lower net returns. Crops with­

out any drylnad alternatives drop out of the solution, and the crops 

that continue to be irrigated have higher water costs with a consequent 

lower net return. There seems to be a bottom~ng out of the relation­

ship in the year 2000. At this time, the little irrigation being 

done has higher water costs as a result of the previous pumpage, and 

the lion's share of production and net returns are attributable to 

dryland production, which is large in both models.~ 

Policy Implications 

This analysis reveals, as others before it have, that the irri­

gation water supply in the Oklahoma panhandle has a finite economic 

life. If input and output prices maintain their relative positions, 

and yields and technology do not change, the water supply will be 

exhausted from an economic standpoint in about 40 years. This analysis 

also reveals that a 2 percent increase in the price of natural gas 

used to power irrigation engines relative to the price of other inputs 

or outputs will likely cut the economic life of the water supply in 

half. The adjustment process will likely involve a gradual conversion 



83 

of irrigation to less intensive irrigation to dryland production. The 

economic impact of conversion to dryland production on towns and com­

munities in the Panhandle, while not estimated in this study, is 

likely to be substantial. Policy makers will need innovative ideas 

to lengthen the economic life of the water supply or diminish the 

severity of the adjustment process. 

An implicit assumption of this study is that farm operations 

continue to irrigate, using the same technology, until _it is no 

longer economical to produce under irrigated conditions. Policies 

may be developed to encourage conservation and efficient use of the 

existing supply. Support for research to develop low pressure pump­

ing and application equipment will reduce energy use, lower pumping 

costs and prolong the economic life of the aquifer. Development of 

additional drought resistent or water stress tolerant crop varities 

is equally important. Recent research by the Oklahoma Agricultural 

Experiment Station has disclosed the possibility of significantly 

reducing the quantity of water applied on grain sorghum by irrigating 

alternate rows without corresponding reductions in yield per acre. 

Other research has suggested the possibility of water use reductions 

through improved timing water applications relative to the stages of 

plant development. A combination of public and private support for 

research and a willingness of producers to adopt water conserving 

technology can significantly prolong the economic life of the aquifer. 

Policy makers may wish to play a more direct role in encouraging 

conservation and the efficient use of water. Oklahoma water law would 

permit limiting water use to the "safe yield" of the aquifer. The 

safe yield may be defined to equal the amount recharges from rainfall, 
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a very small number of area-feet relative to recent withdrawals. 

Other policy alternatives include implementing and enforcing well 

spacing requirements, monitoring pumping and restricting it to a 

specified level, and devising a tax structure graduated with water use 

to encourage conservation. These alternatives are much less palatable 

to individual producers and would require substantial public investment 

in regulatory enforcement mechanisms. They would likely prolong the 

economic life of the water supply, but at perhaps a substantial cost 

to the public. 

Policy makers may also wish to consider the possibility of supple­

menting the area water supply through interbasin transfers or water 

importation. Aside from the inherent political difficulties of removing 

water from one area to transport it to another region, a number of 

important economic, social and environemntal issues must be carefully 

evaluated. Important among the beneficiaries will be the producer 

and communities in the region receiving the imported water. A portion 

of the cost must be borne by these individuals and communities. Total 

costs of contruction, maintenance and operation of a transfer mechanism 

are likely to be very high. The costs may have to be spread among all 

the people in the state or, perhaps, the nation. Such decisions are 

likley to be made far from the Oklahoma Panhandle. Considerable 

additional study of the potential benefits and costs of the policy 

alternatives is justified. 



Limitations and Suggestions for Further Research 

Mathematical representation of the real world is always subject 

to simplification and error. Hydrologic and economic relationships 

were developed in the course of this study and they have limitations 

that need to be specified. 

Hydrologic Limitations 
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The hydrology of the area has not been exhaustively studied and 

important hydrologic parameters have been derived only for a few parts 

of the study area. Misspecification of parameters such as the co­

efficient of storage, the average drawdown, or the recirculation co­

efficient may introduce errors when computatibns are made of declines 

in water levels, the changes in well capacities, and pumping costs. 

These biases can be minimized only if more is known about the 

hydrology of the study area and a digital simulator of the entire 

aquifer is available. 

Economic Limitations 

The growth of irrigation, the quantities of irrigated crops 

produced, and the depletion of the aquifer all depend on cost price 

relationships, technological advances and the availability of labor 

capital, and energy. Assumptions of these factors need to be speci­

fied. 

The input output coefficients are held constant through the course 

of the study. Technological advances are possible in plant breed-

ing and water application. Increased yields from successful plant 
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breeding may allow the study area to produce its share of the national 

supply with less water, therefore depleting the aquifer at a slower 

rate. Improved efficiency in water application would reduce the 

projected rate of depletion. Advances in minimum tillage or superior 

distribution systems would reduce the energy requirements and result 

in a longer economic life. 

The assumed cost and prices will change in future years. If 

inputs costs increase and/or product prices decrease, the projected 

economic life of the water resource situations will be overestimated. 

The converse will be true if input costs decrease and/or product 

prices increase in the future. 

It is assumed there are adequate supplies of labor, capital and 

energy which may not be the case and may alter the rate of depletion. 

Suggestions for Further Research 

A linear programming (LP) model is an effective tool to analyze 

"what if" questions. For instance, if water use was restricted, what 

would the prediction patterns be? The first suggestion for further 

research would be to run the model under a number of different 

scenarios. Price changes, production goals, labor or water restrictions 

are possible scenarios to be run by themselves or in combination with 

each other. A sequential decision model should be incorporated to 

determine optimal withdrawal rates over time under alternative interest 

rates. 

More efficient pumping and distribution of the water to the roots 

is a research area that both private and public sectors can work on. 

The goal would be to reduce or eliminate evapotranspiration, seepage 



87 

tailwater. The research that seems to offer the most promise for the 

immediate future is the development and refinement of relationships 

between soil moisture and atmospheric stress, stage of plant growth 

and development, and the timing and amount of soil moisture from 

irrigation and rainfall. Economic research needs to be undertaken 

to determine the feasibility of coal powered electrical engines if 

natural gas becomes too expensive or limited in supply. 

Despite the limitations discussed above, the results of this 

study provide upper and lower estimates of the economic life of the 

aquifer. These estimates are useful to irrigators, landowners, busi­

nessmen, policy makers and researchers. 
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ORYLAND 11HEAT 

CATEGORV-- - -- --UNITS 

PROOUC1IOM: 
WHEAT 
C'1A71NG 

TOTAL RF.CElPTS 

BU. 
AU"S 

PRICt QUANTITY 

3.000 
o.o 

18.000 
0.350 
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VALUE YOUR VALUE 

54.00 
o.o 

54.00 -----~-----------~--------~-----~------------------------~-~-------------------OPEPATlNG INPUT~: 
WHEAT SEED 
CROP INSURANCF' 
CUSTC,, COM~lNE 
cusTo.- HAULING 
FERT. SPREADER 
NITl1CG6~ (N) 
PHOSPH (P205) 
TPAC10R fU~t & lUR~ 
TRAC10N REPAIP COST 
£OUIP. PEPAIR COST 

TOTAL CP~PATl~G COST 

BU. 
oor... 
AC~;; 
eu. 
ACRE 
LBS. 
LBS. 
ACQE 
ACRE 
ACRE 

4.450 
0.140 
a.soo 
0.100 
1-350 
0.110 
0.140 

0.750 
15.000 
1.000 

18.000 
1.000 

30.000 
30.000 

3.34 -----
2.10 ----
8.50 
1.eo 
1.35 -----
5.10 
4.20 -----
1.28 
0.71 
0.35 ---

20.n 
-~--~-------~---------------------------------------------------------------R~TURNS TO LAND,LABOR~CAPITAL,HACHl~ERY, 

OVE~H~AO,PlSK,ANU ~AN~GEM£~T 2s.2a ____ _ 

--------~------------------------------------------~------------------------
CAPITAL COST: 

AN~UAl OfERATING CAPlTAt 
TPACTO~ INVESTMENT 
ECUIF~E~T l~V~STMFNT 

TOTAL lNTF.RF.ST rHARr.~ 

0.100 
0.100 
0.100 

13-086 
11.no 
10.940 

1. 31 
1.12 -----
1.09 -----
3.52 

--~-------------------------------------------------------------------------RF.TURNS TO LAND, L~ROR, MAC~IN~RY, 
ove~HF.AD, RIS~ ANO ~A~AG~~~~, 21.76 -------------------------~--------------~----~----------------------------------------OWNERSHIP COST: (OEPRFCIAT~ON, TAXES, LNSURlNCE) 

TRACtOR HR. t.45 ---------EOUlf~tNT HR. 1.78 
TOTAL OWNF.RSH[P COST 3-24 -----~~--------~~----------------------------------------------------------~-----RFTURNS TO LAND, LABOR, OV~RHEAO, 

RISK AND MANACEM~NT 18.52 --------
--------~-----------~-~~----------------------------------------------------LAaOk COST: 

MACHl~i::RY LABOR 
TnTAL LAbO~ COST 

HR. 3.500 0.484 
0.4~4 

1.10 ------
t.70 ---------------~-------~----~--------------------------------------~--------------~--RF.TURNS TO LAND, OVF.RHEAU, R!SK AND MlffAGEMF.NT 

-------------~-~----------------~--------------------------------~-----~----LANO CHARGE OR PENT: 
LAND INVESTMENT 
LAHr. TAXLi.~ 

TOTAL LAND CHA~CE 

ACRE 
ACPE 

RF.TUHNS TO OVERl~t:AD, fHSc< ANO MANACEltEIIT 

o.o o.o o. 0 --------o. o 
o.o 

16.83 ---------------~--~~-~----~--~----~------~-------------------~----~-----------~------HENDERSOll,MAPP 



WHEAT, SUPFACE IRRlGATlON 
8" WATEP COSTS EXCLUD~D 

PRODUCTION: 
WHEAT 
GRAZING 

TOTAL REC..-:!PTS 

OPERATlNG INPUTS: 
WHEAT SF.ED 
NITPCG£N (N) 
CROP INSURANCE 
CUSTOM COMBINE 
CUSTCfl CONUINE 
CUSTO~ HAULING 
TRa~TOR FUEL & LU~E 
TRAC10R REPAlP COST 
EQUIP. REPAIR COST 

TOTAL OPERAT!NG COST 

BU. 
AUMS 

au. 
LB~. 
OOL. 
ACRE 
eu. 
BU. 
ACRE 
ACRE 
ACRE 

3.000 
o.o 

4.450 
0.170 
0.140 
8.500 
o.oes 
0.100 

39.01)0 
o.soo 

1.000 
53.000 
42.000 
1.000 

19.000 
39.000 
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VALUE YOUR VALUE 

111.00 ------­o.o 
111.00 -----

4.45 -----
9.01 ------
5.88 ----a.so ____ _ 
1.61 -------
3.90 
3. 39 -------
1. 89 
1.03 -----

39.66 ---~~---~------~-----~----~------------~-~-------~-~----~--~-------------------RETURNS TO LAND,LlBOR,CAPITAL,MlCHINEPY, 
OVERHEAD1 RlSK,AND MANAG~MEHT 77.34 --------------------------------··--------------------------~-~-------------~-----------

CAP IT AL COST: 
ANNUAL OPERATING CAPiTAL 
TPAC10R lNVESTkENT 
EOUIP~ENT INVESTHEHT 

TOTAL !NTERF.ST CHARC~ 

0.100 
0.100 
0.100 

16. 221 
29.691 
26.428 

1.62 -----
2-97 --------
2.64 -----
7.23 

----------~-----------------------------------~-----~-------~---------------RETURNS TO LA~O, LABOP, MACfflN&RY, 
OVE~ff~AO, RIS~ ANO ~A"AC&~~NT 10.10 ------------~~~----------------~-~---------~--------------------~---------------~--OWNERSHIP COST: (DEPRECIATION, TAXES, lNSURlMCE) 

TPAC'I~R HR. 
EOUt~M~NT HR. 

TOTAL OWNF.RSHIP COST 
3.87 ---------
4~30 -----­e.11 __ 

--------~-----~~----~~-----------------~--~-----~~--------------------------RETURNS TO LAND, LAROP, OV~RH£AD, 
RISK AND MANAGEMENT 61.93 ---------~--------------~-------------~--~---~----------~~~-----~---------------LABOR COST: 

MACHINERY LABOR 
OTH!li LABOR 

TOTAL LABOR COST 

HR. 
HR. 

3.500 
3.500 

1.2es 
1.110 
2.458 

4.51 ------
4.09 ---------
8.60 ------

-----~~------------~-----------~------~-----------------------------------~~ RETURNS TO LAND, OVERffEAO, RlSK AND ~lNAGE~EMT 53.33 ----------------------~-------~---~-~---~---~----~---------~-~----~-----------------LAND CHARGE OR RENT: 
LAtit' UVEST .. iNT 
LAND TAXES 

TOTAL LAND CHARGE 

ACRE 
ACRE 

o.o o.o o.o ------o.o 
o. 0 --------

-------------------------------------------------------··--------------------RETURNS TO OVERHEAD, RISK AND MANAGEMENT 53. 33 -------~--~~---------~---------~----------------------~----------------------~---~-HENDERSON, MUP 



~HEAT, SURFACE IRRlCATION 
12a ~ATER COSTS EXCLUDED 

CATEGORY - UNITS PRICE OUANT1TY 

P QOOU CTI ON: 
WHEAT 
GPAZlNG 

TOTAL RECF.lPTS 

OPEPATlNC INPUTS: 
WHUT SEED 
NITOOGEM (N) 
CROP [NSUPANCF. 
CUSTOM COMBINF. 
CUSTOM COMBIHF. 
CUSTC~ HAULIHC 
TRACTOR FUEL & LUBE 
TRACTOR REPAIR COST 
~OUtt. ~EPAIH COST 

TOTAL OP~RATlNG COST 

eu. 
AUVS 

BU. 
tas. 
not. 
ACRE 
8Uo 
eu. 
ACRE 
ACRF. 
ACRE 

3.000 
o.o 

4.450 
0.1,0 
0.140 
8.500 
o.oas 
0.100 

46.000 
1.000 

1.000 
94.000 
52.000 

1.000 
76-000 
46.000 
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VALUE YOUR VALUE 

138.00 ----­o.o 
138.00 -----

4.45 -----
15.98 -----
1.28 
a.so 
2.21 ------
4.60 ---
3.39 ----­
t.89 ----
1.03 ---

49.33 ----------~-------------~---~--~----------------~-----~--~-----~--~---------~----RETURNS TO LAND,LABOR,CAPltAL,~ACHINEnv, 
OVEPHEAO,RISK,ANO MANAGEMENT 88.67 

---------~-------~---------------~---------------~--------------------------CAP11AL COST: 
ANNUAL OPERATING CAPITAL 
TRACTOR lNVESTMENT 
EOUTf~~NT INVF.STHENT 

TOTAL INTEREST CHARCE 

0.100 
0.100 
0.100 

22.263 
29.697 
26.428 

2.23 -----
2-97 -----
2.64 ---------7.84 

--~-----~----~~----~~----~--------------------~-----------------------------RF.TUH~S 10 LANU, LA~OP, MACfflN~PY, 
OVERHEAO, RISK AND MA~AG£~~NT 80.83 

--------------~-------------------~-----------~~----~-----------------------OWNENShIP COST: (OEPRF.Cl•TlON, TAXE~, lNSURANC~) 
TRACTOM HR. J.87 ------
EOUIPME~T HR. 4.30 -----

TOTAL CW~€~SHIP COST 
8-17 -----------~-~----~--------~~~~------~-----------------~~----~------------------------

RF.TURNS TO LAND, LA BO R, 0 V~ 'hi£A ll, 
RISK AND MANAGEMENt 72.66 

-~-----~----~------------~--·-~--~-----~-----~-----~------------------------
LABOl< COST: 

MACl-llNlPY LlBOR 
TOTAL LABOR COST 

HR. 3.500 1.288 
1.288 

4.'51 ------
4.51 ---------~~-~-----~---~--~-------~------------~-----~------------------------~-RETURNS TO LANO, OVERHEAU, RISK AND HANAGEMEMT 68.15 -------~------------------~~--~-~------------~-----------~--~------~---~--------~ LANO C~ARr.~ OP P~Nt: 

LANO It. VE.Sffi,f£NT 
LANO TAXES 

TOTAL L4ND CdARr.i 

ACRE 
ACRE 

o.o o.o o.o 
o. 0 --------­
o. o ------------~--~--~----~-------~----~~--~----~-------~-------------------------------

RETURNS TO OVERHEAD, R!SK A~D MANAGEMENT 68.15 ------~------------~-~-------~--~-----------~---------------------~---------------HENOERSO.N,MAPP 



WHiAT, SU~fACE IRPlCATION 
18" WATER COSTS EXCLUDED 

CATEGORY- - -UNITS PRICE QUANTITY 

poooucuo,.: 
WHEAT 
GPA7J.NG 

lOTAL RECEIPTS 

OPERATING lNPUTS: 
WNt;U SEED 
NITPOCEN (N) 
CROP INSURANCE 
CUSTOfi' r.O..,BINE 
CUSTOlol COMBihF 
CUSTOM HAULING 
TRACTC~ fUEl & LUA£ 
TRACTO~ REPAIP COST 
EOUIF. REPAIR COST 

TOTAL OPE~ATlNG COST 

eu. 
AUMS 

nu. 
LBS. 
DOL. 
ACRE 
eu. 
BU. 
ACRE 
ACRE 
ACRE, 

3.000 
o.o 

4.450 
0.170 
0.140 
e.soo 
0.08!> 
0.100 

55.000 
1.000 

1.000 
120.000 
52.000 

1.000 
35.000 
55.000 
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VALUE YOUR VALUE 

165.00 
o. 0 

165.00 ----

4.45 ------~--20. 40 1.,a ____ _ 
8. 5 0 --------
2. 97 --· ---­
s.so -----
3. 39 -------
1. 89 ----­
t.03 -----

55.41 -------~~---~-~-----~---------~~-~----·-~-~-~--~--------------~---~---------------RETURNS TO LANO,LABOR,CAPITAL,HACHINERY, 
OVEPHEAD,RlSK,AND ~ANA~!HENT 109.59 --------------~------~-----------~---~-~----------------------------------------

CAPITAL CO.ST: 
ANNUAL OPERATING CAPlTAl 
TRACTOR INVESTMENT 
EOUIP~tNT 1NVFSTMfNT 

TOTAL lNTF.R!ST CHARC~ 

0.100 
0.100 
o. 100 

25,946 
29.697 
26.429 

2.59 ----
2.97 -----
2.64 ---a.21 __ _ 

--~-------------~------------------------ .... -------------·------------------------
R~TURNS TO LANO, LABOP, MACHINERY, 

CVtPH£AD, RISK AND ~ANAG~~~NT 101.38 ---~-----------~-----------~----~--------~---------~~--~--~------~-----------~-----~-OWNERSHIP COST: (DEPRF.CI~T!ON, TA~ES, INSURANCE) 
TRAC1CR ~R. 
£OUTP~ENT HR. 

TOTAL OWNE~SHlP COST 

~~TURNS TO LAND, LABOR, OVERHEAD, 
RISK AND MANAGEMENT 

3.87 ---------
4.30 -----
8.17 -----

93.21 -----------~---~--~~~----~---~-----------------------------~-----------------------LABOR COST: 
HACH!NERY LABOR 

TOTAL LABOR COST 
HR. 3.500 

RF.TURNS TO LAND, OVERHEAD, R!SK AND kANAGEMENT 

LAND CHARGE OP PENT: 
LAND JHVESTMt;~T 
LAN~ TUES 

TOTAL LAND CHARGE 

ACRE 
ACRE 

o.o 

1.28J 
1.2aa 

o. 0 

4-51 -----
4.51 ---------

88.70 -----

o.o -----­
o.o -------
o.o ----------~---~---~---~---~---~~------~-------~-~~~-----------~------------~-~--

RF.TURNS TO OV!RH~AD, ~1SK ANU MANAGEMEHT 88.70 ------~-----------~--~--------~-------------~------~---------------------~-------HF.NDERSON,NAPP 



ORYLAND GRAIN SORGHUM 

PPODUC1ION: 
MILO 
SORGHUM STUBBLE 

1'0TlL t.ECEI PTS 

OPEPATtNG lNPUTS: 
GR Al N SORG ~EEO 
NITPOGEN (N) 
lNSECTlC1DE 
CRCf INSU~AMCE 
CUSTOM C0'48INE 
tnACTOR FUEL' LU~E 
TPAC10R RF.PAlq COST 
EOUTP. REPAIR COST 

TOTAL OPERATlMG COST 

CWT. 
AUMS 

LBS. 
LBS. 
ACRE 
oot. 
CWT. 
ACRE 
ACPE 
ACRE 

J.820 
o.o 

o.480 
0.110 
6.500 
o.oeo 
0.300 

11.000 
0.750 

3.000 
41.000 
1.000 

30.f)OO 
11.000 
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VALOE YOUR VALUE 

42.02 ----­o.o 
42.02 --------

1.44 ---
6.97 
6.50 --
2.40 ----
3.30 
t.8d _ 
1.1s _______ _ 

0.56 ---
24.20 ------

---------------------------------------------~------------------------------RF.TURNS TO LAND,LABOR,CAPITlL,HACHINERY, 
OVERHEAD,RlSK,ANO HANAb~MF.NT 11.82 

----~------------------~--------~------~---------------------------~--------CAPITAL COST: 
ANNUAL OPERATING C~PlTAL 
TRAC10R lNVESTHENT 
EOUTP~ENT INVESTMENT 

TOTAL !NTF.REST CHARGE 

0.100 
0.100 
0.100 

1.0,0 
17.981 
12.081 

0.11 
1.00 -------
1. 21 
3.71 --------------~--~-----~----~------------~---------~-------~-------------~------RETURNS TO LANO, LAROR, MlCHIN~RY, 

OVERHFAO, RISK AND M•NAG£MENT 14. 11 -------
----------------------------------------------------------------------------OWNF.RSHJ~ COST: (OEPRF.CIATlON, TAXES, lNSURANCE) 

TPACTOR HR. 
EQUlf~~NT HR. 

TOTAL CWNERSHIP COST 

;,.34 ----
1.q7 
4. 31 

-~-------~-~--------~---------------------~-------~--------------------~----RETURNS TO tA~O, LAPOR, ov,~HEAD, 
~JSK ANO MANAGE~ENT 9.80 -------~---~---~-----------------------~-~---~~----------------------------------LABOR COST: 

MACHINERY LlbOR 
TOTAL LA&OR COST 

HR. l.SOO o.aq4 
0.894 

3.13 -----
3.tJ -------~---~-~-------~------------------~--------------~-~~~-----------------~---RP.TURNS TO LANO, OVERHEAD, RISK AND MANAGEMENT 6.61 

----~---~------~------~---·--------------~--------~-------------~-----------LANO C~A~CE OP P~NT: 
LANf'.\ INVEST.-ENT 
LANO TUES 

tntAL LANO CHARr.E 

ACRE 
ACRE 

o.o o.o o.o 
o. 0 
o.o 

-~~----~------------~---~~--~-----~~~-------------··--~------~---------------
RV.TURNS TO OVERHEAD, RlSK AND MANAGEMENT 6. 61 

-----~~---~~~---------------~----~-----~-----------------------------------HE140ERSOlll,MAPP 



~RAIN SORGHUM, SURFACE IR~lGATinN 
6" WATER COSTS EXCLUDED 

96 

ci,iGoR,---------------uii,s-Piici ouANr1ry ___ v_A_Lu_e __ Y_o_ua-iiLuE 

Pt:100UC110~: 
MILO 
SORGHUk STUBBLE 

TOTAL I.ECElPTS 

OPERATiNG lNPUTSS 
GRA H soi.c ~£ED 
NITROGEN (N) 
lNSECTlClDE 
H!RelCIDE 
CROP INSURANCE 
CUSTOM COMBINE 
TRACTOR FUEL, LURE 
TRaCTOR RF.PAIR COST 
EQUif. RtPAlR COST 

TOTAL OPtPATlHG COST 

CWT. 
AUMS 

tes. 
LBS. 
ACRE 
ACPE 
DOL. 
c .. r. 
ACPt-; 
ACRE 
ACRE 

RETURNS TO LA~D,LA~Ok,CAPITAL,kAC~INEPY, 
OVEPHEA~,RISK,ANO MA~AG!M!HT 

CAP IT AL COST: 
ANNUAL OPERATING CAPITAL 
TRACTOR lNVESTMENT 
£OUIF~ENT INVESTHENT 

TOTAL INTEREST CHARGE 

3.820 
o.o 

o.4ao 
0.1'10 
6.500 
a.ooo 
o.oeo 
O.JOO 

0.100 
0.100 
0.100 

26.000 
o.soo 

3.000 
50.000 
1.000 
1.000 

49.000 
26.000 

13.489 
32.468 
25-~02 

99.32 
o. 0 

99.32 

1.44 
e.5o 
6.50 
e.oo 
3.92 
7.80 
3.11 
2. 07 
1.23 ----

43.17 

56.15 

1.35 -----
3.25 ------
2.55 ----------
1.15 ---------------~-------~--~~---~~-------~----------~-----------------------------RF.TURNS TO LAND, tA?OP, kAC~lN~PY, 

OVlPHEAD, RISK ANO MA"AGE~ENT 49.01 -----
~---------------------------------------~-----------------------------------OWNERS~IP COST: (OEPRECIAT!ON, TAX~S, lNSURANC~) 

TRACTO~ HR. 4.23 ----~ 
EQUIPMENT HR. 4o15 _____ _ 

TOTAL CWN€RSHIP COST 8.38 --------~---------~-------------------~--------~-----------~--~----------------~----R~TURNS TO LAND, LABOP, OVERHEAD, 
RISK AND ~ANACE~ENT 40.63 ------------------~~--------~-----------------------------~--------------------------

LABOK COST: 
UCfUNE.0'11 LUtOR 

TOTAL LABOR COST 
3.500 1.408 

1.408 4.93 ----------4.93 _ 

-~-----~-------------~---------------------------~-~-----~~------~----------RETURNS tO LAND, OVERHEAU, QlSK AND HANAGE"ENT JS.70 _______ _ 

-~--------~~---~---~~~----~~---~~~-------~-------~----~------------~--------
LAND CHARGE OR PENT: 

LAND UIVt:STt,lt.NT 
LAND TAXES 

TOTAL LAND CHAR~E 

ACPE 
ACRE 

RFTU~NS TO OVERHEAD, PlSK ANO MANAGEMENT 

o.o o.o o.o 
o.o 
o. 0 

35.70 

HENDEPSON, MA f P 



97 

ORYLAffO GRAIN SORGHUM 

ciii,0Rv _______________ uiiis--mciouiNr1TY 
VALUE YOUR VALUE 

~-~~------------~------~--------~--~~----------~---~-------------------~----PRODUCTION: 
MILO 
so~carn~ STURtil.~ 

TOTAL RECEIPTS 

OP£RAT1WC lNPUTS: 
GRAU SORG SEED 
NITROGEN (N) 
INSECTlCIDC: 
CPOP INSURANCE 
CUSTOM COMBINE 
TPAC1~R FUEL~ LU~E 
TRACTOR REPAIR COST 
EQUIP. REPAIR COST 

TOTAL CPERiTlNG COST 

cw,. 
AUfllS 

LBS. 
LBS. 
ACPE 
DOL. 
CIC-t. 
ACRE 
ACRE 
ACRE 

RETURNS TO LAND,LABOR,CA?ITAL,~ACHlMERY, 
OVEPHEAO,O!SK,AND ~A~AGEHENT 

CAPITAL COST: 
ANhUAt OPERATI~G CAPlTAL 
TRACTOR INVESTMENT 
~OUIPMENT IRVFSTMF.NT 

TOTAL lNTF.AEST CHARr.& 

J.820 
o.o 

0.480 
0.110 
6.500 
o.oeo 
0.300 

0.100 
0.100 
0.100 

u.ooo 
o.1so 

J.000 
41.000 

1.000 
30.000 
11.000 

7.070 
17.981 
12.081 

42.02 ----­o.o 
42.02 -----

1.44 ------
6.97 ------
6.50 ------
2.40 ---- · 3.30 ____ _ 
1.ee _______ _ 
1.15 -----
0.56 -·----

24.20 ---

17.82 ---------

o.71 -------
1. 80 -----
1.21 -----
3.71 ---------~---~-~---~~~-----~----------~~-------------~---------------------------RETURNS TO LAND, LABOR, MlCHi~ERY, 

OVEPMEAD, RISI ANO ~ANAG~~~NT 14-11 ----------------~--~---~----------------------------~-----------~----------------~--OWNE~SHIP COST: (DEPR£ClA,10N, TAXES, lNSURANCE) 
TRAC10R HR. 
EOUIP~~NT HR. 

TOTAL OWNF.RSHlP COST 
2.34 ----------
1.97 -----
4.31 -----

-----------------------~-----------------------~----------------~----~------UETURNS TO LAND, LABOR, OVERHEAD, 
RtSi ANO MA~ACEMENT 

LABOR COST: 
MACHtNt:RY LABOR 

TOTAL LA~O~ COST 
HR. 3.500 o.894 

0.894 

9.80 ------

3.13 ----
3-13 -----~---~--~-~-~--~-----~-------~~-------~--------------~-------~--------------

RF.TURNS TO LAND, OVFkffEAO, RISK AND kANAGEMENT 

LAND CHA~GE OR PENT: 
LAND INVESTMUT 
LAHr. TAX£~ 

TOTAL LAND CHARGE 

ACRE 
ACRE 

o.o o. 0 

6.67 -----

o.o ----------
0.0 ------o.o 

---~~~~------~~~----~~~-----~~-------------~--------------------------------RETURNS tO OVERHlAO, PlSK ANO kANlCEkEHT 6.67 --- -------------------~-~-------------------------------------------------------HENDERSON,NAPP 



GPllN SORGhUM, SURFACE IRRlGATlON 
10" •ATER COSTS EXCLUOEO 

PRODUCTION: 
IHLO 
SORCHUH STURBt£ 

TOTAL Rli'.CEJ.PTS 

OPERATING INPUTS: 
CRAIN SORG SEF.D 
Nltf:CCt;N (N) 
NITROGEN (N) 
HERBlC.lOE 
1NS£CT1C10E 
CROP INSURANCF. 
CUSTOfl' COMBINE 
TRACTOR FUEL & LURE 
TR~CTOR REPAJ.P COST 
EQUlf. R£PAIR COST 

TOTAL OPERATING COST 

CIIIT• 
AUMS 

Les. 
tes. 
LBS. 
ACRE 
ACRt 
DOL. 
CaT. 
ACRE 
ACRE 
ACRE 

RETURWS TO lAND,LABOR,CAPITAL,MACHINdRY, 
OVEPhEA01 RlSK,AND MANlGEMENT 

Cl PU AL COST: 
ANNUAL OPERATING CAPITAL 
TPACTOR !NYESTMENT 
~OUlF~ENT IMVF.STMEHT 

TOTAL lNTF.REST CHARG~ 

J.82CJ 
o.o 

o.4eo 
0.170 
0.110 
a.ooo 
6.500 
o.oeo 
0.300 

0.100 
o. 100 
0.100 

46.000 
1.200 

10.000 
cn.ooo 
22.ooa 
1. 000 
1.000 

80.000 
46.000 

21.141 
:u.oo~ 
29.180 
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VALUE YOUR VALUE 

11s.,i ______ _ 

o.o -----
175.72 -----

4.80 -----
15.47 ----

3.14 a.oo ____ _ 
6.50 ----
6.40 

13.80 
3.35 ----
2.04 ---
1-59 

65.69 -----

110.03 -----

2.11 
3.20 -----
2.92 ---------
8.2J ------~----~-----------~---~--------~-~-~-----------------------~----------~-----RF.TURNS TO LANO, tAAOP, HACHIN~RY, 

OVEPHF.AD1 RISK ANO MANAGEMENT 101.80 ---------------~~~---------~-----~-------------~-----------------------------~---OWNE~S~Jf COST: (OEPRF.Cl~TlON, TAXtS, lNSURANr.E) 
TRACTOK HR. 
EOUIPM~NT HR. 

TOTAL CWNERSHIP COST 

R~TURNS TO LA~D, LABOR, OVERHF.AD1 
RJ~~ ANn MANAC£~~NT 

4.17 -----
4.82 -----
8.99 ----

92.81 ---------------~--~------~--------~--~---~-~-------~---~-~---------------------~----
LABOR COS'1': 

MACf-11.NE.PY LABOR 
TOTAL LABOR COST 

HR. J.500 1-591 
1.591 

5.51 
5.57 ----------------~-------~---~---~----------~--~~~~~--------~-----~~-----------~----GF.TURNS TO LAND, OVERHEAD, QlSK AND MANAGEMENT 

LANO CHARGE OR PENT: 
LAHO INVESTM£~T 
LANO TAXES 

TOTAL LAND CHARGE 

ACRE 
ACRE 

RETURNS TO OVERHEAD, RlSK AND MANAGEMENT 

o.o 

87.24 ----

o.o o.o -------o.o 
o. 0 

87.24 ------------~--~--~--~--------~-----~----~------------~~-------~-~---------------
HEND£RSOM, U FP 



G~Alh SO~CHUH, SURFACE lRRlGATlOH 
24• WATER COSTS EXCLUDED 
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VALUE YOUR VALUE 

-----------------------~-----~----------------------------------------------PRODUCTION: 
MILO 
SORGhUM STUPBlE 

TOTAL RECEIPTS 

O~EPATlNG INPUTS: 
GRAIN SORG SEED 
NlTPOCE,. (Nl 
NUPCC:EN (N) 
HERBlCl OE. 
.LNSECT1ClDE 
CPOP INSUPANCE 
CUST0'4 COMBINE 
TRACTOR FUEL & LUBE 
TPACtOR REPAlP COST 
EQUIP. PEPAIR COST 

TOTAL OPERATING COST 

CWT. 
AU"s 

LBS. 
LBS. 
tss. 
ACRE 
ACRE 
DOL. 
CWT. 
ACRE 
lCPE 
ACRE 

J.820 
o.o 

0.480 
0.110 
0.170 
a.ooo 
6.500 
o.oeo 
0.300 

55.000 
1.400 

10.000 
175.000 

28-000 
1.000 
1.000 

80.000 
55.000 

210.10 ----­o.o 
210.10 -----

4.80 
21. 25 
4.16 ----­e.oo 
6.50 
6.40 ~----

16.50 ------· 
J.35 

2.04 ---------
1.59 -------75.19 

---~-~--~------------~------~-----~-~-~~--~--------~----------------~------RETURNS TO LAND,LABOR,ClPITkL,MACfflNERY, 
OVEPHEAD,RlSK,AND MANAGEM£NT 

-------~~---~-------~----~----------~--------~~-----------------------------
CAPITAL COST: 

ANNUAL OPERATING CAP1T•L 
TRAC1CR lNVESTkENT 
EOUIP~lN1 lNVESTMEkT 

TOTAL lNTEREST CHARGE 

0.100 
0.100 
0.100 

'4-286 
32.002 
29.180 

2.43 -----
3. 20 --------2.92 
a.ss ----------~~--------~-----------------~--~-~--... ---------·----·--------~------------

RF.TURNS TO LANO, LABOR, MACHINERY, 
OVE~HF.AD, RISK ANO MAN4GEM~NT 126.36 ------

-----------------------~--~-~--------------------~------------------------~-OWNF.RShlP COST: (OEPRF.CIATION, TAXES, INSURANCE) 
TRACTOR HR. 
EO U If \IE.NT HR. 

TOTAL OWNF.RSHIP COST 

4-11 -----
4.82 -----
8.99 ---~-~----~--------~---~--~~-~~~---~~--~------~------------------~------~---

R~TtJRNS TO tAND, LABOR, OVr.RHEAIJ, 
~JSK AND MANAGEMENT 117.31 ----------~----~--~~~--------~--------~--~----------~-~----------~--------------LABOR COST: 

MACHINEPY LABOR 
TOTAL LABOR COST 

HR. 3.500 1.591 
1.591 

5.'51 

5.57 ----------~---~-----~-------~----~~-------~-~-------~------~-~------------~----~--RrTURNS TO LAND, OVERHEAD, RISK AND MANAGEMEHT 111.80 ------~--------~--------~--~-~------------------------------------------------~~~~ LAND CHARr.E OP RtNT: 
LAND INVESTMENT 
LAND TAXES 

TOTAL LAND CHAR~£ 

ACRf. 
ACRE 

o.o o.o o.o -----­
o.o ------­
o.o ----------~~------------~----~~----~-~-~---------~--~-----------------------------RF.TURNS TO OVF.RHEAO, RlSK AND MANAGEMENT 111.eo __ _ 

--~-----~--~--~----~~--~-~~-~-~-~--~-~~----~--~~~~~~--~-~-------------------
HENDERSON,MAPP 



DR~LAND euu:v 

CltF.CORY --------- --UNITS PPlCE QUAITITY 

PRODUCTlO~: 
Bl Rt.EV 
CRAZING 

TOTAL RECElPTS 

OPERATING INPUTS: 
BARLEY SEED 
CPCF INSURANCE 
CUSTOfol COMBIN~ 
CUSTOt-' HAULING 
CUSTO" CCNSINE 
NITROGEN (N) 
FF.RT. SPRF.AO£P 
TPAC1CR FUEL' LUP.E 
TRACTOR REPAIP COST 
E~Uif. PEPAIR COST 

TOTAL CP~~ATlNG COST 

eu. 
AUMS 

eu. 
Dot. 
ACRE 
RU. 
eu. 
us. 
ACRE 
ACRE 
ACRE 
ACRE 

2.160 
o.o 

4.100 
0.140 
s.soo 
0.100 
o.oes 
0.110 
1.350 

25.000 
0.350 

0.610 
15.000 
1.000 

20.000 
s.ooo 

30.000 
1.000 

100 

VALUE YOUR YALU£ 

54.00 ---­o.o 
54.00 -----

2. 75 ____ , __ _ 

2. 10 --------a. so ____ _ 
2.00 -----
0.42 ---------
5.10 -----
t.35 -----
1.28 
0.71 --
o. 35 --

24.56 ------------~-------~-------------~-----------~----------~----------------------------RF.TURNS TO LAND,LABOR,CAPITAL,MACH1NERY, 
OVEPhF.AD,RISK,AND ~ANAG!MEN, 29.44 -----------------~--------~-----·------------------~-------------------------------CAPITAL COST: 

ANNUAL OPERAtlNG CAPlTAL 
TRACTOR INVESTMENT 
EQUIPMENT !NVF.STMFNT 

TOTAL lNtEREST CHARC~ 

0.100 
0.100 
0.100 

J.271 
11 .. 170 
10.940 

0.33 ---------
1.12 -----
t.09 -----
2.54 ----

--~------------------~-------------------------~----------------------------RF.TURN~ TO LAND, LAPOP, MACHlNERY, 
OVEOHF.AD, RISK ANO ~~N~G~~~Nt 26.91 --------

---------~---~-----------~--------------------------------------------------OWNERSHIP COST: (DEPRF.CIATION, TAXES, lNSURlNCE) 
TPAC'[OR HA. 

1.45 ---------EOUif~~NT HR. 
TOTAL OWN~RSHIP COST 1.78 -----

3.24 ----------------~~-----~---------------~------------------------------------------R~TURNS TO LAND, LABOR, OVERH£A~, 
RIS~ AND MANAGEMENT 23.67 ---------~---~---~~-~--------~---~-~-----~----------------~-------------~-----------LABOR COST: 

HACHlNERY LABOR 
TOTAL LA~OR COS1 

HR. J.500 0.484 
0.484 

1.10 --------
1.10 -----------~-~----~-~----------~--~-----------~---------------------------~-----R:.TURNS TO LAND, OVF.RHEAO, R!SK AND MANAGEMENT 21.97 -------------~---~-~--~-------~--~--~~-----~--------~~~---~---------------------LAND CHARGE OR PENT: 

ACRE 
ACPE 

o.o o.o o.o _______ :: o.o LANO INVESTMENT 
LANO TA'Ct;S 

TOTAL LAND CHARGE o.o -----­-------~~-----~~---------------~----~------~---------~-----------------~----RF.TURNS TO OVERHEAD, R!SK ANU HANAGE~ENT 21.97 _______ _ 

------------------------------------------------·---------------------------HENDERSON,HAPP 



8ARLEV1 SURFACE IRRIGATION 
l~" ~ATER COSTS EXCLUDE~ 

CATEGORY - - ----- UNITS --PRICE QUANTITY 

PRODUCTION: 
BARtEY 
CPAZING 

TOTAL RF.CElPTS 

OPERATlNG INPUTS: 
BARLEV SEW::O 
NITPCCa:.N (N) 
CROP IhSUPANC£ 
CUSTOM COMBINF. 
CUS1'0,, COMBINE 
CUSTOfo' HAULING 
TRACTOR FUEL & LURE 
TRAC10R REPAlP COST 
EQUIP. REPAIR COST 

TOTAL OPERATlNG COST 

BU. 
AU .. S 

RU. 
t.us. 
DOL. 
ACRE 
P.U. 
BU. 
ACRE 
ACPE 
ACRE 

RF.TURNS TO LAND,LlBO~,ClPITAL,MlCHINERY, 
OVEPH~AD,RlSK,AND MANAG!MF.NT 

CAP IT AL COST: 
ANNUAL OPERATING C~PlTAt 
TRACTC~ !NVESTHENT 
fOUIP~~Nf INVF.STMF.NT 

TOTAL !NT~RF.ST CHARGE 

2.160 
o.o 

4.100 
0.110 
0.140 
8.500 
o.oes 
0.100 

0.100 
0.100 
0.100 

85.000 
1.000 

1.000 
150.000 
c;o.ooo 

1.000 
65.000 
85.000 

23.660 
29.697 
26.426 
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VALUE YOUR VALUE 

183.60 ----­o.o 
183.60 

4.10 ------
25.50 ---------7.00 a.so ____ _ 

5.52 ----------a.so 
3. 3 9 --------
t. P.9 ----
1.03 -----

65-43 -------

118.17 -----

2.37 -----
2.q7 ------
2.64 -----
7.98 ------~~-----~---~--~---~-~~-~-----~~------------~-------~---------------------RETU~NS TO LAND, LABOR, MlC~lNERY, 

OVEPHEAO, RISK ANO MA~iGEMENT 110. 19 ------~----~~-~-----~~---~--~---------~--~------~--~-------------------~------OWNERShlP COST: ("EPRECIATION, TAXES, INSURANCE) 
TRACTOR HR. 
EOUIFHNT HR. 

TOTAL OWNERSHIP COST 

RF.TURNS 70 LAND, tAROQ, OV~RHEAD, 
RISK ANO MANAGE~ENT 

LABOR CO.!>T: 
MACHINERY LABOR 

TOTAL LABOR COST 
HR. J.500 

RF.TURNS TO LAND, OVERHEAD, RISK AND MANAGEMENT 

LANO CHAR1~ O~ D&NT: 
LANO l~VESTMBNT 
LAND T,aES 

TOTAL LANO CHARGE 

ACRE 
ACRE 

o.o 

1.iee 
1.288 

o.o 

3.87 -----
4.30 ----------a.11 ___ _ 

102.01 

4.51 --- _ 

4.51 ---------

97.51 ------

o.o ---­
o.o ------
o.o ---------------~~~--~-----~---~--~~-~--------------~~-------~~-------------------~----R~TURNS TO OVERHeAD, RlSK AND MANAGEMENT 97.51 

-----~-~-~~---~------------~-------~---------~-----~------~-~---~~---------~ HENDERSOH,NAPP 



~LfALFA, SURfACF. IRnlCAT,Oh 
33" lliATER COSTS EXCLUDED 

PQOOUC'UON: 
ALFALFA HAY 

TOTAL RF.CF.lPTS 

OPERATING INPUTS: 
1/5 t:ST. COST 
lNSF.CTH~lDi 
PHOSPH ( P205) 
1N,H'C1' !CJ.DE 
CUTTl~C & bAL[Nr. 
CUSTO~ HAULING 
SPi<E'"Dl::R RENTAL 
T~~CtO~ FUEL i tUB~ 
TPAr.TOh REPAl~ COST 

TOTAL orE 0 AT1NG COST 

TONS 

ACRE 
ACRE 
LBS. 
ACRE 
P.L. 
BL. 
ACRE 
ACPE 
ACRE 

~e.ooo 

84.250 
6.500 
0.140 

12.150 
0.55U 
0.200 
1. 350 

~F.TURN~ TO tAND,LABOH,CA~lTAL,HlCHINERY, 
OVfPHF.~D,RtSK,ANO MA~l~EHF.NT 

CAPJTAL COST: 
ANNUAL OPF.RATING CAPiTAL 
TPACt~k lNVESTkENT 
EQUJP~l~T INVF.STMENT 

TOTAL !NTFREST CHARG~ 

0.100 
0.100 
0.100 

6.500 

o. 200 
0.330 

100.000 
1.000 

195.000 
195.000 

1.000 

s.un 
13.299 
o.o 

102 

377.00 
377. 00 -------- . 

16. 85 
2.14 -------

14. 00 
12.75 

107.25 ----------39.00 
1. 35 

1.40 ----------
0.91 ------

195.66 ----

181.34 ----------

0-58 ---
1.33 ----------0.0 

t.91 ----------~-------------------~--~------~-----~-----~---------------------------------
R~TURNS TO LAND, LABOP, HACHlNEt:1Y, 

OVERH~AD, RISK ANO M~,~GEME~T 179.42 -------------------~~----------------~-~--------------~---------~---------------------OWNFkSHJP COST: (OEPRECIATIO~, TAXES, lNS"RANCE) 
TRACTO~ HR. 
~OUlf"'c;Nt ~R. 

TOTAL OWNE~SHIP COST 

kgTURNS TO LAND, LAPOP, OV~QH~An, 
RISK AhO M~NAGEME~T 

1-73 --------­
o.o ----------1.13 

177.69 --------~~-------~-------------~-~~----------~-----~-------~~-------~---------------LABOR con: 
MACHlNEPY LAbOR 

TOTAL LABOR COST 
HR. J.500 1. 210 

1.210 
4. 23 -------
4. 23 -------

----------------~---------~-----------·-------~-----------------------------R~TURNS TO LAND, OVERHEAD, RISK AND HANAGEHENT 

LAND ChARr.E OR RE~T: 
L.AHn INVESTMENT 
LAND TAU.:S 

TOTAL LAkD ChAUr-~ 

ACRE 
ACRE 

Rr.TURNS TO OVER~EAD, RiSK AND MANAGEMENT 

o.o o.o 

173.46 --------

o.o ------­
o.o ----------
0.0 ---------

173.46 

H~HDtPSON,HAPP 
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SPEMTM SUSROUTlNE ENTERED *****.**.*******•****** 

CORN1 SURFAC~ lRRIGATIOI 
24" WlT£R COSTS EXCLUDED 

.. 

P~OOUCUON: 
CORN 
PASTURE 

TOTAL 5'~CF.1PTS 

OPERATlNG 1NPUTS: 
COlcN ~r;Eo 
0. 0 55 250. 000 

Nl TROGE~ (Nl 
PHOSFH (flO5) 
HEHBlCLOE 
lNSFCTlCiDE 
C~OP IN~U~ANCE 
CUSTu~ COr-tBINF. 
FF.RT. SPREADER 
lNSF.CTlCLDE 
INSE'CTICIDE 
TRACTOR FU~L & LU~E 
T~ACtCR RF.PAlP COST 
EQUIP. RtPAlR COST 

TOTAL OPERAT!NC COST 

BU. 
AUMS 

13.75 --------Las. 
tas. 
ACRE 
ACRE 
OOL. 
eu. 
ACRE 
ACP£ 
ACRE 
lCRE 
ACRE 
ACRE 

2.290 130.000 
o.o 1.400 

0.170 
0.140 

12.000 
6. 000 
0.120 
0.350 
1. 3S0 
6.500 

24.750 

200.000 
40.000 
1.000 
1.000 

80.000 
130.000 

1.000 
J.000 
o.soo 

VALUE YOUR VALUE 

291.70 -----
o.o ------

297.70 ------

34.00 ----
5.60 ---------

12.00 -----
6.00 ----­
q.60 ------

45.50 
1. ~5 
6.50 --------

12.38 -----
4.22 ------
2.35 -----
1.45 -----

154-70 

~-~--------------~----~----~~----~~~----~-~-~-~-----------------------------RF.TURNS TO LAND,LABOR,CAPITAL,MACfflNERY, 
OVERHF.•D,RlSK,~ND MANAGEMENT 143.00 ---------~-----~------------------~--~~----~-~--~-------------~-----~-------------

CAPITAL COST: 
ANNUAL OPF.RATINC CAPAT•L 
TPAC10R 1NVF.STMENT 
EQUIP~ENT INVF.STMENT 

TOTAL !NTEREST CHARGE 

RF.TURNS TO LANO, LABOP, MlCHlNERY, 
OVEP.H~AD, RISK ANO MA,AGEMENT 

0.100 
0.100 
0.100 

OWNERSHIP COST: (OEPRF.CIATlON, TAXES, lNSURAMCE) 
TR ~CTOR HR. 
~OUtf~E~r HR. 

TOTAL OWNERStiIP COST 

REtURNS TO LAND, LABOP, OV~RHEAC, 
Rl~K AND "ANAGE~ENT 

LASOlc COST: 
MACf-llNEPY LABOR 

TOTAL LABOR COST 
HR. 3.500 

50.236 
36.920 
27.123 

1.601 
1.601 

s.02 ________ _ 

3.69 ---------
2.17 ------

11-49 -----

131.52 -----

4. 81 -------
4.57 
9.37 ----

122.14 -----

5.60 
5.60 ----

--~------------------------~------------~--~---------------------~----------RF.TURNS TO LANO, OVERHEAD, RISK ANO MANAGEMEMT 116.54 -------~---~~-----~--------~---~----~-~--·----------~--~---~------------------~--LANO CHAHr.E OP PENT: 
LA.NO INVESTflENT 
LANO T• XES 

TOTAL LANO CHAkf.i 

ACRE 
ACRE 

RF.TURNS TO OVERHEAD, PlSK A~D kANAGF.kENT 

o.o o.o o.o -----­
o. 0 --------

o. o ---------
116.54 ----------~~--~----~-~--~~-~---~~-----~----~----------~-------~-~-------------------

HENDERSON,MAPP 



SOYBEAMS, SURFACE lRRIGlTION 
24" ~ATER COSTS EXCLUDED 

PRODUCTIOJl: 
SOVP..t:AHS 

TOTAL RECEIPTS 

OPePAT!NC lNPUtS: 
SOVREAN SEED 
PffOSllH (P205) 
CUSTCt, COIIBINF. 
CUSTOt,t HAULING 
HFRA!CJ.OE 
lNSFCTlClOE 
tRACTOk FUEL & LU~£ 
TPACTON REPl!Q COST 
~OUlf. QiPAIR COST 

TOTAL OPERATING COST 

PU. 

LBS. 
LBS. 
AC9E 
eu. 
LBS. 
ACRE 
ACRE 
ACRE 
AtRE 

5.400 

0.150 
0.140 

12.000 
0.100 

10.000 
6.500 

35.000 

60.000 
so.ooo 

1.000 
35.000 
1.000 
1.000 
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VALU~ YOUG VALUE 

189.00 ----
189.00 

9.00 -----
1.00 -----

12.00 --------
3.50 -----

10.00 -----
6.50 -----
3.64 ------
2.03 ---
0.86 ---------

54.53 -------~--~---~-------------~--------~~----------------~-~~---------~-~----~-----R~1UR~S TO LANO,LABOR,CAPITAL,klC~lNE~Y, 
OVERHF.AD,RISK,ANO MANAGEMENT 

CAPI1 AL ens,: 
ANNUAL OPERATING CAPITAL 
TR~CTOR lNVFSTMF.NT 
~QUlf.,~NT INVESTMENT 

TOtAL lNTERF.ST CHARGE 

RETURNS TO LAND, LA~OP, HACH!N~PY, 
OVEP.HEAD, RISK ANO t-!ANAGEMENT 

0.100 
0.100 
0.100 

13.916 
31.837 
1'1.046 

134.41 

1.39 ----
3. 18 

1.10 ----------
6.28 -----

128.19 
--~-------~---~~------~-------~--~-------~----------~--------------------~--
OWHEfc~tilf COST: (OEPR£CIATION, TAXES, lNSfJRANClO 

TPACTO~ HR. 
EOU I PMENT HR. 

TOTlL CWN~RSHIP COST 

4.15 ----
2-18 
6.92 

~--------~---~~-~---------------~~---------~---------~----------------------
RF.TURNS TO LANO, LA"OR, OVERHFAD, 

RISK AND MANACE~~NT 121.21 ---------------~-~~-----~--~-~-----------------------~~---------~--~---------------
LABOR COST: 

MACl'INt-;IH LABOR 
TOTAL LA&OR COST 

ffR. J.500 1.J8i 
1.381 

4. 83 -------
4. 83 --------~---~--~--~~---~--~----------~-------------~-----------------------------RETURNS TO LAND, OVERH~AO, QlSK AND MANAGE~ENT 116.44 ---------~---------~--------------------~---~~-----~-~----~---~----------------------LANO CHARGE OR R~NT: 

AC~E 
ACRE 

o.o o.o o.o ---------o.o 
LANO I NV£STME~T 
LAhD TAXES 

TOTAL LAND CHARGE o.o ----­~~---------~~~----~~--~----~~------------~---------------------~-------~~--~ RETURNS TO OVERHEAD, PlSK ANO MANAG!HENT 116.44 ------------~--~---------~-----~----~------~-~------------------~----------------HENDr;RSON,IIAfP 
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DRVLANO aHt.AT 

CATEGCRY UNITS PPlCE QUANTITY- VALUE YOUR VALUE 
-----------------------~---------~-~---------------------------~--~----~-~-
PRODU CTlON: 

11114EA1 
GRAZING 

TOTAL RF.CF.!PTS 

eu. 
lUMS 

3.000 
o.o 

18.000 
0.350 

54. 00 -----­o. o 
54. 00 

----~-----~------------------~--------------------------------~------~------OPERATlNG INPUTS: 
WHEAT SF.ED 
CPOP INSURANCE 
CUSTOM COMBINF. 
CUSTOf' HAULING 
f'ER1'. SPRElDl:;O 
NITROCEN (N) 
PHOSPH (P205) 
TRACtOR fUEl 'LUAi 
TRACTOR REPllP COST 
EQUIP. REPAIR COST 

TOTAL C~i~ATING COST 

RU. 
Dot.. 
ACRE 
RU. 
ACPi:: 
LBS. 
LBS. 
ACRE 
ACRE 
ACRE 

R€TURNS TO LAND,LABOR,ClPlTAL,MACP.INERY, 
OV~RHEA01 PlSK,ANO kA~A~EMENT 

4.450 
0.140 
8.500 
0.100 
1.350 
0.110 
0.140 

o.,so 
15.000 
1.000 

18.000 
1.000 

30.000 
30.000 

3.34 ----
2.10 ------a.so ____ _ 
1.00 ----­
t.35 ----
5.10 _. ----
4.20 ----
1-28 
0.71 -----
0.35 ----

28.72 

2s.2e __ _ 
-------------------------------~------------~-----~-------------------------CA PIT AL COST: 

ANtiUAf. OPERATINr. CAP11'At. 
TRACTOR INVESTMENT 
EOUIFM~NT ~NVESTMF.NT 

TOTAL lNt~REST r.HARr.~ 

0.100 
0.100 
0.100 

13.086 
u.no 
10.940 

1.31 
1.12 -----
1. 09 

3.52 ------------~------------~------------·-~-~-~-~-------~---------~---------------------
RF.TURNS TO LAND, LA~OP, HACHlNERY, 

OVc.~liEAD, kl.SK ANO flA~A~t.:M~~T 21.76 --------
------------~----~----~--------------~-------~---~---------------------------OWNERSHIP COST: (DEPRF.CIAT10N, TAXES, INSURANCE) 

TPAC'IOR ~R. 
EQUIPMlNT HR. 

TOTAL OWNERSHIP COST 

R£TURNS TO LANO, LABOR, OV£qHEA~ 
RISK AND MANAGEMENT 

1.45 -------
1.78 -----
3.24 -----

18.52 ------------~--~---~----------~----------------~----------~---~--------------------LABOR COST: 
MAClHNERY LABOR 

TOTAL LABOR COST 
HR. 3.500 o.484 

o .. 484 
1.10 ---
1.10 -------~-------------~----------------·-------------------------------------~----WF.TURNS TO LAND, OVF.RHEAD, RiSK AND MANAGEMENT 16.83 ----

------------~--------------------------------~---------------~--------------LANO CHARGE OR PENT: 
LAND INVESTMEWT 
LUln TAXES 

TOTAL LANO CHARCE 

ACRE 
ACRE 

o. 0 c. 0 o.o ----------
0.0 ----------0.0 

~~~------~--~--~~-----~----~·----------------~------------------------------
R~TUR~S tO OVERH~AO, PlSK AND kANACEk!NT 16.83 
-------~---~----------~--~-·--------------~-~----~----~--------------~------



~HEAT, CEN1ER PIVOT lPRIGlTlO~ 
~" WATER COSTS EXCLUDED 
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CATF.COlcV - --UNITS PRICE QUANTITY VALUE YOUR VALUE 

POOOUC'1 ION: 
WHEAT 
GRA11~G 

TOTAL t.ECIUPT!\ 

OP~RATl~C 1NPUTS: 
WHEA'I SEED 
Nl'IPOGl::N (N) 
NlTROGl::N (N) 
PHOSFP (P205) 
CROP I hSUPANCF. 
CUSTOM COMSlNF. 
CUSTC"' CO,-BINE 
CUSTOt,t HAUL INC: 
FERT. SPREADER 
TPACTOR FUEL, tUB~ 
TRACTO~ REPAIR COST 
EOUIP. REPAIR COST 

TOTAL CP£OAT1NG COST 

RU. 
lU .. S 

BU. 
LBS. 
LBS. 
LOS. 
OOL. 
ACRE 
BU. 
BU. 
ACRE 
ACRE 
ACRE 
ACRE 

RF.TURNS TO L•ND,LlBOR,CAP[TlL,MACHlNERY, 
OV~PHEAO,RlSK,AND HANAGEMEN, 

3.000 
o.o 

4.450 
0.1,0 
0.170 
0.140 
o.140 
a.soo 
o.oes 
0.100 
1. 350 

37.000 
o.soo 

1.'100 
40.000 
74.000 
21.000 
40.000 
1.000 

11. 000 
37.000 

1.000 

111.00 ----­o. 0 

111.00 ------

4.45 ------
6.80 -----
4.08 ----
3.7t3 
5.60 -----
8.50 ----
1.44 -----
3.10 
t.35 ----
1. 13 --------
0. 97 
0.43 -----

42.83 ---------

68.17 ---------------~~-----------~-----~---~~--------------------~-----------~------~----CAPITAL COST: 
ANNUAt OPERATIN~ CAPlTAt 
TRACTOR INVESTMENT 
EOUIF~ENT lNVF.STMENT 

TOTAL lNT!REST CHARGE 

RETURNS TO LAND, LAHOR, MACfflNERY, 
OVePH!AO, RISK ANO ~A~AC~~~NT 

0.100 
0.100 
0.100 

OWNERStlU COST: (DEPRF.CUT10N, TUES, lNSURAHCE) 
TPAC10k HR. 
EQUIPMENT HR. 

TOTAL OWN~RSHlP COST 

RF.TURNS TO LANO, LAROR1 OV~QHF.AD, 
RIS~ &ND ~ANAC&~&Nt 

LABOR COST: 
MACIAlNERY LABOR 
OTHFR LA&OR 

TOTAL LA~OR COJT 

HR. 
HR. 

3.500 
3.500 

17.439 
15.112 
14. 08'1 

o.6se 
1.170 
l.828 

t.14 -----
1.52 -----
1-41 -·-----
4. 67 ------

63.50 

1-98 ----------
2.29 -----
4-27 ------

59.23 ---------

2.30 --------
4.09 --
6.40 --------~-~-----~----~~------------- ..... ---~--~--~-----------~--~--~-------~--~~---RETURNS TO LAND, OVERHEAO, RISK AND HANACEHENT 52.83 ------~-------~---~~-~-~-~-~-~----~-~~-~--~-~---~----~~~---~---~-------~---~----LAND CHARr.£ OP PENTi 

LAHU INVESTMENT 
LAND TaXES 

TOTAL LA~n CHARf.~ 

ACRE 
ACRE 

o.o o.o o.o 
o. 0 
o.o ~~~--~-~------~~-----------~-~------~~---------------~--~----~--------~-----RF.TURNS TO OVERH~AD, P1S1 A~O MANAGEMENT 52083 --------

HENDERSOH,NlPP 



~HAAT, C~NtER PIVOT IRRIGATION 
12" WATER COSTS EXCLUDED 

----------------~~---~----~-------~-------~----CATE GO RV UNITS PRlCE QUANTITY 

poonucTION: 
WHEAT 
GPA7J"G 

TOTAL hECElPTS 

O~~PATlNG lNPUTS: 
WHl::AT SF.ED 
NitPCJCE~ ( N) 
NITPOrEl.l (N) 
PHOSPff ( P20S) 
CROP INSUR.ANCF. 
CU.STC" COMlilNF. 
CUSTOt,1 COMBINE 
CUSTOM HAULING 
FENT. S'PREAOl::R 
TPACTOR FUEL & LUBE 
TR1CTOR REPAlR COST 
EQUIF. QEPAIR COST 

TOTAL OPERATING COST 

DU. 
AUll'S 

au. 
LBS. 
LBS. 
LBS. 
DOL. 
ACRE 
BU. 
eu. 
ACPE 
ACRE 
ACRE 
ACPE 

RF.TURNS TO lAND,LABOR,CA~ITAL,kAC~INERV, 
OVERHEAD,PlSK,AND MANAGEMENT 

CAPITlL COST: 
ANNUAL OPERATING CAPITAL 
TRACTOR lNVESTM'4NT 
EQUlf~ENT INVESTMENT 

TOTAL INTERF.ST CHARGE 

3.000 
o.o 

4.450 
0.110 
0.110 
0.140 
0.140 
e.soo 
o.oes 
0.100 
1.350 

0.100 
0.100 
0.100 

44.000 
1.000 

1.000 
58.000 
40.000 
31.000 
so.ooo 

1.000 
24.000 
44.000 
1.000 

21.496 
1s.1n 
14.087 

107 

VALUE YOUR VALUE 

132. 00 

0. 0 --------
132. 00 

4.45 --
9. 86 ----· --6. PO ___ _ 

4.34 -----
,. 00 ------- · a.so ___ _ 
2.04 -----
4.40 -----
1-35 --------
1.13 ---
0.97 -----
0.43 -------

51.87 

80.13 ----

2.15 ---
1-52 -----
t.41 ---------
5.08 --------------~-----------~----------~------~-~--~---------------~---~------------RETURNS TO LAND, LAPon, HACH(N~RV, 

OVtPhEAn, RISK ANO MANAGEMENT 75.06 ------~----~---------~--------~-----~--~------------~~~-~----------~--------------OWN~HSblP COST: (OEDRECIATlON, TAXES, INSURANCE) 
TRACTOR HR. 1.98 -----
tOUIPMENT HR. 2.79 ------TOTAL CWNER~~J~ COST 4.27 --------~--------~--------------------~-------~------------~-----------------------R~TURNS TO LAND, LAROR, OVE~HEAD, 

kJSK AHO ~ANAGE~~Mt 70.79 -----------------------~~---------~~---~----------------------~---------------------LABOR CO~TI 
MACH1Nt;P~ LABOR 

TOTAL UBOR COST 
HR. J.500 

RRTURNS TO LANO, OVERHiAO, RlSK AND MANAGEMENT 

0.658 
0.65d 2. 3 0 --------

2. 30 ------

68.49 ---------~-~---~-~-~-~~~---------------~~--------------------------~-----------~-----LAND CHARGE OR RENT: 
LU.Tl lhvt.~Tti'~Nt 
LAN!' TAXES 

TOTAL LAhD CHARGE 

ACRE 
ACRE 

RfTURNS TO OVERHEAD, RISK AND MANACEM~NT 

o.o o.o o.o ----------0.0 
o. 0 

68. 49 --------~----~-------~------~-~------------------~---------~--~-~-~~--~--~------~-
HF.NOERSON,MAf P 



WHEAT, CENTF.R PIVOT lRRIGlTl~N 
lA" •ATER COSTS EXCLUDED 

PPOt\UCTTON: 
WHEAT 
GRAZJ.NG 

TOTAL RECEIPTS 

OP£PAT1NG lNPUTS: 
WHEAT SEED 
NITPOGEN (N1 
NITPCCt.N (N) 
PHOSPH (P205) 
CROP INSURI\NCE 
CUSTOf,I CQM6U1E 
CUSTOM COMBINE 
CUSTO,.. HAULING 
fF.RT. SPREAO~P 
TRACTOR FUEL & LUBE 
TRACTOR REPAlR COST 
eOUI~. QEPAtR COST 

TOTAL OP~PATING COST 

eu. 
AUtilS 

RU. 
LBS. 
LB~. 
L~S. 
oot. 
ACPE 
RU. 
eu. 
ACDE 
ACRE 
ACRE 
ACPE 

RE1URNS TO LANO,LA80R~CA~ltAL,~ACRlN~RV, 
OVEPHEAO,RlSK,ARD MANAGEMENT 

J.000 
o.o 

4.450 
o.no 
0.110 
0.140 
0.140 
a.soo 
0.085 
0.100 
1. JljQ 

54.000 
1.000 

1.000 
65. 000 
48.000 
49.000 
50.000 

1.000 
34.000 
54-000 

J.000 
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VALUE YOUR VALUE 

162-00 ----­o.o 
162.00 --

4. 45 11.os ____ _ 
8.16 
6.86 
7.00 -----
8. 50 --------
2. 89 
5.40 -----
1.35 -------1.73 ___ _ 
o.97 ____ _ 

0.4J --------
58.79 ----

103.21 --------------~-~-----~~-------~~--------~--~--~---------~-~-----------~-----------
CAP [ tAL COST: 

ANNUAL OPERATING CAPITAL 
TRACTO~ lNVESTMENT 
EOUIF~ENT lNVESTkEN~ 

TOTAL lNTEAEST CHARGE 

0.100 
0.100 
0.100 

24.914 
15-1"12 
14 .. 087 

2.49 ----
1.52 ------
1.41 ---------
5.42 ---------~----~----------~~-~~-~--~~--~-------------~-~-----------------~---~---

RF.TURNS tO LANO, LA~OP, MACH!N~DY, 
OVEPHEAO, RISK AND MnACEMENT 97.80 ----

----------------------------------------------------------------------------OWNE~~hlP COST: (DEPR~CIA~lON, TAXES, lWSURANCE) 
TRACTOR HR. 
EOU I PMENT HR. 

TOTAL CWNE~SHIP COST 

1.98 -----
2.29 -----
4.27 --------------------~-----~----~-----~----~---~~~---·----~~------------------------~-

R~TURNS TO LAND, LABOR, OVERHEAD, 
RISK A~D ~ANACE~~NT 93.53 

~--------~---~~------~----~-----------~~~~----------------------------------
LABOR COST: 

kACIHNl::l~it LABOR 
TOTAL LABOR COST 

HR. J.500 o.658 
0.658 

2.30 --------
2. 30 

----------------------------------------------------------------------------RETURNS TO LAND, OVERHEAD, RISK AND NAIAGEMENT 

LAND ChAWr.E OR P~MT: 
LAND IHVESTMt;NT 
LAND TAXES 

TOTAL LANO CKARr~ 

ACRE 
ACRE 

R~TURNS TO OVERHEAD, RlSK AND MANAGEMENT 

o.o o.o 

91.21 

o.o -----o. 0 
o. 0 

91-22 ----­

HENDERSON,MAPP 



~RAIN SORGHUM, CERTF.R PIVOT lARlGlTIOM 
lR" ~ltER COSTS EXCLUDED 

PR0DUCTI0ff: 
t41LC 
SORGHUM STUBBLE 

TOTAL RFCF.1PTS 

OPERATING INPUTS: 
GRAIN SORG SEFO 
NltPCCEM (N) 
NtTP0CEN ( N) 
PHOSPH (P20S) 
HF.f.PlClnE 
lNSFCTICJ.DE 
CPO" INSU~ANCE 
CUSTOfi' CO,-BlNF 
FFRT. SPRF.AOER 
TPArtOR FUEL t LURE 
TRACTOR REPAIR COST 
EOUif. PEPAIR COST 

tnTAL C~E~ATlMG cos~ 

CWT. 
AUt'S 

Les. 
LBS. 
LBS. 
LBS. 
ACRE 
ACRE 
OOL. 
ClwT. 
ACRF. 
ACPf. 
ACRE 
ACRE 

RF.TURNS TO LAND,LlBOR,CAPITAL,MACffINERY, 
ovc~HF.AD,R!SX,ANO ~ANAG~MENT 

CA PIT AL COST: 
ANhUAl Of!RA1ING CAPlTAt 
TRACTO~ INVESTMENT 
EQUIPMENT lNVESTHF.NT 

TOTAL !~TF.~EST CHARGE 

RP.TURNS TO LANO, LABOR, MACHINERY, 
OVf~HEAO, RISK ANO ~ANAGK~~NT 

J.820 
o.o 

0.480 
0.110 
0.110 
0.140 
a.ooo 
6.500 
O.ORO 
0.300 
1.350 

0.100 
0.100 
0.100 

OWNFRSHIP COST: (DF.PRF.CI~!lON, TAXES, !NSURANCE) 
TPACtOR HR. 
EOUIP~ENT HR. 

TOTAL OWNF.RSHlP COST 

51.000 
1.200 

0.000 
44.000 
45.000 
27.000 

1.000 
1.000 

ao.ooo 
51.000 

~-000 

17.687 
24.037 
14.818 
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VALUE YOUR VALUE 

194.82 
o.o 

194.82 ----

3.84 -----
7. 4 8 -----=---
7. 65 
3.78 ----­e.oo 
6-50 ------
6.40 -----

15.30 ------
1.35 -----
2. 75 -------
1. 53 ----
0.83 -----

65.41 -----

129. 41 

1.11 
2.40 -----
1-48 
5.65 

123.76 ---------

3.13 -------
2. 46 -------
5. 59 -----~~---~----~~---~-~~~----------~-----~--~----------------~-------------------R~TURNS TO LANO, LAPOR, OV~RHEAD, 

RIS~ AND MANAGEMENT 

LABOR COST: 
MACHINERY LABOR 

TOTAL LAcOf. CCST 
HR. 3.500 1.042 

1.042 

118.16 ----

3.65 ---- -
J.65 -----

----------------------------------------------------------------------------RF.TURNS TO LAND, OVF.Rff£AO, RlSK AND MANAGEHEN! 114-52 -------~----... ----- ... -----....... ________________ ..., __ ... ~------------------·---------------,_,----
LANO ChA~GE OR PENT: 

LAND INVESTMENT 
LAHD TAXES 

TOTAL LAND CHARCE 

ACRE 
ACPE 

o.o o.o o. 0 

o.o ---------o.o ~-~-~~-~~--~--~----~---~----~--~----·--~------~~----~~---~----------~------~ 
R~TURNS TO OVEkH~AO, R!SK AN~ MANACE~~NT 114.52 ---------

HENDERSON,MAPP 
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ORYLANO Blktf..V 

CATEGORY_____ -- UNIT~-PRICE -QUANTITY ____ VALIJE YOUR VALUE 

---------------~----------~~----------~--~-----~------~-~---~~----~----~----pooouc110N: 
BARLEY 
GPA11NG 

TOTAL RF.CF.lPT~ 

RU. 
AUMS 

2.160 
o. 0 

25.0~0 
o. 350 

54.00 ----­o. 0 
54.00 -------------------~---~-------~------~-------------~----~~----------~~----------

OPERATLNG !NPUTS: 
BARti.Y ~E~D 
CROP lNSURANCF. 
CU.iTOM COMBlNF. 
CUSTCf' NAULINC 
CUSTOM COMHINF. 
NITROGE" (N) 
FF.RT. SPAEADt;P 
TRACTOR FUEL' LU~E 
TRACTOR REPAiR COST 
EQUlf. ~~~AIR COST 

TOTAL OPERATlNG COST 

eu. 
OOL. 
ACRE 
eu. 
BU. 
LBS. 
ACRt: 
ACPE 
lCRE 
ACRE 

RETURNS TO LAND,LABOR,ClPITAL,MAC~lN~RY, 
OVEPHEAO,RlSK,AND MANAGEMENT 

4.!00 
0.140 
a.soo 
0.100 
o.oes 
0.110 
1.350 

0.610 
15.000 

1.000 
20.000 
s.ooo 

30.000 
1.000 

2.15 
2.10 ---~-
a.so ______ _ 
2.00 -----
0.42 s.10 ____ _ 

1.35 
1.2ti -----
0.11 ------
0.35 -------24.56 __ , __ _ 

29.44 -----------------------~--~-----~-~-~---------~-~---------------------~----~~-~~-
CAPl1 AL COST: 

ANNUAL OP!RATING CAPITAL 
TRACTOR lNVESTMENT 
EOUlf~ENT lNV~STkF.NT 

lOTAL INTEREST CtiARGE 

0.100 
0.100 
0.100 

3.211 
11.11n 
10.940 

0.33 --·---
1.12 -----
1.09 ---------
2.54 -------------~~-----~-----~--~-----~---~---------------~~--------------~----~----RRTURNS TO LAND, LABOR, ~ACHINERY, 

OVEPHEAD, RISK ANO M~~AGEM~NT 26.91 -----~----~------~-----~-----~--------~------~-~-----~---------------------~-----
OWNERSHIP COST: (OEPRF.CIAT10l11, TAXES, INSURANCE) 

TRACTOR HR. 
EOUI~~ENt flR. 

TOTAL CW~F.RSHIP COST 

1-45 -----­
t.78 ------
3.24 

~--~~~-----~~---~-----~-~~----~-------------·-----~----------~------~-------. RETUR~S tO LANO, LARO~, OV~RKEAD, 
RISK AND ~ANAGE~ENt 23.67 -~-..... _________ ,_ _____________________ ... __________ ,.. ________ .., ___ ,...,_.,.. __________________ ~-------

LAtlOR COST: 
t4AC~IN£.RY LABOR 

TOTAL LABOR COST 
HR. 3.500 o.4e4 

0.484 
1.70 
1.10 -----

------------------------------------------~---------------------------------RF.TURNS TO LAND, OVERHEAD, RISK AND MANAGEME~T 21097 
------------------~------~--~-~--~-----~------~--------~---------~--~~~----~-LA~D ChA~GE OR PENT: 

LAND JNVEST,aENT 
LAND TAXES 

TOTAL LA~n CHARrE 

ACPE 
ACPE 

o.o o.o o.o 
o. 0 
o.o 

~---~--~---~-~~------------------·--------... -~-~-~--~~~~----~--~-----~-------RF.TURNS TO OVERHEAD, RlSK A1D MANAGF.MENT 21.97 -----

HEHOERSON,MAPP 



SARLEY, CFHTEP PIVOT IRRIGATION 
18" ~ATER COSTS EXCLUDED 
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------~--~------------------~------~-----------·------CATEGORY UNITS PR!CE QUANTITY VALUE YOUR VALUE 

PRODUCTION: 
BARLEV 
CPA71NG 

TOTAL RECEIPTS 

QDERA11NG INPUTS: 
SARLEY SEED 
NITROGEN (N') 
Pl40SH (f20S) 
CROP INSURANCE 
CUSTOM COMBINE 
CUSTCfil CO,.BINF. 
CUSTOM HAULING 
f'F. RT. SPREADER 
TPACtOR FU£t ~ LU9~ 
TRACTOk REPAlP COST 
EOUif. REPAIR COST 

TOTAL GFeOATlNG COST 

eu. 
lU"S 

eu. 
LBS. 
us. 
DOL. 
ACRE 
qu. 
eu. 
ACRE 
AC!1& 
ACRE 
ACRE 

2.160 
o.o 

4.100 
0.1,0 
0.140 
0.140 
e.soo 
o.oes 
0.100 
1.350 

85.000 
1.000 

1.000 
100.000 

40.000 
so.ooo 

1.000 
65.000 
85.000 

1.000 

183.60 ----­o.o 
183.60 

4.10 -----
17.00 -----
5.60 
7.00 -·---
8.50 -----
5.52 -----a.so ____ _ 
1.35 -----
1.13 ------
0.97 
0.43 -----

60.70 --------~-~~----~--~~-~-----------------~--------~---~-~---~------------------~---RF.TURNS TO LAND,LABOR,CAPITlL,MACRlNERY, 
OVEAH!AD,RlSK,ANO kANl~gMENT 122.go __ _ 

~-~---------------------------------------------~----~------~-~~---~---~----CAPITAL COST: 
ANNUAL OPERAT[NG CAPlTAt 
TRACTOR INVESTMENT 
~QUIPMENT 1NV~STMF.NT 

TOTAL 1NTEREST CHARG~ 

0.100 
0.100 
0.100 

26.~08 
15.112 
14.087 

2. 62 -------
1. 52 -----
1.41 -----
5.55 ------------~~---------------------~~----~-~---------~-~-------------------------RETURNS TO LAND, LAROP, HAC~lN~RY, 

OVEPHEAO, RIS~ ANO ~ANAG~~ENT 111.35 --------------~--~---~~~-------------~-----------------------------~~--------------OWNERSHIP COST: (DEPRF.CUT!ON, TAXES, !HSURANC&) 
TPAC10R HR. 
EQUTPMtNT HR. 

TOTAL OWNF.RSHlP COST 

1.98 ----
2.29 -----
4.21 ----------~--~---~-------~------------~-------------~--~-----~------~~~--~-------RF.TURNS TO LAND, LABOP, OV~ llHEA O, 

RISK ANO MAN4GEMENT 113.08 ---------------~--~---~~--~-~------~----~-------------------------~~-------------~--LABOk COST: 
HACfHN£RY LABOR 

TOTAL LA~OR COST 
HR. J.500 o.6sa 

0.658 
2.30 ----
2.30 ---

---~---------------------~-~---~-------------~--------------------~---------RETURNS TO LAND, OVF.RH~AD, R1SK AND MANAGEMENT 110.78 --------~-~----------~~----------------------~-----~-----------~---~-------------LA~O CHARGE OP R£NT: 
LAND INVt;STfo1ENT 
LANn TUES 

TOTAL LANO CHARGE 

ACRE 
ACRE 

~F.TURNS TO OVERHEAD, R!Sk A~D MANACF.MENT 

o.o o.o 

HU1LD8UD226 
1 

1 0000000 1 11 11 1 000 NOSHPRT2USE 0 

o. 0 
o.o 
o.o 

110.78 -------

HENDERSON,MAPP 
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CORN, CENTER PIVOT IRRIGATION 
24" WATER COSTS EXCLUDED 

., 

PRODUCTION: 
CORN 
CPA'ZlNG 

TOTAL RECF.lPTS 

eu. 
AUtlS 

2.290 125.000 
o.o 1.400 

VALUE YOUR VALUE 

286. 25 

o.o -------
286.25 -----

-----~--------------------------~-----------------------------------~~----~-OPEPA,lNG lNPUtS: 
CO~N SEED 

o. 055 250. 000 
Nlt~Cn.N (h) 
PHOSPH (P20t;) 
HF.RfUClOE 
1NSF.CTlC1DE 
CPOP INSURAMCF. 
CUSTOM COMBINE 
fERT. SPAEAOeP 
INSF.CTlClOE 
1 MS£CT1C1DE 
TRACTOk FUEL & LUBE 
TRACTOR REPA!R COST 
£QUJf. Pe 0 AIR COST 

TOTAL OPERATING COST 

tJ. 75 --tes:--- 0.110 
LBS. 0.140 
ACRE 12.000 
ACPE 6.000 
OOL. 0.120 
eu. o. 350 
lCR&-; 1.350 
ACRE 6.500 
ACRE '4.750 
ACRE 
ACRE 
lC1>£ 

110.000 
so.ooo 
1.coo 
1.000 

eo.ooo 
125.000 

1.000 
1.000 
o.soo 
I 

28.90 ---­
'7.00 

12.00 -----
6.00 -----
9. 60 -------

43.15 ------
1.35 ----
6.50 ------

12-38 ------
2. 76 ----
t.54 -----
0.9C> ----

146.49 ----
---------------------------------~-------------------------------------~----RF.TURNS TO LANO,LAliOR,CAPITAL,HACHINERY, 

OVERHEAO,RlSK,ANO MANlGEMENT 139.16 ----
------~-~-----------~------------------~-------------------------------~----
CUIT AL CO&T: 

ANNUAL OPERATING CAPITAL 
TRACTOR 1NVESTMENT 
EOUJF~ENT INVtSTN€N1 

TOTAL INTF.RF.ST CHARGE 

0.100 
0.100 
0.100 

43.549 
24.145 
16.691 

4.35 ------
2.41 --­
t.61 
8.44 

--------------------------------------------------~-------------------------RF.TU~NS TO LANO, tAAOP, MACfflN~PY, 
OVEPHEAD, RISK ANO MA~AGE~ENT 131.33 -----~-----~--~--~----~---~---~---------~----------------~-------------~---~----OWNEHShl~ COST: (OEP~~CIATlON, TAXES, lNSURlNr.E) 

TRACTOR HR. 
EQUIPMENT HR. 

TOTAL CWNF.RSHlf COST 

3.14 -------
2.77 ----
5.91 ----~-~------------~------~-------------~--------~---------------------~--~~----

RF.TURNS TO LAND, LlBOR, OVE~H!AO, 
~rs, AND ~ANAGE~~NT 125.41 --------

----------------------------------------------------------------------------LABOl-t COST: 
MACHN&::RY LABOR 

TOTAL LABOR COST 
RR. J.500 1,,047 

1.047 
3.66 -------
3.66 --------~-~-~~---------~---~-~-------~-----------~-~~-----------------------~----RETURNS TO LAND, OVERHiAO, ~lSK AND MANAGEMENT 121.,s ____ _ 

---------~-~-----------~----~~-------·~-------------------------~--~---~---~ LANO CHARGE OR RENT: 
LANO J NVEST.,t:NT 
LANO TAXES 

TOTAL LANO CHARGE 

ACRE 
ACRE 

o.o o.o o.o -----o.o 
o.o ----~--------------~--~---~---------·------~----~-~-~----~~---~-----------------R!TU~NS TO OVERHEAD, PISK AND MANAGEMENT 121.75 ------------~---~~--~--------~-----~~------~--------~-~-----~-~---~---------------HEND~RSO!l,IIAf P 



ALFALFA, rENTER PIVOT IRRIGATION 
33" WATER COSTS EXCLUDED 
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VALUE YOUR VALUE 

------------------------~-----~-----------------------------------~--------P~ODUCtlON: 
ALFALFA HAY 

TOTAL RFCElPTS 
TONS 58.000 6.500 31?.00 

371.00 ----
---~--------------------~~----------------~----------------~--------~----~--OPERATING INPUTS: 

1/5 EST. COST ACRE 88.640 0.200 17.73 ___ _ 
lNSECTlClDE ACRE 6.500 0.330 2.14 ____ _ 
PHOSPH (P20S) LBS. 0.140 98.000 13.12 ____ _ 
1.NSF.CT1C1DE ACRE 12.'150 1.000 12.75 
CUtTl NG & BAL ING BL. 0.550 195.000 107. 25 
CUSTOM HAULING BL. 0.200 195.000 39.00 ____ _ 
SP~EAOER RENTAL ACPE le 350 1. 000 l. 35 ___ _ 
tPAC"10R fUt;(. & LURe ACRE 1.40 -----
TPACTOR REPAIR COST ACRE 0.91 

TOTAL OPE.RAT.I.NG COST ! 196. 26 ____ _ 

------------------~~--------~~---~------~----~----~---------------------------R~TURNS TO LAND,LlBOR,ClP[TlL,MACHINERY, 
OVERHEAD,RlSK,AND MANAGEMENT 

---~------------------~------~---------~--------~-----------------------~---CAPITAL COST: 
ANNUAL OPERATING CAPLT~L 
TPAC10R INVESTMENT 
EQUIP~ENT INVF.STMENT 

TOTAL lNTEREST CHARC~ 

0.100 
0.100 
0.100 

5.161 
13.299 
o.o 

o.sa _____ _ 
1.33 --
o.o -----
1.91 ----------~------~--~~-----~---~-------------------------------------------------RF.TURN~ TO LANO, LAPOP, MACHINERY, 

OVEPH€AD, RIS~ ANO M-,AGEMENT 118.83 ----
----------------------------------------------------------------------------OWNERShlP COST: (OEPR€ClATlON, TAXES, INSURANCE) 

TRACTOR HR. 1.13 ----
EQ U If t,,Efft ffR. o.o 

TOTAL OWNERSHIP COST 1.,3 

-----------------~------~-----~--------------------~----------~----~--------R~TURNS TO LAND, LA~OP, ov&qHE~D, 
RIS, lNO MANAGEMENT ----­~--~--~--~---------~--~~----~-----~---~--------~------------------~-~-------

11,.10 

LABOlc CC'ST: 
MACHINERY LABOR 

TOTAL LABOR COST 
HR. J.500 1.210 

1.210 
4.23 -----
4.23 ------------~-------~~-------~~---------------------~----------------------------RETURNS TO LANO, OVF.RH~AO, QISK ANO MANAGEMENT 172.81 ------~~----------~~-----~----------------------~-----------------------~--~----LAND CHARGE OR OtNT: 

LANO JNVEST~ENT 
LANO T" XES 

T01AL LAND CHAAC.E 

ACRE 
ACRE 

o.o o.o o.o 
o. 0 
o.o 

~--~------~--------------~-~--~------~----------~------------------~--------R~TURNS TO OV~RHEAD, PlSK AND MANAGF.MEMT 172.81 ------~-----------~~--~-------------------~-~-----------~~------~----------------HENDERSON,MAPP 



SOYBEANS, CE~TER P!VOT lRRlGA~lOH 
24" WATER COSTS EXCLUDED 
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CATEGORY UNITS PRlCE OUANT1TY VALUE YOUR VALUE 
--~---------------~---------~~-------~~-----~~--------~------------~--------
PRODUCTION i 

SOYPEANS 
TOTAL f.EC~lPTS 

au. 5.400 35. 000 189.00 -----
189.00 ------------------------~---------------~-~----------~~~---~--~---------------~~---

OPERAT~NG lNPUTS: 
SOVPEAN SEED 
PHOSt-'H (P205) 
CUSTO~ COMBIN~ 
CUSTCfi' HAULINt' 
HERRlCIOE 
lNSFCT!C~DE 
TRACtOR FU~L 'LU8£ 
TRArTON REPAlP cost 
EQUIP. REPAIR COST 

T~tAL CP~RATlNG COST 

LBS. 
LBS. 
ACRE 
eu. 
LBS. 
ACRE 
AC~E 
ACRE 
ACRE 

o.1so 
0.140 

12. 001) 
0.100 

10.000 
6.500 

RETURNS TO LAND,LABOR,CAPITAL,MACHlNERY, 
OVcPH!AO,PlSK,AMO HAHAG!MEHT 

60.000 
50.000 

1. 000 
35.000 
1.000 
1.000 

9.00 ---------1.00 

1,.00 -------
3.50 -----

10.00 
6.50 _ 
J.64 .:__ _____ _ 

2.03 -----
0.86 ----

54.53 ------

134.41 -------~-------~--~------------~-------------------------------~--~------------~---CAP IT AL COST: 
ANN t1 Jtt OP F. RAT I N r. CAP l TA l. 
TRACTO~ lNVESTMF.NT 
EOUIP~ENT lNV~STMENT 

TOTAL lNTEREST f.HARr.& 

0.100 
0.100 
0.100 

13.916 
31.837 
17.048 

1.39 ---------
3.18 ----
1. 70 -------
6.18 --------~---------~~-~-~------------------------------~-------------------~---~-----RF.TURNS TO LA~D, LA~OR, HACHlNERY, 

O\IC:PHEAD, RISK ANn "A~AGL-:.,~NT 128-19 ---------------------~------------------- -------------.-,~------··-------------------.. ----
OWNERSHIP COST: (DEPRFChTl.ON, TAXES, J.NSURANCE) 

TRAC"1rR HR. 
EQUIF~ENT HR. 

TOTAL OWN~RSHIP COST 

RETURNS TO LAND, LABOR, OVEqhEAD, 
RISK ANO MAff~GEM~NT 

i.ABOR COST: 
t'1A<;~ l NEPY LABOR 

TOTAL LABOR COST 
HR. J.500 

R!TURNS TO LANO, OVE~~~AO, ~lSK AND MANAGEMENT 

1.381 
1.381 

4.15 ---------
2.78 -----
6.92 ------

121.21 ----

4.83 -------
4.83 -----

116.44 ------------~---~------~-------------~-----~-----~---~------~---~~~-~-----------~--LAND CHARGE OR RENT: 
LAhO lHVEST..,c.NT 
LANO TAXES 

TOTAL LAND CHARC£ 

ACRE 
ACRE 

o.o o.o o.o ------o.o 
o.o -----~-------------~--~-----~~~-----~-----~-~-~-----~~-------------------~~-~~~-R~TURNS TO OVF.RHEAO, RlSK AND MANAGEMENT 116.44 ------~----------~~-~-----~-~-------~-----~-------------~--~~~-----~----------~-HENDERSON, IIAf P 



APPENDIX B 

MEAN MONTHLY RAINFALL DISTRIBUTION 
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TABLE XX 116 

STUDY AREA MEAN MONTHLY PRECIPITATION (1967-78) 

Month Beaver County Cimarron County Texas County 

Jan .27 .31 .22 

Feb .78 .38 .43 

Mar 1.23 .76 1.27 

Apr 1.82 1.36 1.64 

May 3.10 2.84 3.87 

Jun 3.10 2.10 3.12 

Jul 2.90 2. 79 2.66 

Aug 4.18 2.69 3.35 

Sep 1.69 2.01 1.82 

Oct 1.18 .90 1.00 

Nov 1.43 .84 1.13 

Dec .41 .30 .27 

Total 22.09 17.28 20. 78 

Source: Prepared by Sherri Smith, OSU Agricultural Economics 
Reference Librarian from U. s. Department of Commerce, 
Weather Bureau, Climatological Data. 



APPENDIX C 

PUMPING AND DISTRIBUTION COSTS OF WATER 
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APPENDIX C 

PUMP[NG AND DISTRIBUTION COSTS OF WATER 

Presented here are the parameters used and assumptions built that 

with the aid of the OSU Irrigation Cost Program determine per acre 

i.nch costs for both surface and center pivot irrigation systems. 

Every irrigation system contains a well, a pump, an engine, and 

a distribution system. For each of these components there are fixed 

cost8 and variable costs. Fixed costs include depreciation, taxes, 

insurance, and interest. Variable costs include fuel, lubricant, 

repairs, and labor. 

Fixed Costs 

Straight line depreciation is used and it is figured as a function 

of the initial component cost, acre inches per year, and the expected 

life of the component. The well is expected to last 20 years. The 

pump life .is 30,000 hours, the bowl life is 8 years, column life is 

16 years, and the gearhead life is 15 years. Light industrial engines 

have a life of 30,000 hours and electrical engines have a life of 

75,000 hours, or 25 years, whichever occurs first. Main line below 

~round plastic pipe have a life of 20 years, aluminum lateral pipe 

a life of 15 years, and a self propelled lateral a life of 15 years. 

The property tax rate is O. 010 and the tax assessment rate is 

0.200. The insurance rate is 0.005 and the interest rate is 0.100. 



Fixed per acre inch costs attributable to taxes, insurance, and 

interest are figured as a function of the initial component cost, 

the relevant rate, and acre inches per year. 

Variable Costs 
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Fuel costs are based on natural gas consumption of 0.0110 million 

cubic feet per brake horsepower hour and 0.8480 kilowatt hours per 

brake horsepower hour. Lubrication costs are computed as 15% of the 

fuel costs for natural Aas operations and 0. 0005 gallons of lubricant 

per wa tcr horsepower hour for electric engines. 

Repair costH are a function of the initial cost of the component, 

hours used per year, a repair coefficient, and acre inches per year. 

Engine repair is based upon a repair coefficient of .00007 for repairs 

per hour per dollar of a natural gas engine purchase price. For 

electric engines, the repair coefficient is .00001 per hour per 

dollar of the en~ine purchase price. Pump repair costs are based 

upon est lmated repair costs equal to 1/2 of the new cost divided by 

tts estimated life of 10,000 hours. Repair costs for surface dis­

tribution systems arc based on the investment in laterals per hour 

while center pivot distribution systems repair cost are based on 

the investment in laterals per year. 

Labor requirements for applying water were assumed to be 0.49 

hours per acre irrigated with a surface system and 0.065 hours per 

acre irrigated with a self propelled sprinkler system. Labor require­

ments were charged at the rate of $3.50 per hour. 
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Component Costs 

Well CostH 

The cost per foot for ·frilling and developing a well is $25.50. 

All wells are assumed to be developed down to the bedrock; the depth 

of the well is equal to the depth to the static water level plus the 

saturated thickness. The 4 deepest wells were cut back either 25 feet 

(150 ft. depth to water, 450 ft. saturated thickness, and 225 ft. depth 

to water, 350 ft. saturated thickness), or 50 feet (150 ft. depth to 

water, 550 saturated thickness, and 225 ft. depth to water, 450 ft. 

saturated thickness). These exceptions reflect the expectation that 

irrigators in these water resource situations would find it economical 

to stop short of developing a well to the bedrock. 

Pump Costs 

Pump costs were determined from the costs of the various components, 

column pipes, shafts, howls, and right angles required to maintain a 

certain level of well discharge of a given total dynamic head:. where 

TDII is a function of pressure required at the wellhead and the feet of 

1 if t. PreRsltrC' n-,1u ired at the wellhead is substantially higher for 

center pivot systems. The feet of lift is determined by the depth to 

static water level and the average drawdown. The length of the column 

is as::nimed to be 85% of the well depth. 

Engine Costs 

Natural ~as 1 ight industrial engines are assumed to be the original 

powe,- unit since more than 90% of the engines in the study area operate 



o n n:.iturul r.,,ts . Ll),!,ht industrinl engines arc used hecause they are 

t:u nsJd cred to l>e murL' economical than automotive engines in the long 

run. En gin e sizes and costs are based on the following functions: 

WHP = f(TDH , GPM) 

BII P = g (WHP, DE, PE) 

PllJ> = h(BHP, d era tc) 

Derate = k(altitude, temperature, and accessories) 

\./here: 

WHP = w.:1.tcr horsepower 

TDH = to t3l dynamic head 

CPM = gallons per minute 

B l IP = brake hor sepower 

DJ·: = drlvc el flcicncy, . 97 

PE = pump efric iency, . 75 

Pl-IP = purcha se horsepower 

Dc ,-ate = a factor to account for continuous operation, . 6 

121 

I. i gh t lndus trial natura l gas engine costs are assumed to be $55. 00 

p er cl era t c d hor sep0\,1er . Electrical engines are assumed to cost $40.00 

per non-c..ler;.it e J horsPp<)Wl?r. 

Distr i.hution Co s ts 

The investme nt cost of the distribution systems includes the cost 

of (l) the main line, (l) the late r a l lines, and (3) the val ves b e tween 

the two lines. 

/\ s urface sys tem has 1320 fee t of plastic, 10" dia mter, main line 

b c l0w gt0ut1J p lpc nt: :\ cost or $2. 75 per foot. Eight inch aluminum 

l DLe r- ., 1 pipe l.'. Ll H U -1 $l . 40 p12r- Foot and t: hc amoun t neede d is dependent 



122 

on the acreage irrigated. There are 9 underground valves at a cost of 

$31.50 per valve. 

A center pivot system used 1320 feet of 8" diameter, plastic main 

1 inc below ground pipe at a cost of $2. 25 per foot. There is one under­

ground valve at a cost of $30.10, and the cost of a self-propelled 

lateral is $30,000.00. 
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TABLE XXI 

FIVE CENSUS YEAR CROP PRODUCTIO~ 

Crop 1954 . 1959 . 1964 1969 . 1974 . . . 
: : . . . . . . . . . . 

U.S. . 983,900,000 1,117,735,000 . 1,283,371,000 : 1,442,679,000 1,796,187,000 . . 
Wheat Ok. : 70,770,000 90,580,000 96,623,000 . 121,800,000 . 134,400,000 . . 
Bu. Pan. 8,800,000 . 12,433,000 . 5,291,000 . 11,279,500 8,815,000 . . . 

: : . . 
U.S. : 235,575,000 : 555,441,000 . 489,796,000 . 729,919,000 . 629,222,000 . . . 

Sorghum Ok. : 6,447,000 . 18,625,000 . 14,714,000 : 26,840,000 . 22,800,000 . . . 
Bu. Pan. : 3,403,000 . 4,752,300 . 4,856,300 . 15,119,800 . 12,180,000 . . . . 

: : : : : 
u. s. : 379,254,000 : 420,203,000 : 386,059,000 . 427,055,000 . 304,112,000 . . 

Barley Ok. : 5,035,000 : 14,190,000 . 13,156,000 . 18,900,000 . 3,360,000 . . . 
Bu. Pan. . 80,500 : 532,300 : 70,300 . 295,100 . 158,400 . . . . : . : . . . . 

U.S. : 107,834,000 . 110,976,000 : 118,778,000 . 126,026,000 . 127,143,000 . . . 
Hay. Ok. : 2,766,750 : 1,864,000 : 2,450,000 : 2,998,000 . 3,087,000 . 
Ton Pan. . 27,825 . 22,200 . 23,700 . 79,400 . 64,800 . . . . . 

: : . : . . . 
U.S. : 56,364,000 : 63,321,000 . 71,304,000 : 75,883,000 . 74,672,000 . . 

Alfalfa Ok. . 1,328,800 . 747,000 . 1,144,000 . 1,680,000 . 1,564,000 . . . . . Ton Pan. . 18,666 . 12,100 . 14,700 . 34,800 . 49,420 . . . . . 
: . . . . . . . . 

U.S. . 2,707,913,000 . 3,824,598,000 . 3,484,253,000 : 4,687,057,000 . 4,663,631,000 . . . . Corn Ok. : 4,012,000 : 6,592,000 . 2,548,000 : 3,224,000 . 8,008,000 . . Bu. Pan. . 4,800 . 56,700 . 5,000 . 1,751,200 . 7,146,900 . . . . . 
t-
N 
.c::,.. 



TABLE XXI (Continued) 

Crop 

U.S. 
Soybean Ok. 
Bu. Pan. 

1954 

341,075,000 
192,000 

1959 

532,899,000 
1,566,000 

1964 

700,921,000 
2,040,000 

1969 

1,133,120,000 
3,468,000 

1,900 

1974 

1,214,so2,ooo 
s,037,ooo 

6,110 

1-.. 

~ 



TABLE XXII 

SHARES OF PRODUCTION BY CENSUS YEAR 

Crop . 1954 : 1959 1964 : 1969 . 1974 . . 

Ok. % U.S. 07.19 . 08 .10 . 07.52 08.44 . 07 .48 . . . 
Wheat Pan. % Ok. 12.43 . 13. 72 05.47 : 09.26 . 06.55 . . 

Pan. % U.S. . 00.89 . 01.11 : 00.41 . 00.78 . 00.49 . . . . 
: . . . . 

Ok. % U.S. : 02.73 . 03.35 . 03.00 : 03.67 . 03.62 . . . 
Sorghum Pan. % Ok. . 52.78 : 25.51 : 33.00 . 56.33 . 53.43 . . . 

Pan. % U.S. . 01.44 . 00.85 : 00.99 . 02.07 . 01.93 . . . . 
: . . : . . . . 

Ok.% U.S. : 01.32 . 03.37 : 03.40 . 04.42 . 01.10 . . . 
Barley Pan. % Ok. : 01.59 . 03.75 . 00.53 . 01.56 . 04.71 . . . . 

Pan. % U.S. : 00.02 . 00.12 . 00.01 . 00.06 . 00.05 . . . . . : : . . . . . 
Ok. % U.S. . 02.56 . 01.67 . 02.06 . 02.37 . 02.42 . . . . . 

Hay Pan. % Ok. . 01.00 : 01.19 . 00.96 . 02.64 . 02.09 . . . . 
Pan. % U.S. : 00.02 . 00.02 . 00.01 . 00.06 . 00.05 . . . . 

: . . . . . . . . 
Ok. % U.S. : 02.35 . 01.17 . 01.60 . 02.21 . 02.09 . . . . 

Alfalfa Pan. % Ok. . 01.40 . 01.61 : 01.28 . 02.07 . 03.15 . . . . 
Pan. % U.S. : 00.03 . 00.01 : 00.02 : 00.04 . 00.06 . . . . : . . . . . . 
Ok. % U.S. : 00.14 . 00.17 . 00.07 . 00.06 . 00.17 . . . . Corn Pan.% Ok. : 00.11 . 00.86 : 00.19 : 54.31 . 89.24 . . 
Pan.% U.S. . 00.00 . 00.00 . 00.00 . 00.03 . 00.15 . . . . . 

~ 
N 
0' 



TABLE XXII (Continued) 

Crop 1954 1959 

Ok.% U.S. 00.05 00.29 
Soybean Pan.% Ok. 

Pan. % U.S. 

1964 

00.29 

1969 

00.30 
00.05 
00.00 

1974 

00 .41 
00.12 
00.00 

.... 
N ..... 
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