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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, 1s 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-



TABLE I

IRRIGATION STATISTICS--OKLAHOMA PANHANDLE

No. Farms Acres No. Farms Acres Number Total Acres
No. Total Gravity Gravity Sprinkler Sprinkler Irrigation Irrigated
Year Farms Acres System System System System Wells (Groundwater)
1977 1,155 385,900 896 301,650 259 85,700 2,172 384,000
1975 1,09 404,610 901 329,460 193 75,150 2,112 402,550
1973 1,530 427,000 1,360 324,500 175 102,500 2,207 422,680
1971 1,375 356,360 1,165 302,938 255 54,422 1,846 344,040
1969 960 315,518 835 282,618 141 32,900 1,634 312,518
1967 1,150 263,000 1,010 224,850 145 38,150 1,358 261,000
1965 745 138,000 586 122,000 104 16,000 972 135,500
1963 304 84,500 241 72,560 75 11,940 409 " 83,020
1959 275 71,500 65,820 46 5,680 365 69,520
1958 279 69,575 62,623 53 6,960 67,375
1957 267 76,500 68,360 49 8,140 359 75,225
1956 266 71,200 64,700 41 6,500 336 70,100
1955 212 34,247 32,030 2,317 32,797
1954 24,680 23,758 922 23,580
1952 13,000
1950 53 11,500

Source: Schwab, Delbert.

Irrigation Survey Oklahoma.
State University, Various Issues.

Department of Agricultural Economics, Oklahoma



tude of 1990 feet. The average slope of the area is 14 feet per mile.
The area consists of upland plains with some stream flood plains and
intermediate slopes. Most of the surface has very broad gentle swells
or hills, shallow depressions, and some dune covered areas. Depres-—
sions, which dot much of the plains 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 Ogallala Formation, which consists of semiconsolidated clay,
sand, and gravel is the princpal source of ground water in the Okla-
homa panhandle. 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-
Ogalalla 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 i1s 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 Ogallala 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
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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

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 irrigapion, 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.

Based on an estimated average coefficient of storage1 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 V4 32.41 34.03 49.84
Clay Totals
Clay Soils Irrigable by Acres 367,780 357,820 357,820 1,517,596
Surface and Center Pivot A 10.50 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 Sandy Soils
Systems 809,591
34.79
Sandy Soils Irrigable by Acres 426,614 419,432 419,432
Center Pivot Systems Z 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, Oklahoma 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

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

100 feet, 58 percent with a depth to water greater tham 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 summarize 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 -

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



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




TABLE V

CROP STATISTICS FOR THE OKLAHOMA PANHANDLE

10

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 (drr) 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 1ir¥) 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



11

TABLE V (Continued)

Acres Acres Production Yield/Acre
Crop Year Planted Harvested (ton) (ton)
Alfalfa1 1978 32,200 414,000 4.34
Hay 1977 17,300 63,700 3.68
1976 17,000 78,800 4.64
1975 14,000 48,000 3.43
1974 14,020 49,420 3.52
1969 14,320 63,120 4.41
1964 12,100 52,100 4.31

1There are no figures available on irrigated production.

Source: Oklahoma Crop and Livestock Reporting Service. Oklahoma
Agricultural Statistics, various issues, 1959-78.
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of irrigation wells continued at a slow but steady pace until 1964
when the rate increased rapidly in Cimarron and Texas counties.

Drought conditions and advances in technology are reasons for the
increase. 1In 1960, about 400 wells were used to irrigate 80,000 acres;
in 1965, 972 wells irrigated 135,500 acres. 1In 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
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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.

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,
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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
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 restrictionms.
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

16
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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 farm firm reactions to increasing natural gas prices. Both
micro and macro approaches were considered for this study. 1In 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"
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 Bt’ 2) the various crop enterprises,
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 Pt
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.
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Figure 2. The Recursive Linear Programming Model
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First, the volume of water pumped from a soil and water resource situ-
ation is denoted as W%jk, (where 1 = 75, 150, 225, represents the three
depths to water; j = 50, 150, . . ., 550, represents the six saturated
thicknesses and k = ¢, s, represents either clay or sandy soil).

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

period t is calculated as a function of the volume of water pumped

13k

Wt >

the recirculation coefficientl, R = 0.2, the appropriate sur-

1jk

face (land) area a , and the coefficient of storagez, Cs = 0.1.

Implicity, we have:

13k
t

ik 1jk

atik f(wi , R, a3k csy. 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

thickness STijk is computed. Using equation derived from repeated

t+1
irrigation costs runs based on relationship (7) of Chapter III, new
ijk ijk
water costs WCt_‘_1 are derived from the previous water cost WCt R
the new saturated thickness ST:Jk. Implicity we have:
ijk _ ijk iik ijk
WCi 7, = 8(WC™™, ST, ST3,) (2)
1

The 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 a 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 for t = 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 t is 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

reriod of one-~half century.

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

the rate of water withdrawal. The transfer of water from surplus
areas, 1if 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.

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.
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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
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 priées
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 soll 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
soils were combined, 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 summarizes 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 saturated 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.
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When soil type, depth to water, and saturated thickness are
considered, there are 26 categories which serve as upper 1limit land
restrictions in the model. The number of acres in each of the 26
soll 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
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
and methodology introducing considerable objectivity into the PYOCGSS-1
The broadest assumptions underlying the methodology of the
OBERS E' projections are: 1) a replacement fertility level, 2) an
increase of private output per manhour 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.
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conflicts, and 5) production will migrate to areas of economic oppor-
tunities and away from slow growth or declining areas.

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 in constantdollars, 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.

Exﬁected crop yleld 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
ylelds 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
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broader the economic activity, and the shorter the time horizon, the

more reliable the projections.

State Production Projections

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 projection 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.
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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
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 percentage 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 projectiomns,

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:

. 1jk
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TABLE VI

AVERAGE PERCENTAGE DISTRIBUTIONS USED TO DERIVE
PANHANDLE PRODUCTION GOALS FROM OBERS E'
STATE AND NATIONAL PROJECTIONS

5 Census
Crop Method Year Average
Wheat Panhandle wheat production as a .0949
percentage of Oklahoma wheat pro-
duction
Grain Sorghum Panhandle grain sorghum production L4421
as a percentage of Oklahoma grain
sorghum production
Barley Panhandle barley production as a .0243
percentage of Oklahoma barley
production !
Hay Panhandle hay production as a per- .0158
centage of Oklahoma hay production
Alfalfa Hay Panhandle alfalfa hay production as .5951
a percentage of panhandle hay production
Panhandle alfalfa hay production as . 0094
a percengate of Oklahoma hay pro-
duction
Corn Oklahoma corn production as a .0013
percentage of U.S. corn production
Panhandle corn production as a per- .9
centage of Oklahoma corn production
Panhandle corn production as a per- .0011
centage of U.S. corn production
2 Census
Crop Method Year Average
Soybeans Panhandle soybean production as a . 0000033532

percentage of U.S. soybean production




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

TABLE VII

Production Period

Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Wheat (1,000 bu.)
Us 1,701,665 1,763,986 1,844,662 1,925,338 2,006,014 2,108,817 2,211,620
0K 140,236 148,655 159,142 169,629 180,116 197,819 215,522
Pan 13,310 14,109 15,104 16,099 17,095 18,775 20,455
Grain Sorghum (1,000 Cwt.)
Us 572,332 633,639 714,176 794,713 875,250 932,094 988,938
OK 13,788 14,897 16,904 18,911 20,918 22,277 23,635
Pan 6,096 6,586 7,473 8,361 9,248 9,849 10,449
Barley (1,000 bu.)
Us 509,014 549,684 284,494 619,304 654,113 698,877 743,641
OK 21,261 24,136 27,046 29,954 32,863 37,424 41,986
Pan 517 586 658 730 801 911 1,021
Hay (1,000 bu.)
Uus 131,986 139,617 147,065 154,513 161,961 172,790 183,618
OK 3,157 3,426 3,990 3,990 4,272 4,980 5,688
Pan 49 54 63 63 67 78 90
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TABLE VII (Continued)

Production Period

Crop 1980-84 1985-89 1990-94 1995-99 2000-09  2010-19 2020-29

Aifalfa (1,000 bu.)

Us 63,748 67,434 71,320 74,629 78,226 83,456 88,686

OK 1,524 1,654 1,791 1,927 2,063 2,405 2,747

Pan 29 32 34 37 40 46 53
Corn (1,000 bu.)

Us 6,078,769 6,610,181 7,317,351 8,024,521 8,731,691 9,270,959 9,810,226

OK 7,709 8,383 9,280 10,177 11,074 11,758 12,422

Pan 6,938 7,545 8,352 - 9,159 9,966 10,582 11,197

Soybeans (1,000 bu.)
Us 1,738,010 2,061,304 2,344,010 2,626,717 2,909,423 3,071,054 3,232,684
OK 4,733 5,614 6,384 7,154 7,924 8,364 8,805
Pan 5 6 7 8 9 10 10

123
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where:
i =75, 150, 225, represents the three depths to water
j = 50, 100, ..., 550, represents the kth saturated thickness class
k = ¢, s, represents either clay or sandy soils
gijk = the weight for soll and water resource situation (i, j, k)
aijk = the number of irrigable acres in soil and water resource

situation (4, 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:

. 3 6 2
g3k = 1.0 A (%)
i=l j=1 k=1
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 pi, X=1, 2, . . ., 6, f;
represent the a priori projection of total production for the six PoA

irrigated crops in model. The distribution of production among each

soil and water resource situation is given by:

xijk _ ijk . x
Py =g P, (5
where p:ijk is the upper limit for production of the Xth crop in soil

and water resource situation (i, j, k), in period t. These 26 upper
limites for each crop are entered in the Bt vector as right hand

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
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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 price is assumed constant throughout time. For instance,
the deflated price of wheat was $1.39 in 1954, and is expected to
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 situationms,
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,

et al.) found a large variance in key parameters; transmissivityl

lA unit of measurement dealing with the vertical flow of water in

the aquifer; (Hart, Hoffman, Geomaat) 1976.



TABLE VIII

CROP PRICES

Deflated Conversion Adjusted
Crop Units Price Factor Price
Wheat bu. 1.39 1.00 3.00
Grain Sorghum cwt. 1.77 1.27 3.82
Barley bu. 1.00 .72 2.16
Alfalfa Hay ton - 18.00 54.00
Corn bu. 1.06 .76 2.29

Soybeans bu. 2.50 1.80 5.40
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ranged from 500 to 11,800 feet squared per day, the storage coefficinet
ranged form 0.002 to 0.1l1l, and hydraulic conductivityz ranged from 2.1
to 55 feet per day. With this amount of variation, it is hard to
specify cost estimations without some basic assumptiomns.

One basic assumption is that well yield is dependent on saturated
thickness; the deeper 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 uniform intervals, and
seem realistic based on empirical evidence. It should be mentioned
that well development 1s 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 yield with 67 percent maximum drawdown (Universal 0il Pro-
ducts Company). It 1s assumed that shallow water resource situations
are yilelding near maximum capacities with a high percentage drawdowm,
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.
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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.

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 requirementé, 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, and Pumping Costs

The decline in the static water level is directly proportional



40

TABLE IX

RELATIONSHIP OF IRRIGATION COST PARAMETERS

Saturated Maximum Percentage Actual Percentage
Thickness Yield Maximum Yield Maximum Drawdowm
(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 .50 175
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 0il Products Co. 1972,

The table 1s 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 75 50 125 350 35 60
75-150-C 75 150 225 500 90 80
75-250-C 75 250 325 750 140 125
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
75-150-8 75 150 225 500 90 130
75-250-8 75 250 325 750 140 130
75-350-8 75 350 425 1000 175 130
150-150-8 150 150 300 500 90 130
150-250-8 150 250 400 750 140 130

v



TABLE X (Continued)

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

Situation (ft.) (ft.) (ft.) (ft.) Irrigated
150-350-S 150 350 500 1000 175 130
150-450-S 150 450 575 1000 155 130
150-550-S 150 550 650 1000 135 130
225-150-S 225 150 375 500 90 130
225-250-S 225 250 475 750 140 130
225-350-8 225 350 550 1000 175 130
225-450-S 225 450 625 1000 155 130

(44



INITIAL ENGINE SIZES AND ACRE INCH COSTS

TABLE XI

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 50 1.20 1.48 2.68
75-150-C 75 150 50 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 Systems
75-150-8 75 150 90 1.92 1.91 3.83
75-250-8 75 250 150 2,15 2.01 4.16
75-350-8 75 350 220 2.41 2,11 4,52
150-150-5 150 150 110 2,11 2.19 4.29
150~250-8 150 250 190 2.3b 2.29 4.64

1%



TABLE XI (Continued)

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) $) (%) (%)
150-350-S 150 350 270 2.62 2.39 5.01
150-450-S 150 450 270 2.73 2.34 5.07
150-550-S 150 550 250 2.83 2.28 5.10
225-150-S 225 150 130 2.27 2.46 4.73
225-250-S 225 250 220 2,65 2.56 5.10
225-350-S 225 350 300 2.75 2,61 5.35
225-450-S 225 450 300 2.87 2.59 5.46

kA4
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to the net volume of water removed from the aquifer. It can be com-

puted with the following equation:

ijk

dijk - Wt (1-R) (6)
t 17k
CS - a
e
where: '
dtjk = the decline in the static water level in feet in soil

and water resource situation (i, 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 declining water table are two-fold. First, it
increases the pump 1lift (total dynamic head) by the amount it has de-
clined. Secondly, a decline in the watef 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):
2
ST
- t+1 | |
GPM,_, 1 ST, GPM, 7)
where:

GPM = the original well capacity in period t

GPMt+l = the new well capacity in period t+1
STt = the original saturated thickness in period t
ST = the remaining saturated thickness in period t+1

t+1
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Curvilinear relationships were developed to determine the change in
water costs as the water levels, saturated thicknesses, and well

capacities decrease over time.

Using equations (6) and (7), a number of cost runs were made to
determine the change in water costs as the water levels, saturated
thicknesses, and well capacities decrease over time. A number of
irrigation cost runs were made simulating these changes. 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:

WCepp sl ST . WG, A (8)

ST

For center pivot systems, the equation developed was:

e | [T . WG (9
STe41
where:
STt = the saturated thickness in period t

STt+l = the saturated thickness period t+1
WCt = the water cost in period t
WCH_1 = the water cost in period t+1
Equations (8) and (9) are used to revise the water buying activities
in vector C_ 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
soll and water 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

h7
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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 méy 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.

Results of Scenario I: Projected Changes in
Irrigated and Dryland Acreage and the

Rate of Decline in the Water Table

Clay Soils

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 the 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 2020-29
Clay Soils (Acres)
Wheat Dryland 212,294 225,038 240,914 312,626 369,487 625,408 694,472
Wheat Irrigated 94,657 100,342 111,032 106,292 93,081 9,041 5,574
Grain Sorghum Dryland 147,137 229,667 282,389 349,910 485,964 564,056 611,425
Grain Sorghum Irrigated 61,053 36,810 36,562 43,970 14,172 6,992 3,412
Total Dryland* 372,918 470,016 540,480 681,580 876,342 1,213,236 1,332,532
Total Irrigated** 193,604 178,368 193,132 200,141 161,433 74,697 67,646
Sandy Soils (Acres)
Wheat Dryland 147,728 156,596 217,778 232,129 275,333 379,863 429,876
Wheat Irrigated 36,505 42,244 24,715 26,343 30,495 7,148 -
Grain Sorghum Dryland 100,737 108,086 135,737 162,562 230,049 311,489 330,485
Grain Sorghum Irrigated 18,429 19,912 20,682 20,829 13,468 - -

0os



TABLE XII (Continued)

Period
Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Total Dryland* 255,660 272,812 362,581 404,752 516,438 703,908 774,272
Total Irrigated*#* 67,763 75,365 59,983 62,600 60,751 23,587 14,044

*Includes barley.

**Includes alfalfa, corn, and soybeans.

1<
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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



SCENARIO I - ESTIMATED DECLINES IN THE STATIC WATER LEVEL

TABLE XIII

BY SOIL AND WATER RESOURCE SITUATIONS (1980-2029)

Soil and

Static Water Level Decline (ft.)

Water Resource 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Situation
(WRS)
75-50-C 12.11 12.54 6.91 2.70 5.88 6.30 .02
75-150-C 12.11 12.97 14.22 14.94 21.90 6.30 6.72
75-150-S 11.86 12.70 13.91 15.12 28.79 6.50 .78
75-250-C 12.10 12.97 14.22 15.48 33.46 28.84 6.72
75-250-S 11.86 12.70 13.55 14.71 31.76 6.52 6.96
75-350-C 12.10 12.97 14.22 15.48 33.46 31.37 26.13
75-350-S 11.57 12.39 13.55 10.49 22.42 18.14 6.96
150-150-C 10.31 8.85 9.55 8.72 15.92 6.62 6.72
150-150-8 11,57 11.16 6.34 7.03 6.08 6.52 6.94
150-250-C 11.71 12.55 13.73 8.72 14.87 6.30 6.72
150-250-8 5.21 5.65 2.56 2.80 6.08 6.52 6.94
150-350-C 10.45 11.20 12.30 10.20 5.87 6.30 6.72
150-350-8 2.12 2.31 2.55 2.79 6.07 .68 .78
150-450-C 5.47 5.93 6.70 7.39 16.24 6.53 6.96
150-450-S 2.12 24 .25 .27 .58 .68 .78
150-550-C 2.06 2.24 2,47 2.70 5.87 6.30 6.72
150-550-S .22 .23 .25 .27 .58 .68 .78
225-150-C 5.97 6.38 6.91 2.70 5.87 6.30 5.94
225-150-8 2.13 2.31 2,56 2.80 6.08 6.50 6.93
225-250-C 2.06 2.24 2.47 2,70 5.87 6.30 6.72

€S



TABLE XIII (Continued)

Static Water Level Decline (ft.)

Soil and
Water Resource 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Situation
(WRS)
225-250-8 .17 .18 .20 .22 .47 .35 .63
225-350-C 2.06 2.24 2.47 2.70 5.87 6.30 6.72
225-450-C 2.06 2.24 2.47 2.70 5.84 6.30 6.72

%S
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level as production is switched to less intensive water applications

and as irrigated production is replaced by dryland production.

Sandy Soils

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.

Projected Acreages in Irrigated

and Dryland Crop Production

Clay Soils

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
in the 1990-94 period, and only 5,000 acres o% 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.



TABLE XIV

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

Period
Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Wheat Dry (Acres) 212,294 225,038 240,914 312,626 369,487 625,408 694,472
" 8" 10,368 10,990 24,178 28,856 71,355 - 5,574
" 12" 20,226 21,440 22,952 56,975 - 9,041 -
" 18" 64,066 67,912 63,902 20,461 21,726 - -
Grain Sorghum Dry (Acres) 147,137 229,667 282,389 349,910 485,864 564,056 611,425
" 6" 27,681 - - 22,479 - 5,174 3,412
" 18" 22,075 28,440 27,065 18,124 10,448 1,818 -

" 24" 11,297 8,370 9,497 3,367 3,724 - -
Barley Dry (Acres) 13,487 15,311 17,177 19,044 20,891 . 23,772 26,635
" 18" - - - - - - -
Alfalfa 33" (Acres) 2,981 3,236 3,495 3,769 4,003 4,831 5,648
Corn 24" (Acres) 34,805 37,848 41,897 45,947 49,996 53,642 53,411
Soybeans 24" (Acres) 108 132 146 163 181 191 201

LS



58

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.
Dryland acreage for wheat showed a large incr;ase after 1985-89, and
another large increase after 2000-09. 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.

Changes in Production Patterns Among

Water Resource Situations

Clay Soils

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 theequation is set up so that shallow saturated

thicknesses experience rapid price increases. There was a major shift



TABLE XV

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

Period
Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Wheat Dry (Acres) 147,728 156,596 217,778 232,124 275,333 379,863 429,867
" g" - - - - - 7,148 -
" 12" - 19,158 - - 15,247 - -

" 18" 36,505 23,068 24,715 26,343 15,548 - -
Grain Sorghum Dry (Acres) 100,037 108,086 135,737 162,562 230,049 311,489 330,485
" 18" 11,127 12,022 15,952 15,537 13,468 - -

" 24" 7,302 7,890 4,730 5,292 - - -
Barley Dry (Acres) 7,195 8,130 9,066 10,061 11,056 12,556 13,911
" 18" - - - - - - -
Alfalfa 33" (Acres) 1,355 1,471 1,592 1,713 1,834 2,138 2,442
Corn 24" (Acres) 10,763 11,705 12,957 13,673 14,878 14,268 11,583
Soybeans 24" (Acres) 28 33 37 42 46 33 19

6S
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in water resource situation (WRS) 150-150-C after the in;tial 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 patterﬁs
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.

Results of Scenario II: Projected Changes in
Irrigated and Dryland Acreage and the

Rate of Decline in the Water Table

Clay Soils

Scenario II reflects a gradual increase in the price of natural
gas, all other prices remaining constant. There is a steady decline
in irrigaced acres until the 2000-09 period with 56,000 acres. There
is a small increase of irrigated acreage in the terminal period. This
1s 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 2020-29
Clay Soils (Acres)
Wheat Dryland 212,294 225,038 363,987 493,577 590,477 648,513 706,549
Wheat Irrigated 94,659 95,444 57,196 21,480 - - -
Grain Sorghum Dryland - 147,137 229,667 395,572 442,541 529,656 583,889 619,492
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 1,352,676
Total Irrigated** 193,607 179,192 113,499 84,062 60,744 55,896 56,274
Sandy Soils (Acres)
Wheat Dryland 147,728 227,241 255,093 338,332 359,248 394,558 429,867
Wheat Irrigated 36,505 24,777 25,495 - - - -
Grain Sorghum Dryland 100,037 128,055 185,901 234,598 259,498 311,489 330,485
Grain Sorghum Irrigated 18,434 16,407 9,862 5,433 7,116 - -
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TABLE XVI (Continued)

Period
Crop 1980-84 1985-89 1990-04 1995-99 2000-09 2010-19 2020-29
Total Dryland#* 245,960 - 450,059 582,991 629,802 718,603 774,264
Total Irrigated*#* 67,088 52,863 47,557 17,379 18,864 3,931 323

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

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

Static Water Level Decline (ft.)

Soil and
Water Resource 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Situation '
(WRS)

75-50-C 12.11 12.54 2.47 2.70 5.88 - -
75-150-C 12.11 12.97 13.74 14.94 5.87 6.30 6.72
75-150-S 11.86 12.70 12.60 7.03 15.44 .68 .78
75-250-C 12.10 12.97 14.22 14.94 11.99 6.30 6.72
75-250-S 11.86 12.38 12.24 2.80 6.09 6.50 -
75-350-C 12.10 12.97 14.22 12.12 16.24 6.30 6.72
75-350-S 11.57 6.69 2.55 2.79 .58 .68 -
150-150-C 10.31 8.85 8.11 2.70 5.90 6.62 -
150-150-S 11.57 5.64 2.56 2.80 6.01 .68 .78
150-250-C 11.71 11.20 2.46 2.70 5.87 6.29 6.72
150-250-8 5.21 2.32 2.55 .27 .58 - -
150-350-C 10.45 10.07 2,47 2,70 5.87 6.29 6.72
150-350-S 2.12 .23 - - - - -
150-450-C 5.47 4.41 2.47 2.70 5.87 6.29 6.72
150-450-S 2.12 .23 - - - - -
150-550-C 2.06 2.24 2.47 2.70 5.87 6.29 6.72
150-550-8 W22 .23 - - - - -
225-150-C 5.97 2.24 2.47 2.70 5.87 6.29 6.72
225-150-S 2.13 2.31 2.55 2.79 .58 - -
225-250-C 2,06 2.24 2.47 2.70 5.87 6.29 .78
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TABLE XVII (Continued)

Static Water Level Decline (ft.)

Soil and
Water Resource 1980-84 1985-89 1990-94 1995-99 2000-09
Situation
(WRS)
225-250-S .17 .19 - - -
225-350-C 2.06 2.24 2.47 2.70 5.87
225-450-C 2.06 2.24 2.47 2.70 5.84
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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,
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.

Projected Acreages in Irrigated and

Dryland Crop Production

Clay Soils

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
largest increase occurring after the 1990-94 period. Dryland grain
sorghum showed steady increases with the biggest increase occurring
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 irrigated wheat in the
1980-84 period, 24,700 acres in the subsequent period, 25,500 acres
in the 1990-94 period, and after that there is no irrigated wheat.
Irrigated grain sorghum shows a steady decline but there are 7,000
acres being irrigated in the 2000-09 period. Dryland production shows
a steady increase for both crops, as shown in Table XIX. Irrigated
production of alfalfa, corn, and soybeans were relatively constant
over time. With increased energy costs leading to increased cost per
acre inch, alfalfa, corn, and soybeans all become more sensitive to
irrigation costs. As water resource situations become uneconomical,
irrigated acreage is reduced. However, increased production goals

tend to counteract the decrease.



TABLE XVIII

SCENARIO II - CLAY SOILS - ESTIMATES OF ANNUAL IRRIGATED AND

DRYLAND ACREAGES OF THE VARIOUS CROPS (1980-2029)

Period
Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Wheat Dry (Acres) 212,294 225,038 363,987 493,577 590,477 648,513 706,549
" 8" 10,368 25,288 - 3,505 - - -
" 12" 20,225 13,716 38,769 - - - -

" 18" 64,066 56,440 19,196 17,975 - - -
Grain Sorghum Dry (Acres) 147,137 229,667 395,572 442,541 529,656 583,889 619,492
" 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 - - - -
Baﬁley Dry (Acres) 13,487 15,311 17,177 19,044 20,891 23,773 26,635

18" - - - - - - -
Alfalfa 33" (Acres) 2,981 3,236 3,495 3,768 4,003 4,680 5,298
Corn 24" (Acres) 34,805 37,848 41,896 45,946 49,996 51,034 50,794
Soybeans 24" (Acres) 109 131 146 163 181 182 182
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TABLE XIX

SCENARIO II - SANDY SOILS - ESTIMATES OF ANNUAL IRRIGATED AND

DRYLAND ACREAGES OF THE VARIOUS CROPS (1980-2029)

Period
Crop 1980-84 1985-89 1990-94 1995-99 2000-09 2010-19 2020-29
Wheat Dry (Acres) 147,728 227,241 255,093 338,332 359,248 394,558 429,867
" 8" _ 5,372 - - - - -
" 12" - - 25,495 - - - -

" 18" 36,505 19,405 - - - - -
Grain Sorghum Dry (Acres) 100,037 128,055 185,901 234,598 259,498 311,489 330,485
" 18" 11,127 12,239 5,132 6,433 7,116 - -

" 24" 7,307 4,168 4,736 - - - -
Baﬁley Dry (Acres) 7,195 8,130 ~%,065 10,061 11,056 12,556 13,912

18" - - - - - - -
Alfalfa 33" (Acres) 1,358 1,473 905 974 1,042 966 323
Corn 24" (Acres) 10,763 10,173 11,262 10,939 10,686 2,965 -
Soybeans 24" (Acres) 28 33 33 33 20 - -

0L
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Changes in Production Patterns Among

Water Resource Situations

Clay Soils

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 movement results in wheat
and grain sorghum being produced dryland in WRS 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 more 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. 1In Scengrio 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 11, 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
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constant at 11,000 acres until after the 2000-09 period, and finally
production is stopped at the conclusion of the study.

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 éost of natural gas
significantly reduce irrigated wheat production after the 1990-94
period regardless of soil type.

The other relationship 1s 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.



This chapter presented and analyzed the results of the study.

The next chapter presents the summary and conclusions.
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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 ;ffect 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
the study area. More specifically, the first objective is to develop
a model that 1) depict's the study areas irrigated and dryland crop
production, 2) projects the growth of irrigation, 3) estimates the
resglting 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, the first, a base scenario with a
gradual decline in the water level, and the sécond, a scenario under
which the price of natural gas is allowed to increase. The rate of
groundwater 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 from 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 steadilydeclines to 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 1II.
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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 sorghum 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, 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 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



81

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
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 horizpn 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 II1 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 soll 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;lng out of the relation-
ship in the year 2000. At this time, the liti:le 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 positioms,
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
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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 inmovative 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. Aslide 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.
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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

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 computations are made of declines
in water levels, the changes i; well capacities, and pumping costs.

These bilases 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 nee& 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 depletionmn.

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
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tailwater. The research that seems to offer the most promise for the
immediate future is the development and refinement of relationships
between soll 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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DRYLAND wHEAT

Eitsco'év UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

WHEAT BU. 3.000 18.000 54.00 o __

GRAZING AUNS 0.0 0.350 0e0 (e
TOTAL RFCEILPTS 54.00 __
OPEPATING INPUTS

WHEAT SEED BU. 4.450 0.750 3.34 :

CROP INSURANCF DOL. 0.140 15.000 2.10 __ __ ______

CUSTCV COMHINE ACRE 8.500 1.000 850 — o __

CUSTOM HAULING ~ U, 0.100 18.000 1.80 ____ _ _____

FERT. SPREADER ACRE 1. 350 1.000 1e35 o

NITRCGEN (N) LBS. 0.170 30.000 S.10 __ . _____

PHOSPH (P205S) LBS. 0.140 30.000 4.20

TRACIOR FUEL & LURE ACRE ‘ 1628 0o

TRACTOR REPAILIP COST ACRE ! 0.71 ___ -

EQUIP. PEPAIR COST ACRE 0.3 _
TOTAL CPERATING COST 28072 (e
RETURNS TO LAND,LABOR,CAPITAL,MACHINERY,

ovswnﬁ'an,msx,uu MANAGEMENT 25.28 __________
CAPITAL COST:

ANNUAL OFERATING CAPLTAL 0100 13.086 1e3] e

TRACTOR INVESTMENT 0.100 11,170 1.12 _____ -

ECUTPMENT LINVFSTMFNT 0.100 10.940 109 __ . _____
tnTAL INTEREST rHARrL 352 oo
RFTURNJ TO LAND, LABORI MACHYINERY,

OVL"HFAD, RISK AND MANAGEVMERT 2176 _ oo
OHNERSHl& COoT. (DEPRFCIATLON, TAXES, LNSURANCE)

TRACIOR HRe« 145 o

EQUIEMENT HR. 1.78 ____

TOTAL OWNERSHIP COST 324 e
RFTURNS TO LAND, LABOR, OVERHEAD,

RISKX AND MaANAGEMENT 18.92 o
LABOR COST:

MACHLINERY LABOR HR. 3.500 0.484 1670 e
TOTAL LABOR COST 0.4v4 1670 e
RF.‘I‘URNS TO LAND, OVERHEAD, RiLSK AND MANAGEMENT 16.83 _ .
LAND CHARGE OR PRENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 e

LAND TAXES ACPE 0.0 __________
TOTAL LAND CHARCE 0.0 ___
RETUKRNS TO OVERUWEAD, RISK AND MANAGEKRENT 16.83

- - - A P G = P S D W W WP AP TS WD G W T W R WD D WP D WD W D W O D W W o - -

HENDERSON, MAPP



92

WHEAT, SURFACE IRRIGATION

8" WATER CGSTS EXCLUDED
CATEGORY UNITS FRICE QUANTITY VALUE VYOUR VALUE
PRODUCTION:

WHEAT 8U. 3.000 39.000 117.00 e
GRAZING AUMS 0.0 0.500 0.0
TOTAL RECFLPTS 117.00 _________

OPERATING INPUTS:
WHEAT SFED BU. 4.450 1.000 4.45 __ .
NITRGGEN (N) LBSe. 0.170 §3.000 9.01 oo
CROP INSURANCE OOL. 0.140 42,000 . 588
CUSTOM COMBINE ACRE 8.500 1.000 8.50 . ___
CUSTCV COMBINE 8U. 0.085 19.000 1.6 ______ —
CUSTOM HAULING 8U. 0.100 39,000 3.90 __ _____ ___
TRAZTOR FUEL § LUBE ACRE 3e39 e
TRACTOR REPALP COST ACRE ' 189 e
EQUIP. REPAIR COST ACRE : 1,03 ______
TOTAL OPERATLNG cosT ! 39266 o
RETURNS TO L“NDJLIBORICAPIT“L'NACHINEPY,
OVERHEAD,RLSK,AND MANAGSMENT 1734 o __
CAPITAL COST:
ANNUAL OPERATING CAPLTAL 0.100 16. 221 1662 _ e
TRACTOR INVESTMENT 0.100 29.697 2097 ol
EQUIPMENT INVESTMENT 0.100 26,428 2.64
fOTAL INTEREST CHARGE Te23 e
RETURNS TO LAND, LAROR, MACHLNERY,
OVETHRAD, RISK AND MANAGE Ve NT 7010 e
OWNERSHIP COST: (DEPRECIATION, TAXES, LNSURANCE)
TPACTICR HRe 3087 e
EQUIPMENT HR. .30 _
TOTAL OWNERSHIP COST 8el7 (e
RETURNS TO LAND, LAROR, OVERHEAD,
RISK AND MANAGEMENT 6193 e
LABOR COST:
MACHINERY LABOR HR. 3.500 1.288 4eS)1 e
OTHER LABOR HR. 3.500 1.170 4.09 __ . ___
TOTAL LABOR COST 2.458 8.60 __________
RETURNS TO LAND’ OVERHEAD, RISK AND RINAGEHEHT $333 e
LAND CHARGE OR RENT:
LAND INVESTWMENT ACRE 0.0 0.0 060 e
LAND TAXES ACRE 0.0 __ -
TOTAL LAND CHARGE 000 o
RETURNS TO OVERHEAD, RISK AND MANAGEMENT 53.33

- @ oy W g - - - P L L L LD L Lr ]

HENDERSON, MAFP
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JHEAT, SURFACE IRRIGATION
129 HATER COSTS EXCLUDED

CATEGORY UNITS PRICE OQUANTITY VALUE YOUR VALUE
PRODUCTION:S

WHEAT 8U. 3.000 46.000 138.00 __________

GRAZLNG AUVS 0.0 1.000 0.0 __________
TOTAL RECFIPTS 138.00
OPEPATING INPUTS:

WHEAT SEED BU. 4.450 1.000 4.45 _______.__

NITROGEN (N) LBS. 0.170 94.000 15.98 __________

CROP INSURANCE poL. 0.140 52.000 1.28 __________

CUSTOM COMBINFE  ACRE 8.500 1.000 8.50 __________

CUSTOM COMBINE BU. 0.085 26.000 220 o

CUSTCM HAULINC BU. 0.100 46.000 a.60 __________

TRACTOR FUEL & LUBE ACRE 3.3 ________—

TRACTOR REPALR COST ACRF, 1.89 ________

LOUTE. REPAIR COST ACRE 1.03
TOTAL OPERATING COST 49.33 __ "
RETURNS TO LAND,LABOR,CAPITAL,MACHINERY,

OVERHEAD,RISK,AND MANAGEMENT 88.67 ______ _
CAPITAL COST:

ANNUAL OPERATING CAPITAL 0.100 22,263 2,23 I

TRACTOR LNVESTMENT 0.100 29.697 297 ___——_____

EQUTEVNENT INVESTMENT 0.100 26.428 2.64 __________
TOTAL INTEREST CHARGE 7.84 __________
RETURNS 10 LAND, LAROP, MACHINEPY,

OVERHEAD, RTSK AND MANAGEMENT 80.83 ________ _
OWNERSHIP COST: (DEPRECIATION, TAXES, INSURANCE)

TRACTOK HR. 3.87 ___

EQUIPMENT HR. 4.30 __________
TOTAL CWNERSHIP COST 8.17 __________
RETURNS TO LAND, LABOR, QVERHEAD,

RTSK AND MANAGEMENT 72.66 _____
LABOR COST:

MACHINERY LABOR HR. 3.500 1.288 4.5
TOTAL LABOR COST 1.288 4.51 __________
RETURNS TO LAND, OVERHEAD, RISK AND MANAGEMENT 68.15 _______
LAND CHARCE OR P&NT: -

LAND INVESTMENT ACRE 0.0 0.0 0.0 _____ _

LAND TAXES ACRE 0.0 ______ -
TOTAL LAND CHARCE 0.0 _________-
RETURNS TO OVERHEAD, R1SK AND MANAGEMENT 68.15

B e L S —
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18® WATER COSTS EXCLUDED
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CATEGORY UNITS  PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

WHEAT 8U. 3.000 55.000 165.00 __________

GRAZING AUMS 0.0 1.000 0.0 ____
TOTAL RECEIPTS 165.00 __________
OPERATING LNPUTS:

WREAT SEED av. 4.450 1.000 4.45 _______-__

NITROGEN (N) LBS. 0.170 120.000 20,40 ________ -

CROP INSURANCE poL. 0.140  52.000 7478 0 ______

CUSTOM COMBINE ACRE 8.500 1.000 8.50 __________

CUSTOM COMBINF BU. 0,085 35.000 2.97 __________

CUSTOM HAULING BU. 0,100  55.000 5.50 __________

TRACTCR FUEL & LUBE ACRE 3.39 _________

TRACTOR REPAIP COST ACRE 1.89 ___

EQUIF. REPAIR COST ACRE, 1,03 __________
TOTAL OPERATING COST v 55.41 __________
RETURNS TO LAND,LABOR,CAPITAL,MACHINERY,

OVEPHEAD,RISK,AND FANAGEMENT 109.59 __________
CAPITAL COST:

ANNUAL OPERATING CAPLTAL 0.100 25.946 2.59

TRACTOR INVESTMENT 0.100 29.697 2.97

EQUIPMENT LNVFSTMFNT 0.100 26.428 .64 __________
TOTAL INTEREST CHARGE 8.21 __________
RFTURNS TO LAND, LABOR, MACHINERY, .

CVERPHEAD, RISK AND WANAGEMENT 101.38 _________
OWNERSHIP COST: (DEPRECIATAON, TAXES, LNSURANCE)

TRACICR FR. 3087 oo

EQUIPVENT HR. 4.30 ________ -
TOTAL OWNERSHIP COST 8.17 __________
RETURNS TO LAND, LABOR, OVERHEAD,

RISK AND MANAGEMENT 93.21 __________
LABOR COST:

MACHINERY LABOR HR. 3.500 1.283 4.51 __________
TOTAL LABOR COST 1.298 4.51 __________
RETURNS TO LAND, OVERHEAD, RiSK AND MANAGEMENT 88.70 __________
LAND CHARGE OR PRENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 oo

LAND TAXES ACRE 0.0 o __
TOTAL LAND CHARGE 0.0 I
RETURNS TO OVERHEAD, RISK AND MANAGEMENT 88.70

- T D > = - - WP W W W - -
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DRYLAND GRAIN SORGHUM

CATEGORY UNITS PRICE QUANTITY VALUE YOUR VALUE
PPODUCTION:
MILO CNT. 3.820 11.000 42.02 ____ _
SORGHUM STUBBLE AUMS 0.0 0.750 0.0 ____ .
TOTAL RECEIPTS 42.02 __________
OPERATLNG LNPUTS:
GRATN SORG SEED L8S. 0.480 3.000 1e44 __________
NITROGEN (N) LBS. 0.170 41.000 6.97 -
INSECTICIDE ACRE 6.500 1.000 6.50 ________ __
CRCF INSURANCE DOL. 0.080 30.000 240 __________
CUSTOM COMBINE . CHT. 0.300 11.000 3.30 _______ -
TRACTOR FUEL & LURE ACRE 1.80 __________
TRACTOR REPALR COST ACPE 115 — _—_____
EQUTE, REPAIR COST ACRE 0.56 __________
TOTAL OPERATLING COST 24.20

RETURNS TO LAND,LABOR,CAPITAL,MACHINERY,
OVERHEAD,RISK'AND MANAGEMENT 17.82

CAPITAL COST'

ANNUAL OPERATING CAPLTAL 0.100 7.070 007 oo
TRACTOR LNVESTMENT 0.100 17.987 1.80 __ -
EOUTPMENT INVESTMENT 0.100 12.081 1.21 ______

TOTAL INTFREST CHARGE TN -

RETURNS TO LAND, LAROR, MACHINERY,

OVERHFAD, RISK AND MANAGEMENT 149011 _________

OWNERSKT® COST: (DEPRECIATION, TAXES, LNSURANCE)

TPACTOR HR. 234 __________

EQUIEMENT HR. 1.97 __________
TOTAL CWNERSHIP COST 4.31 __________
HETURNS TO LAND, LAROR, UVERHEAD,

RTSK AND MANAGEMENT 9.80 ____

LABOR COST:

MACHINERY LABOR R. 3.500 0.894 3.13 __________
TOTAL LABOR COST 0.894 313 ____
RFTURNS T0 LAND, OVERHEAD, RISK AND MANAGEMENT 6.67 ___ _
LAND CHARGE OR RENT:

LANP TNVESTMENT ACRE 0.0 0.0 0.0 __________

LAND TAXES ACRE 0.0 _________~
TOTAL LAND CHARGE 0.0 __________
RFTURNS TO ovznnsao, RISK AND MANAGEMENT 6.67

HENDERSON, MAPP
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GRAIN SORGHUM, SURFACE IRRLGATLON
6" WATER COSTS EXCLUDED

CATEGORY UNITS PRICE QUANTITY VALUE VYOUR VALUE
PRODUCTIONS

MILO CuT. 3.820 26.000 99.32 __________

SORGHUM STUBSBLE AUMS 0.0 0.500 0.0 __ o __
TOTAL ascsxprq 99.32 __ o __
OPERATLNC ANPUTS:

GRAIN SORG SEED L8S. 0.480 3.000 1.44 o

NITROGEN (N) LBS. 0.170 50.000 8.50 ________ _

INSECTICIDE ACRE 6.500 1.000 6e50 o oome

HERBICIDE . ACRE 8.000 1.000 800 __________

CROP INSURANCE noL. 0.080 49,000 3.92 o

CUSTOM COMBINE C4Te 0.300 26.000 7.80 ___ o ___

TRACTOR FUEL & LURE ACRE 36N o

TRACTOR REPALR COST ACRE 207 o

EQUIE. REPAIR COST ACRE 1023 o
TOTAL OPERATING COST 43,17 ______
RETURNS TO LAND,LABOK,CAPITAL,MACHINERY,

OVEPHEAF,RISK,AND MANAGEMENT 56.15 ___ _—
CAPITAL COST:

ANNUAL OPERATING CAP1TAL 0.100 13.489 1.35 ___ . __

TRACTOR INVESTMENT 0.100 32.468 3¢25 o

EQUIFVENT INVESTHENT 0.100 25.502 2655 e
TOTAL INTEREST CHARGE 7.1 o _
RETURNS TO LAND, LAPOPR, MACHLINcPRY,

OVEPHEAD, RISK AND MANAGEMENT 49,01 ______ ____
OWNERSKIP COST: (DEPRECIATAON, TAXLS, INSURANCE)

TRACTOK HR. 4.23 _

EQUIPMENT HR. 4,15 __________
TOTAL CWNERSHIP CNST 8.38 __ o
RPTURNS TO LAND, LABOR, ovsnuaAo,

RISK AND MANACENLHT 40.63 __ o __
LABOK cost.

MACHINERY LAHOR HR. 3.500 1.408 4493
TOTAL LABOR COST 1.408 4,93 __ o
R?TURNS to LAND, OVERHERAD, nlsx AND MANAGEMENT 35¢70 e
LAND cnnnce OR RENT:

LAND INVESTMuNT ACRE 0.0 0.0 0.0

LAND TAXES ACRE 0.0 I
TOTAL LAND cunncs 0.0 _
RFTURNS T0 OVERHEAD, R1SK AND MANAGEMENT 35.70

HENDEPSON,HAFP
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CATEGORY UNITS  PRICE OUANTLTY VALUE YOUR VALUE
PRODUCTION:

MILO CWT. 3.820 11.000 42.02 __________

SORCHUF STUBLLE AUMS 0.0 0.750 0.0 __________
TOTAL RECEIPTS 42.02 ____
OPERATING LNPUTSS

GRAIN SORG SEED LBS. 0.480 3.000 1.44 _______-__

NITROGEN (N) LBS. 0.170  41.000 6.97 __________

INSECTICIDE ACRE 6.500 1.000 6.50 __________

CROP INSURANCE poL. 0.080  30.000 2.40 ________ "~

CUSTOM COMBINE CK*. 0.300  11.000 30 _________

TRACIOR FUEL & LURE ACRE 1.88 ____ ______

TRACTOR REPAIR COST ACRE 1.15 __ ________

EQUIP. REPAIR COST ACRE 0.56 __________
TOTAL CPERATING COST 24,20 ______ "~
RETURNS TO LAND,LABOR,CAPITAL,HACHINERY,

OVERHEAD, PLSK, AND MANAGEHENT 17482 e
CAPITAL COST:

ANNUAL OPERATING CAPITAL 0.100 7.070 071 __________

TRACTOR INVESTMENT 0.100  17.987 1.80 -

EQUIPMENT INVFSTMENT 0.100  12.081 1e21
TOTAL INTEREST CHARCE 3. ____
RETURNS TO LAND, LABOR, MACHLNERY,

OVEPHEAD, RISK AND MANAGEMENT 14.11 __________
COWNEKSHIP COST: (DEPRECIATLON, TAXES, INSURANCE)

TRACTOR HR. 2.34 __________

EQUIPMENT HR. 1.97 __________
TOTAL OWNERSHIP COST 4.31 ________~
RETURNS TO LAND, LABOR, OVERHEAD,

RISK AND MANAGEMENT 980
LABOR COST:

MACHLNERY LABOR HR.« 3.500 0.894 3013 . __
TOTAL LABOR COST 0.894 3.13 __________
RETURNS TO LAND, OVEKHEAD, RISK AND WANAGEMENT 667
LAND CHAKGE OR RENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0

LAND TAXES ACRE 0.0 __________
TOTAL LAND CHARGE 0.0 __________
RETURNS TO OVERHEAD, P1SK AND MANAGEMENT 6.67

- - - . B P W . - D T ) = D OP TP WP W TP W TE e -
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GRAIN SORGHUM, SURFACE IRRIGATLON
187 WATER COSTS EXCLUDED

CATEGORY ONITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

MILO Cut. 3.826 46.000 175672 oo

SORGHUM STURBLE AUMS 0.0 1.200 0.0 _______—-
TOTAL RFCELPTS 175.72 __________
OPERATING INPUTS:

GRAIN SORG SEFD LS. 0.480 10.000 4.80 _______.__

NITFCCEN (N) L8S. 0.170  91.000 15.47 __________

NITROGEN (N) LBS. 0.170 22,000 3.714 ____

HERBICLDE  ACRE 3.000 1.000 8.00 __________

INSECTICLDE ACRE 6.500 1.000 6.50 __________

CROP INSURANCE DOL. 0.080  80.000 6.40 __________

CUSTOM COMBINE CT. 0.300 46.000 13.80 __________

TRACTOR FUEL & LUBE ACRE 3.3 __________

TRACTOR REPALR COST ACRE 2.04 —

EQUIE. REPAIR COST ACRE 1.59 -
TOTAL OPERATING COST 65.69 -
RETURNS TO LAND,LABOR,CAPITAL,MACHINZRY,

OVEPHEAD, RISK,AND MANAGENENT 110.03 _ -
CAPITAL COST:

ANNUAL OPERATING CAPITAL 0.100 21.141 2.11 N

TRACTOR LNVESTMENT 0.100 32.002 20

EQULEVMENT INVESTMENT " 04100 29.180 2.92 __________
TOTAL INTEREST CHARGE 823 __________
RETURNS TO LAND, LABOP, MACHINERY,

OVERHEAD, RISK AND MANAGEMENT 101.80 _____
OWNERSEITP COST: (ospnaclafnonl TAXES, LNSURANCE)

TRACTOR HR. 4.17 ____

EOUIPMENT HR« 4.82 ________
TOTAL CWNERSHIP COST 8.99 __________
RETURNS TO LAND, LABOR, OVERHEAD,

RTSK ANO MANAGEMZNT 92481 o
LABOR COST™:

MACHINEPY LABOR HR. 3.500 1.591 5¢57 o
TOTAL LABOR COST 1.591 5.7 __________
KETURNS TO LAND, OVERHEAD, RLISK AND MANAGEKENT 8724 —_________
LAND CHARGE OR RENT

LAND INVESTMENT ACRE 0.0 0.0 000 oo

LAND TAXES ACRE 0.0 ______ -
TOTAL LAND CHARGE 0.0 __________
RETURNS TO OVERHEAD, RISK AND MANAGEMENT 87.24 ____

- W G G P D " S G W W AR - - W S W

HENDERSON, NAFP



GRAIN SORCHUM, SURFACE IRRIGATION
24" WATER COSTS EXCLUDED
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CATEGORY UNITS PRICE OUANTITY VALUE YOUR VALUE
PRODUCTION:

MILO CNT. 3.820  $5.000 21010 . ____

SORGChUM STURBLE AUNS 0.0 1.400 0.0 __________
TOTAL RECEIPTS 21010 __________
OPERATING INPUTS:

GRAIN SORG SEED L8S. 0.480 10.000 4.80 _____

NLTROGEN (N) LBS. 0.170  175.000 21.25

NITPCCEN (N) LbS. 0.170 28.000 4.76 __________

HERB1CIDE ACRE 8.000 1.000 8.00 _________

ANSECTLCIDE ACRE 6-500 1.000 6.50 __________

CROF INSURANCE DOL. 0.080 80.000 6.40 __________

CUSTOM COMBINE CcWT. 0.300 55.000 16.50 __________

TRACTOR FUEL § LUBE ACRE 3.35 ________

TRACTOR REPALP COST ACRE g 2.04 __________

EQUIP. REPAIR COST ACRE ; 1.59 __________
TOTAL OPERATING COST 15.19 ____ -
RETURNS TO LAHD,LABOR,CAPITlLaNACHlNEnY,

OVEPHEAD,RISK,AND MANAGEMENT 134.91 __________
CAPITAL COST: -

ANNUAL OPERATING CAPITaL 0.100 24.286 2.43 ____

TRACTICR INVESTMENT 0.100 32.002 320 __________

EQUIPMENT LNVESTMENT 0.100 29,180 2.92 __ -
TOTAL LNTEREST CHARGE 8.5 __________
RETURNS TO LAND, LABOR, MACHLNERY,

OVERHFAD, RISK AND MANAGEMENT 12636 —________
OWNERSHIP COST: (DEPRFCIATION, TAXES, INSURANCE)

TRACTOR HR. 417 o

EQUIFVENT HR. 4.82 _________~
TOTAL OWNERSHIP COST 8.99 ________
RETURNS 10 LAND, LABOR, OVERHEAD,

RTSK AND MANAGEMENT 117.37
LABOR COST:

MACHINERY LABOR HR. 3.500 1.591 5.57 ________
TOTAL LABOR COST 1.591 5.57 __________
RETURNS TO LAND, OVERHEAD, RISK AND MANAGEMENT 111.80 __________
LAND CHARGE OP RENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 __________

LAND TAXES ACRE 0.0 __________
TOTAL LAND CHARCE 0.0 _________-
RRTURNS T0 OVERHEAD, RiSK AND MANAGEMENT 111.80 __

HENDERSOH,HAPP
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ORYLANO BARLEY

CATEGORY UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:
BARLEY av. 2.160 25.000 54,00 __________
GRAZING AUMS 0.0 0.350 0.0 _________~
TOTAL RECELPTS 54.00 __________
OPERATING INPUTS:
BARLEY SEED BU. 4.100 0.670 2075 oo
CPCF INSURANCE DOL. 0.140 15.000 210 __________
CUSTOM COMBINF ACRE 8.500 1.000 8.50 _____ ____
CUSTO¥ HAULING AU 0.100 20.000 2,00 _________
CUSTOM CCMBINE BU. 0.085 5.000 0.42 __________
NITROGEN (N) LBS. 0.170 30.000 S.10 _______
FERT. SPREADER ACRE 1.350 1.000 1.3 __________
TRACICR FUEL & LURE ACRE 1,28 __________
TRACTOR REPAIR COST ACRE 0.71 ____
ECULE. REPAIR COST ACRE 035 o __
TOTAL CPERATING COST 24.56 oo ___
RETURNS TO LAND,LABOR:CAPITAL:HACHINbRYp
OVERHEAD,RISK,AND_ FANAGENENT 29.44 __________
CAPITAL CosT:
ANNUAL. OPERATING CAPLTAL 0.100 3.217 0033 (e
TRACTOR INVESTMENT 0.100 11.170 1.12 __ -
EQUIPMENT INVESTMFNT 0.100 10.940 1,09 __________
TOTAL INTEREST CHARCE 2.54 __________
RETURNS TO LAND, LAROR, MACHLNERY,
OVEHEAD, RISK AND MaNAGEMENT 26.91 __________
OWNERSHIP COST: (DEPRECIATIOH; TAXES, INSURANCE)
TRACTOR HR. 1.45 o __
EQUIEMENT HR. 1.78 o __
TOTAL OWNFRSHIP COST 324 ______
RETURNS TO LAND, LABOR, OVERHEAD, T
RISK AND MANAGEMENT 23.67 _________
LABOR COST: . T
MACHINERY LABOR HR. 3.500 0.484 1.70 ________
TOTAL LABOR COST 0.484 1.70 _________
RETURNS TO LAND, OVFRHEAD, RISK AND MANAGEMENT 21.97 __________
LAND CHARGE OR RENT: T
LAND INVESTMENT ACRE 0.0 0.0 0.0 _________
LAND TAXES ACRE 0.0 ______ -
TOTAL LAND CHARGE 0.0 ______
RRTURNS TO OVERHEAD, RiISK AND MANAGEMENT 21.97
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BARLEY, SURFACE IRRIGATIOR
1R® WATER COSTS EXCLUDED

CATEGORY UNITS  FRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

BARLEY R 2.160  85.000  183.60 __________

GRAZING AUMS 0.0 1.000 0.0 ~ -
TOTAL RECELPTS 183.60 __________
OPERATLNG INPUTS:

BARLEY SEFD RU. 4.100 1.000 4.10 o ___

NITPCCEN (N) 1.6S. 0.170  150.000 25.50 ———_______

CROP INSURANCE pOL. 0.140  S0.000 7.00 _______~

CUSTOM COMBINFE  ACRE 8.500 1.000 8.50 __________

CUSTOM COMBINE RU. 0.085  65.000 S.52 __________

CUSTOM HAULING BU. 0.100 85,000 8.50 __________

TRACTOR FUEL § LUBE ACRE 339

TRACTOR REPALP COST ACRE 1.89 ________~

EQUIP. REPAIR COST ACRE 1.03 ________ -
TOTAL OPERATING COST A 65.43 __________
RETURNS TO LAND,LABOK,CAPITAL,MACHINERY,

OVERHEAD,RISK,AND MANAGEMENT 118.17
CAPITAL COST:

ANNUAL OPERATING CaPLTAL 0.100  23.660 2037 o

TRACTOR INVESTMENT 0.100  29.697 2,97 .~

EQUIPMENT INVESTMENT 0.100  26.428 2.64 __________
TOTAL INTEREST CHARGE 7.98 -~
RETURNS TO LAND, LABOR, MACHINERY,

_OVEPHEAD, RISK AND MANAGEMENT 11019 __________
OWNERSHIP COST: (PEPRECIATLON, TAXES, INSURANCE)

TRACTOR HR. 3.87 __________

EQUIFVENT HR. .30 __________
TOTAL OWNERSHIP COST 8.17 __________
RETURNS T0 LAND, LAROR, OVERHEAD,

RYSK AND MANAGEMENT 102,01 __________
LABOR COST: '

MACHINERY LABOR HR. 3.500 1.288 4.51 __________
TOTAL LABOR COST 1.268 4.51 __________
RETURNS TO LAND, OVERHEAD, RISK AND MANAGEKENT 97.51 ____

LAND CHARGE OR PENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 ______

LAND TAXES ACRE 0.0 __________
TOTAL LAND CHARGE 0.0 .-
RETURNS T0 OVERHEAD, RISK AND HANAGENENT 97.51

HENDERSON,MAPP
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ALFALFA, SURFACE IRRPRLGATLON
33" WATER COSTS EXCLUDED

CATFGORY UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

ALFALFA HAY TONS 58.000 6.500 377.00 ________ _
TOTAL RECEILPTS 37700 o
OPERATING INPUTS:

1/S EST. COST ACRE 84.250 0.200 16.85 _

INSFECTLCLDE ACRE 6.500 0.330 2.14 o __

PHOSPH (P205) LBS. 0.140 100,000 14.00 __________

INSFCTLICALDE ACRE 12.750 1.000 1275 e

CUTTING & BALING RL« 0.550 195.000 10725 e

CUSTOM HAULING © BLe 0.200 195.000 39.00 __________

SPREADER RENTAL ACRE 1.350 1.000 135 e

TRACTOR FUEL & LUBE ACPE 1040 et

TRACTOK REPALIR COST ACRE 0.91 .
TOTAL OFEPATING COST 195.66 _ o _
RETURNS TO LAND,LABOR,CM’H‘AL,HICHINER‘!,

OVERHRAD,RLSK,AND MANAGEMENT 181.34 .
CAPITAL COST:

ANNUAL OPERATING CaPaTaL 0.100 5.827 058 e

TPACTOR INVESTMENT 0.100 13.299 133 e

EQUIPVMENT INVESTMENT 0.100 0,0 0.0 ____ .
TOTAL INTFREST CHARGE 1.91 o
RETURNS TO LAND, LABOR, MACHINERY,

OVERHEAD, RISK AND MA\IAGEHE.VT 179.42
OWNFRSLEIP COST: (DEPRECIATION, TAXES, INSNRANCE)

TRACTOR HR. 1673 e

EQUIFVENT HR. 0.0 __ o
TOTAL OWNERSHIP COST 173 e
KETURNS TO LAND, LAROR, OVERHEAD,

RYSK AND MANAGEMENT 177469 (e
LABOR COST:

MACHINERY LABOR HR« 3.500 1.210 .23 ___ _—
TOTAL LABOR COST 1.210 4623
RETURNS TO LAND, OUERHEhD, RISK AND MANAGEMENT 173.46 __
LAND CHARGE OR R&.NT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 _____

LAND TAXES ACRE 000 o
TOTAL LAND ChAR(’i‘. 0.0 _
RFTURNS TO OVBRHEAD, RiSK AND HANAGEHBNT 173086 e

el R PR B R U P DR D - - - o
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SPENTM SUBROUTINE ENTERED ***etsnmassassnasasss

CORN, SURFACE IRRIGATIONW
24* WATER COSTS EXCLUDED

CATEGORY - UNITS PRICE QUANTITY YALUE VYOUR VALUE
PPODUCTIONS

CORN AU. 2.290 130.000 297.70 _________ .

PASTURE AUMS 0.0 1.400 00 o
TOTAL RESCREIPTS 29770 e
OPERATING iINPUTS:

CORN SEED

b4 0.055% 250,000 13e75 e

NLTROGEN (N) L8S. 0170 200.000 34.00 _ _____.____

PHOSEFH (F205) . LsS. 0.140 40.000 $e¢60 Co e

HERBICIDE ACRE 12.000 1,000 12.00 ___ . ______

INSFCTLCLDE ACRE 6.000 1.000 6.00 _ _________

CROP INSURANCE DOL. 0.120 80.000 9060 oo

CUSTUM COMBINE BU. 0.350 130,000 45.50 __ o

FERT. SPREADER ACRE 1.3%0 1.000 163 e

INSECTICIDE ACRE 6.500 1.000 6.50 _ o __

INSECTICIDE ACRE 24.750 0.500 12.38 -

TRACTOR FUEL & LURE ACRE 4022 e

TRACICR REPALP COST ACRE 2.35 o

EQUIP. REPAIR COST ACRE 1.45 _______
'ronl. OPERA'NNG COST 154.70 _________
RFTURNS T0 L&ND,LIBOR,CAPI‘I‘AL,MACHINERY,

OVERHEAD,RLISK,AND MANAGEMENT 143.00 __ __ . ____
CAPITAL COST:

ANNUAL OPERATING CaPaTal 0.100 50.236 Se02 oo

TRACIOR INVESTMENT 0.100 364920 3,69

EQUIPMENT INVESTMENT 0,100 27.723 2077 e
TOTAL ANTEREST CHARGE 11.49 __________
RETURNS TO LAND, LABOP, MACHINERY,

OVEPH"AD, RISK AND MAVAGBMEMT 131592 (e
OHNBRSHIP COST: (DE.PRFCIATION, TAXES, INSURANCE)

TRACTOR HRe. 8e8) (e

EQUIEVENT HR. 4057 o e
TOTAL OWNERSHIP COST 9¢37 e
RETURNS TO LAND, LABOR, OVEZRHEAC,

RI.SK AND MANAGEMENT 122,14 _____ ____
LABOR COST:

MACHINEPY LABOR HR. 3.500 1.601 560 _ oo
TOTAL LABOR COST 1.601 560 e e e
RFE.TURNS TO LAND, OVERHEAD, RISK AND MANAGEMEN?T 116.94 ____ —
LAND CHARCE OR PRENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 _

LAND TAXES ACRE 0.0 o
TOTAL LAND CHAKCGE . 0.0 o
RETURNS TO OVERHEAD, RLSK AND MANAGEKENT 116.54
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SOYBEANS, SURFACE L1RRIGATION
24" WATER COSTS EXCLUDED

CATEGORY UNITS  PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

SOYPEANS U 5.400  35.000  189.00 __________
TOTAL RECEIPTS 189.00 __ __
OPEPATLING LNPUTS:

SOYREAN SEED LBS. 0.150  60.000 9.00 __________

PHOSPH (P205) LBS. 0.140  50.000 7.00 _________

CUSTCVM COMBINF ACPE  12.000 1.000 12.00 __________

CUSTOM HAULING BU. 0,100  35.000 3.50 __________

HERB1CLDE LBS. 10.000 1.000 10,00 __________

INSFCTICLDE ACRE 6.500 1.000 6.50 __________

TRACTOK FUEL & LUBE ACRE 3.64 __________

TRACTOR REPALR COST ACRE 203 ______ "~

EQUTE. 9ZPAIR COST ACRE 0.86 __________
TOTAL OPERATING COST 54.53 ____
RTTURNS TO LAND,LABOR,CAPITAL,MACHINERY, '

OVERHFAD,RISK,AND MANAGEMENT 134,47 __________
CAPITAL CNST:

ANNUAL OPERATING CAPITAL 0.100  13.916 1.39 __________

TRACTOR INVFSTMENT 0.100  31.837 3.18 __________

EQUTENMENT LINVESTMENT 0.100  17.048 .70 _——______
TOTAL INTERRST CHARGE 6.28 __________
RETURNS T0 LAND, LAROR, WACHLNCPY,

OVERHEAD, RISK AND MANAGEMENT 128,19 __________
OWNEKSHIF COST: (DEPRECIATION, TAKES, INSURANCE)

TRACTOR HR. 415 __________

EQUIPMENT HR. 218 __________
TOTAL CWNSRSHIP COST 6092 o
RETURNS TO LAND, LAROR, ovenu?an,

RISK AND MANAGEM:NT 121427 o
LABOR COST:

MACFINERY LABOR HR. 3.500 1.38; 4.83 __________
TOTAL LABOR COST 1.381 4.83 __________
RETURNS TO LAND, OVERHEAD, RLISK AND MANAGEMENT 116.44 __________
LAND CHARGE OR RENT:

LAND YNVESTMENT ACRE 0.0 0.0 0.0 _ . ____

LAND TAXES ACRE 0.0 __ -
TOTAL LAND CHARGE 0.0 _________-
RETURNS TO OVERHEAD, PISK AND MANAGENENT 116. 44

D
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DRYLAND wHEAT

CATEGCRY UNITS PRICE CQUANTITY VALUE VYOUR VALUE
PRODUCTION:

WHEAT BU. 3.000 18.000 54.00 __________
GRAZING AUMS 0.0 0.350 0.0 ____ i
TOTAL RECELPTS 54.00 —

OPERATING INPUTS:
WHEAT SFEED AU. 4-.450 0.750 3634
CPOP INSURANCE DOL. 0.140 15.000 2.10 __________
CUSTOM COMBINE ACRE 8.500 1.000 8.50 __________
CUSTO¥ HAULING AU. 0.100 18.000 1.80
FERT. SPREADE® " ACPE 1.350 1.000 135 e
NITROCEN (N) LBS. 0.170 30,000 510 _ o
PHOSPFH (P20S) LBS. 0.140 30.000 4.20 _______ __
TRACTIOR FUEL € LUAE ACRE 1.28
TRACTOR REPAIP COST ACRE 0.71 ____
EQUIP. REPAILR COST ACRE 0.3

TOTAL CPERATING CObT 28.72 .

RETURNS TO LAND,LABOR,CAPITAL,NACFINER?:
CVLRHEAD,RLSK,AND MANAGEMENT 25

«28 __ _
CAPITAL COST:

ANNUAT. OPERATING CAPLITAL 0.100 13.086 1e31

TRACTOR INVESTMENT 0.100 11.170 1.12 ______ —

EQUIEMENT ANVESTMENT 0.100 10.940 1.09 ____ ______
TOTAL INTEREST CHARN 3e52 e
RETURNS TO LAND, LAPO?: MACHINERY,

OVLPHEAD, KISK AND PANAGZMENT 2170 e
OWNERSHIP COST: (DEPRECIATAON, TAXES, INSURANCE)

TRACIOR HR. 1.4

EQUIPMENT HR. 178 e e
TOTAL OHNERSHIP coSsT 3024 e
RETURNS TO LAND, LABOR, OVERHEAD,

RISK AND MANAFEMENT 18652 e
LABOR COS?.

MACHINERY LABOR HR. 3.500 0.484 1670 e
TOTAL LabnR coST 0-.484 1670 e
KFETURNS TO LaND, OVERHEAD, RLSK AND MANAGEMENT 1683 o
LAND CHARGE OR PENT:

LAND INVESTMEWT ACRE 0.0 C.0 0e0 e

LAND TAXES ACRE 000 (e
TOTAL LAND CHARGE 0.0
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WHEAT, CENTER PIVOT IRRIGATION
8" WATER COSTS EXCLUDED

CATEGORY UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTIONS
WHEAT AU. 3.000 37.000 111.00 __________
GRAZING AUMS 0.0 0.500 0.0 _ oo
TOTAL H‘ZCEIP‘I‘Q 111.00 __ o
OPLRATING LNPUTS:
WHEAT SEED aU. 4.450 1.000 4.4 _ o
NITROGEN (N) LBS. 0.170 40.000 6.80 _______ .
NITROGEN (N) LBS. 0.170 24.000 4.08 __ ________
PHOSEY (P20S) LBS. 0.140 27.000 3M8 e
CROP INSUPANCE OOL. 0.140 40,000 S.60 __________
CUSTOM COMBINE ACRE 8.500 1.000 8eS50 o
CUSTCVY COMBINE BU. 0.085 17.000 1.44 _
CUSTOM HAULING BU. 0.100 37.000 3.70
FERT. SPREADER ACRE 1.350 1.000 135
TRACTOR FUEL § LUBE ACRE 1673 e
TRACTOR REPAIR COST ACRE l 0.97 ____
EQUIP. REPAIR COST ACRE 0.43 ___ -
TOTAL CPEPATLING COST 4283 o
RETURNS TO LAND,LABOR:CAPITAL;MACHINERh
OVbPH“AD,RlSK,AND MANAGEMENT 6817 __
CAPITAL COST:
ANNUAT. OPERATING CAPLITAL 0.100 17.439 174 __ o .
TRACTOR INVESTMENT 0.100 15.172 192 e
EQUIFVENT INVESTMENT 0.100 14.087 1.4 __________
TOTAL 1INTEREST CHARGE 4.67 _ . _
RETURNS T0O LAND, LAROR, MACHINERY,
CVEPHZAD, RISK AND ”ANAG:.P‘:.NT 63.50 e
OWNERSHIF COST: (DBPRECIATLON' TAXES, INSURANCE)
TRACIOK HRe 1.98 e
EQUIPMENT HR. 2629 o
TOTAL OHN"RSRIP COST 4.27 e
RF.TURNS TO LAND, LAROR, OVERHEAD,
RISK AND MANAGEMENT $9.23 e
LABOR COST:
MACHINERY LABOR HRe 3.500 0.658 230
OTHFR LAHOR HR. 3.500 1.170 4.09 ____ ______
TOTAL LABOR COST 1.828 6.40 _ _ o __
RETURNS TO LAND, OVERHEAD, RISK AND MANAGEMENT 52.83 __________
LAND CHARGE OR PENT:
LAND INVESTMENT ACRE 0.0 0.0 0.0 _—
LAND TAXES ACRE .0 ____ __
‘tOtAL LAND CHAM‘& 0.0 __________
RPTURNS TO OVERHLAD, R1SK AND MANAGEMENT 52.83

HENDERSON,MAPP
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WHEAT, CENTER PIVOT IRRIGATION
12" WATER COSTS EXCLUDED

CATEGORY UNITS PRICE QUAKTITY VALUE YOUR VALUE
PPODUCTION:
WHEAT BU. 3.000  44.000 132.00 __________
GRAZING AUMS 0.0 1.000 0.0 __________
TOTAL KECEIPTS 132.00 __________
OPEPATLING LNPUTS:
WHEAT SEED BU. 4.450 1,000 4.4 _ __ _ ______
NITPUGEN (N) LBS- 0,170  5$8.000 9.86 ____._ ___
NITPOCEN (N) LBS. 0.170 40.000 6.00 __________
PHOSPH (P205) LBS. 0.140 31,000 4.34 _______
CROP INSURANCF poL. 0.140 50.000 7.00 __________ -
CUSTCV COMBINE * ACRE 8.500 1.000 8e50 —_______
CUSTOM COMBINE BY. 0.085 24,000 2,04 ________—
CUSTOM HAULING BU. 0.100  44.000 4.40 __________
FERT. SPREADER ACPE 1.350 1.000 135
TRACTOR FUEL & LUBE ACRE ; 1.73
TRACTOR REPALR COST ACRE 0.97 — 0 __
EQUIF. PEPAIR COST ACPE 0.43 __________
TOTAL OPERATING COST 51.87 — oo __
RETURNS T0 ULAND,LABOR,CAPITAL,MACHINERY,
OVERHEAD,RISK,AND MANAGEMENT 80.13 __________
CAPITAL COST:
ANNUAL OPERATING CAPITAL 0.100 21,496 2,15 _____ ____
TRACTOR ANVESTMENT 0.100 15.172 152 ________
EQUYEMENT INVESTNENT 0.100 14.087 1.41 ____ ______
TOTAL INTEREST CHARGE S.08 __________
RETURNS TO ULAND, LAROP, NACHLINERY,
OVERHEAD, RISK AND MANAGEMENT 75.06 _________
OWNF RSHIP COST' (DECRECIATION, TAXES, INSURANCE)
TRACTOR HR. 1,98 . ______
EOUIPMENT HR. 2,29 -
TOTAL CWNERSHIE COST 4.27 _______ -
RETURNS TO LAND, Laaon, OVERHEAD,
KISK AND MANACEMENT 70.79 o ___
LABOR COSTS
MACHINERY LABOR HR. 3.500 0.658 2.30 . ___
TOTAL LABOR COST 0.653 2.30 ________ -
RETURNS 10 LAND, nvsau:.w. RESK AND MANAGENENT 68.49 __________
LAND CHARGE OR RENT:
LAAD INVESTMENT ACRE 0.0 0.0 060
LAND TAXES ACRE : 0.0 ___
‘I‘OTAL LAND CHARGE 0.0 ___
RFTURNS To OVERHEID, R1SK AND MANAGEMENT 68.49 -

——— ——— S
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WHEAT, CENTER PIVOT IRRIGATIUN
18" WATER COSTS EXCLUDED

CATEGORY UNITS PRICE OQUANTITY VALUE YOUR VALUE
PRODUCTTON:

WHEAT AU. 3.000 54,000 162.00 __________

GRAZING AUNS 0.0 1.000 0.0 __________
TOTAL RECEIPTS 162.00 ____
OPERATAING LNPUTS:

WHEAT SEED BU. 4.450 1.000 4.45 __________ .

NITROGEN (N) L8S. 0.170 65.000 11.05 __________

NITRCCGEN (N) LBS. 0.170 48.000 8.16 __________

PHOSFH (P20S) LBS. 0.140 49,000 6.86 ______.____

CROP INSURANCE . DOL. 0.140 50.000 7.00 _________

CUSTOM COMBINE ACRE 8.500 1.000 8.50 __ . ___

CUSTOM COMBINE BU. 0.085 34.000 2.89 ____

CUSTOM HAULING 8U. 0.100 54.000 5«40 _______ —

FRERT. SPREADLP ACRE 1.350 1000 1¢35 o

TRACTOR FUEL & LUBE ACRE 1.73 .

TRACTOR REPALR COST ACRE 0097 e

EQUIt. REPAIR COST ACRE 0.43 __________
TOTAL OPLRATING cosr 58.79 ___
RETURNS TO LAND,LABOR.cwtnL.ncmmv,

OVERHEAD,R1ISK,AND MANAGEMENT 103.21 __
CAPITAL COST:

ANNUAL OPERATING CAPITAL 0.100 24.914 2,49 __________

TRACTOR ANVESTMENT 0.100 15.172 1.2

EQUIENENT LNVESTMENT 0.100 14.087 1.4y o _
TOTAL 1INTEREST CHARGE $e42
RETURNS 10 LAND, LAROP, MACHLNZRY,

OVERHEAD, RISK AND MANAGEMENT 97.80 __ __ .
OWNEKSHIP COST: (DEPRSCIATION, TAXES, LNSURANCE)

TRACTOR HR. 1.98 o ____

EQUIPMENT HR« 2029
TOTAL CWNERSHIP COST 4027 oo
RETURNS TO LAND, LABOR, OVERHEAD,

RISK AND Nuacunwr 93.53 _
LABOR cosr:

MACHINERY LABOR HR. 3.500 0.658 2¢30
TOTM. LABOR cos'r 0.658 2,30 __________
RETURNS TO umo, OVERHEAD, RISX AND MANAGEMEANT 91.22 _____ .
LAND CHARGE OR PENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 e

LAND TAXES ACRE 0.0 ___ ______
TOTAL LAND CHARCE 0.0 o
RETURNS TO ovenﬂzao, R1SK AND NANAGEHENT 91.22 —

HENDERSON,MAPP
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GRAIN SORGHUM, CERTER PIVOT LRRIGATION
1R* WATER COSTS EXCLUDED

CATEGCRY UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

MILC CHt. 3.820  51.000 194.82 __________

SORGHUM STUBBLE AUMS 0.0 1.200 0.0 _________—
TOTAL RFCELPTS 194.82 __________
OPERATING INPUTS:

GRAIN SORG SEFD LBS. 0.480 8.000 3.84 ____

NITPCGEN (N) LBS. 0.170 44.000 7.48 _______-__

NITPCGEN (N) LBS. 0.170 45.000 7.65 __________

PHOSPH (P205) L8sS. 0.140  27.000 3.78

HEKP1CINE . ACRE 8.000 1.000 8.00 __________

INSFCTICIDE ACRE 6.500 1.000 650 ____

CPOP INSURANCE DOL. 0.080  80.000 6.40 __________

CUSTOM COMBINE cwt. 0.300  51.000 1s.30 __________

FFRT. SPRFADER ACRE 1.350 1.000 1.35 __________

TRACTCR FUEL & LUBRE ACRE 275 o

TRACTOR REPAIR COST ACRE 1.53 __________

EQUIF. PEPAIR COST ACRE 0.83 __________
TOTAL GPESATING COST 65.41 __________
RETURNS TO LAND,LABOR,CARPITAL ,MACHINERY,

OVECHEAD, RISK,AND FANAGZMENT 129.431 __________
CAPITAL COST:

ANNUAL OFERATING CAPLTAL 0.100 17.687 177 e

TRACTOR INVESTMENT 0.100 24,937 2.40 -

EQUIFMENT INVESTMFNT 0.100 14.818 1.48 __________
TOTAL INTEREST CHARCGE 5.65 __________
RETURNS TO LAND, LABOR, MACHINERY,

OVEEHEAD, RISK AND ViNAGEMENT 123.76 ____ . ____
OWNERSHIP COST: (DEPRFCIATLON, TAXES, LNSURANCE)

TRACTOR HR. 313 _________

EQUIPVENT HR. 2.46 __________
TOTAL OWNFRSHIP COST S.59 __________ :
RFTURNS TO LAND, LAROR, OVERHEAD,

RISK AND MANAGEMENT 118.16 —_______
LABOR COST:

MACHINERY LABOR HR. 3.500 1.042 3.65 . ___
TOTAL LAGSOR CCST 1.042 3.65 __________
RETURNS TO LAND, OVERHEAD, RLSK AND MANAGEMENT 114.52 __________
LAND CHARGE OR PENTS

LAND INVESTMENT ACRE 0.0 0.0 000 e

LAND TAXES ACPE 0.0 __________
TOTAL LAND CHARGE 0.0 ________ -
RETURNS TO OVEKHEAD, RiISK AND MANAGEKENT 114.52

HENDERSON,MAPP
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DRYLAND BAKLEY

CATEGORY UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

BARLEY AU. 2.160 25.090 $4.00 __________

GRAZING AUMS 0.0 6.350 0.0
TOTAL RECELIPIS 54.00 __________
OPERATLNG uNPUTS:

BARTEY SERD aU. 4.100 0.670 215 o

CROP INSURANCE NOL. 0.140 15.000 2.10

CUSTOM COMBINF ACRE 8.500 1.000 850 o

CUSTCM HAULING Bl. 0.100 20.000 2,00 . ____

CUSTON COMBINF " BU. 0.085 5.000 0.42 _______

NITROGEN (N) LBS. 0.170 30.000 5¢10 o _____

FERT. SPREBADER ACRE 1.350 1.000 1035 e

TRACTOR FUEL & LUBE ACRE ) -1

TRACTOR REPALR COST ACRE 0.71 —_—

EQUIF. REPAIR COST ACRE 0.35 oo
TOTAL OPERATING COST 24.56 ___
RETURNS TO LAND,LABOR,CAPITAL,MACHINGERY,

OVEPHEAD,RLSK,AND MANAGEMENT 29.44 ____ _
CAPITAL COST:

ANNUAL OPERATING CAPITAL 0.100 3.21 0.33 ___ _

TRACTOR INVESTMENT 0.100 11.170 1.12 _

EQUIEVENT LNVESTMENT 0.100 10.940 1.09 o
’IO‘I‘AL INTEREST cmacs 2.54
RFTURNS TO LAND, LAaon, MACHINERY,

OVERHEAD, RISK AND MANAGEMENT 2649) oo
OWNERSHIP cosr- (DEPRECIATION, TAXES, INSURANCE)

TRACTOR HR. 1645 e

EQUIEVENT HR. 1.7
TOTAL CWNFRSHIP COST 3.24 ____ _
RETURNS T0 LANU, LABSOR, OVERHEAD,

RISK AND MANAGEMENT 23.67 ____ _
LABOR COST:

MACHINERY LABOR HR. 3.500 0.484 1.70 ______
TOTAL LABOR COST 0.464 1e70 e __
RETURNS TO LAND, OVERHEAD, RISK AND MANAGEMENT 21,97
LAND ChHARGE OR PENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 ______ _ _

LAND TAXES ACPE 0.0 __________
TOTAL LAND cmacs 0.0 .
RFETURNS TO ovaauuo, RJ.SK uo MANAGEMENT 21.97

HENDERSON, MAPP



BARLEY, CENTER PIVOT IRRIGATION
18" WATER COSTS EXCLUDED

111

CATEGORY

URITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

BARLEY BU. 2.160 85.000 183.60 __

GRAZING AU¥S 0.0 1.000 0.0 ____
TOTAL GFCEIPTS 183.60 _________
ODERA‘HNG INPUTS:

BARLEY SEED Bu. 4.100 1.000 4.10 __

NITROGEN (N) LB8S. 0.170 100.000 17.00 _ _—

PHOSFH (F205) LBS. 0.140 40.000 S.60 ___ ____.__

CROP INSURANCE DOL. 0.140 50,000 7.00 __________

CUSTOM COMBINE ACRE 8.500 1.000 8.50 __________

CUSTCVM COMBINE qu. 0.085 65.000 552 e

CUSTOM HAULING BU. 0.100 85.000 8450 __ . ___

FERT. SPREADER ACRE 1.350 1. 000 135

TRACTOR FUEL K LUBe ACRE 1673 e

TRACTOR REPARLP COST ACRE 0.97 e

EQUIF. REPAILIR COST ACRE | 0.43
TOTAL CFERATING LOST i 60.70 __ _
RFETURNS TO LAND,LABOR,CAPITAL,MACHINERY,

OVERHEAD,RLSK,AND MANAGEMENT 12290 (e
CAPITAL COST:

ANNUAL OPERATING CAPLTAL 0.100 26.208 2662 e

TRACTOR INVESTMENT 0.100 15.172 1.52

EQUIPMENT LNVFSTMENT 0.100 14.087 1.41 ___ _____
TOTAL LN‘IBRPST CHARGE Sa55
RETURNS TO LAND, LAROR, MACHINERY,

OVEPHEAD, RISK AND MANAGEMENT 117.35
OWNERSHIP COST: (DEPRECIATLION, TAXES, INSURANCE)

TPACTOR HRe 1.98 __ o

EQUYPMENT HRe 2,29
TOTAL OwNFRSHlP cosT 2027 el
RETURNS TO LAND, LABOR, OVERHEAD,

RIS¥ AND MANAGEMENT 113.08 e
LABOk COST:

MACHINERY LABOR HR« 3.500 0.658 2,30 ______ ———
TOTAL LABOR casT 0.658 2030 (e
RETURNS TO LANDf OVFRHLAD, RLSK AND MANAGEMENT 110.78 —————
LAND CHARGE OR RENT:

LAND INVESTMENT ACRE 0.0 0.0 0.0 o__ o

LAND TAXES ACRE 0.0 __________
TOTAL LAND CHARGE 0.0
HETURNS TO OVERHEAD, RLISK AND MANAGEMENT 110.78 ___ o

HENDERSON,MAPP
0000000 1 11 11 1 000 NOSHPRT2USE 0

8UYLLDRUD226 1
1



112

CORN, CENTER PIVOT IRRIGATION
24™ WATER COSTS EXCLUDED

-————— - —-—

cuscoav ONITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

CORN BU. 2.290 125.000 286.25 __________

GPAZILNG AUNS 0.0 1.400 0.0 __ . ___
ro'ru. RECEIPTS 286.25 __________
opennwc INPUTS:

CORN SEED

- 0. 055 250.000 13675 mmeeeee

NITRCCEN (N) LBS. 0.170 170.000 28.90 __________

PHOSPH (P205) LBS. 0.140 $0.000 7.00 __________

HERRLICLDE ACRE 12.000 1.€00 12.00 _________

INSECTICIDE . AMCRE 6.000 1.000 6.00 __________ -

CROP INSURANCE DOL. 0.120 80.000 9.60 __________

CUSTOM COMBINE BU. 0.350 125.000 43.15

FERT. SPREADER ACRE 1.350 1.000 1435

INSECTICLIDE ACRE 6.500 1.000 6650 oo __

LNSECTICIDE ACRE 24.750 0.500 12.38

TRACTOK FUEL & LUBE ACRE ! 2,76 . ______

TRACTOR REPALR COST ACRE 1054 o

EQUYF. PEDAIR COST ACPE 0.96 __ o ___
TOTAL OPERATING COST 146.49 ________
RETURNS 10 LAND,LABOR,camru.,uacmusav,

OVERHEAD,RISK,AND MANAGEMENT 139.76 __________
CAFITAL COST:

ANNUAL OPERATING CAPITAL 0,100 43,549 4.35 __________

TRACTOR AINVESTMENT 0.100 24.145 241 o _____

EQUIEMENT INVESTMENY 0.100 16.691 167 oo ____
TOTAL INTEREST CHARGE 8.44 __________
RETURNS TO LAND, LAROR, MACHLNZPY,

ovspuam, RISK AND MANAGEMENT 131.33 __________
owneuchn COST: (DEPRFCIATLON, TAXES, INSURANCE)

TRACTOR HR. 3.14 __________

EQUIPMENT HR. 201V e
TOTAL cam—'nsun- cosT $e91 o
RETURNS ro LAND, LABOR, OVERHEAD,

Msr AND MANAGEMENT 125.41 ____ . ___
LABOR coST:

MACHLNERY LABOR HR. 3.500 1.047 3.66 __________
TOTAL LABOR COST 1.047 3.66 0 _____
RETURNS TO LAND, ovannuo, RESK AND unuucsueu? 12175 __________
LAND CHARGE OR RENT:

LAND INVESTMENT ACRE 0.0 0.0 060 0o

LAND TAXES ACRE 0.0 ________—~
TOTAL LAND CHARGE 0.0 ___ ___ ____
RETURNS T0 ovsanaw, RISK AND nmun:ut-:ur . 121.75

o e e s

HENDERSON, MAPP
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ALFALFA, CENTER PIVOT LRRIGATION
33" WATER COSTS EXCLUDED

CATEGORY UNITS PRICE QUANTITY VALUE YOUR VALUE
PRODUCTION:

ALFALFA HAY TONS 58.000 6.500 3717.00 __________
TOTAL RFCELPTS 377.00 __________
OPERATING 1NPUTS:

1/5 EST. COST ACRE 86.640 0.200 1773 ______

INSECTICIDE ACRE 6.500 0.330 2.14 _______ .

PHOSPH (P20S) LBSs. 0.140 98.000 13.72 ________

INSFCTLICLIDE ACRE 12.750 1.000 12,7 —________

CUTTING § BALING ~ BL. 0.550 195.000 107.25 _____ _____

CUSTOM HAULING BL. 0,200 195.000 39.00 __________

SPREADER RENTAL ACRE 1.350 1.000 1.3 —_ _______

TRACIOR FUEL & LURE ACRE 1.40 —_______

TRACTOR REPALR COST ACRE 0.91 __

TOTAL OPERATAING COST 1 196426 . ___
RETURNS TO LAND,LABOR,CAPITAL,MACHINERY,

ovanneao,msx,wn MANAGEMENT 18074 o __
CAPITAL COST:

ANNUAL OPERATING CAPLT.L 0.100 5.767 0.58 0o __

TRACIOR LINVESTMENT 0.100 13.299 133 o __

EQUIPVENT INVESTMENT 0,100 0.0 0.0 _ -
TOTAL INTEREST CHARGE 191 ________
RETURNS TO LAND, LAROR, MACHINERY,

OVERHEAD, Rxsx AND MaNAGEMENT 178.83 __________
OWNERSHhIP COST: (DEPRECIATLON, TAXES, INSURANCE)

TRACTOR HR. 173 e

EQUTEVENT HR. 0.0 __ o
TOTAL OWNERSHIP COST 173 e
RETURNS TO Lmn, LABOR, OVERHEAD, .

RISK AND MANAGEMENT 177.10 ___ -
LABOR COST:

MACHINERY LABOR HR. 3.500 1.210 4.23 __________
TOTAL LABOR COST 1.210 4.23 _—
kETURNS TO LAND, OVERHEAD, RISK AND MANAGEMENT 172.87 __ .”.:
LAND CHARGE OR RENT:

LAND TNVESTMENT ACRE 0.0 0.0 0.0 -

LAND TaXES ACRE 0.0 .-
TOTAL LAND CHARCE 0.0 __________
R‘:‘.TURNa -ro OVERHEAD, RISK AND MANAGEMENT 172.87

o o WD D T > = " - - - -

HENDERSON,MAPP
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SOYBEANS, CENTER PIVOT IRRIGATION
24" WATER COSTS EXCLUDED

CATEGORY UNITS  PRICE QUANTLTY VALUE YOUR VALUE
PRODUCTIYION?

SOYPREANS RU. 5.400  35.000  189.00 __________
TOTAL RECEIPTS 189.00 __________
OPERATANG INPUTS:

SOYPEAN SEED L8s. 0.150  60.000 9400 o ___

PHOSEH (P20S) tBS.  0.140  S0.000 7.00 _________~

CUSTOM COMBINT ACRE 12.000 1. 000 12,00 __________

CUSTCV HAULINC eu. 0.100  35.000 3.50 __________

HERRICIDE LBS. 10.000 1.000 10.00 __________

INSFCT1C1DE " ACRE 6.500 1. 000 6.50 __________

TRACTOR FUEL & LUBE ACRE 3.64 __________

TRACTOR REPALR COST ACRE 2603 e

EQUIP. REPAIR COST ACRE 0.86 __________
TOTAL CPRATING COST 54.53 __________
RETURNS TO LAND,LABOR,CAPITAL ,MACHINERY,

OVEPHEAD, PLSK,AND KANAGEHENT 134.47 __________
CAPITAL COST:

ANNUAL OPERATING CAPLTAL 0.100  13.916 139 __________

TRACTOR INVESTMENT 0.100 31.837 3.18 __

EQUIPMENT LNVESTMENT 0.100  17.048 1.70 o ______
TOTAL INTEREST CHARCE 6.28 __________
RETURNS TO LAND, LAROR, MACHLNERY,

OVERHEAD, RISK AND VaNAGEW:NT 128.19 ____ . __
OWNERSHIP COST: (DEPRFCIATION, TAXES, LNSURANCE)

TRACTICR HR. 4015 (e

EQUTFMENT HR. .18 __________
TOTAL OWNERSHIP COST 6.92 __________
RETURNS TO LAND, LABOR, OVERKWEAD,

RISK AND MANAGEMENT 1210 27 e
LABOR LOST:

MACHINERY LABOR HR. 3.500 1.381 4083 e
TOTAL LABOR COST 1.381 4.83 ________ -
RETURNS '1'0 LAND, OVFRHI:.M), RISK AND MANAGEMENT 11644 oo __
LAND CHARGE OR RENT:

LAND INVESTMcNT ACRE 0.0 0.0 000 oo

LAND TAXES ACRE 0.0 _________-
TOTAL LAND CHARGE 0.0 __________
RRTURNS TO OVFRHEAD, RISK AND NANAGEMENT 116.44

—————— -
- " T W RO - > - S W - - - ->---
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MEAN MONTHLY RAINFALL DISTRIBUTION
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TABLE XX

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.
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APPENDIX C

PUMPING AND DISTRIBUTION COSTS OF WATER
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APPENDIX C
PUMPING 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
inch 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
costs 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 l1life of 30,000 hours and electrical engines have a life of
75,000 hours, or 25 yecars, whichever occurs first. Main line below
ground plastic pipe have a life of 20 years, aluminum lateral pipe
a 1life of 15 years, and a self propelled lateral a life of 15 years.

The property tax rate is 0.010 and the tax assessment rate is

0.200. The insurance rate is 0.005 and the interest rate is 0.100.
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Fixed per acrc 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

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 gas operations and 0.0005 gallons of lubricant
per water horsepower hour for electric engines.

Repair costs 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 engine purchase price. Pump repair costs are based
upon cstimated repair costs equal to 1/2 of the new cost divided by
its estimated life of 30,000 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 Costs

The cost per foot for -drilling and developing a well is $25.50.
All wells are assumed to be developed down to the bedrock; the depth
of the well isequal 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, bowls, and right angles required to maintain a
certain level of well discharge of a given total dynamic head, where
TDH is a function of pressure required at the wellhead and the feet of
lift. Pressurce required at the wellhead is substantially higher for

center pivot systems. The feet of 1ift is determined by the depth to

static water level and the average drawdown. The length of the column

is assumed to be 85% of the well depth.

Engine Costs

Natural gas light industrial engines are assumed to be the original

power unit since more than 90% of the engines in the study area operate
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on natural gas. Light industrial engines are used because they are
consldered to be more economical than automotive engines in the long

run. Engine sizes and costs are based on the following functions:

WHP = f(TDH, GPM)

BHP = g (WHP, DE, PE)

PHPY = h(BHP, derate)

Derate = k(altitude, temperature, and accessories)
where:

WHI> = water horsepower

TDH = total dynamic head

GP'M = gallons per minute

B = brake horsepower

DI = drlve elflflciency, .97

PE = pump efliciency, .75

PHP = purchase horsepower

Derate = a factor to account for continuous operation, .6

Light industrial natural gas engine costs are assumed to be $55.00

per derated horsepower. Electrical engines are assumed to cost $40.00

per non—-derated horsepower,

Distribution Costs

The 1Investment cost of the distribution systems includes the cost
of (1) the main line, (2) the lateral lines, and (3) the valves between
the two lines.

A surfacce system has 1320 feet of plastic, 10" diamter, main line
below pround plpe at a cost of $2.75 per foot. Eight inch aluminum

Llateral pipe costs $2.40 per Toot and the amount needed is dependent
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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
line 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.



APPENDIX D

PAST CROP PRODUCTION FOR THE

COUNTRY, STATE, AND REGION
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TABLE XXI

FIVE CENSUS YEAR CROP PRODUCTION

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 64800
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

- 1] b bl s

ooz ok 4,012, 000 6,592, 000 2,548, 000 3,224, 000 8,008,000
. . 4,800 56, 700 5. 000 1,751,200 7,146,900
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TABLE XXI (Continued)

Crop 1954 1959 1964 1969 1974
U.S. : 341,075,000 532,899, 000 700,921,000 : 1,133,120,000 1,214,802,000
Soybean  Ok. : 192,000 1,566,000 2,040,000 : 3,468,000 5,037,000
Bu. Pan. : 1,900 6,110
—
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TABLE XXII

SHARES OF PRODUCTION BY CENSUS YEAR

Crop 1954 1959 1964 1969 1974
Ok. 7 U.S. 07.19 08.10 07.52 08.44 07.48
Wheat Pan. 7% Ok. 12.43 13.72 05.47 09.26 06.55
Pan. 7 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. 7 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. 7 Ok, 01.00 0l.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. 7 Ok. 01.40 0l.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. 7 Ok, 00.11 00.86 00.19 54,31 89.24
Pan. 7 U.S. 00.00 00.00 00.00 00.03 00.15
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TABLE XXII (Continued)

Crop 1954 1959 1964 1969 1974
Ok. % U.S. 00.05 00.29 00.29 00.30 00.41

Soybean Pan. % Ok. 00.05 00.12
Pan. % U.S. 00.00 00.00

LT
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