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FOREWORD

This is a part of a larger project involved in evaluating effects
of input and product price changes on cropping patterns, agricultural
production and producer net returns in the Texas High Plains. This
report is based on a short-run analysis and does not include any fixed
costs. Therefore, these results indicate what level of energy price
increase a farmer could absorb for over one to three years. However,
over a period of time, reinvestment in capital facilities must be con-
sidered. This means values in this publication are inadequate for a
longer-run evaluation. The effect of increased energy (natural gas)
prices for an analysis of a long-run situation is presented in other

Texas Water Resource Technical Reports available from Ronald D, Lacewell.
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ABSTRACT

The Arab oil embargo of 1973 awakened the world to the reality of
energy shortages and higher fuel prices. Agriculture in the United
States is highly mechanized and thus energy intensive. This study seeks
to develop an evaluative capability to readily determine the short-run
effect of rising energy prices on agricultural production. The results
are measured in terms of demand schedules for each input investigated,
net revenue adjustments, cropping pattern shifts, and changes in agri-
cultural output.

The High Plains of Texas was selected as a study area due to the
heterogeneous nature of agricultural production in the region and
highly energy intensive methods of production employed. The region is
associated with a diversity in crops and production practices as well
as a high degree of mechanization and irrigation, which means agricul-
ture is very dependent upon energy inputs and, in turnm, is significantly
affected by energy price changes. The study area was defined by the
Texas Agricultural Extension subregions of High Plains 1T, High Plains
111, and High Plains IV. The crops chosen for study were cotton, grain
sorghum, wheat, corn, and soybeans. The energy and energy-related

inputs under investigation were diesel, herbicide, natural gas, nitro-
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gen fertilizer, and water.

Mathematical linear programming was used as the analytical tech-
nique with parametric programming techniques incorporated into the LP
model to evaluate effect of varying input price parameters over a speci-
fied range. Thus, demand schedules were estimated. The objective
function was constructed using variable costs only; no fixed costs are
considered. Therefore, the objective function maximizes net revenue
above variable costs and thus limits the study to the short run.

The data bases for the model were crop enterprise budgets developed
by the Texas Agricultural Extension Service. These budgets were medi-
fied to adapt them to the study. Particularly important was the sub-
stitution of owner-operated harvesting equipment for custom-harvesting
costs. This procedure made possible the delineation of fuel use by
crop and production alternative which was necessary information in the
accounting of costs. The completed LP model was applied to 16 alterna-
tive situations made up of various input and product price combinations
which are considered as feasible in the short run future.

The results reveal that diesel consumption would change very
little in the short run unless commodity prices simultaneously decline
below the lowest prices since 1971 or unless diesel price approaches
$2.00 per gallon. Under average commodity price conditions, natural
gas consumption would not decline appreciably until the price rose
above $4.00 per 1000 cubic feet (mcf). Even when using the least pro-
duct prices since 1971, natural gas would be consumed in substantial

amounts as long as the price was below $1.28 per Mcf. The findings
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regarding nitrogen indicate that present nitrogen prices are within a
critical range such that consumption would be immediately affected by
nitrogen price increases.

Water price was considered as the price a farmer can afford to
pay for water above pumping and distribution costs. Application of
water was defined as the price that would be paid for imported water,
Under average commodity price conditions, the study results show that
as water price rises from zero dollars to $22 per acre foot there would
be less than a 4 percent reduction in consumption. However, as the
price continues to rise, consumption would decline dramatically reach-
ing zero at a water price of $71.75 per acre foot.

This study indicates that rising input prices would cause acreage
shifts from irrigated to dryland; however, with average commodity
prices, these shifts do not occur until diesel reaches $2.69 per galion,
or natural gas sells for $1.92 per Mcf, or nitrogen price is $.41 per
pound, or water price reaches $14.69 per acre foot. In general, the
first crops that would shift out of production as energy input prices
rise would be grain sorghum and corn. Cotton does not appear to be
significantly affected by feasible near future energy price rises;
while wheat was found to increase in production as fuel costs increase.

Whereas rising energy prices mildly affect consumption of inputs,
cropping shifts, and output, they significantly impact on net revenue
to the farmer. With average product prices, the results indicate
that farmers' net income above variable cost approach $500 million at

present diesel prices ($.40 per gallon). A doubling of diesel price



to $.81 per gallon would cost the farmer $79 million in net revenue,
and a price rise to $1.86 per gallon would cost $254 million in farmer
net revenue. The results of natural gas, nitrogen, and water are simi-
lar to diesel in that the increased cost of the input directly reduces
net revenue.

Throughout the analysis, commodity prices were shown to be more
consequential to agricultural production and farmer welfare than are
energy input prices. A synoptic statement of the findings is as
follows: 1in the short run future assuming average prices for commodi-
ties, farmers in the Texas High Plains will continue to produce at
present levels according to established cropping patterns unless diesel
reaches a $2.00 per gallon price range, or natural gas price approaches
$4.00 per Mcf, or nitrogen sells for around $.40 per pound. Further-
more, the importation of water is feasible only if its cost can be kept

well below $70 per acre foot.
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INTRODUCTION

Two of the most publicized, most controversial, and most crucial
issues in the world today are energy and agriculture. In the summer of
1975, U.S. News and World Report cited a study by the U.5. Department
of Agriculture which documents the severity of food and energy price
increases. Between 1971 and 1974, world food prices rose 129 percent,
petroleum prices escalated 547 percent, and fertilizer prices increased
680 percent. Food and energy price increases are certainly not mutu-
ally exclusive, and the question of the extent of their relationship
must be addressed to further understand the impact of each. Just what
do energy and agriculture have in common? -~ history provides a point
of beginning.

The methods and scale of production of food and fiber have gradu-
ally shifted in the United States over the past 200 years. 1In recent
years, the change has been at an accelerated rate, and technology af-
fecting agriculture has caused the production phase to boom. The "agra-
rian industrial revolution" has been characterized by greater yields
resulting from less manpower and more machine power. TIn 1972, essen-
tially the same farm acreage in the U.S. produced nearly 90 percent

more than it did in 1940; whereas, farm labor used on that acreage

The citations of the following pages follow the style of the
American Journal of Agricultural Economics.




decreased by two-thirds. Fertilizer use on U.S. farms in 1972 was nine
times as great as in 1940, and mechanical power and machineryinputs grew
by 237 percent (Carter and Youde). U.S. agriculture today is a highly
mechanized, input-intensive system. Changes in the price or availa-
bility of critical variables such as energy, fertilizer, and machinery
impact on yields, costs, and thus profits to a greater degree than ever
before.

The agricultural sector is currently in a situation of instable
product prices and increasing input prices. A case in point is the dra-
matic advances in prices of hydrocarbon fuels. The problem is compounded
because this sector of the U.S. economy is highly dependent upon petro-
leum. Machinery inputs, fertilizer, pesticides, and irrigation systems-—-—
all related to low cost hydrocarbons—-have caused production to be highly
energy intensive (Carter and Youde). Even though agricultural produc-—
tion is highly dependent upon energy, the production phase requires only
about 4 percent of the total energy used in the United States. Con-
sidering the total U.S. food cycle, about 12 percent of the national
energy budget is required (Hirst).

Until the recent energy crisis, supplies of these inexpensive
petroleum products appeared unlimited, and, as a result, research
directed toward measuring the effects of energy use held a low priority.
Little concern has been paid to fuel use associated with various crops,
cropping practices, types of machinery, irrigation systems, irrigation
levels, and the like.

With the oil embargo of 1973 and tight petroleum supplies,

American consumers, politicians, farmers, and researchers were awakened



to the nation's dependency on petrochemicals and the possible impact of
significantly increased input prices on food and fiber production. How-
ever, specific answers to repercussions of the rising fuel prices were
not readily available. The need for immediate evaluation capability
became acutely apparent.

The energy crisis of two years ago was a signal to draw attention
to this need; events since that time have continued to emphasize the
volatility of prices on agricultural inputs and products.

Since 1972 world commodity prices have risen at

rates unequalled for over a quarter of a century. A

major contributor has been the nearly threefold in-

crease in crude oil prices by the Organization of

Petroleum Exporting Countries (OPEC) since October

1973. Previously, wellhead prices in current dollars

had risen only modestly in 25 years (Carter and Youde).

In the twelve months preceding April 1975, prices paid by farmers in-
creased 10 percent; whereas, prices received by farmers declined 15 per-
cent (U.S. Department of Agriculture). - Events in recent months concern-
ing the price situation of natural gas in Texas serve as a good example
of how an energy input may influence agricultural production. Thirty-
nine percent of the total energy demand for agriculture in Texas is

used to pump irrigation water. Over three-fourths of this energy is con-
sumed in the form of natural gas (Coble and LePori). In less than omne
year, the price of natural gas has risen from an average of $.55 per
thousand cubic feet (Mcf) to the late 1975 price of $.88 Mcf (Osborn
1975). This change represents a 60 percent price increase of an input
that accounts for 30 percent of the state's agricultural energy demand.

Users in some regions were reported to be signing contracts for natural

gas at prices much higher than $.88 Mcf. Estimates of the impact of input



price increase on agricultural output and local economies are needed by
policy makers and local communities. Adjustments can be expected in
cropping patterns and level of inputs used. These adjustments directly
impact on agricultural supplies and the infrastructure of the community.
Adjustments away from a particular crop leave overcapacity of facilities
of processing and storing the output.

The input and product price instabilities can be expected to im-
pact more heavily on regions of intensive production where use of inputs
are relatively large and where the economy is agriculturally based. The
High Plains of Texas is such a region, Level of production is highly
dependent on irrigation and fertilization. Therefore, given that there
is a need for ongoing capability to estimate impact of input and pro-
duct price changes on cropping patterns and agricultural output,
particularly in an intensive production region, the purpose of this
study is to develop a flexible model for the Texas High Plains to inves-

tigate such issues.

The Study Area

The study area is made up of 26 counties in the Southern High
Plains of Texas as shown in Figure 1. The counties selected correspond
to three production regions as defined by the Texas Agricultural
Extension Service. These regions are designated High Plains II, High
Plains I1I, and High Plains IV (Extension Economists-Management). The
area is particularly appropriate for this study because it is a highly
productive, heterogeneous agricultural region. Good bases of comparison

can be found because of its differing soils, crops, and farming practices.



For example, some crops produced with irrigation yield sixfold what
they would in a dryland situation (Casey, Lacewell, and Jones).

High Plains II is comprised of the following 14 counties: Arm-
strong, Briscoe, Carson, Castro, Crosby, Deaf Smith, Floyd, Gray, Hale,
0ldham, Parmer, Potter, Randall, and Swisher. The soils are principally
the Pullman Clay soils south of the Canadian River, commonly referred
to as the hardlands (Extension Economists-Management). Annual rainfall
averages from a low of 17.36 inches in Castro county to a high of 21,32
inches in Crosby county. The average growing season within the region
ranges from 183 days in the western counties to 214 in the eastern
counties (The Dallas Morning News). The major crops produced in the
area are corn, cotton, grain sorghum, soybeans, and wheat with the prin-
ciple method of irrigation being furrow or gravity flow (Extension
Economist-Management).

The nine counties of Bailey, Borden, Cochran, Dawson, Garza,
Hockley, Lamb, Lubbock, and Lynn make up High Plains ILI. The mixed
soils of the area have given rise to two principle irrigation distribu-
tion systems, furrow and sprinkler systems (Extension Fconomists-Manage-
ment). Average moisture falls within an inch and a half of 17 inches
per year. The average growing season ranges from 181 days in north-
western Bailey county to 217 days in counties to the south and east
(The Dallas Morning News). Major crops produced are cotton, grain sor—
ghum, soybeans, and wheat.

The smallest of the three regions is High Plains IV which is com-
prised of Gaines, Terry, and Yoakum counties. They are differentiated

by the sandyland soils with the principle crops grown being cotton,



grain sorghum, and wheat. The soils and terrain dictate that irrigation
in the region be primarily of the sideroll and center pivot sprinkler
system type (Extension Economists-Management). Rainfall averages around
16 inches annually, and the average growing season is from 199 to 210
days (The Dallas Morning News).

A more detailed and precise description of the study area and study
crops is presented in Tables 1-3. Table 1 indicates that the total
land acreage of High Plains II, III, and IV is over 25,000 square miles
with 57 percent of it designated as cropland. Of the acres planted in
1973, nearly three-fifths were irrigated. Table 2 presents a compari-
son of study crops, specialty crops, and idle acres. Im 1973, the study
crops of corn, cotton, grain sorghum, soybeans, and wheat were planted
on 82 percent of the total cropland acres and accounted for 97 percent
of planted cropland acres. Table 3 shows that cotton and grain sorghum
are the major crops of the study area, but sufficient acres of wheat,
corn, and soybeans are produced to require their inclusion for a com-

plete analysis.

Objectives

The primary objective of this research is to develop a linear pro-
gramming model for the study area using multiple production activities
of the study crops. The model for the study area will include three
subregions and consider cropping pattern shifts among the three sub-
regions. This tool is intended to determine the optimal combination of
production activities given a set of input costs and commodity prices.

Two subordinate objectives are to be pursued upon completion of the



Table 1. Agricultural land base in the Southern High Plains; 1973

., a
Region
HPII HPIII HPIV Total

Total land’ 8,917.0 5,170.0 2,059.0 16,146.0
Cropland® 4,529.6 3,271.7 1,372.4 9,173.7
Cropland plantedC 3,812.6 2,866.4 1,117.6 7,796.6
Irrigated® 2,677.4 1,381.9 558.0 4,617.3
Dryland® 1,135.2 1,484.5 559.6 3,179.3

a(Extension Economists—Management).
b(The Dallas Morning News).

C(New).
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principle one. First, the linear programming model will be applied to
estimate the demand schedules for diesel, natural gas, nitrogen ferti-
lizer, and irrigation water. Secondly, the ramifications of these
demand schedules will be examined; i.e., how will agricultural ocutput

and revenues that accompany crop acreage shifts be affected.

Review of Literature

In addition to considering irrigation water as an input, this
study is strongly directed toward energy inputs. The value in use of
hydrocarbon fuels in agriculture is a topic of relatively recent con-
cern. Within the last few months, a study was undertaken at Texas A&M
University by Casey, Lacewell, and Jones that addressed the problem of
limited fuel supplies in the Southern High Plains of Texas. They em-—
ployed the parametric linear programming technique to determine that
irrigation fuel shortages have a more detrimental effect on agricultu-
ral output than diesel shortages during the growing season or at har-
vest time. Furthermore, they found that producers adjust to fuel
shortages by first altering irrigation practices on grain sorghum, then

cotton.

11

The focus of this study was to develop a model whereby the effect of

alternative input prices on production and demand of inputs could be
estimated. The general framework included using parametric procedures
on a linear programming model. This technique has been widely used.
For example, in 1971, using the Lower Rio Grande Basin as a study area,

R. M. Gray examined cropping pattern shifts and enterprise combinations
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as they are affected by the allocation of water. He used a parametric
linear programming model to determine that profitability of irrigated
grain sorghum was more sensitive to rising water costs than irrigated
cotton. Grain sorghum was the first crop to shift from irrigated to
dryland production. In another study, the linear programming technique
was employed by Lacewell and Masch to show the quantitative decline in
the use of 2, 4-D as its price increased.

Moore and Hedges reported in 1963 on the application of the LP tech-
nique in estimation of static-normative demand for irrigation water in
Tular County, California. Derived demand schedules for irrigation
water were developed for a series of representative farms using a para-~
metric objective function approach. These schedules were then aggre-
gated on a weighted basis to approximate the regional demand for irri-
gation water.

In 1973, Shumway conducted a study for the west side of the San
Joaquin Valley of California. This model, unlike that of Moore and
Hedges, was based on the least cost pattern of production of a given
level of outputs. The parametric objective function approach was used to
generate a derived demand curve for the region directly, rather than
for a series of representative farms.

Yaron's analysis of the demand for irrigation water by Israeli
agriculture in 1967 has been used as a model for several of the studies
reviewed; however, it differs from those previously described in its
approach to generation of the demand schedule. A variable resoutce
approach was applied to yield the marginal value product or shadow ptice

of water.



Gisser developed a model for forecasting demand for imported water
to the Pecos River Basin. Constraints were specified for local water
use based on salinity conditions. He points out that estimation of
groundwater pumping cost functions is critical in any study dealing
with stabilization of groundwater levels. Conclusions concerning ulti-
mate outcomes will not likely be affected, but time schedules may be
grossly biased.

The energy crisis of 1973 popularized energy research in agricul-
ture. Pimentel, et.al., writing in Science magazine, points out that
agriculture is heavily dependent upon fossil fuel energy. He illu-
strated the present situation by offering the fact that, in the United
States, it requires the energy equivalent to 80 gallons of gasoline to
produce an acre of corn. The pass—through of the rising prices for
hydrocarbon fuels in production cost will be substantial.

Machine power as a substitute for manpower was documented by Earle
Gavett in a paper prepared for the National Conference on Agriculture
and the Energy Crisis in 1973. His substantiation arises from the
fact that each hour of labor in agriculture is matched by at least one
gallon of fuel use.

The increase in fuel use in the U.S. food system was further docu-
mented by Steinhart and Steinhart, writing in Science magazine. They
point out that the thirty years since 1940 has seen more than a 300
percent increase in energy use for food production; 25 percent of this
total 1s for farming, 40 percent for processing, and 35 percent for

home refrigeration and preparation. The appetite of the United States

13
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for energy is no different; energy consumption has been growing at a
rate of three to four percent per year (Wilson). This situation of
short supply and strong demand paints a picture of strained prices for

the short run future,.

Problem Development

The appreach to the problem can be viewed as two situations. Ini-
tially, the "what is" or "what already exist" situation is developed.
This phase utilizes historical data to determine a "norm'" of agricul-
tural production on the Texas High Plains. Crop budgets are a source
of information that provides a framework for the 'morm" structure of
production. Mathematical programming techniques provide the analytical
tool. By applying current prices, an indication of the current situa-
tion is estimated.

The second phase is the "what if" situation. The framework used
to estimate the current situation is utilized; however, a different
combination of prices is used. Input prices are predicted at what
they may be in the future, and the resultant impact is estimated.

The tools for analysis are explained with a discussion of the
linear programming technique. Input data are developed from crop
budgets of the Texas Agricultural Extension Service, and a research
model is formulated. The model is applied to selected situations of
future energy resource prices, and results are interpreted. Finally,
the impact upon agricultural production is evaluated with respect to the

short run future.



The basis of this study is microeconomic theory which is described
in detail in numerous sources such as Leftwich; Doll, Rhodes, and West;

Snodgrass and Wallace; and Vincent.

15
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ANALYTICAL TECHNIQUES

A relevant economic study requires a sound data base and appropriate
technique. The analytical procedure selected to estimate the effect of
changing input and product prices in agriculture on production, cropping
patterns and returns was linear programming. The data base used to
develop linear programming model was the Texas Enterprise Budgets
developed and published by the Texas Agricultural Extension Service.

The following discussion relates to the basic principles underly-
ing linear programming and development of the model using enterprise
budgets. The focus of this chapter is concepts; hence, specific data

are not reported.

The Linear Programming Technique

General Description

This study is classified under the general heading of an optimiza-
tion problem. Such a problem is one in which a numerical function com-
posed of a number of variables that are subject to a set of constraints
is maximized or minimized. The concept of optimization problems can be
expanded to a broader category known as programming problems. The pur-
pose of programming is to determine optimal allocations of limited
resources which are subject to a set of constraints that define the
problem's objectives. Linear programming is a special type of program-

ming problem in which all the relationships among the variables are
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linear. The constraints must be linear, and the function to be opti-
mized must be linear. This latter function is known as the objective
function (Hadley).

Inherent in the linear programming routine are three basic assump-
tions. The first is that the relations among variables are linear and
additive; i.e., there is a fixed ratio of inputs to output. The second
assumption is that of finiteness; there is a finite number of enterprises
and restrictions. The last assumption of divisibility implies that any
enterprise can be utilized at any level to satisfy the objective function

{(Heady and Candler).

Basic Equatioms

The general linear programming problem involves (1) a given set of
m linear inequalities or equations with r variables and (2) non-negative
values of these variables which (3) will satisfy the constraints and
(4) will maximize or minimize some linear function of these variables.

The constraints represented symbolically are:

ailxl + aiZXZ + ... + airXr {z, =, <} bi (i =1, 2, ..., m)
where

a = a known constant

b = a known constant

m = the number of inequalities and/or equations

r = the number of variables

Values of the variables Xj are sought such that:
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X 20 (G =1, 2, ceey 1)

and the following linear function is maximized or minimized:

where

C = a known constant

The function to be optimized is known as the objective function. The
solution to a linear programming problem lies in finding the optimal
feasible solution among the many feasible solutions. The optimal feasi-
ble solution is that one which maximizes or minimizes the objective

function (Hadley).

Parametric Programming

To maximize analytical capability, parametric programming was
applied. Parametric programming is considered a postoptimality problem
of linear programming. It investigates the sensitivity of the optimal
solution when parameters are changed. If, for instance, an input price
is being parameterized, the object of parametric programming is to find
the change in input price required to cause a basic change in the opti-
mal solution. The new optimal solution becomes the base solution, and
the procedure is repeated. The new linear programming problem created
by a new optimal solution is an extension of and is dependent upon the
preceding solution. Since the procedure described above is a sequence
of these dependencies, it is referred to as recursive linear programming

(Day). Parametric programming was used to estimate demand schedules
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for diesel, natural gas, nitrogen fertilizer, and water.

Flexibility Restraints

Due to institutional restraints, massive rapid cropping pattern
shifts are not expected. To impose a proxy for institutional barriers
to change, flexibility restraints were introduced. Flexibility re-
straints were established for cropping pattern shifts hetween crops;
these restraints act as upper and lower bounds on planted acres for any
crop in each cropping region. The flexibility restraints were developed
statistically in a study done by Condra and Lacewell.

Crop acreage flexibility restraints were estimated using linear
regression analysis for each of the study crops in each production region.
These restraints are based on historical time series data and reflect
the maximum "expected" increase or decrease in acreage of a given crop
in a given year. The flexibility coefficient (b) is the percentage
increase or decrease in acreage allowable in a year and can be expressed

{Condra and Lacewell):

3
_ a ngl(xt—n)
= (1+
%X = (4B) g
3
n=l(Xt_n)
X, = (1-B) [F=g—]
where
it = upper crop acreage flexibility restraint

lower crop acreage flexibility restraint
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==}
n

upper crop acreage flexibility coefficient

tx
]

lower crop acreage flexibility coeffiecient

If restraints are not put on acres planted to a particular crop,
linear programming techniques shift all the cropland available to the
one or two most profitable crops. This type cropping pattern shift would
not be expected since there are large equipment investments, anticipation
of better prices, and individual farmer biases. The study done by Condra
and Lacewell provides the necessary maximum and minimum crop acreage
restraints. Since most acres are planted to cotton, grain sorghum, and
wheat in the study region, these three crops are limited by a maximum
and minimum number of acres that can be planted to each. Corn and soy-
beans, being lesser crops and highly dependent on irrigation, are con-
strained by a maximum number of acres but not by a minimum.

Further constraints are put on the number of acres that can be
planted in crops and that can be irrigated in a particular region, With-
in High Plains III, restraints are placed on acreage irrigated by sprink-
lers and acres irrigated by furrow. In High Plains IV, irrigated acres
by sidercll system and center pivot system are constrained. All of
these restraints are maximum limits; no minimum limits are placed on
cropland or irrigated acres. The above procedure is accomplished by the
addition of the flexibility constraints rows with appropriate maximum
or minimum acreages placed in the right-hand side column,

This chapter highlights techniques used in the analysis and methods
underlying development of model coefficients. Using the concepts de-

scribed, the model was constructed and applied.
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Enterprise Budgets

The Texas Crop Enterprise Budgets developed by Extension Economists-
Management of the Texas Agricultural Extension Service provided the
basic information required in structuring the linear programming model.
Enterprise budgets for major crops in 22 production regions of Texas are
available. The regions have been delineated according to soil type, irri-
gation series, and/or crop production differences. These data are gath-
ered through interviews with producers, agribusiness firms, financial
institutions, and field specialists. Two levels of management, and
therefore two budgets exist for each production activity of a particular
crop. Typical management (as opposed to high level management) repre-—
sents yields and input levels of approximately 85 percent of the pro-
ducers in the region. Because this study addresses the short run impli-
cations of changing prices, budgets for typical management were selected
(Extension Economists—Management).

Crop budgets are stored via a computerized budget generator. The
budget generator is a computer program whereby the crop budgets may be
modified or updated. Data available from application of the crop budget
generator ranges from monthly capital and labor requirements to hourly
cost summaries for implements and power units. However, the basic enter-
prise budget summarizes gross receipts, variable costs, fixed costs,
total costs, and net returns.

The production regions of High Plains II, High Plains III, and High
Plains IV were chosen for this study. The major crop selected were corn,

cotton, grain sorghum, soybeans, and wheat because they comprise 82
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percent of the total acres and 97 percent of the acres planted in crops
in 1973 as shown in Table 2, page 9.

The Texas Crop Budget Generator was programmed for only two budgets
each for cotton, grain sorghum, and wheat (dryland and irrigated). This
was a critical limitation for a study such as this. Therefore, inter-
mediate irrigation level budgets were developed for the three crops. The
intermediate irrigation level budgets were developed in cooperation with
Texas Agricultural Extension Service area economist, Marvin Sartin.

For some items, the crop budgets as developed by the Texas Agricul-
tural Extension Service were not compatable with the purposes of this
gtudy, hence, modifications were necessary. A major modification was
the substitution of owner-operated equipment harvest costs for typical
custom: harvesting costs. This augmentation was critical to the study
problem since fuel use associated with the various production activities
was a major focus of the analysis. Other alternations were made in the
dryland cotton and grain sorghum budgets for High Plains IIT and High
Plains IV to allow for skipped-row planting practices. The original
dryland cotton and grain sorghum budgets in both regions were developed
with receipts, costs, and thus net returns figured per acre of cotton or
grain sorghum, No allowances were made for skipped-row planting. In
order to make the figures comparable with other budgets, computations
were necessary to reflect receipts, costs and net returns per acre of
land. Since the practice most common in these regions is one row skipped
for every two rows planted, it was necessary to multiply the original

figures by two-thirds. The resulting products indicate amounts per acre
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of land instead of amounts per acre of cotton or grain sorghum.

Irrigation costs were updated in all three regions. The irrigation
costs in High Plains II were revised to a variable cost of $.70 per acre
inch of water and a fixed cost of $1.05 per acre inch. The water costs
in High Plains IIT and High Plains IV were adjusted according to the
schedule presented in Table 4 (Sartin, February 1975).

Livestock were included in the model as an output alternative for
wheat. Wheat can be sold as grain or grazed and marketed in the form of
cattle. However, to make the pricing of cattle simplier, the AUM's (ani-
mal unit months) in the original budgets were converted into pounds of
cattle,

The conversion of AUM's to pounds of cattle in the wheat budgets
was made by multiplying the original AUM's by a factor of 80. This
figure denotes one AUM as 80 pounds of beef. At a stocking rate of two
animals per acre and an average daily gain of 1.4 pounds, the pounds of
beef produced per acre per month amount to 84 pounds (1.4 pounds x 2
animals x 30 days). With a death loss of three percent, this figure is
reduced by 2.52 pounds and equals 81.48. The number was then rounded

to 80 pounds (Kennedy).

The Model

Assumptions

The following assumptions were made to develop the model: (1) All
machinery and equipment is owner-operated. (2) All fuel use, other than

that associated with irrigation, is in the form of diesel. (3) All



Table 4. Water costs by distribution system and well capacity in High
Plains III and High Plains IV: 1975

24

Well Cost per acre inch
Type system Capacity Fuel Maintenance Fixed Total
(GPM) —————r——————=dollarg——=~————————
Furrow 300 .37 .32 1.33 2,03
400 .35 .32 1.14 1.80
600 .34 .32 1.14 1.80
Srpinkler/ 250 .51 .58 1.65 2.74
sideroll 300 .51 .58 1.65 2.74
400 .50 .58 1.47 2.55
600 .50 .58 1.47 2.55
Center pivot 600 .60 .76 2.24 3.60
800 .67 .76 2.11 3.54

Source: Sartin, February 1975.
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irrigation fuel use is in the form of natural gas. (4) The price of
diesel and herbicide move together at a constant ratio since both origi-
nate from similar petroleum derivatives. This assumption is made for
simplicity in programming, notwithstanding the fact that diesel and
herbicide use do not necessarily move together. In fact, it is recog-
nized that in certain instances they are substitutes. (5) The planning
horizon is short-run; therefore, the focus is on variable costs only.

(6) Management is considered to be typical.

Characteristics

The working model was developed by combining the linear programming
technique and the data provided by the enterprise budgets. The fixed
resource was essentially land, the enterprises were the production alter-
natives of the study crops, and the resources to be investigated were
energy or energy-related inputs. The objective function was maximization
of net returns and was comprised of enterprise costs, resource costs, and
product receipts.

The following discussion of specific components of the model is
directed to procedures followed and methods used to develop coefficients
where data could not be directly taken from crop enterprise budgets. The

linear programming matrix can be found in Appendix E.

Diesel
Fuel use in the crop enterprise budgets is divided among three type
fuels, gasoline, L.P. gas, and diesel. Therefore, conversion formulas

were applied to gasoline and L.P. gas to convert their quantities used
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into diesel fuel used. The conversion equations are:

(1) Gallons of diesel 1.4

gallons of gasoline

il

(2) Gallons of diesel gallons of L.P. gas 1.78

|

Herbicide

Herbicides were included in the model because their petroleum base
classifies them as an energy-related input; the price of petroleum af-
fects the price of herbicides. However, the diversity of herbicide
products made their comprehensive inclusion more complex than was war-
ranted for this study. Therefore, the assumption was made that herbi-
dice prices move with diesel prices. The rationale for this assumption
stems from the fact that the petroleum base of herbicides is similar to
diesel. The assumption is broad and actually grossly simplifies the
price relationship between herbicide and diesel. 1In some cases, the two,
in faect, are substitutes. However, the assumption is defendable on the
grounds that the inclusion of herbicides is preferred over their exclu-~
sion,

To allow diesel and herbicide price to move together when they are
being parameterized, a relationship had to be derived that would estab-
lish a constant ratio between the two. The fact that herbicide is not
expressed in physical units in its resocurce row created a problem. The
dilemma was solved with the following reasoning: (1) The cost of diesel
and the cost of herbicide have a relationship in the generated enter-
prise budgets. (2) The cost of diesel is expressed in the objective
function of the model as dollars per gallon. (3) The cost of herbicide

is expressed in the objective funection as percentage points per enter-
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prise. (4) The cost of diesel in the budgets is $.31 per gallon. (5)
The cost of herbicide in the budgets is 100 percent of the dollars
spent on herbicide per enterprise, regardless of the amount. (6) The
ratio of cost of herbicide to cost of diesel can therefore be expressed
as:

100 percent x dollars spent on herbicide
$.31

or

1.00 x dollars ~_ 3.00 x dollars
5.31 ~ $1.00

(7) This exercise means that the ratio of the cost of herbicide to the
cost of diesel is approximately 300 percentage points to one dollar.
(8) This ratio is interpreted in the parameterizing procedure of the
model as incrementing herbicide costs by three percentage points for

every one cent increment in the price of diesel.

Water costs excluding natural gas

To charge a production enterprise for the costs of irrigation other
than fuel (natural gas) costs, a resource row named "water costs exclud-
ing natural gas" was added. These costs include total pumping costs of
irrigation (fixed and variable), less irrigation fuel costs. They were
computed by the following process: (1) The amount of water per acre
foot used by the enterprise is multiplied by the published cost of dirrvi-
gation water per acre foot. These costs are differentiated by region,
crop, distribution system, and number of applications (Lacewell, Sprott,

and Beattie). The derived product is the cost of irrigation water for



28

that enterprise. (2) The cost of irrigation fuel that appears in each
budget is then subtracted from teotal irrigation cost figured in step one.
The remaining difference is the irrigation water cost excluding natural

gas. These differences became the coefficients in this resource row.

The objective function

The objective function for this problem is a measurement of net
revenue and is to be maximized. The objective function value for each
crop enterprise was formed by the variable costs of each enterprise less
the costs of diesel, nitrogen fertilizer, herbicide, and irrigation
water and was entered as a negative value. The objective function wvalue
for the energy-related inputs above is the price per unit for that input.
It also was entered as a negative value; i.e., buy activities for inputs.
For the products, the objective function value is the price per unit
received by the farmer; i.e., sell activities for products.

With the model so constructed, the objective function is reduced
by the variable cost value (not including energy-related inputs) when
one acre of a crop comes into solution. In turn, the quantity of
energy inputs (diesel, natural gas, nitrogen, and water) required are
forced to be purchased at specified prices; this procedure further
reduces the net value of objective function. At the same time, the
quantity of product produced is sold and thereby adds to the net value
of the objective function. The buy and sell activities are necessary
to facilitate use of the parameterizing routine and to maximize flexi-
bility of the model by permitting rapid product price changes. Transfer

rows are required for the buy and sell columns.
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Given the above basic description of the model, it is appropriate

to identify some of the more important data that are included in it.
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INPUT DATA AND RESFARCH PLAN

Ag reported in the previous chapter, basic data for the model were
developed using the budget generator. This chapter emphasizes data that
are particularly important to the study. The model is presented in

Appendix E; hence, there is little discussion of specific coefficients.

Crops

The crops selected for the study are corm, cotton, grain sorghum,
soybeans, and wheat. Cotton, grain sorghum, and wheat are inecluded for
all three study regions. 1In High Plains II, there is one production
alternative for corn, three for cotton, three for grain sorghum, one for
soybeans, and three for wheat. Im High Plains III, where two different
irrigation distribution systems are utilized, nine production alterna-
tives exist for cotton, nine for grain sorghum, one for soybeans, and
two for wheat. 1In High Plains IV, cotton has seven alternative produc-
tion levels, grain sorghum has five, and wheat has two. 1In all, 46 ac-
tivities for five crops exist.

The production alternatives for each region are presented in Table
5. Cotton, grain sorghum, and wheat are planted on the most acres and
can be produced with less water than soybeans or corn; hence, more pro-
duction alternatives are available for them. Corn and soybeans are

included at only one irrigation level.
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Table 5. Production activities, by region, included in the analysis for
the Texas High Plains
Irrigated
Systema Levelb
Item Dryland FW SP SR CP PP PP+l PP+Z PP+3 PP+
High Plains II
Corn X
Cotton X X X X
Grain sorghum X X X X
Soybeans X X
Wheat X X X X
High Plains III
Cotton X
Cotton X X X X X
Cotton X X X X X
Grain sorghum X
Grain sorghum X X X X X
Grain sorghum X X X X X
Soybeans X X
Wheat X X X
High Plains IV
Cotton X
Cotton X X X X X
Cotton X X X
Grain sorghum X
Grain sorghum ' X X X
Grain sorghum X X h'e
Wheat X X X

%FW refers to a furrow type

distribution system; SP refers to a sprinkler

type system; SR refers to a sideroll type system; CP refers to a center

pivot type system.

bPP refers to a preplant irrigation; the number following PP is the
number of postplant irrigations.
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Irrigation Water

The irrigation water applied to the crops refers to "effective"
water reaching the root zone of the plant and not necessarily to "pumped”
water., The amount of irrigation water varies with the time of applica-
tion and with the distribution system. Preplant applications of irri-
gation water are typically six inches of water for furrow systems and
four inches for sprinkler, sideroll, and center pivot systems. Post-
plant applications of irrigation water amount to four inches for furrow

and three inches for sprinkler, sideroll, and center pivot.

Acreage Restraints

The flexibility restraints on acreage developed by Condra and
Lacewell serve as the right-hand side in the linear programming model.

Table 6 presents a schedule of these acreage limitations.

Commodity Prices

The short run nature of the study dictates that relatively recent
prices be used. The prices received by farmers from 1971 through 1974
in the Texas Agricultural Extension Districts 1-N and 1-S were obtained
for analysis (Canion). These prices are representative of a wide varia-
tion in conditions and do not give a skewed sample of prolonged high or
prolonged low prices, but a mix of both. Three price levels of high,
low and average were selected for the analysis. The high price for each
commodity is the upper bound of the range, and the low price is the

lower bound of the range. The rationale for the decision to use these
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Table 6. Acreage restraints on cropland, irrigated cropland, and the
study crops in the study area, by region

Region

High Plains II High Plains III High Plains IV
Max Min Max Min Max Min

————————————————————— 1,000 acres———————————wmeu—n
Total cropland 3,686 0 2,792 0 1,072 0
Irrigated cropland 2,750 0 1,321 0 513 0
Furrow — - 786 0 -— -
Sprinkler - - 535 0 — _
Sideroll - - - 0 439 0
Center pivot - - - - 74 --=
Corn 730 0 - —— - -
Cotton 684 544 1,439 1,184 598 427
Grain sorghum 1,315 1,028 883 674 426 329
Soybeans 120 0 17 0 - -
Wheat 1,529 1,127 291 118 335 48

Source: Condra and Lacewell
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is that they are inclusive of what is expected to happen to commodity
prices in the short run future. The intermediate price used is the sim—
ple forty-eight month average from 1971 through 1974. Table 7 indicates
the prices that were used in the analysis. The price fluctuation of cot-
tonseed and cattle is less significant to the problem. Therefore, their
prices were held constant throughout the model; cottonseed was set at

$100 per ton and cattle at $20 per hundredweight.

Input Prices

The present situation regarding energy and energy-related prices is
unstable and uncertain. Predictions of future prices in these times are
risky. Therefore, it was decided to begin with current prices of inputs.
In the case of natural gas and nitrogen fertilizer, there is widespread
specilation of significant price increases in the near future. Diesel
prices are somewhat more stable. Therefore, the crop enterprise budget
price of diesel was slightly increased to a current price of $.40 per
gallon (Grubb). With a direct relationship between herbicide and diesel
price assumed in the model, the price of herbicide had to be increased
20 percent above the crop budget price. Natural gas was priced at $.88
per 1000 cubic feet (Mcf) based on information from production specialists
in the area. A higher cost of $1.25 per Mcf was used for selected situa-
tions (Osborn 1975). Nitrogen fertilizer was priced at $.20 per pound
with $.30 per pound used in selected situations. With these basic input
prices, the price of natural gas, nitrogen, diesel, and water was para-

meterized separately under alternative specified conditions.



Table 7. The high, low and forty-eight month average price
for the study crops in Texas Agricultural
Extension Districts 1-N and 1-5; 1971-74

Price per unit

Crop Onit High Average Low
————————— dollarg——=mwme—muima

Cotton lint 1b .67 .31 .18

Grain sorghum cwt 5.96 3.10 1.86

Soybeans bu 7.75 4,27 2.30

Wheat bu 5.35 2.60 1.34

Corn bu 3.46 1.94 1.12

Source: Canion
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These prices were used in the model when the price of an input was
held constant. When the price of a particular input was being parame-
terized, it varied over a specified range. The price of diesel was
varied over a range from zero to $5.00 per gallon; natural gas, from zero
to $10.00 per Mcf; nitrogen fertilizer, from zero dollars to $2.00 per

pound; and water, from zero dollars to $100.00 per acre foot.

Alternative Situations

0f the numercus price combinations possible within the model, 16
were selected to test. Table 8 presents the price specifications for
the selected alternative situations. Four input prices were parame-
terized; diesel, natural gas, nitrogen, and water. Each group of situa-
tions deals with a particular resource. In situations 01 through 09
involving diesel, natural gas, and nitrogen, the three commodity price
levels of high, average, and low were used as the price of the resource
being tested was varied. The input prices not being tested were held
constant at current price levels. Situations 10 through 16 tested cother

selected conditions.

Diesel Group

Situatiomns 01, 02, 03, 10, and 11 indicate that the price of diesel
was increased to $5.00 per gallon to estimate demand schedules for this
input. The alternatives with high commodity prices and low commodity
prices should bracket the area of activity for diesel fluctuations. Situ-

ation 10 was intended to investigate the effect of a higher price for
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natural gas; whereas, situation 11 looked at the effect of higher than

current prices for both natural gas and nitrogen.

Natural Gas Group

Situations 04, 05, 06, and 12 show that the price of natural gas
was parameterized up to $10.00 per Mcf. Situation 12 sought to investi-

gate the effect of a $.30 rather than $.20 per pound nitrogen,

Nitrogen Group

Situations 07, 08, 09, and 13 parametrically investigated the price
of nitrogen fertilizer up to $2.00 per pound. Situation 13 examined the

effect of $1.25 per Mcf natural gas price.

Water Group

Situation 14, 15, and 16 parameterized the price of water to $100
per acre foot up above the costs of pumping and distribution. This
activity was incorporated into the model so that estimates could be made
relative to how much can be paid for water imported into the region.
Only average and high commodity prices were used for these situatiomns.

This discussion provides an indication of the methods of analysis
and data used in the model. By applying the model, the effect of chang-

ing price conditions in agriculture was estimated.

38
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RESULTS AND INTERPRETATIONS

Application of the model provides an estimate of the expected
effects of alternative input and product prices in agriculture. Pro-
duct prices were set at three separate levels as described in Chapter
IV. The primary focus of analysis was, therefore, to evaluate expected
adjustments in agriculture that would be associated with changes in
input prices; namely, diesel, natural gas, nitrogen, and water. Esti-
mated demand curves are presented for diesel, natural gas, nitrogen,
and water. Associated with the changes in quantity of each input
demanded at different input.price levels are adjustments in agricultu-
ral production and producer net revenue. Ouptut adjustments occur due
to acreage shifts between dryland and irrigation and cropping shifts
among the various crops. This examination is organized by focusing on
one input at a time; first, diesel; then, natural gas, nitrogen and
water, in that order.

An analysis relative to intraregional cropping pattern shifts
associated with alternative sets of diesel and natural gas prices con-
cludes the study. The results, in this case, are based on average com-

modity prices only.

Effects of Alternative Diesel Prices

Diesel prices are parameterized assuming average, high, and low

crop prices with current input prices. Average crop prices are then
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assumed with a high natural gas price only and then with a high price

for natural gas and nitrogen.

Quantity of Diesel Demanded

Expected quantity of diesel demanded by agricultural producers in
the study area, as a function of price, is presented in Figure 2
assuming high, low, and average product prices and average input prices.
Figure 2 along with Tables 9, 10, and 11 reveals that at higher prices
of diesel there is a wide variation in quantity of diesel used among
the three commodity price levels. However, until diesel reaches the
$.55 to $.60 per gallon price range, the quantity used at high, average
and low commodity price levels is similar. At $.56 per gallon and low
commodity prices (Table 10), nearly 102 million gallons of diesel are
used. At the same diesel price and high commodity prices (Table 9),
just over 109 million gallons are used. A seven million gallen increase
(7 percent) in quantity of diesel used is indicated as commodity prices
change from low to high at a diesel price of $.56 per gallon.

Diesel consumption at low commodity prices falls off substantially
above the $.56 per gallon price level and continues to decrease fairly
rapidly until the price reaches $2.43 per gallon. At high commodity
prices (Table 9), diesel is relatively inelastic until the price exceeds
$4,50 per gallon. FEven at average commodity prices (Table 11), the
demand for diesel remains about the same until diesel gets in the $2.00
per gallon price range. These results indicate that the demand for

diesel is relatively inelastic at current price levels and will remain



|
Price per |
Gallon |
(dollars) . . .
| High Commodity Prices
5L |
I
i
|
|
4 ¢ |
| Average Commodity Prices
|
I
!
1
3L |
|
|
L~
i
i
2t ! L
s
1
]
I
“
1l L.1 Low Commodity Prices
T
I
T — -
L e e - — = 111
|
t
.l 4 i £ i ‘
l 60 70 80 90 100 110
Quantity
(millions of galloms)
Figure 2. Estimated agricultural use of diesel with high, average,

and low commodity prices: Texas High Plains



42

Table 9. Estimated quantity of diesel used in agricultural production
at selected diesel prices with associated dryland and irri-
gated acres and producer net returns based on high commodity

prices® and current input prices:b Texas High Plains
Diesel Acres of Cropland
Price per Quantity Producer
gallon used Dryland Irrigated net returns
(dollars) (1,000 gallons) = ———————— 1,000-~———— (51,000,000)
0 109,695 3,146 4,404 1,515
.11 109,391 3,146 4,404 1,497
.70 109, 395 3,146 4,404 1,395
1.31 109,702 3,146 4,404 1,292
4.00 109,214 3,146 4,404 837
4.60 95,242 3,146 4,404 737
4.87 93,617 3,146 4,404 697

aHigh commodity prices are defined as: cotton lint--$0.67 per pound;
cottonseed--5$100.00 per ton; grain sorghum—-$5.96 per cwt; soybeans—-—
$7.75 per bushel; wheat--$5.35 per bushel; corn—-—-$3.46 per bushel.

bCurrent input prices are defined as: natural gas--$0.88 per Mcf;
nitrogen--50.20 per pound,
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Table 10. Estimated quantity of diesel used in agricultural production
at selected diesel prices with associated dryland and irri-
gated acres and producer net returns based on low commodity
prices® and current input prices:b Texas High Plains

Diesel Acres of Cropland
Price per Quantity Producer
gallon used Dryland - Trrigated net returns

(dollars) (1,000 gallons) =  —=m———- 1,000-—————- ($1,000,000)
0 103,025 3,559 3,953 178
.01 104,781 3,559 3,953 176
.46 102,160 3,559 3,813 101
.56 101,729 3,559 3,813 86
.61 82,371 4,874 2,498 78
.67 77,410 5,418 1,954 70
.76 74,282 6,036 1,336 60
.89 72,425 6,036 1,216 46
.97 71,446 6,204 1,048 38
1.03 68,432 6,739 513 32
1.27 67,778 6,679 513 10
1.93 65,920 6,392 513 -51
2.43 60,613 5,722 513 -96
3.23 60,146 5,669 513 -163
4.25 60,290 5,779 439 =271

Low commodity prices are defined as: cotton lint--30.18 per pound;
cottonseed--%100.00 per ton; grain sorghum—-3%1.86 per cwt; soybeans--
$2.30 per bushel; wheat—-$1.34 per bushel; corn--$1.12 per bushel.

bCurrent input prices are defined as: natural gas--$0.88 per Mcf;
nitrogen——$0.20 per pound.
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Table 11. Estimated quantity of diesel used in agricultural production
at selected diesel prices with associated dryland and irri-
gated acres and producer net returns based on average com-
modity prices® and current input prices:P Texas High Plains

Diesel Acres of Cropland
Price per Quantity Producer
gallon used Dryland Irrigated net returns
(dollars) (1,000 gallons) =  ——————— 1,000-————- ($1,000,000)

0 109,046 3,146 4,404 554

.72 108,559 3,146 4,404 433
.81 108,563 3,146 4,404 417
.91 108,548 3,146 4,404 401
1.38 108,117 3,146 4,404 323
1.86 106,799 3,146 4,404 242
2.12 93,929 3,146 4,404 200
2.53 93,241 3,146 4,404 141
2.69 90, 467 4,442 3,108 118
2.90 86,604 4,089 3,108 90
3.20 85,619 3,816 3,108 51
3.43 806,657 4,360 2,564 24
3.72 79,544 4,343 2,564 -9
4.14 79,113 4,373 2,534 -56
4.38 68,379 4,775 1,834 =81
4.64 63,116 4,369 1,834 -107
4.91 61,323 4,082 1,834 -131

aAverage commodity prices are defined as: cotton lint--$0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum—-$3.10 per cwt;
soybeans--%4.27 per bushel; wheat—-$2.60 per bushel; corn--$1.94 per
bushel.

b'Current input prices are defined as: mnatural gas-—50.88 per Mcf;
nitrogen——5$0.20 per pound.
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s0 unless commodity prices decline to abnormally low levels or diesel
price approaches $52.00 per gallon.

Two other factors are tested to see if they will significantly
influence the quantity of diesel demanded. First, the price of natural
gas is raised from $.88 per Mef to $1.25 per Mcf at average commodity
prices. Appendix Table 25 indicates diesel demand with average com—
modity prices and the higher natural gas price. Again diesel quantity
consumed changes little until the price reaches well above $2.00 per
gallon. 1In fact, the quantity demanded at $2.12 per gallon of diesel
is actually greater at $1.25 per Mcf of natural gas than at $.88 Mef.

A further extension of the analysis is to set natural gas at $1.25
per Mcf and nitrogen at $.30 per pound (a high nitrogen price). These
results are presented in Appendix Table 26 and are similar except that
these conditions result in quantity of diesel demanded declining
markedly at a price of diesel somewhat below $2.00 per gallon rather
than above. Consumption falls te 93 million gallons when diesel price
reaches $1.93 per gallon.

One paradoxical aspect of the demand schedules for diesel is
worthy of mention and warrants .an explanation. Instances appear in the
schedules where quantity demanded increases when the price goes up.

For example, in Table 9 as the price of diesel rises from $.11 per gal-
lon, to $.70, to $1.31, the quantity used in agriculture increases.
This sitvation is caused by the model being structured with diesel and
herbicide prices moving together. The objective function in the model
may be optimized at a higher diesel price with an enterprise that

requires a greater quantity of diesel but less herbicide.
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Producer Net Returns

The most significant adjustments that occur when diesel prices
rise are in net revenues above variable costs as shown in Tables 9, 10,
11 and Appendix Tables 25 and 26. When commodity prices are high (Table
9), net revenue falls from $1.5 billion at zero price diesel to $697
million at $4.87 per gallon of diesel. When average commodity prices
are tested (Table 11), net revenue is $554 million at zero price diesel
and becomes negative somewhere between $3.43 per gallon and $3.72 per
gallon. The negative figures appear because the minimum number of
acres of certain crops are being forced into production due to model
formulation and study assumptions. Even with diesel selling for $.90
per gallon (approximately double its current price), producer net
returns are above $400 million. At low commodity prices (Table 10),
zero price diesel earns farmers only $178 million in net revenue, and
diesel around $1.40 per gallon causes net revenue to decline to zero
for the same reasons as described above.

To emphasize the significant impact that commodity prices have,
computations were made to figure net revenue per acre above variable
costs with zero price diesel. At low commodity prices, farmers earn
$23.58 per acre; average commodity prices yield $73.38 per acre; and
high commodity prices earn the farmer $200.66 per acre. A similar
exercise was figured with diesel approximately $.70 per gallon. Net
revenue per acre above variable costs is $8.74 at low prices, $56.95 at
average prices, and $184.77 at high prices. Obviously, commodity

prices are more impactual on the farmers' welfare than are diesel prices.
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The tests made with higher prices for natural gas and nitrogen
simply indicate the pass-through of these higher prices to reduce net
returns. For example, the higher natural gas price reduces net returns
by $19 million over the total study area with $.72 diesel and average

commodity prices (see Appendix Table 25).

Irrigated Acres of Cropland

Another factor of concern exists in the acreage shifts between dry-
land and irrigated, see Tables 9, 10, 11 and Appendix Tables 25 and
26. At high commodity prices (Table 9), irrigated acres remain at the
maximum limit through $5.00 per gallon diesel. Average commodity
prices (Table 11) result in a maximum level of irrigation until diesel
reaches $2.69 per gallon. Then some irrigated acres switch to dryland,
and, at $2.90 per gallon, some acres go out of production.

It is significant to note that, within present product and input
price levels, diesel price has virtually no effect on the number of
acres of irrigated cropland. However, at low prices of commodities
(Table 10), acres begin shifting from irrigated to dryland and $.46
per gallon of diesel, and irrigated acres continue to decline as the
price of diesel increases. Surprisingly, thirty-eight thousand idle
acres are indicated with low commodity prices and diesel at a price of
Zero.

Higher prices for natural gas and nitrogen cause irrigated acres
to shift to dryland at lower prices of diesel. With a natural gas

price of $1.25 per Mcf and nitrogen $.30 per pound, acres begin shifting
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out of irrigation at $.37 per gallon of diesel as shown in Appendix

Table 26.

Agricultural Output

The effects of alternative diesel prices on the expected output
of the five crops are presented in Table 12 and Appendix Tables 27,

28, 29 and 30. Mligh commodity prices and low commodity prices are
tested in Appendix Tables 27 and 28, respectively. Average commodity
results are in Table 12.

The price of diesel has very little effect on cotton production,
particularly with average and high cotton prices. In fact, over two
million bales of cotton are still being produced with diesel selling
for over $4.00 per gallon. The slight adjustment that cotton production
does make to diesel price, however, is inversely related; as the price
of diesel goes up, cotton output goes down.

Grain sorghum production adjustments are somewhat more erratic
than cotton over the five dollar range that diesel price is tested.

At a much more relevant price range, from $1.38 per gallon and less,
grain sorghum output is steady for high and average milo prices. Pro-
duction is maintained between 103 million hundredweight and 117 million
hundredweight. Low grain sorghum prices, as shown in Appendix Table
28, cause output to drop significantly. Soybeans are in solution at
average and low commodity prices; soybean production does not decline
in these two cases until diesel price is $2.533 per gallon. In a short

run diesel price range, soybean output is steady, having no relation



Table 12. TEstimated crop output at selected diesel prices based on
average commodity prices?@ and current input prices:b
Texas High Plains
Diesel
price per Production
gallon Cotton Grain sorghum Soybeans Wheat Corn
(dollars)} (1,000 bales) (1,000 cwt) —————-——m 1,000,000 bu-———=-==-
0 2,475 103,132 4.2 23.6 80.3
.72 2,431 103,132 4.2 25.1 80.3
.91 2,430 103,132 4.2 25.1 80.3
1.38 2,348 105,611 4.2 26.1 80.3
1.86 2,348 98,761 4,2 31.5 80.13
2.53 2,314 63,039 .6 62.2 80.3
3.43 2,101 38,386 .6 29.8 80.3
4.14 2,101 40,022 0.0 25.9 77.0

aCommodity prices are defined as: cotton lint--$0.31 per pound;

cottonseed-~5100.00 per ton; grain sorghum--$3.10 per cwt; soybeans--

$4.27 per bushel; wheat—-$2.60 per bushel; corn--$1.94 per bushel.

bCurrent input prices are defined as: natural gas—-$0.88 per Mcf;
nitrogen——5$0.20 per pound.

49
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to rising diesel prices.

Corn production, like soybeans, is either in or out for the most
part. Rising diesel prices affect its production little, if any.
Wheat, though, tells an entirely different story from the other crops.
At all three commodity price levels, the production of wheat steadily
increases as the price of diesel rises to the $2.00 per gallon range.
This evidence suggests a direct relationship between wheat output and
diesel price; as diesel goes up, wheat production goes up. A logical
interpretation of this situation is that wheat production is less
diesel intensive than the other crops. When the price of the fuel
increases, the model brings into solution an activity that uses less
diesel, namely wheat.

The results of other factors that are tested are outlined in
Appendix Tables 29 and 30. First, natural gas price is fixed at $1.25
per Mcf (Appendix Table 29); then nitrogen is raised to $.30 per pound
along with the $1.25 Mcf natural gas (Appendix Table 30). An examina-
tion of these results reveal a similar pattern of relationships. 1In
summary, diesel prices appear to have relatively little effect on
crop output within any reasonable price range, and the volume of pro-
duction is influenced to a much greater extent by the commodity price

level than by the diesel price level.

Cropping Patterns

The information in Table 13 and Appendix Tables 31 and 32 relates
expected cropping patterns {acres planted) to the price of diesel.

Average commodity prices are used in all three tables. Table 13
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indicates acreage shifts with natural gas at $.88 per Mcf and nitrogen
at $.20 per pound. All available acres are planted until diesel
reaches $2.90 per gallon; then idle acres begin to emerge. The crop
mix at a zero price of diesel is 40 percent wheat, and nearly 10 per-
cent corn. The adjustuwent with an increasing diesel price up to $1.50
per gallon is cotton acreage shifting to wheat acreage. Over the
entire price range tested, cotton acreage is steadily reduced as diesel
price increases. Grain sorghum acreage goes down until diesel reaches
$3.61 per gallon, and wheat acreage steadily increases. Soybean
acreage is essentially the same up to a $3.49 per gallon diesel, and
corn acreage is at its maximum until diesel reaches $4.14 per gallon.
Appendix Table 31 indicates a similar test made with natural gas
at $1.25 per Mef instead of $.88 per Mef. The results change little
as can be seen when acreages are compared for a similar diesel price.
Appendix Table 32 outlines the same test made with $1.25 per Mcf natural
gas and $.30 per pound of nitrogen. Idle acres appear at $2.28 per
gallon of diesel, and, in each case, idle acres come from decreased
cotton acres. Corn acreage is somewhat more sensitive, but the overall
results are essentially consistent with the analysis using average crop

prices and current input prices (Table 13).

Effects of Alternative Natural Gas Prices

The price of natural gas is parametrically tested using high, low,
and average commodity prices together with current input prices. One
additional test is made with average commodity prices, current diesel

price, and a higher nitrogen price.
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Quantity of Natural Gas Demanded

The estimated demand schedules for natural gas under high, average,
and low commodity prices are presented in Figure 3. The results in
tabular form are presented in Table 14 and Appendix Tables 33, 34, and
35. For average commodity prices, over 51 million cubic feet of
natural gas are consumed at a zero price (see Table 14). 1In this case,
quantity of natural gas demanded by agriculture in the study area does
not begin to decrease appreciably until gas prices rise above $4.00 per
Mcf; quantity demanded then falls off steadily to near zero at $6.38
per Mcf for natural gas. A small acreage of irrigated soybeans in
High Plains II stays in solution until natural gas reaches $9.12 per
Mcf. Above that price, irrigated crops are no longer in solution, and
no natural gas is consumed. This information suggests that,under
average commodity price conditions, natural gas will be purchased in
substantial quantities up to $4.00 per Mcf and will conﬁinue to be
bought at double that price. With high commodity price conditions, the
demand for natural gas is relatively inelastic. Over fifty-four million
cubic feet of natural gas are consumed at a price of zero (see Appendix
Table 33). The quantity consumed by agriculture declines only about
8 percent as the price is increased to $10.00 per Mef.

For low commodity prices, the analysis indicates that irrigation
will cease in the Texas High Plains when natural gas rises to a price
of $2.48 per Mcf (see Appendix Table 34). Even at low commodity prices,
quantity demanded does not fall off in great amounts until natural gas

price reaches well above one deollar, specifically $1.28 per Mcf.
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Table 14. Estimated quantity of natural gas used in agricultural pro-
duction at selected natural gas prices with associated
dryland and irrigated acres and producer met returns based
on average commodity prices® and current input prices:b
Texas High Plains

Natural Gas Acres of Cropland
Price per Quantity Producer
Mcf used Dryland Irrigated net returns
(dollars) (1,000,000 cu ft) = —————mmm 1,000---—=— ($1,000,000)
0 51,310 3,146 4,404 531
1.66 51,299 3,146 4,404 446
1.92 51,139 3,157 4,393 433
2.54 50,703 3,157 4,393 401
2.89 50,576 3,157 4,393 383
3.86 49,528 3,157 4,393 334
4.26 44,265 3,559 3,991 314
4.85 42,682 3,559 3,991 289
5.08 39,911 3,753 3,797 279
5.33 35,031 4,151 3,399 269
5.68 19,129 5,618 1,932 257
6.00 15,220 5,969 1,581 251
6.14 10,247 6,653 897 249
6.26 6,460 6,991 559 248
6.38 1,719 7,392 158 247
9.12 0 7,392 0 243

aAverage commodity prices are defined as: cotton lint—-$0.31 per pound;
cottonseed--5$100.00 per ton; grain sorghum--53.10 per cwt; soybeans—-
$4.27 per bushel; wheat~-52.60 per bushel; corn--%51.94 per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
nitrogen—-50.20 per pound.
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For the three commodity price levels, a comparison of the quantity
of natural gas used up to a price of $1.28 per Mcf is revealing. At a
natural gas price of $1.28 per Mcf and high commodity prices, 54,642,000
cubic feet are used; under average commodity prices, 51,310,000 cubic
feet are used; and under low commodity prices, 41,935,000 cubic feet
are used. Therefore, very large reductions in commodity prices, from
a two-thirds to three-fourths decrease, cause only a 23 percent decrease
in the amount of natural gas used. This analysis suggests that natural
gas will be consumed in substantial amounts at prices up to $1.28 per
Mcf, even with a large degree of variation in prices of the commodities.

One important point needs to be emphasized here. Within the model,
the objective function is being optimized with only variable costs
included. Production can and will cccur not only where profits are
being maximized but also where losses are being minimized. Therefore,
the inferences drawn from the results must be applied for the short
run only. Actually, if total costs (fixed and variable) were being
accounted for, the changes in quantity of natural gas demanded would
occur at lower natural gas prices .

Appendix Table 35 summarizes the analysis assuming average commod-
ity prices, current diesel price, and high nitrogen price, $.30 per
pound. The quantity of natural gas used at each natural gas price is
less when the price of nitrogen is higher. These results are to be

expected.
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Producer Net Returns

As in the case of diesel prices, the most impactual adjustments
to farmers under rising natural gas prices are net revenue reductions.
Table 14 and Appendix Tables 33 and 34 indicate net revenue changes.

Again, the commodity prices bear most heavily on net revenue. For
example, with high commodity prices and natural gas at $6.77 per Mcf,
farmers are still netting $149.27 per acre above variable costs. Where-
as, with low commodity prices and free natrual gas, farmers net only
$520.00 per acre above variable costs.

To dramatize the benefits of irrigation, some net revenue figures
from Table 14 are utilized where average commodity prices exist. With
natural gas priced at $1.66 per Mcf and a typical farmer's cropped
acreage allocated as 42 percent dryland and 58 percent irrigated, the
farmer will realize an average return above variable costs of $59.07
per acre, If the alternative of farming without irrigation were chosen,
the land would be expected to return $32.87 per farmed acre above varia-

ble costs.

Irrigated Acres of Cropland

Natural gas prices obviocusly affect acreage shifts between irri-
gated and dryland. These shifts are noted in Table 14 and Appendix
Tables 33 and 34. Table 14 with average commodity prices is most
relevant in the short run. Acres do not begin to shift out of irriga-
tion until the price of natural gas reaches $1.92 per Mcf. Significant

acreages are expected to remain under irrigation with natural gas prices
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in the $4.00 to $5.00 per Mcf range over the short run. Irrigated soy-
beans in High Plains II remain in production with natural gas at $9.00

per Mcf.

Agricultural Output

Table 15 indicates that crop output essentially does not change
from a price of zero for natural gas to a price of $2.54 per Mcf under
average commodity price conditions. Above $2.54 per Mcf, cotton pro-
duction increases slightly up to 2.7 million bales then declines while
grain sorghum output declines throughout. Wheat production reaches a
maximum at around $5.00 per Mcf, soybeans continue to be produced until
natural gas price reaches $9.12 per Mci, and corn production steadily
declines and reaches zero at a natural gas price of $9.12 per Mcf.
Appendix Table 36 presents results of a similar analysis with nitrogen
fertilizer at $.30 instead of $.20 per pound. The same trends hold;

similar adjustments occur except at lower prices of nmatural gas.

Cropping Patterns

Table 16 and Appendix Table 37 likewise present shifts among crops
using average commodity prices; however, here the shifts are measured
in acres rather than output. The results follow the same pattern as
agricultural output; rising natural gas prices have no effect on crop-
ping pattern shifts in the short run until the price reaches the $2.50
per Mcf range. Beyond $2.50 per Mcf, the shifts are from the irrigated
crops to the dryland crops. The same basic results are shown in Appen-

cis Table 37 as nitrogen is raised to $.30 per pound.



Table 15. Estimated crop output at selected natural gas prices
based on average commodity prices® and current input
prices:b Texas High Plains

Natural
gas price Production
per Mcf Cotton Grain sorghum  Soybeans  Wheat Corn
(dollars) (1,000 bales) (1,000 cwt)  ——————me 1,000,000 bur~———-
0 2,475 103,132 4,2 23.6 80.3
1.66 2,478 102,943 4,2 23.7 80.3
1.92 2,478 102,943 4.2 23.4 80.3
2.54 2,478 110,443 4,2 23.4 63.8
2.89 2,498 108,150 4.8 23.4 63.8
3.86 2,745 92,507 4.8 23.4 63.8
4,26 2,745 92,507 4.8 29.4 19.6
5.08 2,664 83,878 4.8 29.4 19.6
6.00 2,267 34,614 4.2 25.9 4.2
6.38 1,328 34,614 4.2 25.6 4.2
9.12 1,328 34,614 0 25.6 0

aAverage commodity prices are defined as: cotton lint--%0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum——$3.10 per cwt;
soybeans--$4.27 per bushel; wheat—-$2.60 per bushel; corn--$1.94
per bushel.

bCurrent input prices are defined as: diesel~-50.40 per gallon;
nitrogen--5%0.20 per pound.
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Effects of Alternative Nitrogen Prices

As in the case of diesel and natural gas, the price of nitrogen is
parameterized under all three commodity price levels with current input
prices. Nitrogen price is also tested with a higher price for natural

gas, current price for diesel, and average prices for commodities.

Quantity of Nitrogen Demanded

Demand curves for nitrogen at three commodity price levels are pre-
sented in Figure 4. When compared to the demand schedules for diesel and
natural gas given earlier, these curves are more elastic. The price of
nitrogen, even with the current price range, has a definite effect on the
quantity used. At high commodity prices, nitrogen use drops nearly 30
percent as the price per pound rises from zero to $1.00. For the same
nitrogen price rise, quantity used declines 51 percent under average com-—
modity price conditions and 88 percent under low commodity price condi-
tions.

Specific values are presented in Table 17 and Appendix Tables 38
and 39 as to the impact of an increasing nitrogen price. Significant
adjustments in nitrogen use are indicated within the relevant short run
price range. With average commodity prices and an average price of .12
per pound for nitrogen, which is within the range of immediate past
prices, an estimated quantity of 430,911,000 pounds of nitrogen is con-
sumed (Table 17). When the price rises to $.33 per pound, which is with~
in the feasibility range of the short run future, quantity used declines
to 328,586,000 pounds. This decrease represents a 24 percent decline.

A nitrogen price increase to $.84 per pound results in consumption of
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Table 17. Estimated quantity of nitrogen fertilizer used in agricul-
tural production at alternative nitrogen prices with
associated dryland and irrigated acres and producer net
returns based on average commodity prices? and current
input prices:b Texas High Plains

Nitrogen Acres of Cropland
Price per Quantity Producer
pound used Dryland Irrigated net returns
(dollars) (1,000 1bs) ————1,000-=~———— ($1,000,000)
0 452,031 3,146 4,404 571
.05 445,311 3,146 4,404 549
.12 430,911 3,146 4,404 518
.13 384,311 3,146 4,404 514
.26 379,946 4,146 4,404 462
.32 343,986 3,146 4,404 440
.33 328,586 3,146 4,404 437
41 325,795 3,157 4,393 411
.50 265,435 3,559 3,991 383
.54 253,860 2,463 3,991 369
.75 248,160 3,464 3,953 319
.84 222,845 3,753 3,759 298
1.06 196,383 4,177 3,335 247
1.16 164,360 4,345 2,880 228
1.18 101,951 5,558 1,667 225
1.21 81,880 5,891 1,334 222
1.71 63,910 5,977 1,248 183
2.00 63,910 5,977 1,248 165

aAverage commodity prices are defined as: cotton lint--$0.31 per
pound; cottonseed—-5100.00 per ton; grain sorghum--$3.10 per cwt;
soybeans—-%4.27 per bushel; wheat--$2.60 per bushel; corn-—51.94
per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
natural gas--$%0.88 per Mcf,
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about one-half on what it is at $.12 per pound, a drop from 431 million

pounds to 223 million pounds. Since present nitrogen prices fall within
a relatively elastic range of the demand curve, this research appears to
be supported by present market conditions. Low commodity prices (Appen-
cis Table 39), when tested, create an even more elastic demand relation-
ship for nitrogen. High commodity prices (Appendix Table 38), reveal a

less elastic curve within the current nitrogen price range, but consump-
tion is still affected by price.

An additional test is made with average commodity prices and a
high price of natural gas (see Appendix Table 40). High natural gas
prices cause a substantial reduction in the amount of nitrogen used at
each nitrogen price level, compared to the lower natural gas price.

At a price of $.10 per pound of nitrogen, 445 million pounds are used
with natural gas at $.88 per Mcf; whereas, 394 million pounds are used
at $1.25 per Mcf natural gas. This represents nearly a 12 percent dif-
ference., However, as the price of nitrogen rises, the difference in
quantity demanded at a particular price for these two conditions becomes

less.

Producer Net Returns

The net revenues givenm in Table 17 and Appendix Tables 38 and 39
reveal again the financial impact of rising prices to the farmer. When
nitrogen is $.10 to $.12 per pound, high commodity prices earn him an
average of $197 per acre above variable costs; average commodity prices
yield an average return of $69 per acre above variable costs; and low

commodity prices earn him an average of $18 per acre above variable
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costs. When nitrogen sells for $.26 to $.27 per pound, high commodity
prices earn the farmer variable costs plus $185 per acre; average com-
modity prices net him variable costs plus $61 per acre; and low com-
modity prices earn him variable costs plus $13 per acre.

Another interpretation of this price of nitrogen can be viewed with
ratios. At high commodity prices, the farmer spends an average of
$14.92 per acre for nitrogen. The ratio of this cost to his yield
above variable cost is one to 12, or .08 to one. For every dollar in
yield he earns, he has spent eight cents on nitrogen. When this pat-
tern of analysis is applied with average commodity prices, the farmer
spends $.22 for nitrogen for every dollar that he earns. At low com—
modity prices, his ome dollar in net above variable costs must be

matched by a $.55 expenditure for nitrogen.

Irrigated Acres of Cropland

The acreage shifts to dryland from irrigated begin to occur at a
price of nitrogen of $1.04, $.41, and $.04 at high, average, and low
commodity prices, respectively (Table 17 and Appendix Table 38 and 39).
Therefore, when nitrogen reaches $.41 per pound under average commodity
price conditions, cropland will begin to be switched from irrigated
production to dryland. However, even with a nitrogen price of $2.00
per pound, a million and a quarter acres are still being irrigated

under average commodity price conditions.
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Agricultural Qutput

The estimated crop production figures under average commodity
prices with two sets of input conditions are presented in Tables 18 and
Appendix Table 41. Table 18 outlines a test with current prices of
diesel and natural gas. As nitrogen prices rise, cotton production
peaks at 2,954,000 bales and $.75 per pound nitrogen. Grain sorghum
ouptut consistently declines with rising nitrogen prices; therefore, its
production is inversely related to nitrogen price. Soybeans come into
production at $.13 nitrogen and remain in solution because no nitrogen
is used in soybean production. Wheat production peaks at 30.9 million
bushels and $.50 nitrogen and does not begin to decline until nitrogen
reaches $1.18 per pound. Corn is initially grown at its maximum per-—
mitted production, but it decreases rapidly and is zero when nitrogen
reaches $.75 per pound. It appears soybeans come into solution and
replace some grain sorghum output. When cotton and wheat production
peak together, they also seem to be substituted for grain sorghum and,
to some extent, corn.

Appendix Table 41 outlines results of a similar analysis except a
natural gas price of $1.25 per Mcf is assumed. Under these conditions,
grain sorghum stays in production through a higher nitrogen price than
before. The other trends are the same as in Table 18 and simply indi-

cate cost increases for the same cropping pattermns.

Cropping Patterns

Table 19 is a schedule of crop acreages planted under selected



Table 18. Estimated crop output at selected nitrogen fertilizer
prices based on average commodity prices? and current
input prices:P Texas High Plains

Nitrogen
price per Production
pound Cotton Grain sorghum  Soybeans Wheat Corn
(dollars) (1,000 bales) (1,000 cwt) =  ———— 1,000,000 bu-==—m~——w-
0 2,410 124, 847 0 20.6 80.3
.05 2,475 118,127 0 23.6 80.3
.13 2,475 103,131 4.2 23.6 80.3
.32 2,745 92,507 4.8 23.7 63.8
.50 2,841 92,507 4.8 30.9 41.8
.75 2,954 83,878 4.8 30.9 0
1.06 2,491 80,639 4.8 30.9 0
1.18 2,286 30, 309 4.8 27.8 0
1.71 1,731 30,309 4,8 28.9 0

aAverage commodity prices are defined as: cotton lint--8$0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum--$3.10 per cwt;
soybeans—-$4.27 per bushel; wheat--$2.60 per bushel; corn--$1.94

per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
natural gas—-50.88 per Mcf.



“qusdaaxd ¢ uei mmoﬂm

“$3a9% QOO'0CS¢, ST (9TqRITEAR S2I0B) GOYTIDTIIsax puefdoid oq1

*JoH 1ad gg*0s—se8 Teanjeu !uvoyred i8d Q4 Qi--12S9TP :Se paurIep a1e saoyad anduy uuwhhsun

*Taysnq 123d K6 [§--uzod !yaysnq 1ad gg-z¢--3eaym {faysnq 1ad ;7 p-—sueaqlos imo
aed prrg$-——wnyBios ureid fuol 1ad QU QQT$-~I39s WOII0D !{punod iad Tg¢-g4--1UTT wOIIGD  :SE paulIep 2ae sarfad LjTpommod wmmho><m

o 0 9z €96°T T ET £z €02 18 760°€ 96 STT L 141

0 0 9z TS6°T 4 LET Lz ®€0e 1% 90T 96 sTTL 71

o 0 9z £96°T z IE1 Lz €02 1% 060°¢ 96 6T L 9T'1

0 0 Lz 0s0°¢ z LET 183 81€°‘¢ oy L00°E 66 4 (3 90T

0 0 (z 050°¢ z LeT %€ £38°T 9t woL'e 86 9Th ‘L gL

] 0 {2 050°2 z LET %€ Ls'e Fi 86L°2 00T 0SS L oS-

P :13 0z Tes 't z IET %E £z5't LE SBLT 00t 0SS°L T

g 08¢ 0t TZ5°1 4 LET 62 91T oY ¥66'2 001 055 L 9z

01 ot! 0T 616°T z 0zt 62 891°2 or ET0°€ 00T 055*L T

01 (114 0z 6181 0 0 0g 88zt oy £10°¢ 00T 05¢*L SQ°

ot 0tL 14 ZSE'T 0 0 ze [ a4 v 890°2 00T 055°¢ (V)

(saeT7OP)

830l (000°T) Tezol  (000°1)  Te30l  (0OG*T) Telcl (coo‘D) 18304 (000°1) Te30L (000°T) pmod

Jo g 3o 1 3o gz oz 3oz 3o % 1ad a07ad
uIo) FTEETT suEaqiog “unydios upein w3307 21B10L uaBo11TN

PIIUE] 8915V

suyeTd YSIH SEXS a“mQUMHQ andur
juariny puw _s2071d L3Tpoummiod ofeiasr uo peseq s901ad weBoilfu pairoslas e ‘sdoxv Aq puepdoid pajuerd pejempisy g7 ITIEL

68



69

nitrogen prices and average commodity prices. It supplements the infor-
mation gained from the crop production figures in Table 18. Cetton
acreage is comparably low at $.75 nitrogen; however, cotton production
is high; therefore, this situation reveals that yield per acre is high
and cotton is being produced under irrigation at this nitrogen price.
Grain sorghum acreage goes down, up, then down as nitrogen prices rise
with steadily declining production. Grain sorghum acres are switching
to dryland. Wheat acreage increases up to a nitrogen price of $.50
(consistent with output in Table 18) and remains constant as nitrogen
continues to rise in price. Idle acres become evident at a nitrogen
price of §.75 per pound.

Appendix Table 42 (natural gas at $1.25) shows idle acres appearing
at $.53 nitrogen. A higher cost of natural gas is interpreted as
higher irrigation costs; hence, production stops at a lower nitrogen
price. This demonstrates the greater cost to a crop that is heavily

fertilized with nitrogen and is irrigated.

Effects of Alternative Water Prices

The test situations are narrowed to three as the price of water is
being parameterized. First, varying the price of water is examined
under high commodity prices and current input prices. Second, average
commodity prices and current input prices are used. Then finally,
average commodity prices, current diesel and nitrogen price, and a high
natural gas price are assumed.

A definition of water price as i1t is being used in this context is

needed. Water price refers to that price which a farmer can afford to
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pay above pumping and distribution costs. The cost of water at this
water price does not include any fixed costs. 1In essence, if the farmer
were buying water as a commodity, this water price would be the charge
to him for the commodity.

Water importation has been considered for the Texas High Plains,
and this analysis is useful in determining the quantity of water that
would be demanded at alternative prices., It also stipulates the maxi-

mum that could be charged for water at alternative quantities.

Quantity of Water Demanded

The demand curves for irrigation water, as shown in Figure 5, are
presented for high and average commodity prices only since irrigation
water use was zero at low crop prices. The effect of the prices
received for the crop output is quite significant. Table 20 and Appen—
dix Table 43 indicate the wide differences in quantity used at a partic-
ular price for the average and high commodity price levels.

When irrigation water sells for $34 per acre foot, six million
acre feet are used with commodities at high prices; whereas, three and
three quarters million acre feet are consumed with commodities at
average prices, When irrigation water is priced at $41 per acre foot,
six million acre feet are still used under high commodity price levels;
however, less than two million acre feet are used under average commod-
ity price conditions. With average commodity prices, water use goes to
zero at $71.75 per acre foot. At that same price of water with high

commodity prices, over five and half million cubic feet of water are
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Table 20. Estimated quantity of water used in agricultural production
at selected water prices with associated dryland and irri-
gated acres and producer net returns based on average

commodity prices? and current input prices: Texas High
Plains
Water Acres of Cropland
Price per Quantity Producer
acre-foot used Dryland Irrigated net returns
(dollars) (1,000 ac ft) ——me—=1,000-=——e——m (81,000,000)
0 5,787 3,146 4,404 486
5.90 5,785 3,146 4,404 452
14.69 5,717 3,157 4,393 401
22.37 5,560 3,157 4,393 358
29.58 4,957 3,559 3,991 318
32.23 4,602 3,753 3,797 304
34.40 3,781 4,177 3,373 295
38.94 3,436 4,345 3,205 278
41.74 1,896 5,660 1,890 268
46,07 1,329 6,344 1,206 260
53.76 1,075 6,579 971 250
56.10 615 6,953 559 247
60.24 140 7,392 120 245
71.75 0 7,392 0 243

aAverage commodity prices are defined as: cotton 1int--%0.31 per
pound; cotton seed--$%100.00 per ton; grain sorghum—-353.10 per cwt;
soybeans——54.27 per bushel; wheat--52.60 per bushel; corn--%$1.94
per bushel.

bCurrent input prices are defined as: diesel--50.40 per gallon;
natural gas--50.88 per Mcf; nitrogen——-5$0.20 per pound.
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still being utilized. Under high commodity prices, it requires a water
price of $220.68 per acre foot to cause consumption to go to zero.
Appendix Table 44 summarizes results of a test made with average
commodity prices and a high natural gas price. The adjustments are
similar to those made with the current price of natural gas. This
indicates that an increased natural gas price creates no major altera-
tions in quantity of water demanded. It does effect a somewhat lower
price of water at which these adjustments occur and, of course, results

in less net revenue,

Producer Net Returns

Table 20 and Appendix Table 43 reflect the significant adjustments
that are being made in net revenue as the price of irrigation water
increases. As the water price rises from zero to $100 per acre foot
under high commodity prices and current input prices, net revenue to
the farmer declines some 40 percent. A water price of $175 per acre
foot causes a decline of 54 percent. With average commodity prices,
net revenue is much lower. At a zero price of water, revenues above
variable costs are $486 million; they are reduced by 50 percent to $243
million with water selling for $71.75 per acre foot. If the farmer is
receiving high prices for his goods, he can afford to pay up to $175
per acre foot for irrigation water and still be better off than if he
pays nothing for irrigation water and is receiving average prices.

Again, sensitivity to product prices is emphasized.
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Irrigated Acres of Cropland

Appendix Table 43 indicates that the farmer can pay up to $51.96
for water before any irrigated acreage shifts to dryland, given high
commodity prices, This shift is made at a water price of $14.69 per

acre foot under conditions of average commodity prices, see Table 20.

Agricultural Qutput and Cropping Shifts

Tables 21, 22 and Appendix Table 45 indicate adjustments among
crops measured first in output (Table 21 and Appendix Table 45), then
in acres (Table 22). High commodity prices and current inmput prices
are used in Appendix Table 44. Average commodity prices are used in
Tables 21 and 22. The general trend for all crops except wheat is
decreased output as the price of irrigation water increases, Obviously,
as irrigation declines, yields follow. Wheat, on the other hand, is
being produced in greater amounts as the price of water rises. An
explanation of this situation can be noted from Table 22 than indicates
an upward trend in acreage being planted to wheat.

Using average commodity prices (Tables 21 and 22) and over a water
price range from zero to $71.75 per acre foot, cotton acreage increases
by 12 percent but output declines by 46 percent; grain sorghum acreage
climbs by 7 percent as output drops by 66 percent; and wheat acreage
rises by 12 percent and output rises by 8 percent. Soybeans and corn,
both irrigated crops, eventually go out of production as water price
rises. BSoybeans stay in production, though, until water reaches $71.75

per acre foot.



Table 21. Estimated crop output at selected water prices based on
average commodity prices? and current input prices:
Texas High Plains

Water
price per Production
acre~foot Cotton Grain sorghum Soybeans Wheat Corn
(dollars) (1,000 bales) (1,000 cwt) = —--———- 1,000,000 bu-==———-
0 2,475 103,132 4.2 23.6 80.3
5.89 2,478 102,943 4.2 23.6 80.3
14.69 2,478 110,443 4,2 23.4 63.8
23.37 2,745 92,507 4.8 23.4 63.8
29.58 2,745 92,507 4.8 29.4 19.6
32.23 2,745 83,878 4.8 29.4 19.6
36.00 2,396 80,639 4,2 29.4 19.6
41,74 2,447 34,614 4.2 28.4 4.2
53.76 1,934 34,614 4.2 26.3 4.2
54.57 1,934 34,614 4,2 26.3 0
60.24 1,328 34,614 4.2 25.6 0
71.75 1,328 34,614 0 25.6 0

aAverage commodity prices are defined as: cotton lint—-50.31 per
pound; cotton seed--$100.00 per ton; grain sorghum—-%3.10 per cwt;
soybeans——%$4.27 per bushel; wheat--$2.60 per bushel; corn--$1.94
per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
natural gas--50.88 per Mcf; nitrogen $0.20 per pound.
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Intraregional Cropping Pattern Shifts

Results of model application that have not been interpreted thus
far are the intraregional adjustments. Some adjustments of interest are
the cropping pattern shifts that are taking place within a region as
prices rise. Table 23 outlines shifts that occur as the price of diesel
increases. Average commodity prices and current input prices are used
for this analysis. The percentage figures present total crop acreage,
dryland and irrigated, as a percentage of total cropland available in
that region. Diesel prices beyond $3.00 per gallon were not considered
in this analysis.

In High Plains II, rising diesel prices impact primarily on grain
sorghum and wheat acreage. Grain sorghum shifts from irrigated to
dryland at $2.53 diesel, and acres shift from grain sorghum to wheat.

In High Plains III, some cotton acreage goes to idle acreage at a price
above $2.00 per gallon for diesel. Other acreages remain the same
throughout the price range of diesel. In High Plains IV, a trade-off
occurs between cotton and wheat with cotton declining and wheat acreage
increasing as diesel price rises. Grain sorghum acreage holds constant,
and soybeans come into production at $2.13 per gallon diesel. These
adjustments indicate which production alternatives are more machinery
intensive; i.e., diesel users. Cotton production appears to be more
sensitive to rising diesel prices; whereas, wheat as a relatively low
diesel user is not.

Table 24 indicates the adjustments that take place when natural

gas price rises. There is no change in High Plains II until natural
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gas reaches $2.54 per Mcf. At that natural gas price, grain sorghum
acreage increases, and corn acreage declines. Cotton, grain sorghum,
soybeans, and corn are irrigated in High Plains II; whereas, wheat is
produced almost entirely dryland. High Plains III reflects a situation
of stability until natural gas sells for $2.89 per Mef. At that price,
irrigated grain sorghum begins to shift to dryland, and irrigated soy~-
beans come into production. At $3.86 per Mcf for natural gas, cotton
changes to heavily irrigated production, and grain sorghum switches to
dryland production. Rising natural gas prices have even less effect
on cropping shifts in High Plains IV. ©No change occurs until natural
gas reaches $5.14 per Mcf. At that price, which is most probably beyond
the short run, some wheat acreage shifts to cotton production.

In summary, rising diesel and natural gas prices have little effect
on intraregional cropping pattern shifts when probable short run prices

for these two energy inputs are considered.
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SUMMARY AND CONCLUSTONS

Tn 1973, the Arab oil embargo dramatically awakened the world to
the reality of energy shortages. Forces of basic economics surrounding
the situation brought about energy price rises and concern about the
impact of these increases. It became important that answers to energy
related questions be supported by objective research. Among the many
important questions is what effect does increasing prices for energy
related inputs have on agriculture.

The High Plains of Texas is a highly productive agricultural region.
However, due to its semi-arid climate, productivity is closely related
to irrigation from groundwater. With irrigation and a highly developed
degree of mechanization, agricultural production is energy intensive.
With a great dependence on energy for a high level of agricultural pro-
duction, the High Plains of Texas provide an ideal study area for evalua-
ting effect of rising energy prices.

The principle energy and energy-related inputs in agricultural pro-
duction on the Texas High Plains were identified as diesel, natural gas,
herbicide, nitrogen fertilizer, and water. The purpose of the study
was to quantify the effect on agriculture of rising prices of these
inputs. This effect would be expressed in quantity of the input

demanded, in crop production, in cropping patterns, and in net revenue,
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Methodology

Linear Programming

The analytical technique employed was mathematical linear program—
ming where a linear objective function is optimized subject to a set
of linear constraints. Parametric programming was utilized so that the

price parameters of the resources may be varied over a specified range.
Enterprise Budgets

Enterprise budgets taken from the Crop Budget Generator of the
Texas Agricultural Extension Service provide the data base for the
working model. The typical management budgets for cotton, grain sor-
ghum, soybeans, wheat, and corn from the three production regions of
High Plains II, High Plains III, and High Plains IV were selected for
use. Intermediate level irrigation budgets were built for cotton, grain
sorghum, and wheat in High Plains II. All harvesting costs were con-
verted from custom harvesting to owner-operated equipment. Adjustments
were made in the dryland cotton budgets for High Plains IIT and High
Plaing IV to allow for skipped-row planting, and irrigation costs in all
the budgets were updated. Other minor modifications included changing

the unit measurements for cotton lint and for cattle.
The Model

The model was structured from the data in the budgets applied to

the linear programming framework. The enterprises in the model are
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comprised of 46 dryland and various level irrigation budgets of the five
study crops from the three production regions. The resources are diesel,
herbicide, natural gas, nitrogen fertilizer, and water. The objective
function is maximization of revenue above wvariable costs. Maximum shifts
in crop acres, by subregion, were incorporated by specifying an upper

and lower bound on permitted acres of each crop.

Scope of Analysis

The finalized model was applied for 16 alternative sets of condi-
tions. Nine of the applications were made to test separately the effect
of sequentially higher prices of diesel, natural gas, nitrogen and
water with high commodity prices, average commodity prices, and low com-
modity prices. These commodity prices were taken from historical data
reported in Texas Agricultural Extension Districts 1-N and 1-5 from
1971 through 1974. High price refers to the highest price in the range;
low price, to the lowest price in the range; and average price, to the
forty—-eight month average price. Prices of those inputs not being
analyzed were set at their approximate current levels.

The analysis was extended to consider effect of increasing diesel
prices assuming average commodity prices, but with (1) a high natural
gas price and current nitrogen price and (2) a high price for both
natural gas and nitrogen. Similarly, the expected effect of an increas-
ing price for natural gas under conditions of a high nitrogen price, cur-~
rent diesel price, and average commodity prices was investigated. The

effect of rising nitrogen prices was investigated using a high natural



84

gas price, current diesel price, and average commodity prices. These
situations were intended to approximate the range of probable price
activity for diesel, natural gas, and nitrogen for the short run future.
For the analysis, herbicide price was linked to diesel price since the
price of both is dependent upon a similar petroleum derivation.

Analysis of increasing irrigation water costs (costs above pumping)
was made assuming current prices of inputs with high and average com-
modity prices. An extension of the water cost study considered current

prices for diesel and nitrogen and a2 high price for natural gas.

Results

Application of the model results in large quantities of data. For
presentation, a synthesis was necessary. Therefore, the study results
were classified as: (1) schedules of demand for each input, (2) pro-
ducer net returns, (3) associated dryland and irrigated acres, (4) crop
output, (5) acres of each crop, and (6) intraregional cropping pattern

shifts. The following discussion briefly highlights these results.

Diesel

The demand curves for diesel at high, average, and low commodity
prices reveal wide variations in the demand for diesel particularly when
the price exceeds $2.00 per gallon. Above $.56 per gallon, low commod-
ity prices cause the quantity of diesel used to fall off substantially.
However, the quantity used under high and average commodity price condi-

tions remains in the 108 to 110 million gallon range up to $1.38 per
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gallon. Therefore, it would require either unusually low commodity
prices and $.60 per gallon diesel or diesel price increases threefold
from its present price to effect any major adjustments in consumption.
Consequently, the short run impact on usage of diesel due to moderately
higher prices is minimal.

The primary effect would be significant adjustments in net revenues
realized by farmers as diesel prices rise. The figures show that the
level of commodity prices has the most impact on profits. Even with low
comrodity prices, however, farmers continue to realize positive net
revenues in the short run with diesel prices below $1.40 per gallon. A
diesel price of about $3.50 per gallon would be necessary to cause all
profits above variable costs to be lost under average commodity price
conditions.

Acreage shifts from irrigated to dryland production begin to occur
under low commodity prices at $.46 per gallon of diesel and under
average commodity prices at $2.69 per gallon. Maximum irrigation con-
tinues to be utillized at a diesel price of $5.00 per gallon with high
commodity prices. As diesel prices rise, the acreage planted in cotton
decreases; the acreage planted in grain sorghum increases slightly; the
acreage planted in wheat increases; and the acreage devoted to soybean
and corn eventually leaves production. Rising diesel prices cause cot-
ton output to decline, grain sorghum output to fall off severely, and
wheat output to decline. The same basic results are obtained when a

higher nitrogen and natural gas price were assumed.
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More specifically, under conditions of average commodity prices
and current input prices, a rise in diesel price from zero cents to $.72
per gallon causes less than a .5 percent reduction in consumption of
diesel for agriculture, no reduction in acres of cropland planted (either
dryland or irrigated), but a 22 percent decrease in net revenue. A rise
from $.72 to $1.38 per galion still reduces diesel consumption by less
than .5 percent, does not affect planted acres, but again causes net
revenue to fall another 25 percent.

In summary, rising diesel prices in the short run are expected to
cause diesel usage to change very little. The greatest impact is the
pass-through of these costs to the farmers' income statements; higher
costs of diesel mean less profits. The results show, as expected, that
the price the farmer receives for his product is a much greater influence

on his welfare than what he pays for diesel.

Natural Gas

The second resource examined was natural gas. Again, the demand
curves developed under the three commodity price levels show signifi-
cant differences at the higher prices paid for natural gas. However,
natural gas prices do not cause reduced consumption under any commodity
price conditions until natural gas price exceeds $1.00 per Mcf. Looking
at the probable short run situation; i.e., average commodity prices and
current input prices, natural gas price must reach $4.00 per Mcf and
above to cause a significant reduction in consumption. A zero price of

natural gas indicates that 51.3 billion cubic feet will be consumed;
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whereas a price jump to $4.26 Mcf indicates that consumption will decline
to 44.3 billion cubic feet, only a 14 percent reduction in consumption.
A higher nitrogen price does not change this conclusion. This analysis
is based on variable costs only and over time, with fixed costs included,
reductions in natural gas used would occur at lower prices than indi-
cated in this study.

Obviously, net revenues are affected by rising costs of natural
gas. Acreage shifts from irrigated to dryland are directly affected by
rising natural gas prices. The acres planted to the five crops remain
almost constant until natural gas reaches a price of $2.54 per Mcf.
Correspondingly, crop output up to this price is stable. The first crops
to begin to leave irrigated production are grain sorghum and corn.

The inference is that natural gas prices can rise substantially
before their effect will be felt in consumption of natural gas or
acreage shifts. However, the increased expense to the farmer will cer-
tainly be noticed on his income statement. If he pays nothing for natu-
ral gas under average commodity prices, his net revenue is $531 million;
if he pays $1.66 per Mcf, his net revenue falls 16 percent to $446
million; if he pays $2.54 per Mcf, his net revenue drops another 10 per—

cent to $401 millionm.

Nitrogen

The demand curves developed for nitrogen are more elastic within
the short run than are those for diesel and natural gas. A small nitro-

gen price increase above current levels causes a change in quantity used
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by agriculture. A price rise from the $.18 current rate to $.33 per
pound causes a 24 percent reduction in consumption at average commodity
prices. Nitrogen prices decidedly affect net revenues. A doubling of
nitrogen price from $.13 per pound to $.26 per pound causes a 10 per-
cent decline in net revenues. Another twofold increase in price to $.54
per pound causes another 20 percent deduction in net revenues. With
nitrogen selling for $.26 per pound, the farmer spends $.22 for nitro-
gen for every $1.00 that he earns above variable cost.

Rising nitrogen prices are not as impactual on acreage shifts as
they are on quantity used and net revenue. Irrigated production does
not begin to shift to dryland until nitrogen price reaches $.41 per
pound under average commodity prices. Within relevant short run price
ranges, cotton output Increases in spite of declining acreages. Grain
sorghum acreage increases, but output declines; whereas, wheat output
increases along with acreage.

The results of the examination of rising nitrogen prices suggest
that nitrogen is presently priced within a critical range. Quantity
demanded is sensitive to prices that currently prevail, and increases
can be expected to cause rapid adjustments in use and, consequently, in

agricultural output.

Irrigation Water

Considering only average prices for commodities, the quantity of
water demanded is highly dependent upon the price charged. As the price

of irrigation water rises from $14.69 per acre foot to $41.74, quantity
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demanded goes from 5.7 million acre feet to 1.9 million acre feet, a 67
percent drop. A price of $71.75 per acre foot causes consumption to
fall to zero. With the high commodity prices, the price must go to
$220.68 per acre foot before water is no longer purchased for irrigation.
Imported water is a current consideration for the area under study;
therefore, these water costs are important in determining just how much
will be demanded, or can be afforded, at alternative prices.

Over the price range of water from zero to $71.75 per acre foot at
average commodity prices, cotton and grain sorghum output trend downward
significantly while their acreages trend upward. This is explained by
a shift to dryland production. Wheat output trends upward with a small
increase in acreage. Irrigated corn and soybeans are reduced both in
acreage and output, although they are both still in production at a

price of $54 for water and average prices for commodities.

Intraregional Cropping Pattewvn Shifts

The short run effects of rising diesel prices on cropping pattern
shifts within High Plains II, High Plains III, and High Plains IV are
slight. 1In High Plains II, some grain sorghum and soybeans shift to
wheat. A few acres of cotton shift to wheat while most shift to idle
acres in High Plains III. High Plains IV cotton acreage transfers to
wheat. All of these adjustments, except in High Plains IV, are being
made at about $2.50 per gallon for diesel.

Alternative natural gas prices cause cropping pattern changes in

High Plains TI from grain sorghum and corn to wheat. Rising costs for
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natural gas cause a shift in High Plains III from cotton to grain sor-
ghum. And a slight alteration is made in High Plains IV from wheat to
cotton. Essentially, no cropping pattern shifts occur until natural gas
reaches $2.50 per Mcf. Most cropping pattern adjustments occur at about

$4.00 or more per Mef for natural gas.

Conclusions

In summary, the energy price increases that are probably imminent
in the near future will have only a minimal impact on the quantity of
energy and energy-related inputs demanded on the Texas High Plains. The
price of nitrogen is presently within a range that affects quantity used,
but the price of diesel and natural gas is not. If and when a charge
is placed on irrigation water as in the case of imported water, then the
price of it will also quickly approach a range that affects the quantity
consumed.

If energy prices are to increase dramatically, the data suggest
reduced consumption and a shift in cropping patterns and output. Wheat
is the crop that would gain in total acreage and output at the expense
of grain sorghum and, to a lesser degree, cotton. This outcome could
possibly be inferred for the long run.

The greatest impact of rising energy costs is on the profit and
loss statement of the farmer. Even if results indicate that the con-
sumption of energy remains essentially the same, his profit margin
shrinks by the amount that energy costs go up. A major short coming of

this result is not considering possible commodity price adjustments
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which could compensate for increased input prices, or perhaps increase

the adverse income effects.

Limitations

The study was conducted recognizing the following limitations:

1. There is a fixed efficiency factor at the level of production
for which the enterprise budgets were developed. One area where substan-
tial improvement may be possible is in dirrigation pump efficiencies.

2. In a short run analysis, no allowance is made for such items
as maintenance and reinvestment; therefore, their relation to energy
price increases has not been measured.

3. No consideration has been made for different size farms; i.e.,
economics of size have not been taken into account.

4., Risk has not been considered; furthermore, no aspect of the
study attempted to identify "attractive" commodity prices in the pro-
ducers' crop selection decision.

5. No attempt has been made to measure the impact of the govern-
ment programs in effect during the period when much of the historical
data were gathered.

6. The personal preferences and biases of individual farmers are
recognized to play a major role in cropping decisions; however, the
linear programming technique assumes that producers will tend to base
cropping decisions on the optimum crop selection over a period of time.

7. The price of water as considered in this study excluded pumping
and distribution costs. Therefore, an assumption implicit in the water

importation concept in this study is storage by aquifer recharge or
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refill.

Further Study

The short run nature of this study, in itself, suggests a need for
further development. A study of the long run impact, taking into
account fixed costs, is pertinent. Analysis directed toward measuring
the impact of rising energy prices on the regional economy of the area
would be timely. As is pointed out in this research, commodity prices
are the most consequential item affecting producer decisions. Therefore,
further study of their relation to energy prices is warranted.

Lastly, this study was limited to only a portion of the Texas High
Plains. There are other areas with irrigated agriculture in Texas
where the predominant price of natural gas is higher and depth of pump-
ing groundwater greater. Therefore, results of this study are not appli~
cable to these other regions. There is a need to expand the model to

include these other regions.



93

REFERENCES

Canion, Larry. Interview. Texas Crop and Livestock Reporting Service,
USDA-SRS, April 1975,

Carter, Harold 0., and James G. Youde. "Some Impacts of the Changing
Energy Situation on U.S. Agriculture.” Am. J. Agr. Econ. 56(1974):
878-887.

Casey, James E., Ronald D. Lacewell and Lonnie L. Jones. Impact of
Limited Fuel Supplies on Agricultural Output and Net Returns:
Southern High Plains of Texas. Texas Agricultural Experiment
Station MP-1175, January 1975.

Coble, C. G., and W. A, LePori. Summary Report: Fnergy Consumption,
Conservation, and Projected Needs for Texas Agriculture.
Governor's Energy Advisory Council Report S$/D-12, Sepcial Project
B, December 1974.

Condra, Gary and Ronald D. Lacewell. "Establishing Crop Acreage
Flexibility Restraints for Subregions of the Texas High Plains."
Forthcoming Texas Water Resources Institute technical report.

The Dallas Morning News. Texas Almanac and State Industrial Guide.
Dallas: A. H. Belo Corp., 1974-1975,

Day, Richard H. "Linear Programming and Related Computations." Farm
Production Economics Division, Economic Research Service, U.S.
Dept. of Agriculture (September 1964): 197.

Doll, John P., V. James Rhodes, and Jerry G. West. ZEconomics of
Agricultural Production, Markets, and Policy. Homewood, Illinois:
Richard D. Irwin, Inc., 1968.

Extension Economists-Management. '"Texas Crop Budgets.'" Texas A&M
University, Texas Agricultural Extension Service MP-1027, April
1974,

Gavett, Earle E. "Agriculture and the Energy Crisis;" Natiomal
Conference on Agriculture and the Energy Crisis presentation
paper, University of Nebraska, April 1973,

Gisser, Micha. '"Linear Programming Models for Estimating the Agricul-
tural Demand Function for Imported Water in the Pecos River
Basin.'" Water Resources Research 7(1970): 1025-1032.

Gray, Roy Mack. "A Study of the Effects of Institutions on the
Distribution and Use of Water for Irrigation in the Lower Rio
Grande Basin.' Ph.D. dissertation, Texas A&M University, 1971.



94

Grubb, Herb. Interview. Office of Information Services (Dir), State
of Texas, May 1975.

Hadley, George. Linear Programming. Reading, Massachusetts: Addison-
Wesley Publishing Company, Inc., 1962.

Heady, Earl 0. and Wilfred Candler. Linear Programming Methods. Ames,
TIowa: The Iowa State University Press, 1964,

Hirst, Eriec. "Food-Related Energy Requirements." Science 184(1974):
134

Kennedy, Rex. Interview. Manager of Texas Tech Farms, Associate
Professor, Department of Agricultural Economics, Texas Tech
University, February 1975.

Lacewell, Ronald D., and William R. Masch, "Economic Incentives to
Reduce the Quantity of Chemicals Used in Commercial Agriculture."”
Southern J. Agr. Econ. 4(1972):203-208.

Lacewell, Ronald D., J. Michael Sprott, and Bruce R. Beattie. Value
of Irrigation Water with Alternative Input Prices, Product Prices
and Yield Levels: Texas High Plains and Lower Rio Grande Valley.
Texas A&M University, Texas Water Resources Institute TR-58,
August 1974,

Leftwich, Richard H. The Price System and Resource Allocation. WNew
York: Holt, Rinehart and Winston, 1961.

Moore, C. V. and T. R. Hedges. "A Method for Estimating the Demand
for Irrigation Water." Agricultural Economics Research 15(1963):
131-135.

New, Leon. 1973 High Plains Irrigation Survey. Texas A&M University,
Texas Agricultural Extension Service, 1973.

Osborn, James E., and William C. McCray. The Structure of the Texas
High Plains Economy. Head, Department of Agricultural Economics
Texas Tech University, August 1972,

Osborn, James E. Interview. Head, Department of Agricultural
Economics, Texas Tech University, April 1975.

Pimentel, D., et al. '"Food Production and the Energy Crisis." Science
182(1973):443-449.

Sartin, Marvin 0. Interviews. Area Economist-Management, Texas
Agricultural Extension Service, 1974-1975.



95

Shumway, C. Richard. '"Derived Demand for Irrigation Water: The
California Aqueduct." Southern J. Agr. Econ. 5(1973):195-200

Snodgrass, Milton M., and L. T. Wallace. Agriculture, Economics, and
Resource Management. Englewcod Cliffs, N. J.: Prentice Hall,
Inc., 1975,

Steinhart, J. S., and C. E. Steinhart. "Energy Use in the U.S. Food
System." Science 184(1974):307-316.

Texas Department of Agriculture. 1973 Texas Cotton Statistics.
U.8.D.A., SRS, Bulletin 113, June 1974,

. 1973 Texas County Statistics. U.5.D.A., SRS,
Bulletin 114, September 1974.

. 1973 Texas Field Crop Statistics. U.S.D.A., SRS,
Bulletin 110, May 1974,

. 1973 Small Grain Statistics. U.S.D.A., SRS,
Bulletin 105, October 1973.

U.3. Department of Agriculture, SRS, Crop Reporting Board.
Agricultural Prices. March 1975.

U.S. News and World Report, Inc. "Food as a Weapon--Will U.S. Ever
Use It?" U.S. News and World Report 78(June 2, 1975):50-51.

Vincent, Warren H. Economics and Management in Agriculture.
Englewood Cliffs, N, J.: Prentice Hall, Inc., 1962.

Wilson, Robert R. '"Petroleum for U.S. Agriculture." Am. J. Agr.
Econ. 56(1974):888-895,

Yaron, Dan. "Empirical Analysis of the Demand for Water by Israeli
Agriculture." J. Farm Econ. 49(1967):461-473,



APPENDIX A

96



97

Table 25. Estimated quantity of diesel used in agricultural production
at selected diesel prices with associated dryland and irri-
gated acres and producer net returns based on average
commodity Erices,a current nitrogen price and high natural
gas price: Texas High Plains

Diesel Acres of Cropland
Price per Quantity Producer
gallon used Dryland Irrigated net returns
(dollars) (1,000 gallons) =  ==———wm—— 1,000--————- ($1,000,000)
0 109,094 3,146 4,404 535
.08 109,046 3,146 4,404 521
.62 109,050 3,146 4,404 430
72 108,563 3,146 4,404 414
1.41 108,132 3.146 4,404 297
1.70 108,117 3,146 4,404 249
1.88 108,093 3,157 4,393 220
2,12 106,402 3,294 4,256 181
2.40 90,467 4,442 3,108 142
2.90 86,604 4,089 3,108 76
3.08 85,619 3,816 2,108 53
3.20 80,657 4,360 2,564 38
3.57 80,459 4,360 2,564 -4
3.86 74,515 4,775 2,132 -35
4.14 68,379 4,775 1,834 -66
4.56 63,116 4,369 1,834 -106
5.00 61,323 4,082 1,834 =147

aAverage commodity prices are defined as: cotton lint--50.31 per pound;
cottonseed-—-3$100.00 per ton; grain sorghum--$3.10 per cwt; soybeans—-—
$4.27 per bushel; corn—-$%1.94 per bushel:; wheat--%52.60 per bushel.

bInput prices are defined as: natrual gas——$1.25 per Mcf; nitrogen——
$0.20 per pound.
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Table 26. Estimated quantity of diesel used in agricultural production
at selected diesel prices with associated dryland and irri-
gated acres and producer net returns based on average com-
modity prices,a high nitrogen and natural gas prices:b
Texas High Plains

Diesel Acres of Cropland
Price per Quancity Producer
gallon used Dryland Irrigated net returns
(dollars) (1,000 gallons) —————=e—1,000-——=-—~ ($1,000,000)
0 108,917 3,146 4,404 498
.28 109,179 3,146 4,404 451
.37 109,155 3,157 4,393 434
.57 108,669 3,157 4,393 401
.67 108,620 3,157 4,393 383
1.52 109,945 3,157 4,393 242
1.75 108,334 3,294 4,256 204
1.93 93,263 4,322 3,228 175
2.28 92,839 4,226 3,228 128
2.54 30,420 4,491 2,963 93
2.90 85,706 4,081 2,963 48
3.15 74,883 4,792 2,132 20
3.41 68,529 4,792 1,834 -9
3.90 68,355 4,775 1,834 ~57
4,37 68,333 5,039 1,834 -103
4.56 61,232 4,082 1,834 -122
5.00 60, 946 5,048 1,187 -161

aAverage commodity prices are defined as: cotton 1lint--$0.31 per pound;
cottonseed--$100.00 per ton; grain sorghum--$3.10 per cwt; soybeans—-
$4.27 per bushel; corn--$1.94 per bushel; wheat--%2.60 per bushel.

bInput prices are defined: natural gas--$1.25 per Mcf; nitrogen—-30.20
per pound.
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Table 27. Estimated crop output at selected diesel prices based on
high commodity pricesa and current input prices:b Texas
High Plains

Diesel

price per Production

gallon Cotton Grain sorghum Soybeans Wheat Corn
(dollars) (1,000 bales) (1,000 cwt) -——-----——-1,000,000 bu—=-——-—-

0 2,615 110,891 0.0 23,0 80.3

11 2,615 110,147 0.0 23.6 80.3
.70 2,618 109,958 0.0 23.7 80.3

1.31 2,478 117,938 0.0 23.7 80.3

4,00 2,433 117,938 0.0 25.2 80.3

4.59 2,433 71,066 0.0 53.1 80.3

4.86 2,433 61,433 0.0 60.0 80.3

aHigh commodity prices are defined as: cotton lint~-$0.67 per pound;
cottonseed--$100.00 per ton; grain sorghum—$5.96 per cwt; soybeans--
$7.75 per bushel; wheat--$5.35 per bushel; corn—-8$3.46 per bushel.

bCurrent input prices are defined as: natural gas——50.88 per Mcf:
nitrogen--3$0.20 per pound.
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Table 28, Estimated crop ocutput at selected diesel prices based on
low commodity prices;? current input prices:P Texas High

Plains
Diesel
price per Production
gallon Cotton Grain sorghum  Soybeans Wheat Corn
(dollars) (1,000 bales) (1,000 cwt) =  —-—————m——m 1,000,000 bu——————-
0 2,593 108,150 4.8 30.9 0.0
.46 2,701 92,507 4,8 30.9 0.0
.56 2,619 94,986 4.8 31.8 0.0
.67 2,225 49,219 4.8 32.0 0.0
. 89 1,978 37,351 .6 32.0 0.0
1.03 1,437 37,351 0.0 32.0 0.0
1.93 1,410 32,158 0.0 32.0 0.0
2.43 1,410 32,158 0.0 22.7 0.0
3.23 1,270 37,382 0.0 19.6 0.0
4,52 1,227 37,382 0.0 19.6 0.0

®Low commodity prices are defined as: cotton lint——$0.18 per pound;
cottonseed--$100.00 per ton; grain sorghum—-$1.86 per cwt; soybeans——
$2.30 per bushel; wheat—-$1.34 per bushel; corn——$1.12 per bushel.

bCurrent input prices are defined as: natural gas—3$0.88 per Mcf:
nitrogen——50.20 per pound.
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Table 29. Estimated crop output at selected diesel prices based on
average commodity prices? and high natural gas prices:b
Texas High Plains

Diesel

price per Production

gallon Cotton Grain sorghum Soybeans Wheat Corn
(dollars) (1,000 bales) (1,000 cwt) =  ——————m- 1,000,000 bu-————=—--

0 2,475 110,632 4,2 23.6 63.8

.62 2,478 102,943 4,2 23.7 80.3
72 2,433 102,943 4.2 25.2 80.3

1.41 2,352 105,422 4,2 26.1 80.3

1.88 2,348 105,611 4.2 25.8 80.3

2.40 2,314 63,386 .6 29.8 80.3

3.20 2,101 38,386 .6 29.8 80.3

4,14 2,101 40,022 0.0 32.0 0.0

aAverage commodity prices are defined as: cotton lint--50.31; cotton-
seed--$100.00 per ton; grain sorghum--$3.10 per cwt; soybeans--$4.27
per bushel; wheat--$2.60 per bushel; corn--%$1.94 per bushel,

bInput prices are defined as: natural gas—-$1.25 per Mcf; nitrogen--
$0.20 per pound.
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Table 30. Estimated crop cutput at selected diesel prices based on
average commodity prices® and high natural gas and nitro-
gen price: Texas High Plains

Diesel

price per Production

gallon Cotton Grain sorghum  Soybeans  Wheat Corn

{dollars) (1,000 bales) (1,000 cwt)  ————mme=- 1,000,000 bu——-

0 2,638 108,150 4.8 23.7 48.4
.37 2,498 108,150 4.8 23.4 63.8
.71 2,701 85,007 4.8 24.9 80.3
1.52 2,619 87,486 4.8 25.8 80.3
1.93 2,619 44,656 4.8 27.8 80.3
2.54 2,719 36,285 .6 32.0 64.4
3.41 2,101 39,0901 .6 32.0 0.0
4.37 1,788 47,124 0.0 32.0 0.0

aAverage commodity prices are defined as: <cotton lint-—-$0.31 per
pound; cottonseed-—-$100.00 per ton; grain sorghum——5%3.10 per cwt;
soybeans—-$4.27 per bushel; corn--$1.94 per bushel; wheat--$2.60 per

bushel.

bInput prices are defined as:

$0.30 per pound.

natural gas—-$1.25 per Mcf; nitrogen—-
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Table 33. Estimated quantity of natural gas used in agricultural
production at selected natural gas prices with associated
dryland and irrigated acres and producer net returns based
on high commodity prices2 and current input prices:b
Texas High Plains

Natural Gas Acres of Cropland
Price per Quantity Producer
Mcf used Dryland Irrigated net returns
(dollars) (1,000,000 cu ft) = —————x 1,000-~eem—e— ($1,000,000)
0 54,642 3,146 4,404 1,495
1.45 54,631 3,146 4,404 1,415
4,69 53,583 3,146 4,404 1,239
6.65 53,423 3,157 4,393 1,133
6.77 50,091 3,157 4,393 1,127

aHigh commodity prices are defined as: cotton lint--%0.67 per pound;
cottonseed--$100.00 per ton; grain sorghum--$5.96 per cwt; soybeans—-
$7.75 per bushel; wheat--$5.35 per bushel; corn—-$3.46 per bushel.

bInput prices are defined as: diesel--$0.40 per gallon; nitrogen--

$0.20 per pound.
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Table 34. Estimated quantity of natural gas used in agricultural
production at selected natural gas prices with associated
dryland and irrigated acres and producer net returns based
on low commodity prices?® and current input prices:b Texas
High Plains

Natural Gas Acres of Cropland
Price per Quantity Producer
Mef used Dryland Irrigated net returns
(dollars) (1,000,000 cu ft) =  =~=—c—— o 1,000-———-— (51,000,000)
0 45,033 3,359 3,991 151
.24 44,409 3,559 3,953 140
.64 43,360 3,559 3,953 122
1.14 41,935 3,559 3,813 101
1.28 34,575 4,177 3,195 95
1.41 15,651 6,036 1,336 91
1.58 12,734 6,278 1,094 88
1.62 6,411 6,813 559 87
2.35 5,047 6,825 427 83
2.48 0 7,252 0 83

“Low commodity prices are defined as: cotton lint--%$0.18 per pound;
cottonseed-—$100.00 per ton; grain sorghum——$1.86 per cwt; soybeans--
$2.30 per bushel; wheat--$1.34 per bushel; corn--$1.12 per bushel.

bInput prices are defined as: diesel--%0.40 per gallon; nitrogen—-
$0.20 per pound.
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Table 35. Estimated quantity of natural gas used in agricultural pro-
duction at selected natural gas prices with associated
dryland and irrigated acres and producer net returns based
on average commodity prices,? current diesel price and

high nitrogen price: Texas High Plains
Natural Gas Acres of Cropland
Price per Quantity Producer
Mcf used Dryland Irrigated net returns
(dollars) (1,000,000 cu ft) = =—————- 1,000-——~———- ($1,000,000)
0 51,172 3,146 4,404 493
1.23 50,576 3,157 4,393 430
2.10 49,120 3,157 4,393 387
3.12 43,858 3,559 3,991 337
4,16 41,868 3,559 3,991 292
4.82 35,266 4,077 3,473 265
5.18 19,714 5,566 1,984 253
5.69 11,881 6,269 1,281 244
5.99 1,222 7,392 120 241
9.12 0 7,392 0 238

aAverage commodity prices are defined as: cotton lint--$0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum—-$3.10 per cwt;
soybeans-~$4,27 per bushel; wheat--$2.60 per bushel; corn--$1.94

per bushel.

bInput prices are defined as: diesel--$%0.40 per gallon; nitrogen—-
$0.30 per pound.



Table 36. Estimated crop output at selected natural gas prices based
on average commodigy prices,?® high nitrogen price and cur-
rent diesel price: Texas High Plains

Natural

gas price Production

per Mcf Cotton Grain sorghum Soybeans Wheat Corn

(dollars) (1,000 bales) (1,000 cwt)  —————mm 1,000,000 bu-———=——-

0 2,498 100,650 4.8 23.7 80.3
1.23 2,498 108,150 4.8 23.4 63.8
2.10 2,885 92,507 4.8 23.4 48.4
3.12 2,885 92,507 4.8 29.4 4,2
4,16 2,783 92,507 4.8 29.4 4.2
5.18 2,492 34,614 4.8 29.0 4.2
5.99 1,629 34,614 4.2 25.6 0
9.12 1,328 34,614 0 25.6 0

aAverage commodity prices are defined as: cotton lint--3%0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum—-%53.10 per cwt;
soybeans—-%$4.27 per bushel; wheat--$2.60 per bushel; corn--51.94

per bushel.

bInput prices are defined as: diesel--50.40 per gallon; nitrogen--
$0.30 per pound.
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Table 38. Estimated quantity of nitrogen fertilizer used in agricul-
tural production at selected nitrogen prices with associated
dryland and irrigated acres and producer net returns based
on high commodity prices? and current input prices:b Texas
High Plains

Nitrogen Acres of Cropland
Price per Quantity Producer
pound used Dryland Irrigated net returns
{dollars) (1,000 1bs) = ———— 1,000——m~——m ($1,000,000)
0 446,413 3,146 4,404 1,535
.11 435,214 3,146 4,404 1,487
.22 433,357 3,146 4,404 1,436
.36 408,397 3,146 4,404 1,379
.46 394,357 3,146 4,404 1,336
.60 381,186 3,146 4,404 1,283
.95 316,951 3,050 4,404 1,167
1.04 315,851 3,061 4,393 1,136
1.34 255,551 3,463 3,991 1,043
1.86 249,851 3,463 3,953 909
2.00 249,851 3,463 3,953 874

aHigh commodity prices are defined as: cotton lint--50.67 per pound;
cottonseed--$100.00 per ton; grain sorghum—-$5.96 per cwt; soybeans—-—
$7.75 per bushel; wheat--$5.35 per bushel; corn--$3.46 per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
natural gas-—-50.88 per Mcf.
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Table 39. Estimated quantity of nitrogen fertilizer used in agricul-
tural production at selected nitrogen prices with associ-
ated dryland and irrigated acres and producer net returns
based on low commodity prices? and current input prices:b
Texas High Plains

Nitrogen Acres of Cropland
Price per Quantity Producer
pound used Dryland Irrigated net returns
(dollars) (1,000 1bs) = —=e———— 1,000-———=w— ($1,000,000)
0 378,220 3,146 4,404 174
.04 330,200 3,559 3,991 160
.06 310,720 3,559 3,991 154
.10 295,320 3,559 3,991 140
.14 289,365 3,559 3,953 128
.19 259,795 3,559 3,953 114
.23 236,525 3,753 3,759 104
.27 205,465 4,177 3,195 94
.29 194,585 4,177 3,195 90
.31 128,835 5,492 1,880 87
.33 118,770 5,660 1,712 84
.34 103,450 6,278 1,094 82
.35 72,370 6,796 576 82
.52 63,040 6,521 564 70
.67 45,915 6,948 137 60
2.00 45,915 6,948 137 -1

*Low commodity prices are defined as: cotton lint--50.18 per pound;
cottonseed-—-$100.00 per ton; grain sorghum——$1.86 per cwt; soybeans—-—
$2.30 per bushel; wheat——51.34 per bushel; corn--$1.12 per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
natural gas--5$0.88 per Mecf.
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Table 40. Estimated quantity of nitrogen fertilizer used in agricul-

tural production at selected nitrogen prices with associ-
ated dryland and irrigated acres and producer net returns

based on average commodity prices,? current diesel prices

and high natural gas price:D Texas High Plains

Nitrogen Acres of Cropland
Price per Quantity Producer
pound used Dryland Irrigated mnet returns
(dollars) (1,000 1bs) = ——mmee 1,000-——~— ($1,000,000)

0 452,031 3,146 4,404 551
.10 393,911 3,146 4,404 505
.22 384,057 3,146 4,404 461
.30 368,346 3,157 4,393 430
L4 325,795 3,157 4,393 393
.53 253,860 3,463 3,991 357
.71 248,160 3,464 3,953 311
.77 222,845 3,753 3,759 299
.99 197,385 4,177 3,335 249
1.10 110,561 5,843 1.669 227
1.19 77,440 5,965 1,260 219
1.61 63,910 5,977 1,248 186
1.87 59,595 6,404 821 170
1.97 45,915 7,088 137 164
2.00 45,915 7,088 137 163

aAverage commodity prices are defined as: cotton lint--%0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum;--5$3.10 per cwt;
soybeans--$4.27 per bushel; wheat--$2.60 per bushel; corn--%1.94 per

bushel.

bInput prices are defined as: diesel--50.40 per gallon; natural gas——
$1.25 per Mcf.



Table 41. Estimated crop output at selected nitrogen fertilizer
prices based on average commodity prices,2 current diesel
price and high natural gas price:b Texas High Plains

Nitrogen

price per Production

pound Cotton  Grain sorghum Soybeans Wheat Corn

(dollars) (1,000 bales) (1,000 cwt)  =—————- 1,000,000 bu-—-~-—-

0 2,410 124,847 0 20.6 80.3
.10 2,475 109,132 0 23.06 80.3
.22 2,478 102,943 .2 23.7 80.3
.30 2,498 108,150 .8 23.4 63.8
.53 2,954 83,878 .8 30.9 41.8
77 2,738 83,878 .8 30.9 0

1.10 2,286 34,614 .8 27.8 0
1.61 1,731 30,309 .8 28.9 0
1.97 1,301 30,309 .8 26.3 0

aAverage commodity prices are defined as:
pound; cottonseed--$100.00 per ton; grain sorghum;--5$3.10 per cwt;
soybeans——$4.27 per bushel; wheat—-$2.60 per bushel; corn--$1.94 per

bushel.

bInput prices are defined as:

$1.25 per Mcf.

cotton lint--5%50.31 per

diesel--%0.40 per gallon; natural gas—-
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Table 43. Estimated quantity of water used in agricultural production
at selected water prices with associated dryland and irri-
gated acres and producer net returns based on high commodity
prices? and current input prices: Texas High Plains

Water Acres of Cropland
Price per Quantity Producer
acre-foot used Dryland Irrigated net returns
(dollars) (1,000 ac ft)  ——=———m- 1,000-—=———- ($1,000,000)
0 6,164 3,146 4,404 1,447
4,30 6,163 3,146 4,404 1,420
28.49 6,023 3,146 4,404 1,270
50.27 6,005 3,146 4,404 1,140
51.96 5,626 3,157 4,393 1,130
88.02 5,554 3,157 4,393 927
101.78 5,199 3,351 4,199 851
113.55 4,285 3,804 3,746 750
117.90 3,649 4,229 3,321 771
127.30 1,937 5,660 1,8%0 737
163.57 1,195 6,344 1,206 670
166.95 729 6,418 1,094 666
176.45 381 6,691 701 659

aHigh commodity prices are defined as: cotton lint--$0.67 per pound;
cottonseed--$100.00 per ton; grain sorghum--5$5.96 per c¢cwt; soybeans——
$7.75 per bushel; wheat—-$5.35 per bushel; corn--$3.46 per bushel.

bCurrent input prices are defined as: diesel--50.40 per gallon;
natural gas-—-$0.88 per Mcf; nitrogen--$0.20 per pound.
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Table 44. Estimated quantity of water used in agricultural production
at selected water prices with associated dryland and irri-
gated acres and producer net returns based on average com-
modity prices,” current diesel and nitrogen priceb and high
natural gas price: Texas High Plains

Water Acres of Cropland
Price per Quantity Producer
acre~foot used Dryland Irrigated net returns
{(dollars) (1,000 ac ft}) =  ——————- 1,000-~————~ {$1,000,000)
0 5,787 3,146 4,404 467
5.87 5,767 3,157 4,393 433
19.60 5,560 3,157 4,393 355
26.35 4,957 3,559 3,991 317
31.66 3,781 4,177 3,373 292
38.52 1,897 5,660 1,890 267
42.85 1,329 6,344 1,206 259
51.11 996 6,653 897 248
54.91 574 6,991 521 246
56.19 140 7,392 120 245
68.53 0 7,392 0 243

aAverage commodity prices are defined as: cotton lint—-%$0.31 per
pound; cottonseed--$100.00 per ton; grain sorghum—-3$3.10 per cwt;
soybeans=-~$4,27 per bushel; wheat--$2.60 per bushel; corn--$1.94

per bushel.

bInput prices are defined as: diesel--$0.40 per gallon; natural
gas—-5§1.25 per Mcf.
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Table 45, Estimated crop output at selected water prices based on
high commodity prices@and current input prices: Texas
High Plains

Water

price per Production

acre foot Cotton Grain sorghum Soybeans Wheat Corn
(dollars) (1,000 bales) (1,000 cwt) = ~————— 1,000,000 bu————==—

0 2,615 110,147 0 23.6 80.3

28.49 2,865 94,314 0 23.7 80.3
51.96 2,865 86,299 0 23.4 80.3
88.02 2,885 92,507 .6 23.4 61.6
101.78 2,885 83,878 .6 23.4 61.6

117.90 2,515 80,639 0 29.4 17.4

163.57 1,996 34,614 4.2 28.4 41.8
176.45 1,647 34,614 0 25.6 0

aHigh commodity prices are defined as: cotton 1lint--$0.67 per pound;
cottonseed-~$100.00 per ton; grain sorghum-%$5.96 per cwt; soybeans—-
$7.75 per bushel; wheat--$5.35 per bushel; corn--$3.46 per bushel.

bCurrent input prices are defined as: diesel--$0.40 per gallon;
natural gas--$0.88 per Mcf; nitrogen--$0.20 per pound.
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Rows

O0BJF1
OBJPARA
OBJF2
RXDIESEL

RXCHGDSL,

RXNATGAS
RXCHGNGS
RXNITROF
RXCHGNTT
RXHERBCD
RXWATERQ
RXCHGWTR

RXWTRXNG

RZ2LIRRIG
R2LTOTAL
R2LCOTMX
R2LCOTMN

RZLGSOMX

Coding and Description of Each Linear

Programming Activity

Objective functiom.

CHROW used in parameterizing prices.

Not used.

Diesel fuel required per acre (gallons).

CHROW (change row)} used in simultaneous parameterization of
diesel and herbicide prices.

Natural gas required per acre (Mcf, or thousand cubic feet).
CHROW used in parameterizing natural gas price.

Nitrogen required per acre (pounds).

CHROW used is parameterizing nitrogen price,

Herbicide required per acre (dollars).

Irrigation water required per acre (acre feet),

CHROW used in parameterizing water price.

Variable costs (less fuel cost) per acre of pumping ground-
water (dollars).

Irrigated land restraint (acres) for HPII (High Plains II).
Total cropland restraint (acres) for HPII,

Upper cotton acreage flexibility restraint (acres) for HPII.
Lower cotton acreage flexibility restraints (acres) for HPII.
Upper grain sorghum acreage flexibility restraint (acres)

for HPII.



R2LGSOMN

R2LSOYMX

RZLSOYMN

R2LWHTMX

R2LWHTMN

R2LCRNMX

R2LCRNMN

R3LSPRKL

K3LFURRW

R3LIRRIG

R3LTOTAL

R3LCOTMX

R3LCOTMN

R3LGSOMX

R3LGSOMN

R3LSOYMX

R3LSOYMN

R3LWHTMX

R3LWHTMN

R4LSROLL
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Lower grain sorghum acreage flexibility restraint (acres)

for HPIT.

Upper soybean acreage flexibility restraint (acres) for HPII.
Lower soybean acreage flexibility restraint (acres) for HPII.
Upper wheat acreage flexibility restraint (acres) for HPII.
Lower wheat acreage flexibility restraint (acres) for HPII.
Upper corn acreage flexibility restraint (acres) for HPII.
Lower corn acreage flexibility restraint (acres) for HPII.
Sprinkler irrigated land restraint (acres) for HPIII (High
Plains IIT).

Furrow irrigated land restraint (acres) for HPIII.

Total irrigated land restraint (acres) for HPIII.

Total cropland restraint (acres) for HPIII.

Upper cotton acreage flexibility restraint (acres) for HPIIT.
Lower cotton acreage flexibility restraint (acres) for HPIII.
Upper grain sorghum acreage flexibility restraint {acres)

for HPIII.

Lower grain sorghum acreage flexibility restraint (acres)

for HPITIT.

Upper soybean acreage flexibility restraint (acres) for HPIIT,
Lower soybean acreage flexibility restraint (acres) for HPITI.
Upper wheat acreage flexibility restraint (acres) for HPIII.
Lower wheat acreage flexibility restraint (acres) for HPIIL.
Sideroll irrigated land restraint (acres) for HPIV (High

Plains IV),
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R4LCNPVT -~ Center pivot irrigated land restraint (acres) for HPIV.

R4LIRRIG - Total irrigated land restraint (acres) for HPIV.

R4LTOTAL -~ Total cropland restraint (acres) for HPIV.

R4LCOTMX - Upper cotton acreage flexibility restraint (acres) for HPIV.

R4LCOTMN - Lower cotton acreage flexibility restraint (acres) for HPIV.

RALGSOMX - Upper grain sorghum acreage flexibility restraint (acres)
for HPIV.

RALGSOMN - Lower grain sorghum acreage flexibility restraint (acres)
for HPIV.

R4LWHTMX - Upper wheat acreage flexibility restraint (acres) for HPIV.

RALWHTMN - Lower wheat acreage flexibility restraint (acres) for HPIV.

RXSELCOT - Cotton lint production per acre (bales).

RXSELCOS - Cottonseed production per acre (tonsj.

RXSELGSO - Grain sorghum production per acre (hundredweight).

RXSELSOY - Soybean production per acre (bushels).

RXSELWHT - Wheat production per acre (bushel).

RXSELBEF ~ Wheat pasture grazing production per acre (pounds of cattle),

RXSELCRN - Corn production per acre (bushels).

R2ZCOTACR - Cotton acreage accounting row {acres) for HPII.
R2GSOACR - Grain acreage accounting row (acres) for HPII.
RZS0YACR - Soybean acreage accounting row (acres) for HPII.

R2WHTACR -~ Wheat acreage accounting row (acres) for HPII.
RZ2CRNACR - Corn acreage accounting row (acres) for HPII.

R3COTACR

Cotton acreage accounting row (acres) for HPITI.

R3GSOACR - Grain sorghum acreage accounting row (acres) for HPIII.



R3SOYACR
R3WHTACR
R4COTACR
R4GSCACR
R4WHTACR
ROCRNACR
RGCOTACR
R9GSOACR
RISOYACR
ROWHTACR
RILIRRIG

ROLTOTAL

Columns

C2CRNFW3

C2COTDRY

C2COTFW1

C2COTFwW2

C2GSODRY

C2GSOFW2

Soybean acreage accounting row (acres) for HPIII.

Wheat acreage accounting row (acres) for HPIII.

Cotton acreage accounting row (acres) for HPIV.

Grain sorghum acreage accounting row (acres) for HPIV.
Wheat acreage accounting row (acres) for HPIV.

Corn acreage accounting row (acres) for total study area.
Cotton acreage accounting row (acres) for total study area.
Grain sorghum acreage accounting row (acres) for total area.
Soybean acreage accounting row (acres) for total study area.
Wheat acreage accounting row (acres) for total study area.
Irrigated land accounting row for total study area.

Total cropland accounting row for total study area.

Corn production, 1 preplant plus 3 postplant furrow irriga-
tions, in HPII.

Cotton production, dryland, in HPIL.

Cotton production, 1 preplant plus 1 postplant furrow irri-
gations, in HPIIL.

Cotton production, 1 preplant plus 2 postplant furrow irri-
gations, in HPII.

Grain sorghum production, dryland, in HPII,

Grain sorghum production, 1 preplant plus 2 postplant furrow

irrigations, in HPII.
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C2GSOFW3

C2S0YFW2

C2WHTDRY

C2WHTFW3

C2WHTFW4

C3COTDRY

C3COTSKO

C3COTFWO

C3COTSK1

C3COTFW1

C3COTSK2

C3COTFW2

C3COTSK3

C3COTFW3

C3GSODRY

Grain sorghum production, 1 preplant plus 3 postplant furrow
irrigations, in HPII.

Soybean production, 1 preplant plus 2 postplant furrow irri-
gations, in HPII,

Wheat production, dryland, in HPIT.

Wheat production, 1 preplant plus 3 postplant furrow irriga-
tions, in HPII.

Wheat production, 1 preplant plus 4 postplant furrow irriga-
tions, in HPII.

Cotton production, dryland, in HPIII.

Cotton production, 1 preplant sprinkler irrigation, in HPIIL.
Cotton production, 1 preplant furrow irrigation, in HPIII.
Cotton production, 1 preplant plus 1 postplant sprinkler irri-
gation, in HPIII.

Cotton production, 1 preplant plus 1 postplant furrow irri-
gation, in HPITT.

Cotton production, 1 preplant plus 2 postplant sprinkler
irrigations, in HPIII.

Cotton production, 1 preplant plus 2 postplant furrow irri-
gations, in HPIIT.

Cotton production, 1 preplant plus 3 postplant sprinkler
irrigations, in HPIIT.

Cotton production, 1 preplant plus 3 postplant furrow irri-
gations, in HPITI,

Grain sorghum production, dryland, in HPIII.



C3GS0SK1

C3GSOFW1

C3G508K2

C3G50FW2

C3GSOSK3

C3GSOFW3

C3GS0SK4

C3GSOFW4

C3S0YSK3

C3WHTDRY

C3WHTSK3

C4COTDRY

C4COTSRO

C4COTSR1
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Grain sorghum production, 1 preplant plus 1 postplant sprink-
ler irrigation, in HPITI.

Grain sorghum production, 1 preplant plus 1 postplant furrow
irrigation, in HPIII.

Grain sorghum production, 1 preplant plus 2 postplant furrow
irrigations, in HPIIT.

Grain sorghum production, 1 preplant plus 2 postplant furrow
irrigations, in HPIII.

Grain sorghum production, 1 preplant plus 3 postplant sprink-
ler irrigations, in HPIII.

Grain sorghum production, 1 preplant plus 3 postplant furrow
irrigations, in HPIII.

Grain sorghum production, 1 preplant plus 4 postplant sprink-
ler irrigations, in HPIII.

Grain sorghum production, 1 preplant plus 4 postplant furrow
irrigations, in HPIII.

Soybean preduction, 1 preplant plus 3 postplant sprinkler
irrigations, in HPIII.

Wheat production, dryland, in HPIII.

Wheat production, 1 preplant plus 3 postplant sprinkler
irrigations, in HPIIT.

Cotton production, dryland, in HPIV.

Cotton production, 1 preplant sideroll irrigation, in HPIV.
Cotton production, 1 preplant plus 1 postplant sideroll irri-

gations, in HPIV.
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C4COTSR2

C4COTCP2

C4COTSR3

C4COTCP3

C4GSODRY

C4GSOSR2

C4GSOSR3

C4GSOCP3

C4GSOCP4

C4WHTDRY

C4WHTSR3

CXBUYDSL

CXBUYNGS

CXBUYNIT

CXBUYHBC

CXBUYWTR

Cotton production, 1 preplant plus 2 postplant
gations, in HPIV,

Cotton production, 1 preplant plus 2 postplant center
irrigations, in HPIV.

Cotton production, 1 preplant plus 3 postplant
gations, in HPIV.

Cotton production, 1 preplant plus 3 postplant center
irrigations, in HPIV,

Grain sorghum production, dryland, in HPIV.

Grain sorghum production, 1 preplant plus 2 postplant
irrigations, in HPIV

Grain sorghum production, 1 preplant plus 3 postplant
roll irrigations, in HPIV.

Grain sorghum production, 1 preplant plus 3 postplant
pivot irrigations, in HPIV.
Grain sorghum production, 1 preplant plus 4 postplant
pivot irrigations, in HPIV.
Wheat production, dryland, in HPIV.
Wheat
gations, in HPIV,

Diesel fuel purchasing activity.

Natural gas fuel purchasing activity.
Nitrogen fertilizer purchasing activity.

Herbicide purchasing activity.

Irrigation water purchasing activity.

sideroll irri-

pivot

sideroll irri-

pivot

sideroll

side-

center

center

production, 1 preplant plus 3 postplant sideroll irri-



CXBUYWXG

CXSELCOT

CXSELCOS

CXSELGS0

CXSELSOY

CXSELWHT

CXSELBEF

CXSELCRN

Activity for charging variable costs of pumping groundwater.
Cotton lint selling activity.

Cottonseed selling activity.

Grain sorghum selling activity.

Soybean selling activity.

Wheat selling activity.

Activity for selling wheat grazing.

Corn selling activity.
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