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ABSTRACT

With rapidly changing conditions in production agriculture, the need
for highly flexible and quickly applicable methods of analysis is empha-
sized. The purpese of this study was to develop such a model for a homo-
geneous producticn region in the Texas High Plains.

A linear programming model was constructed whereby crop or input
prices are readily adjustable. In addition, limitations on quantities
of inputs available can easily be evaluated. The model contains cotton,
grain sorghum, corn, wheat and soybeans. Inputs that can be evaluated
include irrigation water, natural gas, diesel, nitrogen fertilizer and
herbicides., The primary focus of this work was to estimate the demand
for irrigation water in the study area.

The model was applied using alternative crop prices and input prices.
Assuming average crop prilces, current input prices and only variable costs
of production, as the price of water was increased wheat shifted from
irrigated to dryland production, then grain sorghum, cotton, corn and
soybeans, in that order. The price of water was $71.75 per acre foot plus
current pumping cost when all land shifted to dryland production.

The same analysis, except variable and fixed costs both included,
gave similar results relative to the sequence of crops that shift to dry-
land production as the price of water was increased. However, the shifts
occurred at much lower water prices; i.e., at $24.47 per acre foot plus
current pumping costs, all land bad shifted to dryland production. This
suggests that over the long run, irrigation in the Texas High Plains is
quite sensitive to the price of energy used in pumping water. Further,

there are strong implications relative to farmer's "ability to pay" for
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water imported to the High Plains from other regions.
In this report, several scenarios including low, high and average

crop prices and average and high input prices were evaluated.
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Introduction

Agricultural producers, policy—make;s, and consumers are aware today,
as never before, of the critical importance of U.S8. agricultural produc-
tion 1n meeting national and world food énd fiber requirements. Texas
producers play a vital role im this endeévor, leading the nation in 1973
in production of upland cotton, grain sorghum, several vegetables, beef
cattle, and sheep (Texas Crop and Livestqck Reporting Service). Texas
production has been significantly increased in several of the semi-arid
regions through irrigation of crops from_groundwater aquifers. In fact,
in 1973, irrigated preoduction accounted for 50 percent of all grain sor-
ghum and 46 percent of all cotton produced in Texas. These two crops
alone represented 26 percent of cash receipts from the sale of farm com-
modities in Texas in that year (Texas Crop and Livestock Reporting

Service).

Statement of the Problem

Groundwater supplies in some regioné of Texas are being exhausted
rapidly because rates of irrigation pumpage greatly exceed rates of
recharge from percolation and other sour;es. These exhaustible aquifers underlie
some of the most productive agricultural: regions in the State, such as the Texas
High Plains, which is underlain by the anllala Aquifer. State planners
have been aware of this problem for manyiyears; however, there have been
no simple solutions. VOne solution whichjhas been put forth is the trans-
fer of water into Texas from out-of-state sources for the purpose of
sustaining irrigatea crop production infﬁhese areas (Texas Water Develop-

ment Board).



The current concern in national policy circles regarding national
and world food supplies in the future haq certainly provided justifica-
tion for investigation of measures to prévent the return to dryland pro-
duction of large areas of Texas. Howevet, the planning enviromment which
faces water planners today has many varigbles which may greatly affect
the outcome of their proposals. First, éutput prices for farm products
have fluctuated dramatically under the effects of simultaneous removal of
federal farm programs and entrance of the;U.S. into many new export mar-
kets. This fluctuation alone has generaégd uncertainty for producers
regarding cropping patterns and level of;ﬁroduction decisions. Secondly,
input prices have risen rapidly under the:influence of general inflation
and the energy crisis. Fuel and fertili#er prices in many cases have
doubled in recent years., This situation;coupled with the uncertainty
regarding output prices has generated anientirely new decision frame-
work within which neither the producer, ner the water planner has suf-
ficient experience.

Past studies of the demand for irriéation water in Texas (Harman, et.ual.)
were not developed under this new decision framework, and could not foreser- the
situation as it is today. Further, it seems reasonable to expect that
the decision framework of the future wili'differ from that of today.
Therefore a critical problem faced by wafér planners today is the develop-
ment of a model which will allow the planning process to adjust rapidly
to changes in the decision making environﬁent. It is imperative that
the effects of variables such as fuel and fertilizer input prices uand
crop output prices on derived demand for irrigution water be estimated

in a timely manner. Only then can effective and efficient plans he



developed for dealing with the depletion of giound water supplies in

Texas.
Objectives of the Sindy
The generral purpose of this study was to develop the capability to
estimate the demand for irrigation water ip a timely manner under a situ-
ation of c¢hanging input and ocutput priceg:; The specific objective of

this study was to develop a model of a suBregion of the Texas High Plains
with the capahility of estimating the quaﬁ;ities of irrigation water
which wil}l be demanded at alternative priées for water, based on current-
and cxpected future levels of prices for ;gricultural products and pro-

duction inputs.

The Study Area

The "hardlands" or Pullman clay soils area south of the Canadian
River in the Texas High Plains was selected as the study area (see
Figure 1). 7This area is identified in the Texas Crop Budgets (Area
Economists-Management, TAEX) as TexasVHigh Plains, Subregion II.l It
encompasses about 14,000 square milés or nine million acres of fairly
level land vith elevations ranging up to 4,00l feet above sea level. The
region has a growing season of about 200 dayﬂ with 16 to 20 inches of
annual rainfall (Texas Almanac). Approxiﬁatoiy 4.5 million acres are currently

in rultivation with 2.8 million of these acres under irrigation (New, 1973).

lTh(‘. study area consists of the following counties: Armstrong,
Briscoe, Carson, Castro, Crosby, Deaf Smith, Vluyd, Gray, Hale, Oldham,
Parmer, Potter, Randall, and Swisher.
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The Study Area

Figure 1.



Major crops in the area are cotton, grain sorghum, wheat, corn, and soy-
beans. Other crops such as sugar beets and vegetables are grown; however,
in 1973 the five major crops accounted for over 96 percent of the planted
acreage. During this year the region produced over 600 thousand bales

of cotton, 67 million hundredweight of grain sorghum, 31 million bushels
of corn, 3 million bushels of soybeans, and 33 million bushels of wheat

(Texas Crop and Livestock Reporting Service).

Methodology

Linear Programming

Linear programming (LP) was selected as the analytical technique
since it provides an effective tool for allocating a given quantity of land,
water and other inputs s0 as to maximize net returns to the producer.
Basically the LP model developed in this study maximizes aggregate
producer net returns subject to resource restraints.

There are several assumptions which underlie the LP technique. The
brevity of the following discussion of these assumptions should not lead
to the conclusion that they are unimporﬁant in interpretation of model
solutions. If more detailed discussion is desired the reader should con-
sult Heady and Agrawal (pp. 30-33) or any standard operations research
text. The basic assumptions are as follows:

1. All resources and activities aré assumed to be additive allowing

no complementarity between cropping activitiles, i.e., particular

rotational patterns,

2. The objective function is assumed to be linear, suggesting that
demand for regional outputs is completely elastic.



3. All acrivities must be non-negative, i.2., greater than or cgu-l
to zero.

4. Activities and resources are assumed to be completely divisible.

5. Activities avd resources restrictions are assumed to he finite
in number hence all points on crop production functions will
not be considered.

6. Activity levels are assumed to be proportionmal to resource use,
which implicitly assumes linearity of crop production function:.

7. 1t is assumed that prices and technical coefficients are known

and fixed for a given solutlon (excluding parametric procedures).

Previous Studies

Moore and Hedges reported in 1963 on the application of the LP tech
nique in estimation of static-normative d?mand for irrigation water in
Tulare County, California. Derived demand schedules for irrigation watx
were developed for a series of representative farms using a parametric
objective function approach. These schedules were then aggregated on »
weighted basis to approximate the regionai'demand for irrigation water.

In 1973, Shumway reported on a studylconducted for the west side ot
the San Joaquin Valley of Califormia. This model, unlike that of Monre
and Hedges, was based on the least cost pattern of production of a given
level of cutputs. The parametric objective function approach was uss
to generate a derived demand curve for the region directly, rather than
for a series of representative farms. |

A study of the Yanco irrigation area was reperted by Flinn in 170"
in which farms were stratified by acreage‘allntments and irrigable a'on
Separate constraints were imposed on institutionally and market alle: i !
water. Emphasis was also placed on intertempcral demands for water oo

the effects of varying prices in different periods of water use.



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'sch?dule. A variable resource
appreoach was applied to yield the margiﬁal value product orxr shadow price
of water. |

Kelso, Martin, and Mack reported in. 1973 on the results of an exten-
sive project to analyze the water resourée gituation in Arizona. This
study was quite thorough and embodied strong points from several of the
previously reviewed studies.

Gisser developed a model forlforecaéting demand for imported water
to the Pecos River Basin. Constraints were specified for local water use
based on salinity conditions. He pointed out that estimation of ground-
water pumping cost functions 1s eritical in any study dealing with stabi-
lization of groundwater levels. Conclusions concerning ultimate outcomes
will not likely be affected, but time schedules may be grossly biased.

Harmon, Hughes, and Martin estimated the individual High Plains pro-
ducer's long run demand fer irrigation water in 1970. This study was
based on alternative assumptions about required net returns and 1964 input
price levels. Several output price levels were analyzed, however, no
provision was made for updating this stuﬂy to changing conditions.

Gray and Trock studied the effect of varying water prices on quanti-
ties of water used, cropping patterns, aﬁd enterprise combinations in the
Lower Rio Grande Basin. This study was very thorough and has provided
the basic methodological foundation forldevelopment of the High Plains
model reported herein. The Rio Grande ﬁodel did not, on the other hand,

extend to the analysis of changing input and output prices.



Development of the HPII Model

One of the primary considerations infdevejopment of the HPIT worde!
was maintenance of a high degree of flexibility. LP is primarily a
static- technique, therefore maximum flexibility is required to adapt the
model to a dynamic environment. The areas in which flexibility has been
emphasized are output prices, cropping patteruns, water prices, ground-
water pumping costs, fuel and fertilizer input prices, and long run
versus short-run perspectives. |

Major crops were specified as produdtion enterprises based on their
importance in the region and their degree-of relationship to irrigation
water demand. Production from these enterprises is transferred to ontpor
selling activities which allow adjustment of product prices with a mini -
mun of effort., Separate selling activities were provided for each crop.

Changing output prices and the diminishing influence of federal [a»m
programs can be expected to result in shifts in cropping patterns from
those currently in practice. Crop acreagé flexibility restraints wer o
estimated using linear regression analysis for each of the study crons
following procedures developed in several other studies (Day; Henderson:
Miller; Nerlove; Sahi and Craddock; Schaller; Condra and Lacewell).
Restraints were based on historical time series data and reflect the
maximum "expected" increase or decrease in acreage of a given crop in -
year. The particular level of a given restraint is jointly determin.
by the base acreage and the flexibllity coefficient. In most cases 'be
base acreage used was an average of the past three years' acreage. i
flexibility coefficient (B) 1s the perceﬂfage increase or decrease v
acreage allowable in a given year. Mathematically the relationship ~pianrs

as follows:



Z (Xt—n)
Xt = (1+B) [ 3 H
nil(xt-n)
X, = (1-B) [ =5 ]
where
it = upper crop acreage f;exibility restraint
X = lower crop acreage flexibility restraint

B = upper crop acreage flexibility coefficient

B = lower crop acreage flexibility coefficient

Flexibility coefficients (1+B; 1—§)iwere estimated using linear regres-
slon through the origin with a slope dum@y variable to differentiate between
yvears of increase and decrease. Three yéar averages (1972-74) were used
in all cases where sufficient data were available since use of 1973 or
1974 acreage as a base might result in the use of an atypical base due
to recent adjustments to fluctuating croé prices and weather conditions on
the High Plains.

Utilization of the crop acreage fle?ibility restraint approach has
removed many of the normative characteristics of LP models. The effect
of this approach is constaint of the optimum solution to a subset of
solutions which might be reasonably expecfed within the relevant time
frame, given a certain historic behaviorlpattern of producers in selec-
tion of crop enterprises. Thus, the assﬁmption that the producer will
allocate resources in order to maximize net returns is relaxed such that
he will tend to adjust his decisicns over‘time toward the 'optimum' crop-
ping pattern with some lag between changes in the production cost and

returns situation and total adjustment,
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Purchasing activities were constructed for consideration of pri.nr
level changes for water, pumping costs, and funel and fertilizer inputs.
These prices may be changed individually for apvalysis of specific situn
tions or parametrically to generate‘derived demand schedules for the
particular input (i.e., water, natural gas). All other input costs (excopt
a dryland renting activity) were included in the objective function for
the particular crop enterprise.

The planning horizon is also a variable which seriously affects rh»
producer's reactions to changes in his decision enviromment. It has boon
assumed in this study that the producer, in the short run, tends to con-
sider only wvariable (out-of-pocket) costs in his resource allocation
decisions. Depreciation, management charges, land charges, and other
fixed costs are typically disregarded as 'sunk'' costs in the short run,
but in the long run these costs must be cﬁvered. Therefore, the long
run planning horizon will include fixed césts since field machines and
pumping equipment deteriorate and must be replaced. The HPII model wa=
developed with two objective functions ~;'one which includes only owner
operator variable costs of production, and one which includes all cosits
of production for the owner-operator (except returns to water and risk).
The net returns of the short rﬁn objectivg function include returns to
water, risk, management, dryland, and fixéd factors of production. The
net returns of the long run objective fungtion include only returms to
water and risk-bearing. This allows seléction of the relevant planning
horizon in application of the model.

The HPIT model is applicable in many specific situations; howev.r . i

is felt that these generally fall within three categories. First, i' ¢
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serve as a tool to generate derived demand schedules for inputs. Iaput
prices can be varied individually or simultaneously and assumptions
regarding output price levels can be altered to analyze the effect upon
derived input demand.

Secondly, output prices can be varied to estimate quasi-output supply
response functions. It should be noted that both the derived &emand and
output response functions are "stepped'. This is a characteristic which
results from the LP technique and its attendant assumptions. Regression
analysis has also been applied to the "stepped" functions by some researchers,
yielding "smoeth" curves for estimation of price elasticities of demand

for 1inputs and supply of outputs (Moore and Hedges).

The third major category of application lies in the area of agricul-
tural and natural resources policy research. The flexibility which has
been provided within the model will allo# policy makers to adjust price
assumptions or other parameters to invesﬁigate policy implications in
terms of agricultural output, input usagé, land use patterns, etc. These
applications have had particular relevange in recent years with contro-
versial issues of federal farm programs,:land use planning, water use

"

planning, and energy allocation.

Model Characteristics
The LP matrix for the HPII medel isipresented in Appendix B. The
specific coefficients will not be given in this discussion, however, they

can be easily determined by reference to the matrix.
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Crop Enterprises

Crop enterprise budgets were developed for cotton, grain sorghum,
and wheat produced dryland and with different levels of irrigation. Onty
single-level irrigated alternatives were considered for corn and soybeaus.
It has been assumed that all irrigated énterprises are under furrow irrvi-

gation and management for all crop enterprises is typical or average.

Production Input-Qutput Coeffilcients

The production input-output coeffiéients were developed by modifying
the Texas Crop Budgets (Extension Econom;stsﬁManagement) using the Oklahomn
State University Crop Budget Generator Erogram {(Walker and Kletke). 'Theao
modifications included assumptions that all machinery operations are por-
formed with owner—operator machinery and that all groundwater pumping
units utilize natural gas. All fuel use.other than natural gas was con-
verted to diesel equivalents. Intermedigte levels of irrigation for
cotton, grain sorghum and wheat were developed (Sartin) since they were

not available in the Texas Crop Budgets.

Production Costs

All production costs were included in the objective function for the
crop enterprise except those associated with input purchasing activitics=.
The latter category will be discussed séparately in the section dealins
exclusively with these activities. The costs of production included in
the crop enterprise objective function values were divided inteo varinble
and fixed costs of production. These costs were derived from the Ter s

Crop Budgets (Extension Economists-Management) and other sources decorihod
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in the discussion of production coefficients. Variable costs were included
in the first objective function and total costs were included in the

second objective function (see Matrix in Appendix B for OBJFL and OBJF2).
The first objective function (OBJFl) was designed for analysis of short

run decisions where the producer consliders only cut-of-pocket expenses,
whereas, the second objective function (OBJF2) is more relevant in situa-
tions involving capital investment, such as a water project feasibility

study.

Input Purchasing Activities

Separate input purchasing activities were specified for water,
natural gas, diesel, herbicide, and nitrogen fertilizer, These activi-
ties were developed under the assumption that supplies to the producer
are limited only by his willingness to pay the market price. The objec-
tive function coefficlents of these activities were specified per unit.
Current input prices were used (Sartin; Osborn; Grubb) unless specified

otherwise in the particular application. These prices are as follows:

Water No charge beyond current pumping costs
Natural gas $.88 per thousand cubic feet
Diesel $.40 per gallon

Nitrogen fertilizer - $.20 per pound

Nitrogen fertilizer prices are currently above $.20 per pound
for dry or granular mixes. However, the HPII region of Texas utilizes an-

hydrous ammonia as a source of nitrogen for the vast majority of its needs with
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dry mixes only comprising a small part ofrtotal use., Anhydrous is cur-
rently priced at $.16 per pound and typical dry fertilizer costs about
$.28 per pound. Weighting the prices of anhydrous and dry fertilizer
proportionately for quantities of each uséd, yields an average price of
approximately $.20 per pound of nitrogen.

Water pumping costs per acre foot water applied for current levels
were developed using information from Sartin and partitioned into varia-
ble and fixed costs of pumping (based on natural gas power units). The
assumption was made that all wells in the area can be represented by a
typical well 250 feet in depth yielding 800 gallons of water per minute.
The costs assoclated with this type of well were specified as follows
(Sartin):

Variable:

Fuel - $ 4.80/acre foot of water applied
Maintenance - § 3.60/acre foot of water applied

Fixed -~ $12.60/acre foot of water applied

Fuel costs were charged via the natural gas input purchasing activity.
Variable maintenance and fixed costs of pumping irrigation water were
charged by means of a transfer row as a déllar cost per unit of produc-
tion of the particular crop production enterprise. Again, only variable
cogts were imposed in OBJF1l and total costs in OBJF2. No allowance was
made in this model for use of surface delivered irrigation water.

The assuymption was made that any agumentation of current groundwater

supplies would occur through stabilization of current groundwater



levels. This limitation will be eliminated from a refined version ot the
HPII model which is being developed under a current Texas Water Resources
Institute project at Texas A&M University;

Herbicide input purchases were handled in the same manner as water
pumping costs. The production coefficient in each crop production enter-
prise is a dollar equivalent of herbicide purchased per unit of production
of that enterprise based on price levels-at the time the budget was con-
structed. The assumption was made that the price relationship between
diesel fuel and herbicide is such that price movements will occur at a
ratio of about 3 to 1 (herbicide: dieselrprices). Therefore based on
budget adjustments for increases to current diesel price levels, the dal-
lar equivalent of herbicide was also increased simultaneously to maintain
the same price ratio between diesel and herbicide,

Dryland rent of $15 per acre was charged against both irrigated and
dryland crop production enterprises. This procedure was followed in
order to allow residual returns to water to remain as net returns to the
producer. This charge was based on a one- fourth crop share rental tor
dryland cotton which is typical for the region (MP-1027).

A management charge of 5 percent of gross revenue was imposed in
all long run applications of the HPII model. This charge, while some-—
what arbitrary, is nor without justification. Certainly the producer
must be paid at least opportunity cost for his managerial functions in
the long run, or he will not continue to prrluce, provided he haé
alternatives. Professicnal management firms generally charge 7-10 pov
cent of gross revenue for providing a Siﬁilnrly comprehensive manayimen!

service. Elimination of a required return of 2-5 percent to meet non-iarm
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business expenses which would be incurred by the professional firm, but

not the owner-operator, was considered as ‘reasonable. Opportunity costs
may actually be lower in the long run but;this will depend-on labor supply
and demand conditions. Therefore, the 5 ﬁercent management charge was
assessed through a direct reduction in output transferred to the output
selling activities. This was accomplished by adjusting the output trans-
fer coefficlents to reflect a transfer of only 95 percent of the production
to gross returns in the objective functiog, It is very important to

note that this characteristic of the mode! requires adjustment of output
production values in solutions for long run situatloms, if ecrop output
schedules are desired. Otherwlise all ocutputs will be physically underesti-
mated by about 5 percent. This limitatien is being corrected in current

refinements of the model.

Qutput Selling Activities

Output selling activities were provided in the model for each
selected crop. These activities represent_the sale of physical units of
crop output at a specified price per unit.. Table 1 shows the alternative
crop prices which were specified in this study. These prices were based
on monthly price data from the High Plains during the period 1971-74
(Canion). Average prices represent the simple, unweighted averages of
these data. High and low prices are the eﬁtremes for the period and
are intended to define the range of possible prices. All of these product
prices are used in application of the model. Correlation coefficients
between Texas crop prices are shown in Table 2 (Texas Crop and Livestock
Reporting Service) for the period 1969-73. While the correlations are

not perfectly positive, they are certainlj.high enough to justify the
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Table 1. FPrices Raceived by Farmers, Texas High Plains, 1971-74

Crop ~ Unit Low ~ Averageb i
Corn $/bu. 112 1.95 3.6
Cotton 5/1b. .18 .31 S
Grain Sorghum $/cwt., 1.86 3.10 ‘ 5, 0
Soybeans $/bu. 2.30 4.27 7.75
Wheat $/bu. 1.34 2,60 5.5

q5ource: Telephone conversation with Larry Canion, Agricultural
Statistician, Texas Crop and livestock Repeorting Servic:a.

bForty—eight month average, not weighted by volume sold.

Table 2, Correlation Between Product Prices, Texas High Plains,

1969-73"
Cotton Grain Sorghum Soybeans Wheat
Cotton 1.00 .96 .88 .98
Grain Sorghum .96 1.00 : .92 .99
Soybeans . 88 .92 | 1.00 L9
Wheat .98 .99 7 .91 1.0

qSource: Texas Crop end Livestock Reporting Service, Texas Prices Paid
and Received, Selected bulletins for 1969-73. Although the
price correlation between pgrains and other crops was high
for this period, 1974 was a year of vide divergence with
relatively low cotton price and relatively high grain prices.
Corn was not considered when this annlysis was made in the
initial stages of the study. However, corn and grain sorghnn
are close substitutes and prices are cxpected to move together.
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assumption that crop prices will likely move in the same direction in
proportionate amounts over the long run. It remains to be seen if these
relationships will hold under decreased federal farm program influence

and changes in the structure of export markets.

Resource Restraints

It has been assumed that supply of all production inputs except
irrigated land, and land in total, is unrestricted. The model does ot
include other capital, labor, or input restrictions. The limitation which
this assumption imposes on the model is that of aggregation bias of th~ ~olu-
tion. More simply stated -- the solution provided by the HPII model
should be expected to differ somewhat from that which would be deriver!
if each farm in the region were modeled individually and the solution:
summed to provide a regional solution. It is vather difficult to meausve
the extent of this bias, however, Paris and Rausser provide a detailed!
discussion of the implications.

Groundwater was also assumed to be liﬁited only implicitly by cun:traints
on irrigated acreage. This implies that every irrigated acre develop in
HPII will have sufficient or economically optimum groundwater supplie-
available. Although this assumption can be somewhat unrealistic in b-ih
the short run and long run, it is not limifing in the analysis of deri:od
demand for water. However, it may lead to‘over estimation of derived
demand for other inputs. Additional refingments will separate current
and additional supplies of water allowing an improved representation !
the current situation for analyses other than derivation of water dem

Total cropland and irrigated cropland available to the crops con-

gidered in this model were restrained for all short run applications '«



the levels planted te these crops in 1973. Vincteen seventy three, «ith
favorable product and input prices and releaso of federal government
acreage restrictions, represents a transiticnm year in which nearly o1
available acres werc cropped in this area. Intal cropland was estiniri.
to be 3.686 million acres and total irrigated cropland was estimated -

yi .
make up 2.570 million of the cropland acres {(New) . Data for 1974 wor.

not used for reasons previously discussed. 0Gome acreage remained in =<t -
aside programs in 1973; however, 1t is likely that most of this acreap: is
marginal in productivity and should not be expccted to enter product inn for
more than one or two conse;utive years. At this time it is impessiblc 1o

determine what the most likely "idle" acreage will be in the future o=
producers adjust te the lack of acreage cﬁntrols. Therefore, 1973 diats
seem to provide the best estimate available with idle cropland of 717
thousand acres or 16 percent of total cropland in the region.

Dry and irrigated acres planted to minor crops in 1973 made up ~hout
127 thousand acres or less than 4 percent of trotal planted acreage. i
was assumed that this acreage would be retaired in these crops in the
future. Acreage was reserved for this use and not included as avai'ablo
cropland in the model.

Long run applications of the model included the assumption that iryi-
gated acreage was restrained only by the level of total cropland aveilable

to the study crops (3.686 million acres).

Available cropland and irrigated acrenycs were taken from statistice
published by Leon New because acreages under nlternative dirrigation uvorome
were provided. Regional acreage estimates werc consistent among Sourc.sy
i.e., Estimates by New were comparable to Te¢:as Crop Reporting Servioo

published statistics.
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Crop Acreage Flexibility Restraints

Flexibility restraints were established for cropping pattern
shifts between crops included in the model. Essentially these restraint-
are upper and lower bounds on planted acreage for a particular crop. Thry
are not, however, referred to as "bounds'" because they are not 'fixed' in
the long run and have their basis of origiﬁ in statistical probability
rather than arpitrary judgement of the reséarcher. Details surrounding
the estimation of these parameters will be.outlined by Condra and Lacewrll
in a forthcoming publication, "Establishing Crop Acreage Flexibility
Restraints for Subregions of the Texas Higﬁ Plains."

The short run and long run crop acreage flexibility restraints for
the HP1I model are shown in Tables 3 and 4., respectively. The lower
restraint for corn and soybeans were arbitrarily set at zero because no
dryland alternative was provided for these crops in the model. Realisti- tlly.
acreages of these crops should not be expeéted to fall to zero in the
short run or even in the near future. But; under alternative assumption«
for prices of water and natural gas it would be equally unrealistic te
assume that historical patterns of behaviof necessarily be a binding Jdeotoanid:
nation of the producer's reaction. This situation does nmot apply to the
other crops because the producer can avoid high water or natural gas
charges by shifting to dryland production.

The long run restraints (Table 4) differ from the short run restrainin
(Table 3) in that the assumption has been made that producers could con
ceivably select a continuing series of maximum short run increases or
decreases in acreage. Thus the long run restraints become (l+§)tX bace
acreage for upper the restraint and (1—§)tx base acreage for the lower

restraint, where 'B' is the short run flexibility coefficient and t!



Table 3. &Short Run Flexibility Restraints on firop Acreapecs, Texas llish
Plains, Subregion II

Crop Acres

Soy-
Restraints Corn Cotton Grain Sorghum beans it
————————————— 1,000 = — = = = = = = T
Upper (Max) 730 684 © 1,315 120 1,529
Lower (Min) (= 544 1,028 o= g

d30urce: Condra, Gary D. and Ronald D, Lacewell, "Establishing Crop
Acreage Flexibility Restraints for Subregions of the Texas Hinph
Plains," forthcoming Texas Water Resources Institute Technir:!
Report. :
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Table 4. Long Run®Flexibility Restraints on Crop Acreages, Texas Hich
Plajins, Subregion 11b
Cvop Acres
o Soy-
Restraints Corn Cotton tirain Sorghum bean::
------------ T 1000 = e - e = - -
Upper (Max) 2,676 808 1,673 316
Lower (Min) -0~ 407 800 -0-

a
The long run in this case. is three years.

b
Source: Condra, Gray, Ronald D. Lacewell,
Flexibility Restraints for Subregions of the Texas High P17~

"fatnhlishing Crop Acrea-

e
The 'effective' maximum acreage of corn in th'a model is actually 1.6.

million since lower acreage bounds for other crops must first be sarirc



is the number of short run periods that comprise the long run. For pur-
poses of this study the long run was specified as three years (t=3) which
is a somewhat shorter period of time than 1s normally considered as the
long run. There were several factors which led to the selection of this
time period. First, the base acreages used in all crops except soybeans
and corn were averages of the past three years acreageél (cottén - 565,100
acres, grain sorghum - 1,166,000 acres, and wheat - 1,331,000 acres).
Corn and soybean 1974 acreages, 381,000 and 74,000 respectively, were
used for base acreages because insufficient data were available for sta-
tistical analysis based on historical averages (Texas Crop and Livestock
Reporting Service). Therefore, In the case ol cotton, grain sorghum, and
wheat, the compounding of short run flexibility coefficients implies the
requirement that base acreages be recalculated at the end of each short
run period. This was not done but the deviation should not be great so
long as the period considered does not exceed the period of the average.
Secondly, the opportunity for technological and institutional change in
periods greater than three years would seem to seriously bias any results
based entirely on current production costs and practices. Thirdly, the
long run period was chosen as the minimum length of time in which it <an
be expected that current producers will consider fixed costs of field
machinery and pumping equipment in their decjsion process. This period
is certainly not identical for all producers ond may exceed three yoars
for the average; however, it certainly will not be much less than threo

years.

County acreage estimates were used for all years except 1974.

Published county data were unavailable for this yecar hence regional
valucs were hased on estimates for Crop Reporting District |-N.
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It is necessary in interpretation of results generated under any s¢!
of flexibility restraints to remember that these restraints are not fore
casts. They are behavioral restrictions designed to be representative
of the effects of risk aversion, habit, and non-monetary goals in the pro-
ducer's crop selection decision. It has been assumed that within the
period of consideration of this model these effects are more restrictive
than any resource or market restraints on a given crop. If the period of
analysis is lengthened this assumption will not be valid. There are renl
resource, institutiomal, and/or market restrictions whiech probably will
prevent a complete shift to one crop in HPII. This situation is mentioned
only as a caution to users of this model that short run flexibility coefl-
ficients cannot be compounded indiscriminately, without addition of other

restraints to the model.

Application and Results

The HPIT model was applied te a series of scenarios which included
alternative assumptions about input and output price levels and planninn
horizons. These scenarios are outlined in Table 5. Unless it is speci-
fied otherwise, the price levels described refer to previcus discussion:
under the section on model characteristics. The price of water was
varied parametrically from zero (which istequivalent to current conditicns}
to the price at which irrigation water waé no longer demanded by the pre -
ducer and all cropland had reverted to dryland crop enterprises. It
is emphasized that in this analysis, the price of water refers to a co«f
that is 'in addition to' pumping and distribution costs; i.e., at a zcre
price of water the cost of pumping and distribution is still included in
L ae ﬁodel. For example, when the price of water is zero, the producer »oto

incurs $23.88 per acre-foot of water applied which is the current pumpine cost.



Long Run versus Short Run Derived Demand for Water

Scenario A was developed with average output prices and current
input prices (Table 5). This scenario was defined as the expected long
run situation and, based on these assumptions an expected long run derived
demand schedule for irrigation water was éenerated (Table 6). Corn was
extremely sensitive to inecreases in the price of water. There was a
large shift in acreage from corn to dryland wieat at a p.ice of $11.08
per acre-foot of water and corn left the solution at $16.12 per acre-foot.
Cotton remained at the lower flexibility restraint (minimum permitted
acreage) throughout the analysis. At a price of $16.60 per acre-foot
cotton production shifted to dryland. Grain sorghum also remained under
irrigation at its lower acreage restraint until the price of water
reached $14,12 and then it shifted to dryiand production. At water prices
beyond $14.12 per acre-foot irrigated cornshifted to dryland grain
sorghum production. Dryland wheat production increased to its
upper restraint at a price of $11.08 for water. Soybeans were produced
at the upper restraint until the price of water reached $24.47 per acre-
foot, when this acreage shifted to dryland grain sorghum.

Based on these cropping pattern shifts it would appear that the loung
run demand for irrigation water in HPII varies from 3.8 million acre-fert
at a price of zero to none at $24.47 per acre-foot. Quantity of water
demanded decreased about 48 percent when the price of water reached $§1!.08
per acre-foot. As the price was increased to $14.12 per acre-foot quantity
of water demanded decreased another 47 percent. By the time the price
reached $16.60 per acre-foot less than 400 thousand acre-feet of water wer«

demanded. Although some irrigation continued throughout the range, tt
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should be noted that quantity demanded was reduced by almost half at =
level of $11.08 per acre-foot. Irrigated acrenge at this price level

was 1.667 million acres or about 65 percent of current irrigated acrenpnr.
The estimated demand for irrigation water is a total for the region and
does not consider current groundwater supplies separately from possible
supplementary supplies. This has strong implirations for dirrigation fren
current groundwater supplies in the face of rapidly increasing input
prices.

The expected schedule of output associated with Scenarioc A is shown
Table 7. As the price of water increased the nutput of wheat increase«l
because it was the most profitable dryland altcrnative. 1t also seem:
significant that increasing the price of water to $11.08 resulted in o
53 percent reduction in grain production (corn, grain sorghum, soybean:,
and wheat). For purposes of comparison, the production output levels
associated with an $11.08 price per acre-foot of water are approximatel:
65 percent of 1973 levels for both cotton and grains (Texas Creop and
Livestock Reporting Service).

If the assumptions of Scenario A hold; i.~,, prices will average
near the last four years' average and input prices will be near curren!
levels, and groundwater remains unpriced, the HPILL model has some clear
implications. Corn acreage will continue on its increasing trend, sov-
bean acreage will increase, but cotton and grain sorghum acreage will
decrease from recent historical levels. As thr water supply is exhauni/.]
and pumping costs increase, acreage will tend (o move directly to dryiae !
production ef wheat rather than lower levels of irrigation on cotton o

grain sorghum.
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Scenario B was developed to represent the short run decision mak ‘i
situation [or producers in HPII. Again averap. crop prices and curruot
prices for inputs were assumed (Table 5). The results from this scenm i-
are shown in Tables 8 and 9. As would be expcrted the quantity of wat.o
demanded at the current price of zero was about a half million acre-[«¢:
less than the long run Scenario A because irricated acreage wasrrestrﬂin"
to current acreage. Also the price at which no water was demanded (57!
per acre-foot) was much higher than the Scenario A. Scenario A inclul: !
total costs while B considered only variable costs of production. Thix
scenario was presented primarily to show the effect of different cost:
(total versus variable) on the demand for irrination water. Tt is expes bt
that producers would react in accordance with the results indicated fron
Scenario B in the short run if they were presented with the decision 'o
pay for irrigation water or to do without it for the coming production
year. It is highly unlikely that they would commit themselves for mor:
than one season at prices and quantities shown in Table 8, assuming
average crop prices.

There are two short run trends implied by the results from Scena i~
B at zero price for water (i.e., only pumping cosis are included) whi-h
are contrary to long run trends in Scenario A. [First, irrigated grai-
sorghum acreage came into the solution at an intermediate point betwc:n
its upper and lower acreage restraints as opposed to the lower level in

Scenario A. This implies that in the short run grain sorghum acreage

will not decline but hold steady near 1973 and 1974 levels. This imp
cation is certainly closer to the situation as vicwed in 1975. Howev

the long run trend in grain sorghum acreage may still be declining ac
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produceré replace equipment and shift to corn. Secondly, the short run
solution included a small acreage of irrigated wheat whereas, the long
run solution had wheat acreage in as dryland. This situation is actually
not seriously contradictory to the long run trend to dryland wheat because
it represents only about .5 percent of the wheat acreage planted in the
long run scenario. This analysis indicates that irrigated whéat becomes
iess profitable compared to other crops when fixed costs are considered.
A comparison of the derived demand curves for water generated from
Scenarios A and B is shown in Figure 2. The curves cross at an irrigation
water price of $11.08 per acre-foot water. This indicates that if water
can be delivered to the Ogallala Aquifer for a cost of $11.08 per acre-
foot or less there will be an increase in irrigated acreage over time,
At prices higher than $11.08 per acre-foot of water and lower than $33.78
per acre-foot there would be no significant short run adjustment in water
usage. However, in the long run as reinvestment became necessary adjust-
ment would be dramatic both in terms of water usage and irrigated acreage.
Over the long run (where fixed costs must be covered) water prices above
$11.08 per acre-foot result in severe reductions in quantity of water
than can be profitably applied. Again, this water cost is above pumping
and distribution costs and assumes average product and current input
price levels. This indicates that irrigation on the Texas High Plains

i: sensitive to input ard product price changes.

Effect of Crop Price on Demand for Irrigation Water

Scenario C (Table 5} includes the aésumptions that all crop prices

will be at the highest possible levels of the past four years (Table 1)
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Figure 2.
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and input prices will be at current levels. 1lhe price per unit for a1}
crops considered was increased simultaneously with justification provided
by the high positive correlation of crop prices shown in Table 2. Thin
scenario is not intended to represent a likely sitwation. It was, in
fact, developed to represent one of the fwo most unlikely, but possibl-
situations (the other being low crop prices - Scenario D). Thus Scenstio
¢ defines the upper bound on demand for irripation water (Table 10 and I1).
The long run derived demand for irrigation water, as shown in Tall-
10, is very sensitive to output price levels. Analysis based on the
assumption of maximum crop prices indicates irrigation remains profitable
to a water price of $129.79 per acre-foot. The latter price compares
with zero quantity demanded at $24.47 per acre-foot in Scenario A (Tahle
6). At the current water price of zero (i.e., no costs above current
pumping and distribution costs), the quantity demanded was 5.5 miltlion
acre feet which is the projected pumpage for the entire 45 county arc:
of the Texas High Plains by 1980 (Walker and Tavlor). All cropland w.:-
irrigated with corn at its upper restraint and all others at the lowm
restraint (soybean acreage was zero). Higher crop prices allowed shilts
to lower levels of irrigation for a given crop as the price of water
increased. This is in contrast to the abrupt shifts in Scenario A from
higher levels of irrigation directly to dryland production. Under fiv
assumptions of this scenario it was possible to charge up to $31.77 poe
acre—foot for irrigation water and still retain all available cropl:n!
under irrigation. FEven with prices up to $91.05 per acre-foot irrigord
acreage remained higher than current irrigatcd levels. At‘a price ol

$91.05 per acre-foot of water, irrigated'acreage was abruptly reduced
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to 65 percent of current level and production of grain (Table 11) was
reduced to 57 percent of 1973 levels. However, cotton ocutput still
exceeded 1973 levels by 35 percent.

Contrary to the implications of Scenario A, for zero water prices,
Scenario C shows that as crop price levels increase corn will tend to
replace soybean acreage. Wheat acreage will still tend to decrease hut
more wheat will be irrigated. These conclusions are contingent, howevor,
on the assumption that irrigated acreage can be expanded to total crop-
land with supplemental water provided at zero price. This asumption
would be highly unrealistic, therefore a&other scenario (for which the
solutions are not presented) was developéd in which high crop prices were
assumed and irrigated acreage restrained to current levels. Wheat acreage
still entered the solution at its lower restraint, but the dryland whent
enterprise replaced the irrigation alternative for wheat. This solution
is an estimate assuming no supplemental water; i.e., pumping from existing
groundwater supplies.

Scenario D was constructed under thelsame reasoning as Scenario  cucept
that low crop prices were assumed (Table .5). The results of this scenario
are shown in Tables 12 and 13. At low cfop prices the lower bound on long
run derived demand for irripgation water is zero at all water prices
including "no cost." Thus, if crop pricés move to (and are expected to
stay at) levels approximating the extreme lows of the past four years,
acreage will tend to move from irrigated to dryland production and plavtad

acreage will tend to decrease -- assuming current input price levels.
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Table 12. Expected Long Run Derived Demand for Irrigation Water, Lo
Crop Prices, Texas High Plains, Subregion II, Scenario n

Price per Acre-foot of Uatoer
_ above Current Pumping Cost
Item Unit -0-

(1,000)
Water applied ac.—-ft, -0-
Land Use
Irrigated acre ' -0-
Corn acre -0-
Cotton acre -0~
Grain sorghum acre -0~
Soybean acre -0~
Wheat acre -0
Dryland acre 2,016.0
Cotton acre 407.0
Grain sorghum acre 800.0
Wheat acre 809.0
Total Irrigation acre ~0-
2,016.0
Total Crops acre

3gcenario D is described in Table 5. Assumptions are based on low
crop prices and current input prices, irrigated acreage unrestrained,
all costs considered and less restrictive crop acreage flexibility
restraints.



Table 13. Expected Long Run Schedule of Crop Output at Alter-—
native Prices for Irrigation Water with Low Crop
Prices, Texas High Plains, Subregion II,
Scenario D

-Price per Acre-foot of Water
above Current Pumping Cost

Crops Units -0-
(1,000,000}

Corn bu. . -0-

Cotton 1b, 61.05

Grain Sorghum ewt. 12.00

Soybeans bu, -0-

Wheat bu. . 12.14

85cenario D is described in detail in Table 5, Assumptions
are based on low crop prices and current input prices, irri-
gated acreage unrestrained, all costs considered and less
restrictive crop acreage flexibility restraints.
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A comparison of the derived demand curves for irrigation water wilh
alternative assumptions of Scenarios A, C, and D is shown in Figure 1.
Irrigation water demand curve C 1s the maximum expected long run demand
for irrigation water. Demand curve A 13 the most likely demand for water
and curve (point) D is the minimum expected demand for water. All thr-e
curves are based on the assumption of current input price levéls.

Scenarios were not developed for downward variations of individual
output prices since there is no demand fdr irrigation water by any crop
when crop prices are at the low level. |

Demand for irrigation water was estimated where the high price lowel
of cotton, grain, and soybeans were considered individually with all other
crops set at their average prices. These results are not discussed but
assumptions and results have been presented in Table 5 and Appendix A,

Tables 16 through 21.

Effect of Input Price on Demand for Irrigation Water

Increases in input prices with crop'brices unchanged reduces the
demand for irrigation. During the past 2-3 vears there have been sipgni-
ficant price adjustments both in crops and inputs. A major input to
irrigation is natural pas. In addition, this input will likely increase
substantially in price. Therefore, this analysis is restricted to osri-
mating the effect of a price increase on the demand for irrigation wat.r
assuming average crop prices.

The price of natural gas was assumed to increase from the curren!
level of $.88 per thousand cubic to $1.25 per thousand cubic feet in

Scenario E (Table 5). This increased price has been referred to as the
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"high" price, however, it is not intended to represent a bound in the
sense of high crop prices. This price level for natural gas is a strong
possibility in the short run (Osbofn) and may be exceeded in a few

years. Table 14 presents the long rﬁn derived demand schedule for water
under the assumptions of Scenario E (which includes average crop prices).
Table 15 presents the expected output schedule associated witﬁ this
scenario and Figure 4 compares Scenario E to Scenario A results. Exami-
nation of Figure 4 shows that the increased price for natural gas simply
shifted the demand curve straight downward. The solutions in Table 6

are identical to those in Table 14 except that the corresponding price
of water in the latter is lower in each case. This can be explained
easily since all natural gas in the model has been assumed to be used

in pumping water and only one typical well depth and yield has been
assumed. Therefore, any increase in the price of natural gas is effectively
a direct charge against water usage. The implications of this relation-
ship are two-fold. First, as long as the effective increase in the cost
of water resulting from natural gas price increases is less than $11.08
per acre-foot over current levels, increasing natural gas prices will
not materially affect current water usage. The only effect will be a
reduction in net returns to the producer. However, if natural gas prices
increase to a level of $2.15 per thousand cubic feet (an effective
incrt:_\asel:1 in water cost of $11.08B per acre-foot) the reduction in irri-
gated acreage and output will be large. This situation is equivalent to

that shown in Table 6 corresponding to a water price of $11.08 per acre-foot.

4
Calculated as 8.727 thousand cubic feet of natural gas per acre

foot of water applied @ a price of $2.15/thousand cubic feet less the cur-

rent price. :
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Table 15, Expected Long Run Schedule of Crop Output at Alternmative Prices for
Irrigation Water with High Natural Gas Prices, Texas High Plains,
Subregion II, Scenario E

Price per Acre-foot of Water above Current Pumping Cost

Crops Units -0- § 7.85 $10.90 $ 12,89 $13.38  $21.25
----------- 1,000,000 - - = = = = = = — - - -
Corn bu. 148,94 15.84 15.84 -0 ~0- -0-
Cotton 1b. 203.50 203,50 203,50 203.50 61.05 61.05
Grain Sorghum  cwt. 40,10 40,10 ~  12.00 14.16 14,16  18.90
Soybeans bu. 11.06 11.06 11,06 11.06  11.06 -
Wheat bu, 12,14 30.28 30,28 30.28 30,28 30,28

3gcenario E is described in detail in Table 5. Assumptions are based on average
crop prices, high natural gas prices, and current prices for other inpnts,
irrigated acreage unrestrained, all costs considered, and less restrictlive
crop acreage flexibility restraints.
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Conclusions and Limitations

The HPII model possesses the basic characteristice required to
egtimate the derived demand for irrigation water in Subregion II of
the Texas High Plains. These characterlstics do not, however, include
the capability of analyzing and accurately forecasting the validity
of assumptions which were employed in its application. Therefore,
the solutions generated will only be:Qalid, given the assumptions.
Short run demand for irrigation water was found to exceed the long
run demand greatly at all prices of water above $11.08 per acre-foot.
In the long run some quantities of water were still demanded for
irrigation at prices up to $24.47 pEF acre—foot under conditions of
average crop prices and current input prices. The effective limit
on prices which could be changed for irrigation water, however,
was about $11.08 per acre-foot. There are two primary objectives
in discussion of water importation. One is the maintenance of
a high level of food productivity in semi-arid regions. The
other is the maintenance of the regidnal economlies which have been
founded on irrigated agriculture. If a price of $11.08 per acre-foot
of water or higher were charged given the assumption of average crop
prices, irrigated acreage would be reduced by about 35 percent from
1973 levels, Output of grains and cotton would also be reduced by
about 35 percent from 1973 levels. The period of irrigation could
probably be extended, but at the expense of a reduction in current
levels of irrigation, an alternative which is available without
importation of water.
The upper water price limit under conditions of maximum crop prices

was increased to $129.79 per acre-foot with an effective limit of
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$91.05 per acre-foot of irrigation water. As in the case of the
previous conclusion under average crop. pri«-cs, the upper limit refo-
to the price of water at which all land rc¢-crts to dryland crops.
The effective limit is the price above whi<h augmentation of cur-
rent groundwater supplies would seem to hove detrimental rather than

beneficial effects.

Natural gas price increases had no effect n irrigated acreage,
levels of water usage, or cropping patte; under conditions of
average crop prices until the price of 1 ural gas reached $2.15 po
thousand cubic feet. A; that price, deri -« demand for irrigation
water was severely reduced. Thus, it was oncluded that short run

effects of natural gas price increases wi!l be reflected only in
reduced net returns to producers. Should these prices reach leveuis
near the $2.15 per thousand cubic feet level there will still be nv
short run effect, but an abrupt shift to reduced irrigatel acreaj;:
and water usage will occur as producers adjust to long run condition,
Subject to the assumption that prices of ' rvops will hold around tic
last four year averages and input prices :il! continue at current
levels, the HP11{ model with no irrigated - ~reage restrictions indi-
cated the following long run trends at th~ current water price ol
zZero!

a. Increasine irrigated acreage

b. Increasing irrigated corn and sovhean acreage

c. Increasing total wheat acreage anl decreasing irrigated vheo o

acreage '
d. Decreasine total cotton and grain sorghum acreage.

All results and conclusions from this study aud the HPII model arr

subject to and limited by the following a:sumptions and corditiov:s:
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Linear Programming

E

There is no complementarity between crop enterprises from
particular rotatlional patterns, nitrogen carryover etc.

There is no diminishing marginal productivity in increas-
ing levels of production of: particular crops.

Demand for regional crop output is completely elastic.

Producers will tend to move toward the profit maximizing
combhination of crop enterprises over time.

nterprise Activities

Technical production coefficients, costs of production, and
yields are estimated to represent those assoclated with a
typical level of management under typical resource situa-
tions for the regionm. -

The apgregation effects of a typical level of management
and costs of production are not considered.

All irrigation takes place under furrow application with
pumping costs for water representative of well and pumping

unit typical for the region in depth and yield.

All water requirements and usage are expressed as acre
feet of water applied rather than water pumped.

All fuel used in the pumping of water is natural gas.
All non-pumping fuel is diesel.

All management in the long run has a required return of
five percent of gross returns to the enterprises.

Cropplug enterprises which were not considered in this
study are fixed in land uge patterns at 1973 levels.

Enterprise selection behavior of producers in the short
run will tend to approximate that exhibited in the past.

Resource Situation

Current and future water supplies are restricted only by
the given irrigated acreage restrictions.

Water requirements for crop enterprises are calculated on
an annual basis, therefore, intertemporal or seasonal
effects on water usage are not considered.

Irrigable land in the long run is restricted only by crop-
land available for production of crops considered in this study.



— Irrigable land in the long run i=s not restricted by soil
characteristics or topographics! tcatures of the land.

- All current and future water svpplies in the region ar«
from the Ogallala Aquifer and lhnce must incur pumping
costs before use in irrigation of crops (i.e., no surfn:-
delivery of imported water).

- The effects of restrictions on the supply of inputs to th
region or individual producers nre not considered.

-~ Water supplies are homogeneous throughout the region ap:
adequate to support any of the 7'ternative crop enterpri-

D. Validation

- Formal validation of the model has heen limited to compnr:
son with historical water pumpapge i+ the area. Scluticn«
with increased water availability are extrapolations ant
should be considered as such.



51
REFERENCES |
Canion, Larry, personal communication, Texas Crop and Livestock Reporting
Service, USDA-SRS, May 1975.
Condra, Gary D. and Ronald D. Lacewell, "Establishing Crop Acreage
Flexibility Restraints for Subregions of the Texas High Plains,"

forthecoming Texas Water Resources Institute technical report.

Day, R. H., Recursive Programming and Production Response, Amstgrdam:
North Holland Publishing Co., 1963.

Extension Economists-Management, "Texas Cﬁép Budgets," Texas Agricultural
Fxtension Service, MP-1027, 1972.

Flinn, J. C., "The Demand for Irrigation Water in an Intensive Irrigation
Area," Australian Journal of Agricultural Economics, Vol. 13, 1969.

Gisser, M., "Linear Programming Models for Estimating the Agricultural
Demand Function for Imported Water in the Pecos River Basin," Water
Resources Research, Vol. 6(4), 1970.

Gray, R. M. and W. L. Trock, "A Study of the Effects of Institutions on
the Lower Rio Grande Basin," Texas Water Resources Institute, TR
No. 36, 1971. '

Grubb, Herb, personal communication, Office of Information Services (Dir),
State of Texas, May 1975. ;

Harman, W. L., W. F. Hughes, and J. R. Martin, "An Economic Analysis of
Permissible Irrigation Water Costs in the Texas High Plains," Texas
Agricultural Experiment Station, DIRNo. 70-3, 1970.

Heady, E. 0. and R. C. Agrawal; Operations Research Methods for Agricul-
tural Decisions, Ames: The Iowa State University Press, 1972.

Henderson, J. M., "The Utilization bf-Agricultural Land: Theoretical
and Empirical Inquiry," Review of Economics and Statistics, Vol. 42,
pp. 242-259, 1959.

Kelso, M. M., W. E, Martin, and L. E. Mack, Water Supplies and Economic
Growth in an Arid Enviromment —— an Arizona Case Study, Tucson:
University of Arizona Press, 1973.

Miller, T. A., "Evaluation of Alternative Flexibility Restraint Procedures
for Recursive Programming Models Used for Prediction," American
Journal of Agricultural Economiecs, Vol. 54 (1): pp 69-76, 1972.

Moore, C. V. and T. R. Hedges, "A Method for Estimating the demand for
Irrigation Water," Agricultural Economics Research, Vel. 15(4), 1963.




52

Nerlove, M., '"Distributed Lags and Estimation of Long-run Elasticitie
Theoretical Considerations,” Journal of Farm Economics, Vel, 4fH(7):
pp. 301-311, May 1959,

New, Leon, '"High Plains Irrigation Survey," Texas Agricultural Extencion
Service, 1971-73. '

Sahi, R. K. and Craddock, W. J., "Estimation of Flexibility Coefficiernts
for Recursive Programming Models-Alternative Approaches," American
Journal of Agricultural Ecomomics, Vol. 56(2): pp. 344-350, 1974.

Sartin, Marvin 0., personal communication, Area Economist-Management,
Texas Agricultural Extension Service, 1974-75.

Schaller, W. N., "A National Model of Agricultural Production Respons«."
Agricultural Economics Research, Vol. 20 pp. 33-46, April 1968.

Shumway, C. R., "Derived Demand for Irrigation Water: The California
Aqueduct," Socuthern Journal of Agricultural Economics, Vol. 5(2).
1973. ‘

Texas Almanac, The Dallas Morning News, Dallas: News-Texan, Inc., [9/73%.

Texas Crop and Livestock Reporting Service, "Texas Cotton Statistics”
USDA-SRS, 1972-1973.

, "Texas Field Crop Statistics," USDA-SRS, 1972 and

1973,

, "Texas Vegetable Statistics,' USDA~SRS, 1972 and

1973,

Texas Water Development Board, The Texas Water Plan, State of Texas,
November 1968.

Walker, Loyd and Howard Taylor, "TWDB High 1'lains Study Shows 340 HMillion
Acre-feet of Water in 45 County Area,' Water for Texas, Texas
Water Development Board, January-February 1975,

Walker, Rodney L. and Darrel D. Kletke, "The Application and Use of b«
Oklahoma State University Crop and Livestock Budget Generator,"
Oklahoma Agriculture Experiment Station, Research Report P-663,
July 1973,

Yaron, D., "Empirical Analysis of the Demand for Water by Israeli
Agriculture,”" Journal of Farm Economics, Vol. 49(3), 1967.




APPENDIX A
Selected Model Applications

53



54

*EIUTLIISDI AITTTQINATI BLEBIDE CGLID
2ATIoTIISAI €527 DUE ‘pIIaPTSUCD €280D [T ‘PIUTEIISSIUN aSrezoe peief1aar ‘ssorad andur Juexant pug ‘sdoiv
uwsuouommmUMummwmuwpm,nouuounowmmUHMQSwﬂacovmmm@mum mﬂoaumﬁbmm«.mmﬂpmHﬁﬁvmgﬂnummvmwm Oﬁumﬂmuwm

0°989°¢C 0'989‘¢ 0'989°¢ 0°989°¢ 0°989°¢ 0°989°¢ 0°989°¢ 2108 sdo1) Te10L
0°6T0 T 0°610°C 0°610°C 0°6T0°C 0°29L°T 0°Z9.°T 0608 sa10d®e JesypM
0658 0°658 0658 0008 0°008 -0- -0- 5810® uny310g urE1dH
0° 808 =0= -0- -0~ —-0- -0- -p- S3210® uo0130)
0°989°¢C 0°8.8°C 0°818°C 0'6T8°C 0°795°2 0°79L°T 0608 EERG] pueTAaq

-G- -0- -0- -0- C-p- -0- -Q- S8IDEB 1eaup

-0- . -0-  0'6S . . . 0°9TE. - 0°9T¢ - 0°91¢ - 0°91¢ saioe ueagios

-0~ -0- -0- -0- -0- 0°008 0°008 53.40® uny8iog UTEIH

-0- 0°808 0°808 0°808 0°808 0°808 0°808 sal1de u0330)

-0- -0- -0- -0~ -0~ -0- 0°€S6 . LR uio)

-0- 0°808 0°808 0°/98 - 0'%TT°1 0°%Z6°T 0°LL8°C EERE pe3edTail

asp pue]

-0 9°0L9 7°GY6 2 910°T - T°STE'T 1°162°2 9°089°t . *33=-'o® periddy a23em
T T T o[+ R e ittt

8.°ATTS %7 €68 LY 928 T0°8T$ Aty 80 T1$ 0 atug wWaIT

3507 3urdung jUusling 9A0QE 193BM JO 1003210y Jad aotag

mm oTarusdg ‘I1 uotrdaiqng ‘SUTETd
ugTH sE¥8] ‘S80T1g U03307) Y3TH ¢133eM UCTIBETAI] JOJ PUBWS (g peATaag uny Juor pa3o=adxy 97 319EL

b 43




55

Table 17, Expected Long Run Schedule of Crop Output with Alternative Prices for -Irrigation
Water with High €otton Price, Texas High Plains, Subregion II, Scenario F

Price per Acre-foot of Water Above Current Pumping Cost

Crops Units  =0-  $ 11,08 § 14,12 $ 18.01 $ 24.47 $ 93.24  $129.78
------- m === - ~1,000,000 - - - - - --<--<-T-T-<-=

Corn bu. 99.84 -0~ -0- - -0- -0- -0- -0-

Cotton 1b.  384.76  384.76  384.76 384,76 384,76  327.05  115.43

Grain Sorghum cWt. 38,10 38,10 11.43 11,43 12.27 12.27 12.27

Soybeans bu. 10.53 10.53 10.53. 1.97 -0- -0~ ~0-

Wheat bu.  11.56 25.17 25.17.  28.84 28,84 28.84 28,84

®Scenario F is described in detail in Table 5., Assumptions are based on high prices for
cotton, average prices for other crops, and current input prices, irrigated acreage
unrestrained, all costs considered, and less restrictive crop acreage flexibiliry
restraints.
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Table 19. Expected Long Run Schedule of Crop Output at Alternative Prices for Irripation
Water with High Grain Prices, Texas High Plains, Subregion II, Scenariu G

Price per Acre—footiof Water above Current Pumping (inst
Crops Units =0 $ 16.60 $§ 31.77 $ 33.22 $91,05 $93.0% 495, 60
e D % e A = - e -2 271,000,000 - - - - - - -~ - LT
Corn bu, 174,95 174,95 174,95, 174,95 48.19 ~0- -0~
Cotton 1b. 193,31 58.14 58,14 58.14 58.14 58.14 SR LG
Grain Sorghum  cwt. 43,43 43,43 43.43 38.10 38,10  60.00  18.00
Soybeans bu. -0— -0~ =-0-" ~-0- ~{0= -0-- ()=
Wheat bu. 30.82 30.82 - 11.56 11.56 28.84 28.84 20,84
#3cenario G is described in “2tail in Table 5. Assuympticns are based on high jyrices for
grailn, average prices for other crops, and current prices for inputs, dirrigate!
acreage unrestrained, all ceosts considered, and less restrictive crop acreagn flexibhility

restraints.
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Table 21. txpected lr-rg Run Schedule of Crop ' ' rut at Alternative Pric = i
Irrigation -ater with High Soybean ':!.es, Texas High Plains.
wmbtegion .1, Scenario H

Price per Acre-foot f Witer above Current ' ing Coer
Crops Units -0- $ 11.08 14,12 § 16,12 8l16.6" 223,610

e — e m .- - - - = 1,000,000 - - - — -© U
Corn bu, 141.85 15.09 15,09 ~-0- ~0- -0~
Cotton 1b, 193,81 193,81 193.81 193,81 58,14 SRS
Grain Sorghum  cwt. 38.10 38.10 11.43 13.49 13,40 18, nn
Soybeans bu, 10.53 14.53 10.53 10.53 10,53 —4)-
Wheat bu. 11,56 28,84 7R, 84 28,84 28,74 IR A
#Scenario H i descrird in detall in Table * fasumptions are based o ich
prices for scoybeans, :verage prices for other rops, and current inpire e,
irripated ncreage un:-strailned, all costs .con ‘1 red and less restric' i-

crop acreape flexih' 'ty restraints.
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Definition of Each Linear Programming Activity

Columns (Activities or Enterprises)

C2CRNFUW3
C2COTDRY
C2COTFW1l
C2COTFW2
C2GSODRY

C2GS0OFW2

C2GSOFW3

C250YFW3

C2WHTDRY

C2WHTFW3

C2WHTFW4

CXBUYDSL

CXBUYNGS

CXBUYNIT

CXBUYHEBC

CXBUYWXG

CXBUYWXF

CXSELCOT

CXSELCOS

CXSELGSO

Corn production, 1 preplant plus 3 postplant furrow irrigations.
Cotton production, dryland.

Cotton production, 1 preplant plus 1 postplant furrow irrigations.
Cotton production, 1 preplant plus 2 postplant furrow irrigations.
Grain sorghum production, dryland.

Graln sorghum production, 1 preplant plus 2 postplant furrow
irrigations.

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

Soybean production, 1 preplant plus 2 postplant furrow irrigations.
Wheat production, dryland.

Wheat production, 1 preplant plus 3 postplant furrow irrigations.
Wheat production, 1 preplant plus 4 postplant furrow irrigations.
Diesel fuel purchasing activity.

Natural gas fuel putrchasing activity.

Nitrogen fertilizer purchasing activity.

Herbicide purchasing activity.

Activity for charging variable costs of pumping ground water
(less fuel costs).

Activity for charging fixed costs of pumping ground water.
Cotton lint selling activity.
Cotton seed selling activity.

Grain sorghum selling activity.
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CXSLECOY
CXSELWHT
CXSELBEF

CXSELCRN

CZRNTLND

1

Soybean selling activity.

Wheat selling activity.

Activity for selling wheat pasture grazing.
Corn selling activity.

Activity for charging rent on land.

Rows (Resource or Crop Acreage Flexibility Restraints and Activity

Transfers)

OBJF1
OBJPARA
OBJ¥2
RXDIESEL

RXCHGDSI,

RXNATGAS
RXNITROF
RXHERBCD
RXWATERQ

RXWTRXNG

RXWIRFIX
R2LIRRIG
RZLTOTAL
R2LCOTMX
RZ2LCOTMN
RZLGSOMX
R2LGSOMN

R2LSOYMX

Objective function used in short run scenérios.
CHROW used in parameterizing prices.

Objective func;ion used in long run scenarios.
Diesel fuel required per acre (gallons).

CHROW used in simultaneous parameterization of diesel and
herbicide prices.

Natural gas required per acre (thousand cubic feet).
Nitrogen required per acre (pﬁunds).

Herbicide required per acre (dollars).

Irrigation water required per acre (acre feet).

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

Fixed costs per acre of pumping ground water (dollars}).
Irrigated land restraint (acres).

Total cropland réstraint (acres).

Upper cotton acreage flexibility restraint (acres).
Lower cotton acreage flexibility restraint (acres).
Upper grain sorghum acreage flexihility restraint {acres).
Lower grain sorghum acreage flexibility restraint (acres).

Upper soybean acreage flexibility restraint (acres).
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R2SOYMN - Lower soybean acreage flexibility restraint (acres).

RZ2LWHTMX

RILWHTMN

R2LCRNMX

RZ LCRNMN

RXSELCOT

RXSELCOS

RXSELGS0

RXSELS0Y

RXSELWHT

RXSELBEF

RXSELCRN

RZCOTACR

R2GSOACR

RZ2S50YACR

RZWHTACR

RZCRNACR

ROCRNACR

ROCOTACR

RIGSOACR

R9SOYACR

ROWHTACR

RIOLITTIG

RILTOTAL

RZLNDRNT

Upper wheat acreage flexibility restraint {acres).
Lower wheat acreage flexibility restraint (acres).
Upper corn acreage flexibility restraint (acres).
Lower corn acreage flexibility restraint (acres).
Cotton lint production per acre (pounds).

Cotton seed production per ahre (tons).

Grain sorghum production per acre (hundred weight).
Soybean production per acer (bushels).

Wheat production per acre (bﬁéhels).

Wheat pasture grazing producgion per acre (pounds of beef).
Corn production per acre (bushels).

Cotton acreage accounting row (acres).

Grain sorghum acreage accounﬁing row (acres).
Soybean acreage accounting row (acres).

Wheat acreage accounting row (acres).

Corn acreage accounting row tacres).

Not used.

Not used.

Not used.

Not used.

Not used.

Not used.

Not used.

Land rent per dryland acre {dollars).
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