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ABSTRACT

The State of Texas has been actively developing a State Water
Plan which is to become a basic guide for water development in Texas
through the year 2020. The availability of water to agriculture in
the future and its effect on the Texas economy is of utmost importance
to Texans.

Potential agricultural resource requirements are dependent on
numerous and diverse factors. Some of these factors are known and
measurable such as the water needs of growing plants. Qther factors
are unknown and remain subject to conjecture. Future agricultural
price and production control programs are unknown and can only be
hypothesized. These factors and others are important to water require-
ments of agriculture and must be dealt with by measurement or estimation.

This research was initiated to develop meaningful projections of
agricultural water requirements which would be useful in planning for
water resource development. Five different models of agricultural
resource requirements and production were analyzed. Each model contains:
(1) restrictions on production and marketing of products, (2) assumptions
relative to resource availability and use, and (3) estimates of output
with the specified use of resources. These models illustrate to the
water resource planner the potential of Texas agriculture to produce
food and fiber as well as the effects of various restrictions on produc-
tion. These restrictions include some factors which cannot be controlled,
such as market limitations. The models include various assumptions con-
cerning water supply for agriculture and the effects of these assumptions

are evident in the results of the analysis.
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The results of these models present to the water resource planner
the effect on Texas agriculture of alternative allocations of water to
agriculture. The procedures and computer programs developed can eval-
uate for the planner an infinite number of alternatives. Comparison
of alternative availability of water to agriculture provides a basis
for evaluation of the economic benefit from the allocation of water
to agriculture.

KEY WORDS: *Water Resources Planning, *Irrigation, Agricultural Water

Requirements, Water Supply, *Resource Economics, Optimum
Resource Use, Computer Analysis.



ACKNOWLEDGMENTS

The scope of the research reported herein required the expertise
from every discipline involved with agriculture and resource management
at Texas A&M University. It is not possible in this short space to
acknowledge each contributer. The people and their respective depart-
ments at Texas A&M who provided major input are: Dr. R. J. Baldauf,
Wild1ife Management; Dr. E. J. Dyksterhuis, Range and Forestry; Or. C. L.
Godfrey, Soil and Crop Sciences; Mr. C. W. Keese, Agricultural Extension
Service; Mr. John McHaney, Agricultural Extension Service: Mr. Brad
Lisenbe, Data Processing Center; Mr. R. R. Rhodes, Range and Forestry;
Dr. J. R. Runkles, Soil and Crop Sciences; Dr. I. W. Schmedemann,
Agricultural Economics and Sociology; Mr. W. A. Smith, Agricultural
Extension Service; and Mr., Glen Wistrand, Water Resources Institute.
Mr. Wistrand was a major contributor to the latter stages of this research
with responsibility for the development of the linear programming analysis
model,

Agencies and people whose cooperation is recognized are: Messrs.
John F. Fritschen and James Atherton, Economic Research Service, U.S.D.A.;
Messrs. H. N. Smith and J. R. Coover, Soil Conservation Service, U.S.D.A.;
and Mr. Wm, F. Hughes, Economic Research Service, U.S5.D.A.; Mr, Gary D.
Paimer, Statistical Reporting Service, U.S.D.A.; Mr. Robert Orton, State
Climatologist, U. S. Weather Bureau; and Messrs. Paul Gillette and I. G.
Janka, Texas Water Development Board.

Dr. E. T. Smerdon, now chairman of the Agricultural Engineering
Department at the University of Florida should also be acknowledged for

his efforts during the early part of the study.

iv






LIST OF TABLES

MAJOR USES OF AGRICULTURAL LANDS BY LAND RESOURCE

AREAS, 1964 . . . . . .« v ool s e e e

ACREAGE AND PRODUCTION OF AGRICULTURAL COMMODITIES,
TEXAS, 1964 . . . . . . . . o v v o e

SOIL GROUP ACREAGES BY LAND RESOURCE AREAS . . . . . .
LAND USE ACREAGES BY SOIL GROUPS, 1964 . . . . . . ..

PROJECTED REQUIREMENTS FOR MAJQGR FARM PRODUCTS,

1980, 2000, and 2020, UNITED STATES . . . . . . . . . .

TEXAS' SHARES OF PROJECTED REQUIREMENTS FOR
MAJOR FARM PRODUCTS, UNITED STATES, WITH MAXIMUM

WATER DEVELOPMENT IN THE STATE, 1980, 2000, and 2020. .

TEXAS' SHARES OF PROJECTED REQUIREMENTS FOR MAJOR
FARM PRODUCTS, UNITED STATES, WITH NO FURTHER WATER
DEVELOPMENT IN THE STATE, 1980, 2000, and 2020

TEXAS' SHARES OF PROJECTED REQUIREMENTS FOR MAJOR
FARM PRODUCTS, UNITED STATES, WITH WATER DEVELOPMENT
ACCORDING TO THE PRELIMINARY TEXAS WATER PLAN, 1980,

2000 and 2020 . . . . . L L w0 e e e e e e e e e

PROJECTED REQUIREMENTS FOR MAJOR FARM PRODUCTS,
2000, TEXAS (MODEL B} . . . . . v « v v o o &

MAJOR USES OF AGRICULTURAL LAND BY LAND RESQURCE

AREAS, 2000 (MODEL B} . . . . . . . . e e e e e

ACREAGE AND PRODUCTION OF AGRICULTURAL COMMODITIES,

2000 (MODEL B) '+ & v & v v v e v v v e e e e e e e

PROJECTED IRRIGATED ACREAGE WITHOUT TEXAS WATER

PLAN (MODEL C) . + v v ¢ vt v s vt o s o v o v e a s

PROJECTED REQUIREMENTS FOR MAJOR FARM PRODUCTS,

2000, TEXAS (MODEL C) . + « v v v v v v v o v v v v v s

MAJOR USES OF AGRICULTURAL LAND BY LAND RESOURCE

AREAS, 2000 (MODEL C)} . . v v v v v v v v v v v v e o

vi

Page

10

17

18

19

20

27

28

30

32

34

36



Table
3.7

3.8

3.9

Page
ACREAGE AND PRODUCTION OF AGRICULTURAL COMMODITIES,
2000 (MODEL C) . . . . v v v v v v v v v .. ... 38
COMMODITY PRODUCTION REQUIREMENT DEFICIENCIES
(MODEL C) . &« & v v v vt e e et e e e e e e 39
PROJECTED IRRIGATED ACREAGE WITH TEXAS WATER
PLAN (MODEL D) . . « v v & v v e e e e e e e e e e e 41
PROJECTED REQUIREMENTS FOR MAJOR FARM PRODUCTS,
2000, TEXAS (MODEL D) . . « v & v v v v v e e e v e a s 42
MAJOR USES OF AGRICULTURAL LAND BY LAND RESOURCE
AREAS, 2000 (MODEL D) . . + v & v v v o v e e e e e s 44
ACREAGE AND PRODUCTION OF AGRICULTURAL COMMODITIES,
2000 (MODEL D) . . v & v v v v e e v e e e e e e e e e 46
COMMODITY PRODUCTION REQUIREMENT DEFICIENCIES
(MODEL D)} v v & v v vt e e e e e et e e e e e e e 47
TABULAR TLLUSTRATION OF MODEL FOR PROFIT MAXIMIZING
PRODUCTION ALLOCATION . . . . . + + + « .+ - ¥
RESTRAINTS ON CROPLAND UTILIZATION (MODEL E) . . . . . . 61
MAJOR USES OF AGRICULTURAL LAND BY LAND RESCURCE
AREAS, 1980 . . . . v v o i e e e e e e e e e e e e 62
MAJOR USES OF AGRICULTURAL LAND BY LAND RESQURCE
AREAS, 2000 . . . « v ¢ ¢t v i s e e e e e e e e 63
MAJOR USES OF AGRICULTURAL LAND BY LAND RESOURCE
AREAS, 2020 . . . v v v ot v e e e e e e e e e e e e e 64
CROPLAND ACREAGES DEVELOPED AND IDLED BY MAXIMIZATION
OF NET RETURNS AT EACH PERIOD . . . . . . « . . « . o . 69

vii



Figure
1.1
2.1

3.1

LIST OF FIGURES

Page
LAND RESOURCE AREAS OF TEXAS . . . . . . . v e e .. 4
PREDICTED YIELD TRENDS OF SELECTED CROPS IN
RELATION TO SOIL GROUPS . . .+ . . « v v v v v v v v v 13
BLOCK DIAGRAM OF AGRICULTURAL PROFIT
MAXIMIZATION MODEL . . . . .« . .« v v v v v v e e v o 50

viii



CHAPTER 1
INTRODUCTION

Water is crucial to the economic activity of our state and nation.
Most production requires huge quantities of water very much as it re-
quires raw materials or fuel. Availability of water to any area may be
critical to its economic development.

Approximately 16 million acre-feet of water were used for municipal,
industrial, agricultural and mining purposes in Texas in 1965. Eighty
percent of this water was used in irrigation. Agricultural commodities
worth $675 million were produced on irrigated land. Production of
irrigated crops was the primary basis for economic activity in some areas
of the state. Water is thus a major determinant of incomes, employment
and the general welfare.

In certain areas, water supplies for irrigation and other uses are
declining. There is the prospect of shortages of water at existing costs.
Agricultural production may be reduced if no new or additional supplies
are found for these areas, and economic and social Toss might then be

realized.
Texas Water Planning

Texas has been concerned with the adequacy of its water supply for
many years. State and federal agencies have developed many water develop-
ment plans for various areas of the State. The Texas Water Commission
developed a plan in 1961 for meeting the 1980 water requirements of Texas.
Water planning continued with both the Corps of Engineers and the Bureau
of Reclamation developing proposals for water development projects ex-

tending beyond the scope of the 1980 study.
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In August 1964, Governor John Connally directed that Texas develop
a comprehensive water plan which would consider the needs of the State.
The Texas Water Commission was to develop this State water plan, and
the plan was to consider all previous planning by state and federal
water agencies. In October 1964, Governor Connally requested the as-
sistance of Texas A8M University to the Texas Water Commission in the
evaluation of the future agricultural water requirements, Since that
time, the Texas Legislature has changed the name of the Texas Water
Commission to the Texas Water Development Board and changed the au-
thority of this agency to be more compatible with water planning.

In May 1966, the Texas Water Development Board issued a prelim-
inary plan entitled, "Water for Texas--A Plan for the Future." Further
investigations and planning by this agency resulted in the release of
the "Texas Water Plan" in December 1968. This plan is to be a basic
guide for considering federal, state and local water development pro-
posals and to set forth general developments required in the future.

Pursuant to the Governor's 1964 request to Texas A&M University
for assistance, a special study committee on future water requirements
in Texas agriculture was appointed. This report summarizes some of
the results of that special study plus some continued research in the

Water Resources Institute at Texas A&M University.
Present Texas Agriculture

In order to delineate Texas agriculture, the following four fac-
tors were considered: climatic resources, land resources including

soils suitable for irrigation, present production from irrigated and



nonirrigated land including grazing and forest land, and the impor-
tance of agriculture to the total state economy.

Because of the size and diversity of the state and in order to be
consistent with available data, the state was divided into 15 broad
regions (Land Resource Areas) of similar physical features and climatic
environment, These areas are shown in Figure 1.1. The land resource
areas were divided into nine major agricultural land use categories:
nonirrigated cropland, irrigated cropland, idle cropland, tame pasture
and meadow, open range, brushy range, woodland range, forest lands and
other lands. The land resource base was also divided into nine major
soil types.

Land use for 1964 was determined by adjusting the 1958 Conserva-
tion Needs Inventory (CNI) data to reflect changes which have been re-

1 The Economic Research

vealed by recent surveys and inventories (46).
Service (ERS) of United States Department of Agriculture reported "nor-
mal" acreages of cropland in 1964 which were used to determine total
cropland acres (44). A 1964 inventory of irrigation in Texas by the
Soil Conservation Service, in cooperation with the Texas Water Com-
mission, was used to revise the CNI estimates of irrigated cropland (14).
The Texas Forest Service's recently updated inventory of timberlands was
used to revise the CNI timberlands estimates (42). Major uses of agri-

cultural lands by land resource areas for 1964 are summarized in Table

1.1.

1NUmbers in parentheses at the end of sentences refer to references
given at the end of the publication.
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In Texas, data are not available on the production of individual
agricultural commodities by land resource areas. Therefore, produc-
tion for each commodity was obtained by muitiplyina acres time an es-
timated yield. Commodity specialists at Texas A&M University developed
these estimated yields. The ERS has developed normal total production
data for major agricultural commodities for each state. These data
were used to normalize the state production data obtained by the yield-
acreage calculation.

Data on grazing land production and forest land production were
assembled using the best information available and were included in
the total agricultural production. Acreage and production of agricul-
tural commodities for 1964 are presented in Table 1.2.

A significant factor in the 1964 production was that, although
jrrigated cropland was only about 20 percent of the total cropland,
the production from irrigation constituted a large portion of the
total. Over 63 percent of the cotton production and about 68 percent
of the grain sorghum production were from irrigated cropland. All
of the citrus and about 65 percent of the vegetable production were
from irrigated land.

Texas farmers and ranchers spend about $1.8 billion annually
for agricultural production inputs. The value of agricultural produc-
tion amounted to $2.4 billion. This production was second only to
the $3 billion realized from crude oil production. Businesses that
process, trahsport and market agricultural products add an additional
$3.9 billion. Thus, in 1964, Texas agriculture contributed about

$6.3 billion to the economy of the state.
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CHAPTER II
PROJECTIONS OF FUTURE CROP AND LIVESTOCK PRODUCTION
IN TEXAS, 1980, 2000, 2020

To determine resource requirements and specifically water require-
ments for agriculture in Texas requires: (1) projections of the produc-
tive capacity of agriculture with varying combinations of resources and
(2) projections of market potentials for agricultural products produced
in Texas. Admittedly these two necessary projections are closely re-
lated, but with them both, it is possible to determine prospective lev-
els of output in future years and resource requirements appropriate

to such output.
Productive Capacity

Projections of productive capacity of Texas Agriculture have been
produced by teams of agricultural specialists in terms of the capability
of the soils employed in agricultural production and the prospective

yields of crops grown in the state.

Availability and Capability of Soils. Based on general soil properties

in relation to land use capability classes, Texas A8M University and
S0i1 Conservation Service personnel developed a soil grouping in 1958
for the purpose of compiling crop yield and land use data by land re-
source areas. These soil groups were designated "A" through "I". A
study by the Soil Conservation Service (45) developed the acreagé of
these soil groups.by land resource areas, as given in Table 2.1. In
Table 2.2 land use in Texas by soil groups have been "normalized" for

1964 based on this same report and on a consensus of the authors from
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studying all available reports on the subject.

Soil groups A through D include most of the lands suitable for
cultivation. Table 2.1 shows that there are about 75 million acres
of soils in these four groups. With a present cropland acreage of
approximately 35 million, it is obvious that cropland can be ex-
panded by more than 100 percent if it is needed.

0f the 75 million acres of lands suitable for cultivation, 35
to 40 million acres have been judged to be suitable for irrigation.
Present day irrigated acreage is about 7 million, so a five-fold in-
crease in acreage under irrigation is feasible if the products are
needed and if water is available,

Soil groups E through I are employed in such extensive uses as
grass and tree production. There are approximately 80-90 million acres
of Tand in pastures and forests.

In summary, the total land resource base of suitable quality ap-
pears adequate for a very large future expansion of irrigated and non-
irrigated agriculture in Texas, even if nonagricultural land uses also

expand at a rapid rate,

Crop Yields. Crop yields for the present and future were determined

by study of published and unpublished research data of the Texas Ag-
ricultural Experiment Station and the Soil Conservation Service, U.S.D.A.
Plant and soil science researchers determined trends and probable scienti-
fic breakthroughs in the future. Based on these predictions and expected
social and economic changes, per acre yield trends of all major crops in
the state were estimated by land resource areas for the soil groups shown

in Table 2.7.
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Figure 2.1 depicts predicted yield trends for selected crops in
relation to soil groups. The predictions are based on present-day and
predicted normal yields. On the better soils (Groups A to D) under
both irrigated and nonirrigated conditions, increases of about 25 to
60 percent over 1964 levels are expected. Although projections of
this type must be based on certain assumptions, the indicated Tevels
of increases are reasonable. High yields are possible. The timing
of production advances depends on scientific breakthroughs. The
yields in this report, while lower than those predicted by some, are
judged to be reasonable and appropriate for planning purposes.

Irrigation helps to stabilize yields so it is expected that the
relative increase under irriagation will be better than without irriga-
tion. Yields under irrigation will be very much higher than for non-
irrigated land in the arid to subhumid western half of the state. Dif-
ferences in irrigated and nonirrigated yields in the humid part of the
state will be considerably less on the average. In humid areas benefit
from irrigation may be small for certain crops, depending on the amount
and distribution of rainfall.

Yields on soils of lower quality (Groups E to I) are expected to
improve but to lesser degree. The tendency will be to return these soils
to permanent cover of grass and trees. Some close-growing crops such as
feed and food grains and forage will be grown on these soils.

A major change in vegetable yields is probable. Better varieties,
more management inputs, mechanical harvesting, and assured markets in the
urban complex will be the main factors. In the past, low yields of vegeta-

bles often resulted from failure to harvest the crop because no market existed.
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Feed and food grains and forage yields are expected to steadily
increase. Improved varieties and more inputs of management will be
major factors. The feeds produced will result in more meat per unit
of feed since animals and feeding techniques will also improve.

The level of crop yields possible is assumed to be finite, but
yields of most crops are 1ikely to increase in the future. Farmers
will strive for more precise control of the plant environment--better
varieties of crops, improved insect, weed and disease control and

improvement in the use of soil moisture.

Market Potentials

Market potentials for agricultural products produced in Texas
were projected as Texas' share of United States' food and fiber require-
ments, 1980-2000-2020 (43). This approach permitted concentration on
problems of comparative advantage in the production and marketing of
crops and livestock required by the United States and producible in
Texas.

Calculation of Texas' shares required consideration of (1) the
nature and extent of land resources in the state, (2) water resources
including precipitation, surface impoundments and underground water
supplies, (3) climatic resources--light, temperature, humidity, etc.,
(4} labor resources available to agriculture and (5) capital resources
as they might be significantly different from those of other areas.

To this end an inventory of land used and land capability was accom-
plished; three different assumptions about water availability in agri-

culture were made; climatic resources by land resource areas were de-
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scribed; prospects for agricultural labor were investigated; and in-
quiries were made about capital availability in various areas of the
state.

To provide for an adequate base from which to develop projections
of Texas' shares of U. S. Food and Fiber reguirements 1940-65 data
were assembled giving: (1) acreages, yields, and production of crops,
and (2) production of livestock and livestock products. Trend Tines
were fitted to the production data for Texas to provide an indication
of direction of change. Texas production was calculated as a percent
of U. S. production for each year.

With the physical resource inventories, the analyses of labor and
capital resources, and the production data as bases for discussions,
the research group consulted with crop and 1ivestock commodity specia-
1ists about the competitive positions of Texas agribusinessmen in the
production and marketing of import crops. These specialists were asked
to review the background information, consider the prospects for econo-
mic and technical changes in production and marketing, and then to
help develop the estimates of Texas' shares. The effects of three dif-
ferent water supply situations on production were considered. One
assumed no further development of Texas water resources. A second
assumed the level of development which was deemed 1ikely with the new
Texas Water Plan. A third assumed a high level of development, making
agricultural water supplies no particular problem in most areas. These
varying assumptions about water resource availability led to the develop-
ment of three sets of projections of product output. The specialists

judged that the water is so critical to competitive positions of pro-
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ducers of certain crops, that separate projections of output were
necessary for each assumption concerning water availability.

The resulting projections are shown in Tables 2.4 through 2.6.
Table 2.3 gives the projections of requirements for farm products in
the United States (43).

Table 2.4 gives Texas' shares based on the assumptions of a high
level of water resource development. Projections for all crops trend
upward, showing the effects that Targe supplies of water for agriculture
could have on competitive positions of agribusinessmen as they produce
and market food and fiber crops.

Table 2.5 gives Texas' shares of U. S. requirements based on the
assumption of no further water development and declining ground water
supplies. Note that Texas' shares drop through time for several crops
{wheat, cotton, rice, peanuts, corn, oats, barley and grain sorghums).
This decline reflects the generally pessimistic feelings of the special-
ists relative to the competitive positions of Texas' producers with
reduced irrigated acreage. Water appears to be very important to effi-
cient production of any crops grown in the state, especially the impdrtant
cash crops. Texas' shares of U. S. livestock product requirements were
expected to increase moderately except for pork and milk. It was felt
that competitive positions with regard to these two products will not
improve.

Table 2.6 gives Texas' shares based on the assumptions made about
water development according to the preliminary Texas Water Plan of 1966.
Shares of U. S. requirements increase for some crops (rice, peanuts,

sugar beets, potatoes, vegetables, fruits and nuts), hold steady for
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others (cotton, oil crops and oats), and decline for still others
(wheat, corn and barley). It was not anticipated that water supply
development in the state would significantly affect irrigation in
the High Plains, where a problem of declining ground water supplies
exists. Importation of water into that area was problematic, so no
new supplies were assumed for the purpose of the projections. Acreage
of irrigated wheat would probably decline in the High Plains in favor
of cotton and grain sorghum as water supplies are reduced. The latter
two crops ordinarily produce higher net returns. With careful use
of ground water, cotton and grain sorghum production on irrigated land
may continue for many years. The increased water supplies of the state
were assumed to come from new surface storage and to affect agriculture
in the central, south and southwest regions. Irrigation of rice, pea-
nuts, beets, vegetables and fruits would probably be expanded, causing
Texas' shares of these crops to be increased in the future. Estimates
of Texas' shares of U. S. livestock requirements were constant for all
levels of water development. The specialists did not view the changed
assumption about water supply as very important to the production of
livestock products. It was believed that beef cattle feeding would
increase in the future, but this would involve only a diversion of
feed grains from traditional cash markets to local feeding enterprises.

The projections of Table 2.6 are probably most useful to researchers,
water planners and other interested persons. They are realistic in-so-
far as likely water developments are concerned and are therefore more

practical guides as to future food and fiber production in Texas.



CHAPTER III

TEXAS AGRICULTURAL LAND AND WATER REQUIREMENTS

Future agricultural water use in Texas depend on numerous and
diverse factors. Some of these factors are known and measurable.
The water needs of growing plants, for example, are generally well
known. Other factors are as yet unknown and some may remain a sub-
ject of conjecture. The extent and locations of surface water sup-
plies in future years have not yet been determined, but relevant infor-
mation about these supplies will be forthcoming. Agricultural price
and production control programs for future years are unknown and can
only be hypothesized. But all these factors are important to water
requirements of agriculture and must be dealt with by measurement,

estimation or assumption.

Projections of Land and Water Use

To develop meaningful projections of land and water use which
could be helpful in planning for water resources development, five
models of agricultural production in Texas were synthesized. Each of
these models contains (1) assumptions relative to resource availability,
(2) restrictions on production and marketing of products, and (3) esti-
mates of production with projected yields and employment of resources
as specified for each model. It was judged that these models would i1lus-
trate to the water resource planner the potential of Texas agriculture
to produce food and fiber and the effects of resource limitations and
production restrictions on total output. Resource Timitations include
the assumptions within each model about the water supply available to

agriculture. Production restrictions include estimates of market shares,
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which are a function of competitiveness in the product markets.
Projections of land and water use and of production of crops for
the periods 1980, 2000 and 2020 are available for each of the first
four models (2). However, projections for only the year 2000 are in-

cluded in this report due to the voluminous data for each projection,

Present Uses of Agricultural Lands. As a starting point in the develop-

ment of the projections of agricultural production, existing quantities
and uses of agricultural lands in Texas were determined and reviewed.
The land use data were presented earlier, in Table 1.1, and estimates
of crop production for major agricultural commodities in 1964 were
shown in Table 1.2. The data in these tables provide a basis from
which projections may be made and permit comparisons of future land

use and productivity with that of the present,

Restrictions in the First Four Models. For the purpose of the projec-

tions, some realistic controls on resource use and productive output
were necessary.

The restriction of the 1964 cropping pattern was imposed on land
use and agricultural production among the land resource areas of the
state. The food and fiber requirements established for Texas were
distributed among the 15 land resource areas in proportions relative
to 1964 production records. Transfer of these production requirements
among land resource areas was not permitted in the models of this study.
Within each land resource area, land use and agricultural production
was generally based on the 1964 cropping pattern, but each modei allowed

specified deviations from this rigid restriction.
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Changes in the Agricu1tura1 Land Base. Reductions over time in lands

available to agriculture were imposed on land use inputs of each model.
These reductions were designed to account for the anticipated expansion
of urban areas and further development of transportation right-of-ways,
airports, public outdoor recreation facilities and new public service
areas. Final distribution of these reductions in land available to
agriculture was proportionate among soil groups in each land use ef-
fected. In 1964, there were 161 million acres available for food,
fiber and timber production. By 2020, total calculated acreages avail-

able declines to 149 million acres.

Model A

The first model which is referred to as Model A, illustrated the
maximum physical capacity of agriculture in Texas. No economic or
institutional restrictions were placed on production or marketing of
products; land resources were employed according to their use-capacities;
no limitations were placed on capital or labor resources; and no limita-
tions were placed on water available to agriculture.

This model has not been important to later-analyses and therefore
its output is not repeated here. Reference to it may be found in an

earlier report (2).

Model B

This model was designed to illustrate resource use and product out-
put with water available to all irrigable acres at costs which in the
future are the same proportion of production costs as those in agricul-

ture today. The proportions of productive factors in agricultural enter-
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prises are assumed to be unchanging over time and factor cost-product
price relationships are held constant. Restrictions on output are
introduced in the form of Texas' shares of future national food and
fiber requirements. The model is designed to be more realistic than
Model A, but still assumes availability of water to all irrigable acres
in the state,

The cost of water used in agriculture varies widely over the state
and depends on the sources, methods of procurement, and transport re-
quirements. Some farmers pump water from beneath their lands. In
these cases, costs are the pumping costs for this resource. Others
buy water from authorities and other agencies, then transport it to
points of use and apply it. MWater costs for them are the delivery
prices established by the relevant agency. Costs in all situations
vary widely and are difficult to ascertain. It was necessary to rely
on personnel of the Agricultural Extension Service, the Agricultural
Experiment Station, the water districts, and others for estimates of
water costs.

Based on the cost estimates, decisions were made about the econo-
mics of irrigated crop production by land rescurce areas. Farm management
specialists, irrigation engineers, agronomists and others studied irriga-
tion in each land resource area and developed judgments about the practi-
cality of irrigation of each crop produced. According to their decisions,
lands were allocated to crop production with and without irrigation, and
product output was calculated. Normalized yield estimates were used for

these calculations.
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The restrictions on crop output were introduced in recognition
of the very real market Timitations for most crops produced in Texas.
The restrictions are based on the projections of food and fiber re-
quirements for Texas which are in Table 2.4.

In order to calculate projected livestock products requirements
for Texas, the requirements were converted to corn equivalent feed
units (43). This was accomplished by multiplying the pounds of require-
ment for each class of product by a predicted feed conversion effi-
ciency factor which was expressed in corn equivalent feed units. The
total corn equivalent feed units for all livestock products was then
adjusted downward by subtracting the feed units provided by high pro-
tein and by-product feeds. Future requirement projections for each
feed crop were based on 1964 feed crop proportions. These projections
were then converted back to actual units of measure and combined with
human food crop requirements. The future total food, feed and fiber
requirements as projected for the year 2000 are shown in Table 3.1.

The land needed to produce future food and feed crops in Texas
was determined by: (1) calculation of production requirements, (2) the
judgments about irrigation made by the agronomists and engineers, (3)
the normalized yields obtained by adjustment of yield estimates, and
(4) the lands sti11 available after the requirements of urban and indus-
trial uses had been satisfied.

Water was assumed available wherever there were irrigable soils.
However, irrigation was not permitted when such use was determined to
be non-economic. Future uses of agricultural lands in Texas under the

assumptions of Model B are given in Table 3.2. Irrigated cropland



TABLE 3.1

PROJECTED REQUIREMENTS FOR MAJOR FARM PRODUCTS, 2000, TEXAS

(MODEL B)
Commodity Units 2000
Cotton Mil. 1bs. 3,187.0
Rice Mil. 1bs. 2,772.5
Wheat Thous. bu. 109,114.0
Peanuts Mil. 1bs. 456.9
Other 011 Crops Thous. bu, 26,232.0
Vegetables Thous. cwt. 70,137.0
Other Vegetables Thous. cwt. 35,987.0
Sweet Potatoes Thous. cwt. 2,043.0
Potatoes Thous. cwt. 8,556.0
Grapefruit Thous. tong 1,465.0
Other Citrus Fruit Thous. tons 821.0
Other Fruits and Nuts Mil. 1bs. 162.6
Other Nonfeed Crops Thous. bu. 4,147.0
Barley Thous. bu, 10,862.0
Oats Thous. bu. 32,352.0
Other Small Grain Theus. bu. 3,932.0
Small Grain for Pasture Thous. AUM 7,229.0
Corn, Grain Thous. bu. 55,763.0
Corn, Silage Thous. tons 524.0
Sorghum, Grain Thous. bu. 409,675.0
Sorghum, Silage and Forage Thous. tons 3,352.0
Alfalfa Hay Thous. tons 547.0
Other Tame Hay Thous. tons 2,010.0
Other Crop Pasture Thous. AUM 16,105.0
Other Feed Crops Thous. tons 2,159.0
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soils and irrigation specialists as follows: "Use Soil Group A until
exhausted, then Groups C, B and D until product requirements are
satisfied."

Model B has served the purpose of identifying the consequences of
further large scale development of water resources allowing water to
be made available to agriculture at reasonable costs. The results
show that product requirements can be satisfied with less land than
is now used if we choose to do so. Water availability and yield in-
creasing technologies can produce this result.

Small differences in state acreages between some of the tables

of this section are due to computer round-off error.

Model C

Model C was designed to illustrate resource use and product out-
put with no further development of water resources in Texas. It was
assumed that present supplies of surface water would be maintained
and that suppiies of groundwater would be diminished over time by con-
tinued extraction and use throughout the state. Additional increases
in demand for municipal and industrial water uses would cause the
supplies of both surface and groundwater available to agriculture to
be reduced. Projections of water supplies available to agriculture,
with no further water resource development for the years 1980, 1990,
2000, 2010, and 2020, were made by the Texas Water Development Board
and were used in the model as restrictions on the use of this resource.
These projections are given in Table 3.4. Judgments about irrigations
of crops in each of the 15 land resource areas, yield estimates for

the future, and land resources available to agriculture were also in-
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TABLE 3.5 PROJECTED REQUIREMENTS FOR MAJOR FARM PRODUCTS, 2000, TEXAS

(MODEL C)
Commodity Unit 2000

Cotton Mil. 1bs, 2,200.5
Rice Mil. 1bs. 2,125.6
Wheat Thous. bu. 67,287.0
Peanuts Mil. lbs. 293.7
Other 0il Crops Thous. bu. -—

Vegetables Thous. cwt. 51,962.0
Other Vegetables Thous. cwt. 26,649.0
Sweet Potatoes Thous. cwt. 1,589.0
Potatoes Thous. cwt. 4,889.0
Grapefruit Thous. tons 916.0
Other Citrus Fruit Theus. tons 352.0
Other Fruits and Nuts Mil. 1bs. 123.9
Other Nonfeed Crops Theous. bu. 2,778.0
Barley Thous. bu. 10,131.0
Oats Thous. bu. 31,380.0
Other Small Grain Thous. bu. 3,754.0
Small Grain for Pasture Thous. AUM 7,229.0
Corn, Grain Thous. bu. 45,562.0
Corn, Silage Thous. tons 524.0
Sorghum, Grain Thous. bu. 413,725.0
Sorghum, Silage and Forage Thous. tons 3,352.0
Al‘falfa Hay Thous. tons 574.0
Otﬁer Tame Hay Thous. tons 2,010.0
Other Crop Pasture Thous. AUM 16,105.0
Other Feed Crops Thous. tons 2,159.0
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fully utilized, the unused share of irrigation was distributed propor-
tionately among other commodities within the soil group which were
produced on both irrigated and nonirrigated acreage. On the other
hand, irrigated commodity requirements were not always satisfied within
the Timits of available acres in a soil group. The deficiency of
production and the shares of irrigable acres remaining unused were
then transferred to the next soil group in which irrigable acreage
was still available. When this shift of production requirément and
irrigation share was made, priorities of water allocation bétween
commodities were again followed within this soil group. If irriga-
tion acreage shares were fully utilized, and production requirements
demanded more acreage than was to be found in the soil group, the non-
irrigated commodity requirements were transferred to available acreage
in groups C, B, or D until requirements were satisfied or soil limita-
tions were reached.

Projections of the acreages of agricultural land within the speci-
fied categories of use which will be needed to produce food and feed
crops in the future were determined and are reported in Table 3.6.

Worthy of note in this model is the increased acreage of arable
land required to produce food and fiber requirements. Because of the
smaller supplies of water available to agriculture due to the assump-
tion of no new water resource development, irrigation in 2000 was re-
duced to only 5.6 million acres. In Model B, 14.5 million irrigated
acres were utilized. To make up for this lower utilization of irrigated
acreage in Model C, 27.4 million acres of nonirrigated land were used

for crop production in 2000, whide only 12.7 million acres were used in
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Model B. It is evident that the availability of water to agriculture
is of the utmost importance to land use and crop production.

Production of crops under the assumption and restrictions of Model
C is listed in Table 3.7. Comparison of output with that of Model B
gives further indication of the effect of the water supply Timitation.
Production of cotton is down 33 percent, vegetables are down 26 per-
cent, grapefruit is reduced 38 percent, and peanuts are down 35 per-
cent in 2000. This was the effect foreseen by the commodity specia-
lists, who judged that diminished water supplies would seriously affect
the competitive positions of Texas producers.

Food and feed requirements in Model C were satisfied in all areas
of the state except in the Edwards Plateau (West), Trans-Pecos and the
High Plains land resource areas. The High Plains area met requirements
until the year 2020, when sizeable shortages were evidenced. Due to
the restriction of the 1964 cropping pattern, when a land resource area
evidenced an inability to meet its requirements, additional water was
not transferred to the area. The deficiencies in production require-
ments for the land resource areas in which they occurred are shown in
Table 3.8. Edwards Plateau {East) was consistently over supplied with
water in relation to its projected share of production, while Edwards
Plateau (West) and Trans-Pecos, though totally dependent on irrigation

were just as consistently under supplied with water for agriculture.

Model D
Model D was designed to illustrate resource use and product output
with water supplies as they were proposed under the preliminary Texas

Water Plan of 1966. This preliminary plan proposed new impoundments on
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TABLE 3.8 . COMMODITY PRODUCTION REQUIREMENT DEFICTENCIES IN MODEL C

—t200
Edwards Trans-—

Commodity Plateau W. Pecos Production Units
Cotton 1.8 73.4 Mil. 1lbs.
Rice - - - - - - Mil. 1bs.
Wheat - - 48.2 Thous. bu.
Peanuts - - - - - - Mil. 1bs.
Other 011 Crops - - - --- Thous. bu.
Vegetables 48.8 176.5 Thous. owt.
Other Vegetables 2.3 25,0 Thous. cwt.
Sweet Potatoes - - - - - - Thous. cwt.
Potatoes - .- 0.8 Thous. cwt.
Grapefruit --- 0.7 Thous. tons
Other Citrus Fruit - - - - - Thous. tons
Other Fruits and Nuts 0.2 4.1 Mil. lbs.
Other Nenfeed Crops - - - 7.3 Thous, bu.
Barley - - - 608 .4 Thous. bu.
Oats 23.4 760.4 Thous. bu.
Other Small Grain - - - - - - Thous. bu.
Small Grain for Pasture 28.8 15.2 Thous. AlM
Corn, Grain - - - 2.0 Thous. bu.
Corn, Silage - - - -=- - Thous. tons
Sorghum, Grain 137.5 2,681.9 Thous. bu.
Sorghum, Silage and Forage 5.3 92.1 Thous, tans
Alfalfa Hay 5.7 42.9 Thous. tons
Other Tame Hay 6.1 -=-- Thous. tons
Other Crop Pasture 24.1 46.8 Thous. AUM

Other Feed Crops .2 1.8 Thous. tons
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major streams and rivers, further development of underground supplies

in some areas of the state, and possible diversions of surface waters
within the state. Projections of water supplies available to agriculture
in the 15 land resource areas were made by the Texas Water Development
Board and employed as restrictions on water availability in this

model (6). These projections are given in Table 3.9.

The assumptions relative to factor proportions and prices which
were made for Models B and C were included in the program for Model D.
The inventory of lands provided the necessary restrictions on land
use. Restrictions on food and fiber output for the state were based
on the projected requirements listed in Table 2.6. Projections of
livestock product requirements were converted to feed units needed for
the production of the Tivestock. The resulting produbtion restrictions
are shown in Table 3.10.

Water allocation priorities among commodities of each land resource
area remain the same in Model D as in Model C. Determinants of water
distribution when the cropping pattern is forced to change due to soil
group depletion was also programmed the same as in Model C. The only
differences between Model C and Model D are the input data for available
irrigable acres and commodity production requirements.

It is evident that the projections of food and fiber reguirements
for Texas appropriate to this model are less than those of Model B and
greater than those of Model C. The explanation is obvious when assump-
tions of water supplies available to agriculture are recalled. In
Model B the only limitation on water use for irrigation was an economic

one. MWater had a cost, which prevented its use on low value crops.
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TABLE 3.10

PROJECTED REQUIREMENTS FOR MAJOR FARM PRODUCTS, 2000, TEXAS

(MODEL D)
Commodity Unit 2000
Cotton Mil. 1bs. 2,836.0
Rice Mil. 1bs. 2,356.7
Wheat Thous. bu. 70,924.0
Peanuts Mil. 1bs, 383.5
Other 0il Crops Thous. bu. 4,022.0
Vegetables Thous. cwt. 57,158.0
Other Vegetables Thous. cwt. 29,314.0
Sweet Potatoes Thous. eowt. 1,725.0
Potatoes Thous. ewt. 5,622.0
Grapefruit Thous. toms 1,282.0
Other Citrus Fruit Thous. tons 469.0
Other Fruits and Nuts Mil. 1lbs. 141.4
Other Nonfeed Crops Thous. bu. 3,043.0
Barley Thous. bu. 10,191.0
Oats Thous. bu. 31,704.0
Other Small Grain Thous. bu. 3,764.0
Small Grain for Pasture Thous. AUM 7,229.0
Corn, Grain Thous. bu. 46,534.0
Corn, Silage Thous. tons 524.0
Sorghum, Grain Thous. bu. 395,481.0
Sorghum, Silage and Forage Thous. tons 3,352.0
Alfalfa Hay Thous. tons 574.0
Other Tame Hay Thous. tons 2,010.90
Other Crop Pasture Thous. AUM 16,105.0
Other Feed Crops Thous. tons 2,159.0
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For the crops like citrus fruits, grain sorghums, nuts, oil crops and
other high value crops, Texas producers with their unlimited water sup-
plies, were quite competitive. Their shares of national requirements
were relatively large. In Model C the econpmic Timitation was coupled
with a technical one in which water supplies were relatively scarce.
This caused an important 1imit on use to be imposed within each land
resource area. The competitive positions of producers were expected
to suffer and shares of U, S. requirements decline. Supplies of water
in Model D (projected as acreage supported in 1rrigation5 are somewhere
between "abundant" and “scarce." The available water supplies to
agriculture assumed for Model D are the most realistic of the four mo-
dels. Projections of Texas' shares of national requirements are a
reflection of the projected water supply.

The projected land area required to produce food and feed crops
in Model D is shown in Table 3.11. In 2000 irrigated land acreage
is projected to be 6.8 million acres and nonirrigated acreage will be
27.8 million acres. The irrigation land acreage for 1980, 2000 and
2020 as compared with that for Model C where there is no further wa-

ter developed, is of particular interest.

Year Model C Model D
thou. acres thou. acres
1980 8,073 8,755
2000 5,578 6,780
2020 4,125 5,503

Development of water resources will sustain irrigated acreage at
a level significantly higher than that possible with no further develop-
ment., This was judged to be important to Texas' agriculture by the

commodity specialists who estimated Texas' share of U. S. Food and Fiber
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requirements.

Production of agricultural commodities with the assumptions and
restrictions of Model D is shown in Table 3.12. Production of almost
all crops is greater than that projected in Model C. This is espe-
cially true for time periods beyond 1980, when the significance of the
water supplies produced by further development of this important re-
source is more evident. Crops most affected are the citrus crops,
0il crops, vegetables, grain sorghum and other fruits and nuts.

Production goals for several commodities were not realized in
Model D, but the deficiency was limited to certain land resource areas
as shown in Table 3.13. These areas were unable to reach their pro-
jected production reguirements as determined by the 1964 Texas cropping
pattern., Deficiencies were evident by 1980 and became more pronounced
and extensive as 2020 was approached. Edwards Plateau (West), and
Trans-Pecos were areas of consistently insufficient commodity produc-
tion, and the High Plains area again failed to reach its production
goals in 2020. Commodities exhibiting the greatest shortage due to
these area limitations were cotton, corn and sorghum grain, vegetables,

and other fruits and nuts.
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TABLE 3.13  COMMCDITY PRODUCTION REQUIREMENT DEFICIENCIES IN MODEL D

2000
Edwards Trans-

Commodity Plateau W. Pecos Production Units
Cotton 2.4 106.0 Mil. 1bs.
Rice - - - - - Mil. 1lbs.
Wheat --- 57.0 Thous. bu.
Peanuts - - --- Mil. lbs.
Other 01l Crops - = = - - - Thous. bu.
Vegetables 43.0 217.9 Thous. cwt.
Othexr Vegetables 2.5 30.9 Thous. cwt.
Sweet Potatoes --- - Thous. cwt,
Potatoes - - - 1.1 Thous, ecwt.
Grapefruit - - - 1.1 Thous. tons
Other Citrus Fruit --- --- Thous. tons
Other Fruits and Ruts 2,0 5.3 Mil. lbs.
Other Nonfeed Crops - - - 9.0 Thous. bu.
Barley --- 684.1 Thous. bu.
Qats 23.8 862.1 Thous. bu.
Other Small Grain --- --- Thous. bu.
Small Grair for Pasture 29.0 17.0 Thous, ATM
forn, Grain - - 2.4 Thous. bu.
Corn, Silage -- - - - Theous. tons
Sorghum, Grain 132.3 2,876.6 Theus. bu.
Sorghum, Silage and Forage 5.4 103.4 Thous, tons
Alfalfa Hay 5.7 48.2 Thous. tons
Other Tame Hay 6.2 --- Thous. tons
Other Crop Pasture 26.2 52.5 Thous. AUM

Other Feed Crops .2 2.1 Thous. tons
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Model E

An important limitation of the first four models was a procedure
that did not allow shifts of crop production among Tand resource areas
based on resource availability and/or comparative advantages in produc-
tion. This limitation was a result of the use of the 1964 cropping
pattern to allocate cropland to production, both irrigated and dryland.
The spatial pattern of production was fixed, and as a result production
requirements were not always met and resources were not efficiently
used. In an effort to relieve the analyses of this important limitation,
a model or resource use and production was developed which would provide
for an economic allocation of resources and distribution of crop pro-
duction. It included an appropriate objective function; it provided
for measurement of returns in productive activities; and it accounted
for land and water use in the production of agricultural commodities as
these resources were optimally allocated and used. Limits on changes
in crop production in the land resource areas were imposed in recognition
of institutional factors which act to deter rapid shifts in locations of
crops. These limits prevented rapid adjustments of resource use to
accomplish economic efficiency, but they were a necessary concession

to reality.

Methodology for Model E. The objective function chosen for the mode

was the maximization of net returns from crop production over time.
Within the constraints of the model this function provides for optimum
resource combinations and economic distribution of crop production within

the state. It was felt that this objective function was realistic because
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the extent and location of productive processes tends to be determined
by economic forces in the long run. The time period of concern here
was 50 years, a long run for most planning efforts,

As in the four preceeding models, the state of Texas was divided
into fifteen land resource areas of uniform enyironmenta1 characteris-
tics. FEach area consists of some combination of nine soil capability
groups, each with six land use categories. In addition to (1) assump-
tions about resource availability, (2) restrictions on production, and
(3) estimates of production with projected yields, the model required
(4) cost of production data relative to each crop or crop group and
resource area, and (5) price data for each commodity.

A general block diagram of the procedure is shown in Figure 3.1.

Production and Resource Data. Input data for Model E, which are

descriptive of land and water resources, kinds and qualities of soils,
prospective crop yields, and crop and livestock requirements are
identical to those of Model D. Specifically, the resource data were
taken from the inventory of land, Table 1.1, and the projection of

water supplies available to agriculture, Table 3.9.

Definition  of Productive Processes. For each combination of land resource

area, soil resource group, farming type and crop there exists a unique
production process. This 1s due to variability in climatic factors,
productivity of soils, tillage requirements, etc. among land resource
areas. Each unique production process is represented in the model by

an expected net return and a yield per acre.



I INPUT DATA ‘P
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CROP NET RETURNS
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LAND DEVELOPVMENT COSTS
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[ CROP REQUIREMENTS
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R a—

MAXIMUM PROFIT
LINEAR PROGRAM
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CROP PRODUCTION LAND USE
ALLOCATION ALLOCATION

INTERPRETATION

Figure 3.1 Block Diagram of Agricultural Profit
Maximization Model.
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Definition of the productive processes which are possible for
each commodity in the model was obtained from crop production records
and specialists' observations which reflect crop preference, farming
methods and yields in specified land resource areas and soil groups.
The model does not permit expansion of a productive process into a
location where there is not history of previous production, but it
does permit an increase in activity and land use changes, including
transfers of land from other uses into cropland, to support such an
increase. This restriction could be relaxed if production data for

new locations was available.

Budgeté for Productive Processes. Essential to the solution of the

mode] are net return data which must be produced from budgets representa-
tive of all crops in all land resource areas. The data necessary for
these budgets were generally available, but they were found in numerous
sources and had to be carefully related to achieve consistency (10, 13,
15, 16, 17, 30, 31, 33, 34, 41). A particular data problem was the
relativity of production information in terms of management levels,
technological adaptation and timeliness. Much of the data was outdated
and required adjustment based on recommendations of production specialists.
Basic budgets for each crop in each land resource area were developed.
Crop budgets were then varied according to soil group characteristics,
historic production practices, yields assigned to the soil group, type
of farming, and harvest costs. Data coordinated to the base year of
this study, 1964, were used in developing the budgets.
Development of these data is important to a realistic solution, but

it did not hold a position of primary importance in this analysis. The
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main objective was the development of the analytical model. Future use
of the model for resource planning purposes will require refinement of
the data and the budgets.

Derivation of net return data which are representative of crop
production processes in the various soils and land resource areas under

dry land and irrigated farming is described in this equation:

Rigkn = Pin * S50 = Wn) Yisen = ViknPis ~ Bisk (1)
(i=1,2...153 j=1,2...9; k=1,2; n=1,2...25)
where,
i = the land resource area
J = soil resource group
k = farming type (irrigation or dry)
n = enterprise, crops 1-25, livestock grazing 26-30
and,

P = Commodity price per commodity unit,

S = Secondary income from this enterprise per commodity unit,

H = Harvest cost per commodity unit,

V = Typical variable production costs per acre,

A = Cost adjustment factor for soil resource groups,

B = Relative soil maintenance cost per acre,

R = Net return per acre,

For the purpose of Model E, net return per acre for each productive
process is held constant. This assumption was judged to be realistic and
is supported by Cochrane in his description of the "Agricultural tread--
mi1l" [4].

Crops produced under both irrigated and nonirrigated conditions

required a supplementary budget. Variable cost of irrigation farming
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practices such as those associated with ditching, pumping costs, greater
cultivation and different cultural practices were included in the produc-

tion costs.

Opportunity Earnings. To account for the use of agricultural land not

in crops production, net returns for enterprises such as cattle and
sheep production were computed. These returns are treated as opportunity
earnings, i.e. earnings which are possible when lands suited for crops
are not so used. Recognition of these alternative uses of land insure
against transfer of range lands into marginal return crop production
processes without recognition of the prevailing earning opportunities.
Opportunity ‘earnings were based partially on animal-unit-month
of forage capacity measures for all land resource areas as compiled by
E. J. Dyksterhuis (2). Net returns which are representative of animal-
unit production of beef cattle per acre were computed from this base
information. These base data were adjusted to returns per acre from
the "productive animal-unit" by a constant derived from common productive
parameters.
The simple equation expressing derivation of opportunity earnings is:

Rijm = () (Fysp) (2)

G

where the subscripts are as previously defined, with

m = land use category, e.g. cropland, range, woodland, etc.
and,
E = A constant value representing typical net return to an animal unit,
F = The number of animal-units per year of forage production capacity
in various land use categories for each land resource area,
G = A constant representing a producing animal unit.
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Land Development Costs. The demands of productive processes for crop-

land in a soil group may exceed the quantities available in-a particular
land resource area. To accommodate these demands, land use conversions
are permitted at a cost which is computed as the development cost
necessary for conversion,

Representative land development costs for the extremely varied Tand
resource areas and soil types were sought from Soil Conservation Specialists
and farm Management Specialists in each land resource area. Development
costs were quite variable, depending on the soil group. The amortized
dollar cost for each land use conversion is the cost (exclusive of the
opportunity earnings attributed to non-cropland uses) at which new land

is brought into crop production.

Institutional Factors. Institutional factors such as crop acreage

allotments, water rights, crop preferences and customs plus asset fixity
in farm firms and comparative immobility of farm operators have signifi-
cant effects on resource use and location of crops production. They
tend to act as barriers to change; they fix production processes to
areas for short to intermediate periods of time. They are accounted

for in Model E by constraints on changes in cropland in land resource
areas over the period of the analysis. They were established as upper
and Tower bounds to changes in the use of cropland in each time period
as follows: 1980, +15 percent; 2000, #45 percent; 2020, #75 percent.
Exceptions to these constraints are found in four land resource areas
where rapidly increasing population and urban development make more

stringent restrictions necessary.
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The General Model. The model can be summarized in discrete mathematical

terms as follows:

maximize
15 9 2 30 15 9 6
T =.1§] j£1 k£1 n51 Rijkn x1'jkn * 121 jE] mil Cijm T1'jm (3)
subject to
2 30 ' .
by z B 5 Kk (i=1,2...15; §=1,2...9) (4)
9 30 '
Wy > j§1 n51 Xiskn® (1=1,2...15; k=1) (5)
156 9 2
P = S5 gk Rigkae (152.30) (6)
9
Lin 2 j£1 X3 5me (i=1...15; m=2...6) (7)
9 2 30
U, > j£1 kE1 nEI Xiikn® (i=1,2...15) (8)
9 2 30
Q = jf] kE] nET Xjjkns (1=1,2...15) (9)
2 30
L k§1 n51 Tiime (1715201535 §=1,2...9; m=2...6) (10)

and, X >0, T>0,Z>0
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where
TR = Total net return for state
R = Expected net return per acre
X = Level of activity in acres
C = Amortized cost of developing land from other land-use
categories into cropland ‘
T = Level of activity of undeveloped land into cropland in acres
L = Quantity of land available for agriculture in acres )
W = Quantity of land available for irrigated agriculture in acres
Y = Expected yield per acre
D = Total projected demand or requirement for specified commodities
in Texas
Z = Livestock grazing enterprises (alternatives to crop production)
in acres
U,Q = Arbitrary quantities of cropland acreage which are composed

as upper and lower bounds of cropland utilization.

The Analytical Tool. The analytical tool appropriate to this model is

Tinear programming. This is a method of solving a system of equations for
either a maximum or minimum value for a specific objective function. In
this case, it was used to develop a course of action that would lead to
efficient resource use in the production of specified quantities of
agricultural commodities. International Business Machine MPS 360 linear
programming software was used in the analysis. Table 3.14 is a generalized,
pictorial representation of the input matrix for the MPS 360 program.

The linear program selects the crop activity (production process)
yielding the highest net return and directs production to this activity
within constraints of the model. If the cropland in the affected soil
group is exhausted before any other constraint 1imits production in that
activity, land in non-crop uses may be transferred, at a cost, to use in
the process. If the net return, with development cost, is stiil highest
for the selected activity, production continues until some constraint is

encountered or the commodity requirement is satisfied.
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Every crop activity is representative of a unique, alternative
opportunity to produce a commodity with a combination of natural re-
sources and technical inputs. Technical inputs are assumed to be a
part of the process, and natural resources are assumed to be developed
for production. Each crop activity is represented in the linear
programming model by its output per acre. Economic output of each
process is in the form of a net return to land and management. Physical
output of each process is in the form of a yield per acre which is
subtracted from the total requirement for each respective commodity
upon selection for production. The objective of the linear model is
the maximization of net returns.

Production of twenty-five different crops is accounted for in the
model. In accord with the production requirements approach adopted for
this analysis, every crop has a prespecified requirement for the state
at each period. While the Tinear program was developed to allocate
production of these crops in a way that will maximize net return per
acre to land and management, seven crop groups--Vegetables, Other Veg-
etables, Grapefruit, Other Citrus Fruit, Other Fruits and Nuts, Other
Nonfeed Crops, and Other feed Crops--were programmed in a different
manner outside of this model. Some of the seven crops, such as oranges
and grapefruit, have been produced in only one location. For others
sufficient data could not be compiled to allocate them by a more compe-
titive method. Production of the seven crops was planned on the basis
of the historic pattern of production among the land resource areas.
Acreage and production data were drawn from Model D. The acreages

utilized by these seven crop groups were made unavailable to the crops
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competing for resources in this model. This automatically gave the
seven crops primary consideration for land use, but in most cases the
acreage was not significantly large.

Those crops remaining in competition for resources in this study
were (1) Cotton (2) Rice (3) Wheat (4) Peanuts (5) Other Qi1 Crops
(6) Sweet Potatoes (7) Potatoes (8) Barley (9) Oats (10) Other Small
Grain (11) Small Grain for Pasture {12) Grain Corn (13) Corn Silage
(12) Grain Sorghum (15) Sorghum Silage and Forage (16) Alfalfa (17)
Other Tame Hay {18) Other Crop Pasture.

There are no production requirements for non-crops (1ivestock
enterprises) so there is no competition among these production pro-
cesses and the 25 production processes requiring cropland. Production
requirements for livestock grain and cultivated forage are accounted
for in specified enterprises.

The transfer of land from other uses into cropland use is accom-
plished through land resource development at a cost. This is an
activity which is initiated at the entrepreneur level and is represent-
ed in the program as an additional cost of production. Total cost
includes consideration of land clearing as well as land conditioning.
This model assumes that the cost of land development is paid over a
period of time. The cost is amortized and charged as a reduction to
the annual net return for the enterprise for which the land was devel-
oped.

The cropland constraint was calculated by applying the upper and
Jower bounds limitations for 1980, 2000, and 2020 to acreages of crop-

land in land resource areas in 1964 after adjustment for increasing
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other uses. The constraint was thus conditioned by effects of insti-
tutions on land use changes and by encroachment of highways, airports,
etc. on agricultural lands. It is shown in Table 3.15 as a maximum
and minimum constraint on cropland. The minimum cropland acreage for
each land resource is progressively smaller at each period, while
maximum cropland acreages are larger in each time period, reflecting
the increasing long term flexibilities of resources.

Water resource availability for irrigation is constrainged in the
model by the levels presented in Table 3.9.

Production requirements for all twenty-five agricultural crops
accounted for in this model were shown in Table 3.10. The quantity
of product noted at each time period constitutes a requirement as well

as a limitation for the production of each competing crop.

Qutput of the Program. The allocation of resources for crops production

in Texas for 1980, 2000 and 2020 which is suggested by output of the
program is shown in Tables 3.16, 3.17 and 3.18. It is consistent with
requirements for production in these time periods and with the objec-
tive function, i.e. maximization of net returns from crop production.
Data for all three time periods are reported for Model E because they
are not published elsewhere.

The tables show the acreages used for agricultural production
among each of the land use categories for all land resource areas.
Cropland utilization is divided into the three subcategories (1) non-
irrigated (2) 1rrigated and (3) idle, to account for the specific dis-
position of acreages in this use. Idle cropland was not permitted to

transfer into other land use categories as might be the case in actual
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practice. In this model it is accounted for in the idle cropland
subcategory.

The effect of this categorization is to indicate (1) the agri-
cultural resource adjustment that would be required by the optimal
solution, and (2) the volume of currently developed cropland that
would not be utilized in the solution.

These tables indicate that total land available to agriculture at
each period is reduced by approximately four miilion acres. As pre-
viously noted this reduction is distributed throughout all categories
of the land classification including cropland, but excluding "other
lands".

In 1980 total cropland utilization was 27.5 million acres while
eight million acres were idle, unnecessary for production requirements.
Production processes involving irrigation utilized 2.8 million acres.
A comparison of 1980 cropland use in Model E with that in 1964 reveals
one significant difference in acreages utilized. Irrigated cropland
was reduced from almost eight million acres in 1964 to less than three
million acres in 1980. Food and fiber requirements for 1980 were
satisfied without five million acres of land which were irrigated in
1964. Total nonirrigated cropland for the state was approximately
the same though slightly reduced in 1980. Total cropland including
idle cropland was reduced six hundred thousand acres. Increased yields
were a factor important to reduced land requirements. Higher net
returns for dry land production of some crops were the reason for the
shift away from irrigation in 1980. The two land resource areas which

contained the greatest amount of irrigated cropland in 1964 were still
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leaders in this respect in the optimal solution, 1980.

Production of the commodity requirements in year 2000 required
approximately the same amount of non-irrigated cropland acreage in
Model E as was utilized in 1980. However, an increase of two and one-
half million acres in irrigation production was necessary to satisfy the
food and fiber requirements for 2000. Production processes involving
irrigation were selected in the program according to their capacity
to produce net returns. With the increased food and fiber requirements
they were competitive with processes involving dryland. Total cropl
land utilized was again similar to that of 1964. Cropland left idle
in the output for this period was approximately six million acres,
two million less than that idle in 1980,

In 2020, non-irrigated cropland in Model E increased by more than
five million acres to thrity million, while irrigated cropland
acreage declined. Reduced water supplies available to agriculture
affected the solution for this period. In addition, restraints on
shifts or movements of crops among land areas were virtually removed.
Total cropiand utilized in 2020 amounted to one-half million acres
more than that which was used in 1964. Irrigated cropland acreage
was half that of 1964, while nonirrigated acreage in 2020 was five
million acres greater than that of the base period. Idle acres
were reduced from 6.1 million to 2000 to 3.2 million.

A comparison of the projections of uses of agricultural land in
Mode]l E and Model D is interesting [2]. It should be recalled that
in Model D, crop production and land use were projected on the basis

of the 1964 production pattern, and irrigated farming had priority
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over non-irrigated processes as long as water was available. Each‘
land resource area had prespecified commodity production requirements
which could not be transferred to other areas. Major uses of agricul-
tural land allocated by these criteria were presented for the year
2000 in Table 3.11. Both models used the same levels of production
requirements and essentially the same resources for productive pro-
cesses; Slight differences are apparent in acreages available to each
Jand use category in the various time periods due to a difference in
metheds of reducing available acreages to account for increasing use
of land for urban, commercial and industrial expansion. Water resource
availability was the same in both studies.

Total cropland acreages in both models for the year 2000 were
similar. However, there is a large difference in the level of idle
cropland between these models. In 2000 idle cropland in Model D
was 2.5 million acres, while it was 6.2 million acres in Model E.

Idled cropland acreage was not reallocated to an alternative productive
use in either of the models. [t represents an area of significant
economic adjustment for the agriculture industry.

Another significant difference in the output of these two models
is in the acreages of cropland employed in irrigation. In Model D
there were projected higher levels of irrigated farming for 2000. The
difference is largely a result of the analytical methods employed for
each. In Model D, the use of irrigation in crop production was forced,
to the point of depletion of available water supplies or satisfaction
of production requirements. This was due to the assumption that crops

which could be produced with or without supplemental water would be
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irrigated. It was judged that irrigation was superior to dry land
production so far as net returns to producers were concerned. This
is not necessarily the case, as the solution of Model E makes evident.

It is important to recognize that Model D, which projected
production according to a fixed production pattern, utilized a greater
amount of total cropland and a greater amount of irrigated farming
and still did not fully satisfy production requirements for all three
time periods. If resources had been available within the specified
production areas, production to satisfy requirements would have widened

’the difference between cropland acreage utilization of these models.
The production deficiencies of Model D were shown in Table 3.13.

Quantities of land converted to cropland and cropland left idle
in Model E are shown in Table 3.19. Development of Tand in other
uses for use in cropland increased more than two fold among time periods.
Such land conversion was not possible in Model E unless the net return
from a specified production process was still optimal after reduction
by the cost of land development. Total cropland development in Texas
for these periods were respectively 986.8, 2,425.0, and 5,384.8
thousands of acres. It is apparent that this model required the
development of certain, specified qualities of soil, while it did
not require the use of other, apparently less productive soils.

While some land was converted for use in crops production, other
cropland acreages were left idle. When not needed these acreages
were left as slack resources, but they were held available for future

uses.



9 Z0L'E 8 48L‘s 81819 0-sze'e 9-950°g 27986 STvL0L
—_— —————— e — — ——
[ 8 9L [ 7601 £°501 - spugjwolog
8052 _ 2 TIT — {28 _— s03a4d-5ur.l)
106t 6°96L°T wTEl L7729 5 502 - suieid 4B
7 6LT 7500 1 6wS 17581 0" 9L v IE (3se3) surerd burp1oy
T 04T - € 6TE T - 7°1e8 - (3s58m) suie|g Buryiow
BNy 6261 7991 - 008 658 {1se3) neajejd SpieMp3
g€l - £ €T - c'g - (3sam) neele|d spaempl
18 P eLNE T°€91 - 8'6LL - ujeld apuesn o1y
i'ew 6711 EA 44 8" 6°0% 0°zZ1 uiseg ea3uaj]
17252 0°0% S 1L ¢°922 0°99¢ 9 LLT Sa1i1edd | 841U YIION
9'62% 06 AL 19 - FAIL X €22 (3soM pue 15E3) S13qUI] S%04)
189 g'aTT ¢z 0'€T6 1" 482 0° 159 arireld puetg
0°L6 1°0%€ 07958 86L 0°522°T 90T s3141E4d pUBIYIE]E
76T 8'a%e 7769¢ 67167 87985 - ardield 3se0]
0 sy’ 0°8:€ L8291 - 4 178 - SPUB| T SEXB) 353
21PL padogsasg 21pPL pado=aaq . ITPI padoyeasg SEaly 27IN0SIE pue]

0zo7

0007

0861

OIYAd HOVE LV SNMALAY IIN J0 NOLIVZIWIXVW A€ @I1dI NV GRIOTAAHT STIVAEDV (NVILOUD

6T7¢ YTEVL



70
Conclusions. The analytical method of Model E has produced a solution
to the resource allocation-crop production problem which suggests a
significant reallocation of land among campeting agricultural uses
and a geographical redistribution of production. Comparison of proj-
ected cropland acreages for 1980, 2000 and 2020 with acreages actually
used for crops in 1964 show them to be declining through the year
2000. At the same time, crop production increases to satisfy food
and fiber requirements. The pattern of production is projected to
change also. There are changes in cropland acreages among land
resource areas, brought about by shifts in locations of some crop
production, diminished quantities of resources (water), and other
factors.

An obvious conclusion to be drawn from this model is the
sufficiency of Texas resources to produce the specified production
requirements without large scale land conversions for additional
cropland. Indeed, until year 2020, there are more cropland acres
idled, as production is optimally located, than are converted to
cropland. This resulted even while institutional restraints forced
some non-optimal production processes into the early solutions.

Equally important in the solution of Model E is the distribution
and amount of irrigated farming in Texas. Texans have been concerned
about the available water supply for agriculture and have shown this
concern by appropriating millions of dollars for study of tremendous
water resource development. This solution suggests that food and
fiber requirements can be met without large acreages of irrigated

cropland. The method used in the analysis does not of course account
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for the risks associated with dry land production and the variability
of output which is characteristic of dry land agriculture. It does
provide for measures and comparisons of net returns to irrigated and
dry land acres and it allocates resources and directs production
according to those returns. This is a procedure which is logical

and realistic.

Limitations. Disaggregation of land resources, and recognition of
warying land-use capabilities, was felt to be a step forward in analyti-
cal procedure. The wide range of crop production processes and the
alternatives for land use outside of this array of processes were
also progressive. However, the lack of consideration of different
levels of technology and management, i.e. the use of average farm
and average farmer concepts, prevented the model from indicating
alternative solutions which could be studied for planning implications.
Unless farms are expected to become compietely specialized in
commodity produ;tion, it must be concluded that there was insufficient
consideration éf farm diversification of enterprises in this model.
Many farms engage in more than one productive process and use the
same technical and natural resources in each of them. A small difference
in net returns for a productive process among land resource areas may
not cause significant changes in organization of crop enterprises and
shifts of crop production. Diversified firms may lose more than they
can gain by greater specialization. Add to this the fixities involved
in farm firm investments and techndlogy, and locational shifts of

production become significantly less likely.
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The model does not recognize market complexities and differences.
Each commodity is treated in the aggregate; qualities of product are
averaged. Areas do not produce commodities of equal quality, due
to environmental differences, varietal differences, etc. and a more
thorough analysis would account for these conditions. The model
could be expanded to account for market complexities.

Because allocations of production were assigned on the basis of
optimal net return, the budgetary work in this study has a profound
influence on the results of the analysis. The accuracy of the data,
the consistency of the data and the completeness of the budgets
themselves become important to the solution for the state. Inaccurate
representation of potential profits leads to erroneous solutions.
Additional work should be directed to improved data. This must be
the major emphasis in further research with this model for Texas.

The application of research resources to the development of
accurate budgetary data should make possible improved models that
will serve well the planners of water resource development. Land
resource planners would have a similar interest in such models because
they would likewise provide direction to their planning efforts and

lend support to their objectives.



1]

[2]

[3]

(4]

[5]

[6]

[7]

(8]

[9]

(10]

(1]

[12]

[13]

[14]

REFERENCES

Agricultural Resowrces Related to Waten Development 4in Texas,
Preliminary Report, Water Resources Institute, Texas A&M
University, 1965.

Agriculiunal Resources Related to Water Development in Texas,
Water Resources Institute, Texas A&M University.

Barlowe, Raleigh, Land Resowrce Economics, Prentice-Hall, Inc.,
Englewood Cliffs, New Jersey, 1958.

Cochrane, W. W., Faum Prices, Myth and Reality, University of
Minnesota Press, 1958.

Correspondence to President of Texas ASM University from
Governor John Connally, August, 1964.

Correspondence, Texas Water Development Board, 1966.

Dorfman, Robert, et al., Linear Programming and Economic
Analysis, A Rand Corporation Research Study, McGraw Hi11 Bock
Co., 1958,

Edwards, Clark, "Budgeting and Programming in Economic Research,”
Methods fon Land Economics Research, University of Nebraska Press,
1966.

Fgbert, Alvin C. and Farl 0. Heady, Regional Adjustments in
Grain Production, U.S.D.A. Tech. Bul. No. 1241, 1961.

Fanm Budget Studies of Land Resounce Areas and Sub-Aneas in the
U. S. Study Commission - Texas Anea, Bureau of Reclamation, 1960.

Federal Inter-Agency River Basin Committee, Proposed Practices
fon Econanic Analysis of River Basin Projects, Prepared by
Subcommittee on Benefits and Costs, Washington, D. C., 1950,

Fox, Karl A., Econometric Analysis for Public Policy, lowa
State Collece Press, 1958.

Freeman, Billy G., et al., Production and Production Require-
ments, Costs and Expected Returns for Crop and Livestock
Enterprises -- Rofling BlackLands Soils of the Central
BlackLand Prairie of Texas, Misc. Pub. No. 752, Texas Agri-
cultural Experiment Station, Texas A&M University, 1965.

Gillett, Paul T. and I. G. Janca, Inventory of Texas Inriga-
tion - 1958 and 1964, Bul. No. 6515, Texas Water Commission,
1965,



[15] Grubb, Herbert W., Estimated Costs and Retwwns to Inrnigated Crops
in Texas High Plains (Nornth of Canadian River) and West North
Central Anea, 1966, Texas Technological College Dept. of Agricul-
tural Economics, Special Report to Texas Water Development Board,
April, 1967.

[16] Grubb, Herbert W., et al., Production and Production Requirements,
Costs and Expected Retwwns forn Majorn Aghicultural Crops: Fine
Textured Soils -- Texas High PLains, Misc. Pub. No. 848, Texas
Agricultural Experiment Station, Texas A&M University, 1967.

[17] Hatch, Roy E. and D. S. Moore, Aggnregate Farm Production and
Retuins Unden Alternative Cotton Prices and ALLotments, the
High PLains of Texas, Misc. Pub. No. 852, Texas Agricultural
Experiment Station, Texas A&M University, 1967.

{18] Hatch, Roy E. and D. S. Moore, Preduction and Production Requine-
ments, Costs and Expected Retwwns fon Cotton, Grain Sorghum and
Majon Fresh Market Vegetable Crops on Loam Spils--Lower Rio
Grande Valley of Texas, Misc. Pub. No. 719, Texas Agricultural
Experiment Station, Texas A&M University, 1964.

[19] Hathaway, Dale E., Government and Agriculture: Public Pelicy
in a Demoeratic Society, The Macmillan Company, N. Y., 1963,

[20] Heady, Earl 0,.and Alvin C. Egbert, Programming Regional Adjust-
ments Ain Grain Production to ELiminate Surpluses, Journal of
Farm Economics, Vol. XLI, No. 4, Nov. 1959,

[21] Heady, Earl 0. and Wilfred Candler, Linear Programming Methods,
Towa State University Press, 1960.

[22] Henry, W. R. and C. E. Bishop, Noath Carolina Broilers Ain
Internegional Competition, Agricultural Information Series No.
56, North Carolina State College, 1957.

[23] Jennings, Ralph D., Consumotion of Feed by Livestock, 1909-56,
Research Report No. 79, United States Department of Agriculture,
1958,

[24] Johnson, Hugh A., Projected Urban-Oniented Land Regquirements in
Fournteen Land Resource Areas of Texas, Report developed for
U. S. Study Commission-Texas, 1960.

[25] King, G. A. and L. F. Schrader, "Regional Location of Cattle
Feeding-A Spatial Equilibrium Analysis," Hifgardia, Vol. 34,
1963.

[26] Leftwich, Richard H., The Price System and Resouwrces ALlocation,
Holt, Rinehart and Winston, New York, 1960,

[27] Maas, Arthur, et al., Desdgn of Water Resouwrce Systems, Harvard
University Press, 1962,



[28] Mayer, Leo Vernon, An Analysis of Future Resource Supplies,
Resource Utilization, Domestic and Expont Demand, Unpublished
Dissertation, Iowa State University, 1967.

[29] McKee, Vernon Clyde, Optimal Land and Water Resource Develop-
ment: A Linear Programming Application, Unpublished Disserta-
tion, Iowa State University, 1966.

[30] Moore, D. S. and R. H. Rogers, Production and Production
Requinements, Costs and Expected Retunns forn Production on
Well-Drained Clay and Ceay Loam Soils, Coast Prairie of Texas,
Misc. Pub. No. 756, Texas Agricultural Experiment Station,
Texas A&M University, 1965.

[31] Osborn, James E. and Don E. Ethridge, An Economic Analysis of
Production Respenses to Cotton and Grain Sorghum -- Mixed Soils,
Texas High PLains, Misc. Pub. No. 858, Texas Agricultural
Experiment Station, Texas A&M University, 1967.

[32] Poticies, Standards and Procedures in the Formufation, Evalua-
tion, and Review of Plans fon Use and Development of Watern and
Related Land Resources, Senate Document No. 97, U. S. Govt.
Printing Office, 1962,

[33] Power Requirements and Efficiency Studies of Inrigation Pumps
and Powen Units, Department of Agricultural Engineering, Texas
Technological College, 1968,

[34] Production and Production Requirements of Crops, Misc. Pub.
Nos. 224-231, 331, Texas Agricultural Experiment Station, Texas
AEM University, 1957, 1959,

[35] Regional Aecounts for Policy Decisions, Papers presented at the
conference on regional accounts 1964, published by Resources for
the Future, Inc., Johns Hopkins Press, Baltimore, 1968,

[36] Ruttan, Vernon W., The Economic Demand for Trrnigated Acreage,
Johns Hopkins Press, 1964.

[37] skold, Melvin D. and Earl 0. Heady, Regional. Location of Produc-
tion of Major Field Chops at Alternative Demand and Price Levels,
1975, U.S.D.A. Tech. Bul. No. 1354,

[38] Skold, Melvin D. and Earl 0. Heady, "Recent Developments in
Models of Interregional Competition," Workshop on Interregional
Competition, Southern Farm Management Research Committee, Pub-
Tished at Oklahoma State University, 1966.

[39] Snodgrass, M. M. and Charles E. French, Linear Programming
Approach o the Study of Interregional Competition in Dairying,
Purdue University Res. Bul. 637, 1958,



[40] Steele, Harry A. and William A. Green, Management of Water
Resounces for Regional Development, Paper presented at the
conference on Research Strategy in Regional Development, Ames,
Iowa, October, 1964,

[41] Texas Fiefd Crop Statistics, Texas Crop and Livestock Reporting
Service, T.D.A., U.S.D.A., Bul. No. 45, February 1968.

[42] Texas Forest Service, The Cwrrent and Future Status of Forest
Rescurces of East Texas, Circular No. 81 (Revised), Texas
Forest Service, 1963,

[43] Trock, Warren L., Projecticns of Crop and Livestock Production
in Texas, 1980-2000-2020, Report No. 66-8, Department of Agri-
cultural Economics and Sociology, Texas A8M University, 1966.

[44] United States Department of Agriculture, Current Noamalized
Acrneage, Yield, Production, Price and Value for the United
States by States. Unpublished data, Economic Research Service,
1964.

[45] United States Department of Agriculture, Present CiOp Vields,
Acreage and Land Use for Riven Basins and Land Resource Areas
of Texas, Unpublished report, Soil Conservation Service, 1960,

[46]7 United States Department of Agriculture, Seil and Water Con-
servation Needs Inventorny, The Conservation Needs Committee,
Temple, Texas: Soil Conservation Service, U.S.D.A. 1962,

[47] Water 4on Texas - A Plan gon the Futurne, Texas Water Development
Board, Austin, 1966.

[48] Whittlesey, Norman K., Linear Programming Models Applied to
Internegional Competition and Policy Chodlces for U.S. Aghiculture,
Unpublished Ph.D. Thesis, Iowa State University, 1964,





