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Preface

The following report is the result of an intensive study of
expected regional impacts on the economy of the High Plains of -
Oklahoma and Texas due to natural resource mining, particularly
that of ground water. Hopefully, from reading this report, the reader
will gain a better understanding of the High Plains region and its
dependence on natural resources, of regional economic systems,
and of the processes of adjustments to substantial and sustained
changes in regional environments.

There are important limitations of this study. Most have been
flagged in the report. Modeling of the agricultural-irrigation
subsector drew on past studies and were of the pre-energy price
increase era. Nevertheless, the regional simulation model has
subsequently been used and has been most helpful in determining
the regional impact of alternative energy related policies.

Readers interested only in results and implications may skip
Sections Il and Ill. These Sections are important, however, if the
reader wants to gain a perspective of regional systems and how
they integrate with the adjustment processes.

This study was made possible through funding of the Oklahoma
and Texas Water Resources Institutes and the Oklahoma
Agricultural Experiment Station. Much was gained from working
jointly with Agricultural Economists at Texas A & M University and
Texas Technological University including James Osborn, Ronald
Lacewell, Lonnie Jones and James Casey. Valuable review
comments were received from Gerald Lage, Odell Walker and Evan
Drummond.
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ADJUSTMENTS DUETO A
DECLINING GROUND-
WATER SUPPLY: HIGH
PLAINS OF OKLAHOMA

AND TEXAS

Arthur L. Ekholm, Dean F. Schreiner,
Vernon R. Eidman and Gerald A. Doeksen*

Introduction

This study investigates the long-run adjustment of a regional
economy to the depletion of its major exhaustible natural
resources: groundwater, petroleum, and natural gas. The
information developed is relevant for decision-making by planners
in agriculture, industry, and government.

Study Area and Problem Setting

The study area is composed of 25 counties of the northern Texas
Panhandle and the three counties of the Oklahoma Panhandle. This
region will be referred to as the High Plains (Figure 1). The High
Plains is basically rural with one Standard Metropolitan Statistical
Area (SMSA)1, Amarillo, which serves as a regional trade center.
The Amarillo SMSA includes Potter and Randall counties. There
was a total population in the High Plains of 357,095 in 1970 (53, 55).
This represented a decrease of 4.4 percent from the 1960 population

* Arthur L. Ekholm is assistant professor of economics at Northern Arizona University, Dean F. Schreiner
is professor of agricultural economics at Oklahoma State University, Vernon R. Eidman is professor of
agricultural economics at the University of Minnesota, and Gerald A. Doeksen is an economist for the U.S.
Department of Agriculture.

Reports of Oklahoma Agricultural Experiment Station serve people of all ages, socio-economic levels,
race, color, sex, religion and national origin.

in general, a SMSA is a county or group of counties which contains at least one city of 50,000 inhabitants
or more.

Research reported herein was conducted under Oklahoma Station project No. 1576

and sponsored in part by the Oklahoma Water Resources Research Institute.
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Figure 1. High Plains of Oklahoma and Texas

(52, 54). Forty percent of the region’s population was located in the
Amaritlo SMSA in both 1960 and 1970. The study area delineation
was based on the location of water formations, trade areas within a
political boundary constraint, and the sources of funding for the
project of which this study is a part.

Agricultural production of wheat, grain sorghum, and cattle and
mining production of crude petroleum, natural gas, and natural gas
liquids (hereafter referred to as petroleum) are the principal
activities at the base of the regional economy. In 1967, twenty-four
percent of the income of regional households came directly from
agricultural and mining production while these activities directly
accounted for sixty-three percent of the dollar value of the region’s
exports. Agricultural and petroleum production in the High Plains
are dependent on the withdrawal of exhaustible natural resources.
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Depletion of the petroleum resources in the High Plains has
reached the point where annual production of oil has been
decreasing for several years and where annual production of natural
gas has leveled off and is predicted to begin decreasing in the next
few years. However, recent price increases may alter these trends.
In the Texas portion of the High Plains proved reserves of oil in
1971 were 200,246 thousand barrels as compared to 362,264
thousand in the peak year, 1955, and proved reserves of natural gas
in 1971 were 9,824,738 million cubic feet as compared to 26,188,090
million in 1945 (2). If no additions are made to current oil and gas
reserves, there would be less than ten years of production possible
at current annual production rates.

The High Plains is a semi-arid region where irrigation
significantly increases crop yields. Water is pumped from
groundwater formations, principally the Ogallala aquifer. Since the
recharge of water into the aquifer is very small relative to current
and projected rates of withdrawal, the groundwater resource is
exhaustible (4). In the area of the High Plains south of the South
Canadian River (Lower High Plains), irrigation development began
about twenty years before development in the area north of the river
(Upper High Plains) and has already reached the point where the
increased cost of groundwater recovery has resulted in a reduced
number of irrigated acres (46, 47, 48, 49, 50, 51). In the Lower High
Plains the number of irrigated acres increased from 460,804 in 1949
to0 1,380,978 in 1959, but by 1969 the number of acres had decreased
to 1,324,224. Projections by hydrologists and agricultural
economists indicate this decline will continue (4, 59). In the Upper
High Plains the number of irrigated acres has increased from 12,591
in 1949 to 1,230,435 in 1969. Projections indicate the number of
irrigated acres in the Upper High Plains will continue to increase
until about 1990, after which there will be a decline in irrigated
acres. Correspondingly, the terminal year, 2010, of the study is
selected to allow analysis of the effect of this decline on the High
Plains economy.

The dependence of the High Plains economy on these mined
resources, water and petroleum, is at the root of the problem under
consideration in this study: the long-term structural adjustments of
the regional economy as its exhaustible resources are depleted. The
estimation of the magnitude of these structural adjustments is
essential to public and private planners who make decisions each
day which affect the economic growth and quality of living in the
High Plains. These planners often find it difficult to determine the
best of alternative policies and programs to meet various objectives
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due to the complexity of the interrelationships in the regional
economy and the lack of detailed information on the impact in
various economic sectors of expected resource depletion.

Estimation of output, employment, population, and income
changes provide the information base for government planners to
develop policies aimed at mitigating the adverse economic effects
of mined resource depletion (e.g., planning and managing the use
of groundwater and/or promoting industrial development) and to
assess the impact of projected regional change on the existing
system for provision of public services (e.g., public schools,
transportation, public health). The private sector of the economy
will find this analysis of value in examining long-range investment
opportunities, the basic economic structure and marketing
conditions for an industry, and the demand for basic materials,
energy, and labor.

Objective

The objective of this study is to determine the long-term
structural adjustment of the High Plains economy to the depletion
of its exhaustible resources by developing a simulation model
which generates dynamic changes in the regional economic
structure subject to projected agricultural and petroleum output.
The simulation model will describe the long-run structural
adjustments to the year 2010 in terms of sector output and
employment and regional income, employment and population.

Models of Regional Economic Adjustment

Models which analyze the way an exogenous change in a regional
activity results in changes in other regional activities have been a
mainstay of regional economic research. Typically, these have been
comparative static models and have dealt with short-run
phenomena. These models are generally referred to as “impact”
models (37, pp. 141-156). While these models are valuable for
analysis of short-run regional business cycles, the most important
regional problems tend to be those of long-run structural
adjustment and growth. Likewise, policy tools available to state
and local governments also relate to long-run structural adjustment
rather than to countercyclical activity.
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Regional models that analyze long-run economic development
have typically been referred to as regional forecasting or projection
models (37, pp. 157-194 and 15, pp. 54-87). Both comparative
static and dynamic models are represented in the recent literature.
In a study of the West Virginia economy, Miernyk (26) applied both
comparative static and dynamic models and compared the results.
Ideally, a long-run development model would be an empirical
representation of “the theory of regional growth.” However, as
Richardson (38, p. 14) has stated: “The state of the art of regional
growth theorizing is very primitive.”

The simulation model developed for the High Plains economy is
designed to measure the impact on the regional economy of
declining groundwater and petroleum resources as an exogenous or
primary change. However, this “impact analysis” of mined
resources depletion is a long-run phenomenon and an accurate
analysis requires that the impact be measured in a projections
model framework. Thus, a hybrid of impact and projections models,
a “regional economic adjustment model,” is used in simulating the
High Plains economy.

Theories of Regional Economic Adjustment and Growth

Theories of regional economic growth have typically emphasized
one of two factors as the primary motivating force. One is the
demand for the region’s output, the other is the region’s supply of
inputs for the production process. Hoover (18, p. 221) has
emphasized that “both approaches are relevant and necessary parts
of an adequate theory of regional change and development.”

Exemplar of the emphasis on demand for the region’s output is
the simple export base theory which designates export demand as
the primal force in regional development. In its most simplistic,
aggregate form, this theory distinguishes only two sectors in a
regional economy: (1) the basic sector which includes the exporting
industries which are held to be the stimuli for a region’s growth and
(2) the nonbasic sector which includes those industries which
supply the local markets. In its traditional form, as specified by
Romanoff (39, pp. 121-122).

xT = xN + xB (1)

where subscripts T, N, and B represent total, non-basic, and basic
industries, respectively, and the Xi represent respective aggregate
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outputs. By assumption, XN = A Xq so that

XT = A XT + XB (2)
and the reduced form solution is
Xp = (1-A)71 Xg. (3)

Thus, given output of the sectors which sell outside the region, XB,

total output of all sectors in the regional economy, X, is

determined through the “regional multiplier”, (1-A) -1 where A is the
regional marginal propensity to spend. In more sophisticated
forms, other aspects of demand (e.g., investment and consump-
tion) are included in the aggregate demand for a region’s output as
is the case in the standard input-output analysis. The demand
approach has been used frequently in regional impact analysis
through the use of a variety of “multipliers”.

There have been a number of objections to the heavy use of
demand-oriented models in regional analysis (18). An explicit
incorporation of the region’s supply of inputs for the production
process is needed. As stated by Pratt (35, p. 141):

In order for the demand oriented multiplier analysis to be
valid, certain implicit assumptions must be made
concerning supply conditions in the economy. The
supply side of the analysis is as important as the demand
side.

Recent theoretical models incorporate the more balanced approach
of considering both supply and demand factors in regional growth.
Examples include the works of Siebert (42), Romans (40), and Borts
and Stein (6). These models extend the closed economy,
neoclassical models to the open regional economy.

A regional neoclassical model, as presented by Richardson (38,
p. 26) is as follows:

y., = ak + (1-a)l +t (4)
| [ [ |

k, = s /v, +Zk_ (5)
[ i

1. =n +Em_ (6)

i = i
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where y, k, 1, and t are growth rates in output, capital, labor and
technical progress in region i, a is capital’s share in income, s is the
saving/income ratio, v is the capital/output ratio, kji is the annual
net flow of capital from region j to region i divided by the capital
stock of region i, n is the rate of natural increase in population, mjj
is the annual net flow of migrants from region j to region i divided
by the population of region i, R is the rate of return on capital, and
W is the wage rate.

Equation (4) is the standard growth equation for output in which
the influence of the supply of inputs on the growth rate is explicit.
Equations (5) and (6) are definitional, stating that the growth of
factor inputs is composed of two elements: local inputs and net
imported inputs (equation (6) assumes a constant labor force
participation rate). In equations (7) and (8) the growth rate of the
inputs is dependent on the rate of return on capital and the wage
rate. These will be a function of the demand for the region’s output.
Thus, this model emphasizes the interplay of supply and demand in
regional growth.

The complex process of regional economic adjustment to these
two motive forces, demand for output and supply of inputs, is
determined by the relationships between sectors within the regional
economy. If a sector purchases inputs from other sectors and/or
sells its output to other processing sectors, the growth of the
sector increases the demand for inputs from other sectors and/or
increases the supply of its output to other sectors. Through this
process, changes in one sector will have an impact on the
development of other sectors in a regional economy. In the extreme
contrast, if a self-sufficient sector which sells to final users
expands its output, there is no growth stimulated in other sectors
because there is no purchase of inputs from other sectors nor sale
of output to other processing sectors. These relationships among
sectors are referred to -as structural linkages. Linkages are
classified into two categories: forward and backward. As explained
by Bharadwaj (5, p. 315):

An activity absorbs inputs from others and, as such,
whenever it operates on a positive output level, it provides
stimulus for the expansion (or initiation) of production of
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the input-providing industries. This has been termed the
backward linkage effect. Secondly, an activity provides
inputs to other industries and, in so doing, either through
the cheapening of its products or through greater
availabilities stimulates the setting up of or increasing
the output levels of the output absorbing industries.
These have been called the forward linkage effects.

Studies of regional growth that have emphasized the demand for
aregion’s outputs also emphasize backward linkages of activities in
the region. Backward linkages refer to sales of a sector that are
induced by an increase in output of a sector that is at a later stage in
the production process. For example, sales of the electric service
sector might be increased due to an increase in the output of the
cotton ginning sector. A “chain-letter” demand for output among
regional industries is generated which is eventually terminated by
leakages to imports and saving. Generally, this type of analysis
assumes that with the increased demand for regional industry
output, input supplies are perfectly elastic, imposing no constraint
on regional growth.

When the supply of inputs is emphasized in explaining regional
growth, forward linkages of activities are of primary importance in
the structural change of the regional economy. Forward linkages
refer to sales of a sector that are induced by an increase in output of
a sector at an earlier stage in the production process. For example,
increased output of natural gas could induce increased output by
the pipeline transportation sector. In a manner symmetrical to the
backward linkage process, a “chain” of output increases is
generated by sectors which treat as inputs the increased output of
the earlier stages of production. The induced output increases are
limited by leakages of outputs to exports or final use. Generally,
this type of analysis assumes that with increased supply by a
regional industry, demand for output is perfectly elastic, imposing
no constraint on regional growth.

Thus, the supply of inputs and the demand for outputs operate
through the backward and forward linkages to explain the process
of regional economic adjustment and growth. Further complicating
this process are the many ‘“feedback loops.” For example, as the
relation of supply of inputs and demand for outputs changes for a
given sector of the regional economy, output changes are
transmitted through backward and forward linkages to other sectors
of the economy. The result is a different “output mix” for the
regional economy. Given that different sectors of the regional
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economy have different labor and capital requirements, different
consumption and investment situations are fed back into the
interplay of input supply and output demand.

To adequately describe the process of regional economic
adjustment, both demand for regional output and supply of regional
inputs must be included as well as the corresponding linkage and
feedback mechanisms. A “general” theory of regional development,
incorporating all of these aspects of the regional growth process,
has not been specified. In the High Plains simulation model, all of
these aspects of the regional growth process are utilized in an ad
hoc analysis of the region’s adjustment to the depletion of mined
resources.

Empirical Regional Economic Models

input-output and simulation models have been the major
approaches in the analysis of interrelationships in regional
economies in recent years. Since the model presented in this
research for the High Plains of Oklahoma and Texas is a simulation
model formulated around an input-output model, it is appropriate to
make a brief review of some of the principal input-output and
simulation models of regional economies that have been developed
in recent years. Of special interest are those models which have had
a direct influence on the High Plains simulation model.

One of the most cited regional models of recent years is the
Susquehanna River Basin Model developed by H. R. Hamilton, et
al. (15) at the Batelle Memorial Institute. This model describes the
“real world” by a set of simultaneous differential equations that are
referred to as a “dynamic simulation model.” Demographic and
employment sectors are tied together by feedback loops. Data from
the two sectors are fed into a water resource sector, a “technical
sector”, to determine water quality and quantity variables.
However, the water sector's feedback on the demographic and
employment sectors was not considered critical and was not
included in the model. Economic activity is specified in terms of
employment rather than such variables as income, value added, or
output and relies on the export-base theory of regional growth. The
main features of the employment sector are best described by
Hamilton, et al. (15, pp. 128-129):

The principal “driving force” of the model is Market Area
Demand operating through export industry employment.
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The growth of these export industries is determined by (1)
the relative attractiveness of the subregion to industry in
relation to other areas where it might locate and (2) the
demand for goods in relevant market areas that can be
supplied economically from the subregion. Attractive-
ness is treated explicitly through a relative cost concept
embodying transportation and labor costs. Market area
demand is specified exogenously.

The methodology for export employment determination is
shift-share analysis formulated in a projections framework. Other
employment is determined by its relationship to export industry
employment and to population.

Kelso, Martin, and Mack (21) have studied the problem of water
availability on the Arizona economy. Income losses from declining
irrigated agriculture production are estimated using static
multipliers developed from an input-output model for the state. In
addition to the standard backward linkage effects, forward linkage
effects are also analyzed. A comparative static analysis was used to
explore the effect of alternative hypothetical patterns of sectoral

growth on the demand for water. The analysis is used to: (21,
p. 49):

Describe what changes in the structure of the state’s
economy will be required and how drastic they must be if
we are to live within our water budget. Or, we may
estimate how Jlarge the importations of water or
development of new internal supplies must be, as among
the several structural alternatives, if we are to get the
projected rate of overall economic growth.

The impact of groundwater and petroleum depletion on the
economy of the Texas Panhandie is being investigated by James
Osborn (32) at Texas Tech University. Osborn has used hydrological
projections of annual groundwater pumpage for agricultural
purposes to estimate agricultural crop output to the year 2020.
Crude oil and natural gas production has been projected by the
Texas Water Development Board (28) for use in the Osborn study.
Through the use of an input-output model, the impact of the
declining groundwater and petroleum supplies is being estimated.

A lineage of simulation models by Maki, Suttor, and Barnard (24),
Mullendore (27), MacMillian (23), Doeksen (10), Byerlee and Halter
(7), and Holloway (17) are formulated around the input-output
system of analysis. The equations of the models are arranged in a
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recursive sequence to describe the dynamic behavior of the regional
economies. In this recursive system, the influence of both
exogenous and endogenous variables have a unidirectional
influence on resultant endogenous variables. This framework
allows an explicit causal interpretation of any one variable on the
system. While the dynamic properties and the general framework of
these simulation models are found in the recursive process, output
determination in each year involves the use of the Leontief inverse
matrix, an interdependent system.

All of these models differ only slightly in their basic structure for

the solution in a given year:

(1) Final demand is estimated with some portions (generally,
consumption and investment) determined by previous years’
outputs, incomes, and population and other portions
(generally, exports and government) estimated exogenously.

(2) Sector output is determined by the estimated final demand
subject to constraints on input supplies (e.g.; capital, labor,
water capacity constraints). Prices are constant; that is,
supply is perfectly elastic up to the capacity limits.

(3) Employment, income, population, gross regional product,
value added, and other variables are determined on the basis
of the sectoral output estimates. These variables have policy
implications and/or are needed for determination of final
demand in subsequent years.

Generally, these models are relatively inexpensive to run on a
digital computer and are constructed in a manner conducive to
experimentation in changing parameters and measuring the
resulting impact on the simulated growth sequence.

The High Plains Simulation Model — An Overview 2

The strongest ties to previous models for the High Plains model
is to the Maki, et al., lineage of models. But, whereas these models
are driven primarily by final demand estimates for each year, the
High Plains model is driven primarily by the supply of mined
resources. The rate of production of groundwater, crude oil, and
natural gas have an impact on the High Plains economy through the
standard backward linkages used in the Maki, et al., lineage of
models and through forward linkages such as those used in the
Kelso, Martin, and Mack model of the Arizona economy and in

2A complete listing of equations, variables, matrices and parameters of the High Plains simulation model
is included in the appendix.
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Osborn’s work on the Texas Panhandle. Since the projections
indicate eventual decline in the output of these mined resources,
special attention has to be given to mechanisms for both expansion
and contraction in the regional economy. This required that
variables generally treated exogenously be incorporated endogen-
ously into the model.

The High Plains model is an attempt to trace the impact of mined
resources production on the High Plains economy, assuming that
the agriculture, the petroleum, and the agricultural and petroleum
supply related sectors are the primary driving force in the economy.
In contrast, the Susquehanna model investigated the impact of
demographic and economic activity on water availability. Resource
constraints of time and money prevented use of a more complex
process of export determination such as used in the Hamilton
model. Rates of change in exports are endogenously determined by
the lagged growth rate of the High Plains economy rather than by
exogenous rates of growth from national economic projections in
previous models of the Maki, et al., lineage.

The High Plains model is heavily indebted to Osborn’s (32) work
at Texas Tech University for data and for methodology. Osborn’s
input-output model for 25 counties of Texas is expanded to include
the Oklahoma Panhandle and his projections for groundwater,
crude oil, and natural gas are utilized in the High Plains projections.
Osborn’s methodologies for translating annual groundwater
pumpage into agricultural output by sector and for forward linkage
mechanisms are adopted with minor variations for exogenous
projections that are used in the simulation model.

Figure 2 shows the major relationships in the High Plains
simulation model. The exogenously projected availability of
groundwater for a given year determines agricultural crop output
and, through forward linkages, feedlot livestock and meat product
output. Similarly, exogenously projected crude oil and natural gas
output determines natural gas liquid output. Outputs of these
sectors, determined from mined resource supply characteristics
considered outside of the model, are referred to as “supply output”
sectors. Other sectors of the regional economy are referred to as
“demand output” sectors. Output of the “demand output” sectors is
determined by final demand as found in the traditional input-output
framework (household consumption, government expenditures,
exports, and sales to capital formation) and in the requirements of
the “supply output” sectors from the “demand output” sectors.
Interdependence of “demand output” sectors is accounted for
through a matrix of direct and indirect requirements.
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Output by processing sectors of the regional economy having
been determined, employment-output and income-output ratios by
sector are utilized to determine regional employment and
household income. Regional employment determines regional
population through the labor force participation rate. Population
and household income for a given year are utilized in the model to "
determine household consumption and government expenditure
components of final demand in subsequent years. Exports are
determined by the lagged rate of change in total value added of
processing sectors in the region.

As stated by Richardson (37 , p. 183):

A truly dynamic model must allow for the structural
relations between stocks (capital) and flows (output) and
take explicit account of the fact that substantial increases
in output will create additional capacity requirements so
that projected changes in final demand will not only
require more intermediate goods but also investment
goods from all appropriate sectors in the economy.

Capital formation in the High Plains model is handled through a
simple accelerator where lagged output changes generate induced
investment. Depreciation rates applied to the estimated capital
stock of the region provide an estimate of replacement investment.
Total investment is transferred into sales of regional sectors to
capital formation through a capital coefficients matrix.

Through this process, the components of final demand are
estimated for a given year from stock (capital, population) and flow
(output, income) estimates for previous years. It is assumed that
migration rates will adjust perfectly to provide necessary labor
resources or remove excess labor resources and that the accelerator
mechanism provides capital resources at a rate sufficient to avoid
any capacity constraints.

Projected rates of change in labor-output and capital-output
ratios (not shown in Figure 2) are included in the model to attempt
to account for productivity changes which may have substantial
effects on the growth of important variables in the model. These
projections of productivity change are extensions of time series for
sectors of the input-output model. In addition, yield per acre
increases are estimated in some of the alternate crop output
projections.
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Economic Information System For The High
Plains Of Oklahoma And Texas

Regional information systems, in contrast with regional acounts,
are not constrained by accounting rules but organize information in
an orderly classification that is considered relevant to the analysis
of public and private activities at the regional level (16). Though
regional accounts may be an element of the system, the regional
information system is a more specific, problem-oriented concept.
Starting from a policy problem, such as the impact of some
exogenous force on the regional economy, the regional information
system contains data that is relevant to the specific problem under
consideration. The regional information system presented in this
section was developed to provide data necessary to analyze
structural adjustment to the depletion of mined resources in the
High Plains with a simulation model. Data in the system represent
stocks and flows that are necessary for a dynamic analysis of the
regional economy (34).

Interindustry Transactions Matrix

The interindustry transactions or input-output matrix is both an
accounting system that measures the interdependence of
industries and an analytical tool that evaluates the impact of
changes in autonomous variables. The central concept is a
fundamental relationship between the volume of output and the
volume of inputs for an industry. Input-output analysis as a general
theory of production based on economic interdependence was first
formulated and given empirical content by Wassily Leontief (22) in a
1936 publication entitled “Quantitative Input-Output Relations in
the Economic System of the United States.”

The basic concepts of Leontief’'s system have been related to the
circular flow and general equilibrium concepts of Francois
Quesnay’s Tableau Economique of 1758 and Leon Walras’ general
equilibrium model of 1874 (13, 25). Leontief simplified the general
~equilibrium concept of Walras to one that could be empirically
implemented. This involved two simplifying assumptions that lie at
the heart of input-output analysis:

1. A sector of an input-output model consists of plants

producing only one homogeneous product. But, as stated by
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Baumol (3, p. 480), this can be interpreted rather broadly such
that the good is “...a composite commodity which is made up
of several items produced in fixed proportions.”

2. Resources are combined in fixed proportions in the
production process and the use of inputs expands in
proportion to the level of output. Baumol (3, p. 481) notes that
this assumption is the special case of constant returns to
scale where substitution of one factor for another is not
allowed.

Input-Output Methodology3

The input-output model is generally presented in three parts: a
transactions matrix, a direct coefficient matrix, and a total
requirement or direct and indirect coefficients matrix2® Given the
division of an economic system into sectors, the transactions
matrix is an empirical description of the flow of inputs and outputs
in the system during a particular period of time. This is the basic
matrix of the input-output model from which the other matrices are
derived. Flows of goods and services in the transactions matrix are
expressed in dollar values to the producer (producers’ prices).*
Sectors of the input-output model are divided into two groups, the
processing or intermediate sectors and the final sectors. This
division reflects the distinction made in economic analysis between
the production of goods and services and the final disposition of
goods and services.

The transactions matrix can be divided into four quadrants as
shown in Figure 3. Quandrant | is the processing or interindustry
section of the table and shows the flow of goods and services which
are currently produced and sold but do not reach the ultimate users.
The input-output model concentrates on this quadrant of the
transactions table which shows the interrelationships of interme-
diate (processing) sectors. In an income and product accounting
system, these intermediate flows are netted out because they
represent “double-counting” of the final product.

In Figure 3 a total of “n” processing sectors are listed at the top
and at the left-hand side of Quadrant |I. For a given sector “i”,
reading across a row gives the sales of that sector to all other
sectors in the economy during the time period (usually a year). The

3Eor a more complete presentation of the input-output model, see (25), (37), or (9).

4For a statement of producers’ prices methodology, see (25).
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Figure 3. Schematic Arrangement of Input-Output Transactions
Table

value in the cell where row “i” intersects with column “j”, Xij’
represents the doliar value in producers’ prices of the intermediate
flow between sectors “i” and “j”. Thus, Xjj may be read as the sales

of sector “i” to sector “j” or as the purchase of industry “j” from
industry “i”. That is, reading down a column relates the purchases
of a sector from other sectors. The final demand sectors of
Quadrant Il represent final users in the economy (e.g., households)
and households and industries outside the economy (exports).
Dollar values of sales to final demand sectors are designated as Y, .
Final payments by sector, represented in Quadrant I, represent all
factor payments, depreciation, taxes, and imports. Quadrant IV,
where final demand and final payments sectors intersect inciudes
inputs to final demand sectors not purchased from the processing
sectors of Quadrant | and transfer payments.

The row total for a given sector, X;, represents the gross output
for the sector, the sum of sales to processing sectors plus the sum
of sales to final demand sectors. The column total for a given
sector, Xj, represents the gross outlay for a sector, the sum of
purchases from processing sectors plus the sum of payments to
final payments sectors. Gross output must equal gross outlay for
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each processing sector as the receipts from sales are paid out for
goods and services from processing or final payments sectors.

Thus, the disposition of output in the transactions matrix can be
described by the following set of equations:

_ =

As stated previously, a basic assumption of input-output analysis
is that the flow from sector “i” to sector “j” is always proportional to
the output of sector “j”. This assumption can be stated precisely as
follows:

x.. = a.X. (i=1,---,n) (10
(i

1;"')”)

where aij is a constant that represents the direct purchase by the jth

purchasing sector from the ith producing sector per dollar of outlay
(output) in the jth purchasing sector. A matrix of direct coefficients
is computed from the processing portion (Quadrant I) of the
transactions matrix by calculating:

i=1,---,n)

22 Oklahoma Agricultural Experiment Station




The set of equations given above to show the disposition of
output in the transactions matrix can be written as:

n

S ) i = -
X, = B aX + Y, (i=1---,n (@2

or representing the matrix of direct coefficients, a,.’s, by A, the
disposition of output can now be represented as:

X = AX + Y (13)

where X is a column vector of gross outputs (outlays) and Y is a
column vector of sales to final demand. This can be written as:

X-AX =Y (14)
or
(I-FA) X = Y (15)

Under the condition that (I-A) is non-singular, both sides of the
equation can be multiplied by the inverse of (I-A) yielding

X = (-A)ly (16)

which is the standard “solution” to the input-output system where
total outputs are a function of final demands. Any size and compo-
sition of final demand can be represented in the vector Y and the
level of gross output for each sector is determined. This provides a
powerful tool for the analysis of the impact of exogenous forces on
the economy. (I-A)‘1 is the total requirements or direct and indirect
coefficients matrix. The coefficients in a given column j of this
matrix reflect the total dollar production directly and indirectly
required from each sector i to support a dollar of delivery to final
demand by sector j.

Demand Output

The basic equation of the disposition of output in the
input-output framework was shown to be X = AX + Y and the
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standard solution to be X = (I-A) ! Y. In this analysis of the High
Plains economy the processing sectors have been separated into
two groups, the supply output and demand output sectors. To
identify the structure of this system, the disposition of output
equation is partitioned into submatrices representing supply output
and demand output sectors. This is similar to Romanoff’s (39)
partitioning for basic and non-basic industries. Using the same
symbols used in the preceding paragraph with the subscript “1” for
supply output sectors and the subscript “2” for demand output
sectors, the equation for the disposition of output can be written:

1 Q1 | Q2 || %4 Y

Xy Qoy | Qo || %o Yo

a7)

where the Qj;’s are partitions of the direct coefficients matrix
referred to as “A” above with the i and j row and column indices
indicating supply output or demand output sectors. This can be
rewritten as two equations, the first representing the disposition of
output for the supply output sectors, the second the disposition of
output for the demand output sectors:

X

The output of the supply output sectors, X4, is exogenous. It will
be predetermined and is not affected by the level of output of the
demand output sectors, Xo. In the High Plains simulation model
local uses of supply output (Qq1Xqy, Qq2X5 and non-export
components of Yq) are assumed to take precedence over sales
outside the region. The exports component of Y4 is a residual,
given gross output and the disposition of output to other
processing and final demand sectors. Thus, the two equations are
not solved interdependently on the basis of final demands Y4 and
Yo. Given Xq as exogenous data, Qo¢ and Qoo as parameters of the
model from the direct coefficients matrix, and Yo as the final
demand for the demand output sectors, the solution for Xo can be
derived from the equation for the disposition of Xo. Rewriting the
equation:
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which can be rewritten as:
or:

Xy = (1- Qpo) 1 [Q1Xy + Yol (22)

Equation (22) is similar to the “standard solution” shown in (16)
except that final demand for the demand output sectors is
“adjusted” to include the requirements of the supply output sectors
from the demand output sectors and the output of the supply
output sectors is not induced by the level of demand output
sectors.

The High Plains Transactions Matrix

A primary data input-output matrix for 56 counties of Northwest
Texas in 1967 is the major data source for the High Plains
Transactions Matrix. The data for this matrix was collected by
Osborn and McCray (33) for 94 processing sectors, 6 final payments
sectors, and 7 final demand sectors. This 56 county matrix was
used by Osborn (32) to estimate an input-output model for the 25
Texas counties in the High Plains using a location-quotient
technique. The 25 county model has 43 processing sectors, 6 final
payments sectors, and 7 final demand sectors. It is expected that
this transactions table for the 25 county area is much less
susceptible to problems of differences in production functions, in
product mix, and in import requirements than a table developed
from national coefficients since the subregion accounts for a large
part of the total region for which the primary data model was
developed.

The transactions table for the High Plains of Oklahoma and Texas
(Table 1) estimates flows during 1967 in 1967 prices. To develop the
table, gross outputs by sector for the three Oklahoma counties were
estimated and assuming direct input coefficients to be the same in
the three Oklahoma counties as in the adjacent 25 county Texas
region, the totals were distributed to individual sectors. Due to
minor differences in industrial composition, it was necessary to
make some small balancing adjustments. If expanded requirements
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Table 1.
Dollars)

Input-Output Transactions Matrix — High Plains of Oklahoma and Texas, 1967 (Thousands of

1 2 3 4 5 6 7 8

1 IRR CUTTUN 37.65 0.0 0.0 0.0 v.0 0.0 0.0 0.0
2 IRR FOUO GRAIN 0.0 854.28 0.0 0.0 0.0 0.0 0.0 0.0
3 IKR FEED GRAIN 0.0 0.0 1620.60 0.0 0.0 0.0 276.106 U.0
4 OTHER IRR CRuP 0.0 0.0 0.0 1993.31 0.0 0.0 0.0 0.0
5 DRY CUTTUN 0.C 0.0 0.0 0.0 10.09 0.0 0.0 0.0
6 DRY FOUD GRAIN 0.0 0.0 0.0 0.0 v.0 1105.07 0.0 0.0
7 ODRY FEED GRAIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 OTHER ORY CRUP 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.0
9  RANGE LVSTK 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0
10 FEEDLOT LVSTK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ll AG SERVILES 2192.11 1031.59 4700.67 320.35 676.54 1206.90 704.82 0.0
12 (CRUDE UIL & GAS 0.0 0.0 0.0 0.0 U.0 C.0 0.0 0.0
13 NATL GAS LIQ 0.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0
le  UIL & GAS SERV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 CONSTRUCTIUN 130.93 541.46 1032.49 351.24 clase 170.54 94.15 12.72
16 MEAT PRUDUCTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 FOOD PROCESS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18 TEXTILE PRuUL 0.0 0.0 0.0 0.0 G.0 0.0 0.0 0.0
19 MILLING & FEEUS 0.0 0.0 0.0 0.0 Ge0 0.0 0.0 0.0
20 BEVERAGES 0.0 0.0 0.0 0.0 0.0 G.0 0.0 0.0
21 WOOD & PAPER & PKI 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 CHEMICAL> 1192.175 5280.40 10772.19 1893.01 117.80 715.59 0.0 0.0
23 PETRO PRUDUCT T746.57 2979.62 7502.37 1012.27 192,34 1733.47 1026.60 62.38
24 SUIL & RUCK PRUD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25 METAL PRUDULT 0.0 0.0 0.0 0.0 Vel 0.0 0.0 0.0
26 MACHINERY 0.0 0.0 0.0 0.0 U.U 0.0 0.0 0.0
27 OTHER MFG 0.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 TRANSPURTATIUN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
29 COMMUNICATION 37.¢8 16l.44 297.88 100.62 9.07 48.72 26.89 3.47
30 GAS SERV 250.56 2089.97 2689.02 1963.55 0.0 0.0 0.0 0.0
31 ELECTRIC SERV 132.82 959.44 1434.59 728.71 1.7 4b.72 26.89 3.47
32 WATER & SAN SER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
33 WHL AGR PRUD 0.0 204.79 452.18 77.51 0.0 62420 49.60 0.0
34 WHL PETRO PRUD 0.0 0.0 0.0 0.0 U.0 0.0 C.0 0.0
35 QOTHER WHULESALE 141.24 0.0 0.0 0.0 44.47 0.0 0.0 0.0
36  AGR SUPPLIES 143.25 655.88 1331.22 401.88 15.36 186.26 26.99 0.0
37 GAS SERV STAT 229.32 915.32 2304.48 311.00 29.09 532.49 315.30 19.14
38 OTHER ReTAIL 449.64 1862.24 4018.74 829.33 102.54 754.82 448.31 119.49
39 FINANCE 314.62 1747.99 2820.89 2576.40 55.73 487.30 205.14 61l.86
40 INSUR & Re E. 216.62 4362.38 lo38.41 578.84 46.56 2243463 95.84 21.25
41  EDUCATIUN SERV 185.40 786.39 1459.14 497.23 4u.ie 249.49 132.95 18.09
42 OTHER SERV 139.43 1082.98 1566.29 1921.48 5.10 24.35 13.46 24.28
43 HUUSEHULDS 13447.68 25646.19 81813.75 16278.05 5250428 9693.29 11759.11 4771.41
44 LOCAL GOVT 385.57 1639.26 3042.51 1035.49 82.97 519.95 276.83 38.05
45 STATE GUVT 4.89 19.65 35.77 12.99 1.35 6032 3.49 0.29
46 FEDERAL GOVT 111.16 550.97 1226.79 709.20 24.62 268.01 168.15 4l.62
47 IMPURTS £343.46 8224.86 16677.238 2702.80 537.40 2929.41 1686.96 260.84
48 DEPRECIATIUN 1102.14 8321.90 14159.41 6878.54 222491 2424+ 30 1429.40 91.34

GROSS OUTLAY 23936.20 69919.56 162596.69 45173.80 7529.80 ¢3390.80 18767.10 5549.70
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Table 1 (Continued)

9 10 11 12 13 i% 15 i6

1 IRR COTTuUN 0.C 0.0 596.44 0.0 0.0 0.0 0.0 0.0
2 IRR FOUD GRAIN 0.0 0.0 0.0 0.0 Q.0 V.0 0.0 0.0
3 IRR FEED GRAIN 284,22 25868.85 0.0 0.0 0.0 0.0 0.0 0.0
4 OTHER IRR LROP 800.11 2598.49 0. 0.0 a0 0.0 0.07 0.0
5 DRY COTTUN 0.0 0.0 193.36 0.0 U. 0 G.0 0.0 0.0
6 DRY FOOD GRAIN 0.0 0.0 0.0 0.0 0.0 C.0 0.0 0.0
7 DRY FEED GRAIN 68.58 4076485 0.0 0.0 0.0 0.0 0.0 0.0
8 (UTHER ORY CRUP 405,14 539,66 0.0 0.0 0.0 0.0 0.0 0.0
9 RANGE LVSTK 2042447 3555.71 0.0 0.0 0.0 0.0 14.97 3294.42
10 FEEDLOT LVSTK 0.0 26430 0.0 0.0 v. 0 0.0 0.0 15779.48
11  Ac SERVICES 1412.46 1542.18 263.43 0.0 0.0 U0 0.0 0.0
lez CRUDE UIL & GAS 0.0 0.0 0.0 20.67 9440.62 0.0 0.04 0.0
13 NATL GAS Llw 0.0 0.0 0.0 0.0 0.0 65.57 0.52 0.0
i4 QIL & GAS SkrV 0.0 0.0 0.0 13363.29 T42.82 08474 165.02 0.9
15 CONSTRULTION 589.62 78.94 144,29 28.22 6918420 0.0 269.82 136465
16 MEAT PRUDULTS 0.0 0.0 0.0 0.0 U.0 0.0 1.05 2892.99
17 FOOD PRUCESS 3618.33 3888.86 0.0 0.0 G.0 0.0 0.42 0.0
18 TEXTILE PROD 0.0 0.0 0.0 0.0 0.0 0.0 19.46 0.0
19 MILLING & FEEDS 2483.50 9256.31 0.0 0.0 0.0 .0 6.0 1381.88
20 BEVERAGES 0.0 0.0 0.0 0.0 0.0 0.0 7.98 0.0
21 wWOOD & PAPER & PKI 0.0 29.07 32.31 0.0 0.0 26428 3277.65 227
22 CRAEMICALS 29.20 0.0 0.0 1119.47 204408 0.0 883.00 0.0
23 PETRJ PrULUCT 1322.¢€1 200.05 316.18 830.95 1907.138 1406.82 3276.81 0.74
24 SUIL & RJCK PRUD 0.0 0.0 0.0 72.73 0.0 U0 7140452 0.0
25 METAL PRODULT 0.0 0.0 0.0 0.0 0.0 0.0 9031.28 0.0
26 MACHINERY 0.0 0.0 142,77 3943.39 U.0 0.0 1329.82 0.0
27 QTHER MFu 0.0 0.0 0.0 0.0 492.906 l.206 358l.24 0.0
28 TRANSPURTATIUN 436.3C 29.24 51.01 0.0 0.0 4453 509.70 328,10
29  COMMUNICATIUN 155.82 128453 98.31 315.94 30431 49.82 54T .47 42.79
30 GAS SERV 6. 806 204.64 42,91 32.18 6l.39 1.39 48.41 2.91
31 ELECTRIC SERV 154.57 356496 155.40 261.10 154,03 i7.44 165,09 63.52
32 WATER & SAN SER 0.0 0.0 16.97 2.0 82496 0.46 44.58 88.34
33  WHL AGR PKOD 948.20 5247.10 219.0¢ 0.0 G.0 0.0 0.0 20.83
34  WHL PETwJ PRUD 0.0 0.0 140.006 0.0 0.0 3l.68 97.15 0.0
35 OTHER WHJLESALE 0.0 0.0 93.34 247.57 18o.32 1555481 2021.02 2014.80
36  AGR SUPPLIES 5.34 0.0 0.9 0.0 Q.0 0.0 0.0 0.03
37 GAS SERV HTAT 406432 51l.74 8441 255.53 Ueu 273.068 438.067 0.23
38 UTHER ReTAIL 2374.39 129.20 106.30 194.33 0.0 321.28 473.77 0.0
39 FINANCE 2128.5C 6533435 37.98 0.0 0.0 17.65 854.05 2,27
40  INSUR & Re Es 1930.25 324414 146425 25.78 129.97 1131.638 2453.05 29.08
41 EDUCATIUN SERV 1211.1¢ 70.3% 9.62 5757.11 383.20 124.43 350,17 33.04
42 OTHER SERV 117.80 171.67 994.95 547.22 26454 602.02 2465,01 209.87
43 HOUSEHULOS 22480.69 14610.35 4567.83 83530.69 19143.12 1454434 59679.99 2311.68
44 LOCAL GOVT 2545.06 109.11 2425 1342.02 1l.00 15.89 311.08 4409
45  STATE Guvl 20.01 2l.14 9.20 5525.82 406. 93 128.57 220.25 33.53
46 FEUERAL oOVT 422459 333.15 609,60 83963.00 2L171i.97 791.13 2999.34 187.76
47 IMPURTS 9792. 67 134786450 9406.04 97343.00 57217.94 i0300.72 58072.27 18758.81
48 DEPRECIATIUN T7654.77 3645.44 733.23 98677.88 14217.72 1579.21 2601.206 1622.29

GROSS JUTLAY 08847.56 218413.88 19197.50 397398.00 134054.06 33101.60 166352.56 49242.40
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Table 1 (Continued)

17 18 19 20 21 2 23 24

1 I&R COTTUN 5044.24 0.0 0.0 0.0 Vo0 0.0 0.0 0.0
2 IRR FOUD GRAIN . 0.0 62+.94 0.0 0.0 0.0 0.0 0.0
3 IRR FEEJ GRAIN 0.0 0.0 5050.18 0.0 0.0 0.0 0.0 0.0
4 OTHER IRK CROP 5949.54 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 DRY UOTTun 1421.42 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 DRY FLUU GRAIN 0.0 0.0 16.75 0.0 0.0 0.0 0.0 0.0
7 DRY FEEU GRAIN 0.0 0.0 1270.19 0.0 0.0 V.0 0.0 0.0
8 OTHER DRY LRUP 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 RANGE LVSTK 2672.76 0.0 0.0 0.0 0.0 J.0 0.0 0.0
10 FEEDLUT LVSTK 0.0 0.0 0.80 0.0 G.0 G.0 0.0 0.0
41l AG SERVILES 0.0 995.60 0.0 0.0 V.0 0.0 0.0 0.0
12 CRUDE UlL & GAS 0.0 0.0 0.0 0.0 G.0 v.0 lo410.27 0.0
13 NATL GA> Ll 0.0 0.0 0.0 0.0 0.0 11216456 888.93 0.0
14 UIL & GA> SERV 0.0 0.0 0.0 0.0 0.0 1453.74 1812.01 103.54
15 CONSTRUCTION 53.22 0.0 56.10 l.46 7.83 5927.67 0.35 17.45
16 MEAT PRUDJULTS 0.0 0.0 0.0 0.0 U0 0.0 0.0 0.0
17 FOOD PRUCESS 152.¢€0 0.0 32.78 23.44 v.0 0.0 0.0 0.0
18 TEXTILE PRUD 65.C9 966.94 6.71 0.0 11.06 0.0 0.0 0.0
19  MILLING & Feceus 0.0 0.0 696.73 0.0 Ged 0.0 0.0 0.0
20 BEVERAGE> 0.0 0.0 0.0 95.22 0.0 0.0 0.0 0.0
21 WOOU & PAPER & PKI 29.73 7.29 15.11 0.10 99.7> 31l.41 24c.2l 0.09
22 CHEMICALS 151.74 1.15 C.0 1.17 3.09 9152.94 1711.99 0.0
23  PETRO PRUVULT 164.60 113.58 106.07 82.54 34,80 3145.86 «0262.37 1490.43
24 SUIL & RUCK PROD 0.0 0.0 0.0 0.0 0.0 l.98 10.65 142.65
25 METAL PRUODUCT 0.0 0.0 0.0 0.0 Zelb 60.35 25.18 0.24
26  MACHINERY 0.0 0.0 0.0 5.56 2499 591.36 0.0 0.0
27 UTHER MFG 0.0 0.0 0.0 0.0 vedl 25.07 0.20 0.0
28 TRANSPORTATs UN 256435 17.60 534.09 9.34 203.90 1501.22 3244.38 361.09
29 COMMUNICATIUN 160.C7 52.78 56.14 83.35 12¢.08 144.73 233.52 40.45
30 GAS SERV 200.03 20.49 13.64 22.12 19.95 1922.44 4362.58 7.71
31 ELECTRIC SERV 511.24 22.05 152.21 44455 111.69 2214.04 1519.34 948
32 WATER & SAN SEKR 20.47 14.04 15.69 14.80 15.14 548.00 212.81 5.67
33 WHL AGKR PRUD 204.79 0.0 602.61 0.0 G.0 0.0 0.0 0.0
34 WHL PETRU PROD 42.58 l.45 47.87 3l.47 0.0 0.0 0.0 944
35 OTHER wWHULESALE 264.53 7.62 10.37 32.43 280,10 Lel8.86 232.54 208.70
36 AGR SUPPLIES 0.0 0.0 0.0 0.0 0.ul 0.0 0.0 0.0
37 GAS SERV STAT 11.87 13.45 4.31 0.35 10.52 2.16 444 7.00
38 OTHER RETAIL 33.59 124.04 63.19 0.70 .01 20.70 1z.42 24.41
39  FINANCE 936.04 188.75 44.09 29.86 18.43 18.32 0.0 38.10
40 INSUR & R. Ee. 332.7C 62.57 21.79 32.15 92.¢3 541.01 229.34 52.16
41 EDUCATIUN >ERV 112.51 16.28 42.24 49.96 56459 333.81 977.51 63.17
42 OTHER SErV 353.31 121.09 428.02 112.80 221.72 1292.6¢ 848.10 209.54
43  HOUSEHULDS 6423.82 1105.73 2161.27 4076.05 6897.07 lo517.43 40762.50 4365.72
44 LOCAL GOvr 141.76 0.28 13.43 49.42 45.00 290.46 96.05 23.79
45 STATE GUVT 49.6€1 17.43 38.75 28.89 38.22 212.09 1004.82 56.04
46 FEDERAL GUVT 375.11 48.15 773.45 625.12 1633.48 2239.21 4094.67 717.48
47 IMPURTS 22343.41 1233.14 2163.97 4731.19 5056.88 25633.66 70346.06 4673.09
48 DEPRECIATIUN L675.€7 197.60 273.11 440.56 280.79 13951.10 7637.10 693.56

GROSS OUTLAY 50155.4C 5349.10 14774.60 10624.60 15575.7u Lub908.75 177182.38 13321.00
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Table 1 (Continued)

25 26 27 28 29 30 ERS 32

1 IRR COTTON 0.¢C 0.0 6.0 0.0 G.0 0.0 0.0 0.0
2 IRR FCOD GRAIN 0.C 0.0 0.0 0.0 0.0 0.0 3.0 0.0
3 IRR FEED GRAIN 0.0 0.0 0.0 0.0 V.0 0.0 G.0 0.0
4 UTHER IRK CRUP 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0
5 ORY COTTLN 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0.0
6 DRY FLOD GRAIN 0.0 0.0 0.0 0.0 0.0 0.0 G.0 0.0
7 DRY FEEV GRAIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
& UTHER DRY LRUP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 RANGE LVSTK 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0
10 FEEDLOT LVSTK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 AG SERVICES 0.6 0.06 0.0 0.0 0.0 0.0 0.0 0.0
12 CRUDE OIL & GAS 0.¢ 0.0 0.0 0.0 0.0 27335.40 0.0 6.0
13 NATL GAS LI 0.0 0.0 0.0 0.0 G.u 0.0 0.0 0.0
14 OIL & GAS SERV 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15 CONSTRUCTION 5.66 3.02 0.13 1181.87 47.95 60.08 97.60 552.66
16 MEAT PRUDUCTS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17 FOOD PKOCESS 0.0 0.0 0.0 18.42 0.0 6.0 0.0 0.0
18 TEXTILE PROD 0.0 0.0 0.0 0.0 G.0 2.94 4.93 4.87
19 MILLING & FEEDS 0.0 0.0 0.0 0.0 u.0 0.0 0.0 0.0
20 BEVERAGES 0.0 1.05 0.0 0.0 G.0 0.0 0.0 0.0
21 WOOD & PAPER & PRI 9.13 14463 142.12 15.36 T4.15 18.65 79.68 19.86
22 CHEMICALS 0.0 46,75 0.0 0.0 0.0 0.03 0.59 146436
23 PETRO PRUDULT 9.28 127.50 142461 2063.83 34,10 34455 664,20 68,64
24 SOIL & RULK PKkOD 0.0 0.0 0.0 2.48 U.v 0.0 2.77 111.08
25 METAL PRODUCT 0.42 138.92 248.25 251.34 0.0 G.0 0.39 29.42
26 MACHINERY 0.0 25.25 0.0 20.21 0.0 0.0 0.0 2.83
27 OTHER MFG 0.37 41.08 451.41 78.29 0.0 0.70 3.84 17.05
28 TRANSPURTATIUN 921453 99.99 34.25 641.95 B4.c4 46425 230.82 0.0
29 COMMUNICATIUN 47.12 66,79 70.75 1572.12 116.72 114.75 287.60 27.92
30 GAS SERV 521.74 59.76 14.20 335.76 30,14 056435 9178.90 0.0
31 ELECTRIC SERV 103.29 197.40 42450 464.32 29540 30.82 0.0 704.14
32 WATER & SAN SER 4.42 6.12 9.17 62.40 31.04 9.51 14053 930,39
33  WHL AGR PRUD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
34 WHL PETRO PROV 0.C9 32,34 58.81 1017.84 V.0 T.1c 27.34 23.48
35 OTHER WHOLESALE 40.40 171041 39.06 1665.68 41l.22 95,82 223,11 350,83
36 AGR SUPPLIES 0.0 0.08 0.0 0.0 0.0 0.0 0.0 0.0
37 GAS SERV STAT 2.89 15.43 3.88 0.0 10.46 £8.02 35.11 0.
38 OTHER RETAIL 5.33 34,58 48.62 0.0 3.54 89.03 617.96 0.0
39  FINANCE 37.02 17.06 29.36 46496 7.94 140.62 227.69 0.0
40 INSUR & R. E. 52458 21.12 57.75 1407.54 450441 371.53 399.43 56.81
41 EDUCATIUN SERV 29.90 94.74 44.61 640.26 664,89 687.79 1359.72 0.0
42 GTHER SERV 41,64 348.41 211.91 1319.95 388433 489,31 330.25 0.0
43  HOUSEHULDS 44624717 8439.57 1976.78 22083.99 10673.73 10223.69 28361.49 3369.65
44 LOCAL GUVT 31.72 28.41 13.74 243.61 147,29 875.28 1623.79 0.0
45 STATE GUVT 16419 87.73 41.13 566.89 339402 299.22 645.24 0.0
46 FEDERAL wQVT 588410 1954.19 160.50 1882.09 5124483 2070.03 8084.81 83.07
47 IMPORTS 7882.51 8166.,28 7307.48 6413.96 7600.47 93807413 1648.73 1630.08
48 DEPRECIATIUN 192.60 505.63 183.08 2842.38 5508429 3273.19 7931.12 3083.06

GROSS OUTLAY 15007.10 20745.30 11334.10 46839.50 32471.90  142201.00 61609.70 11212.20
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Table 1 (Continued)

33 34 35 36 37 38 39 40

1 IRKR COTTUN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 IRR FOUD GRAIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 IKR FEED GRAIN 0.0 0.0 0.0 0.0 0.0 U.U 0.0 0.0
4 OTHER IRK CROP 0.0 0.0 0.63 0.0 0.0 0.0 0.0 0.0
5 DRY COTTON 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 DRY FOOU GRAIN 0.0 0.0 0.0 0.0 Vev .0 0.0 V.0
7 ORY FEED GRAIN 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8 OTHER WRY CROP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9 RANGE LVSTK 0.0 0.0 0.0 0.0 V.0 0.0 0.0 0.0
10 FEEDLJIT LVSTK 0.0 0.0 0.0 0.0 0.u 0.0 0.0 0.0
Ll AG ScRVICES 109.21 0.0 0.0 0.0 0.0 0.0 0.0 0.0
< CRUDE UIL & GAS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13 NATL GAS .IQ 0.0 0.0 18.18 0.0 <8.83 0.0 0.0 0.0
l4 OIL & GAS SERV 0.0 0.0 0.0 0.0 U.0 0.0 0.0 0.0
15 CUNSTRUCTION 222.11 947.96 849.54 64.05 151.2> 552.79 4l6.45 487.40
le  MEAT PRULULTS 0.0 0.0 34.45 0.0 0.0 G.0 0.0 2.40
17 FOOD PRUCESS 0.68 0.0 8.88 0.0 0.0 0.0 0.0 0.63
18 TEXTILE PROD 0.0 0.0 0.0 0.0 0.0 Oe44 0.0 0.0
19  MILLING & FEEDS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 BEVERAGES 0.0 0.0 8433 0.0 0.0 0.0 5.93 89.06
21 WUUOD & PAPER & PRI 35.30 413.57 2668433 11.92 G.0 <643.80 7.36 305.00
22 CHEMICALS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 PETRJ PRJVUCT 124.21 0.0 3927.91 24.58 60.55 1133.75 0.0 9.29
24 SOIL & ROCK PRUD 0.0 0.0 0.0 0.0 0.0 0.0 G.0 0.0
25 METAL PRUDUCT 0.0 0.0 0.0 0.0 O.u 24.52 0.0 0.0
26 MACHINERY 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27 OTHER MFG 35.68 0.0 0.0 0.0 0.0 0.0 0.0 0.0
28 TRANSPURTATIuUN 589.15 68.71 4223.93 44.80 G.0 4107.19 24.69 464417
29 CUMMUNICATIUN 122.10 883.76 2008.62 19.74 4c.70 2845.71 503.95 298.08
30 GA> SERV 35.60 91l.i6 295.617 5.01 Ue.u 750457 44.05 118.20
31 ELECTRIC SERV 70.30 455.86 1304.06 27.47 2l0.27 2704.63 289.10 ___._ 539.39
32 WATER & SAN >cR 2.36 60.93 554.19 3.806 0.0 30l1.39 34.98 96.65
33 WHL AGKR PRUD 10.37 0.0 0.0 0.0 V.0 0.0 0.0 0.0
34 WHL PETRU PRUD 2.10 0.0 458.73 0.0 6775.79 l4l.45 0.0 0.0
35 OTHER WHULESALE 76439 2341.42 3506.66 64.70 1055.7> <3893.17 611.33 124.50
36 AGR SUPPLIES 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 GAS SERV STAT 12.47 0.0 870.78 7.55 18.57 261.35 40.64 128.01
38 OTHER RETAIL 16.40 304.91 2638437 51.48 U.0 868.55 101.41 276425
39 FINANCE 487.55 1858.35 1625.17 99.74 46.01 1478.80 1340.85 2012.21
40 INSUR & R. E. 74.58 1158.17 2142465 72.45 237 .48 1930.99 ¢388.16 715.52
41 EDUCATIUN SERV 41.04 272.66 726.04 15.28 43.49 666.46 299.64 726.07
42 OTHER SERV 391.55 498.86 6005.63 97.62 98.88 4368.35 2170.68 1816.70
43 HOUSEHOLDS 2413.15 22152.73 93751.88 1528.23 5261455 ©6953.63 46853.91 20553.39
44 LOCAL GuVvT 48.48 398.14 1049.45 21.08 O4.14 740.90 520.92 512.40
45 STATE GUVT 19.71 92.78 252.48 5.83 14.50 344.09 59.84 523.72
46 FEDERAL G0VT 1025.27 462.82 7686.89 87.81 400.53 8593.65 4117.91 714.62
47 IMPURTS 4108.42 2368.70 14632.99 256.99 195.05 12328.96 7231.97 916.76
48 DEPRECIATIULN 485.¢€2 2361.71 6006.93 256411 <03. 80 41c2.14 1132.23 1600.28

GRUSS UUTLAY 11560.90 37253.20 157917.38 2766.30 14897.80 1lb0823.38 68202.00 32613.00




Ajddng 1e)epn punoin Buluijoeqg v ol ang siuawisn(py

3>

Table 1 (Continued)

49 50 51 32 53 54

41 42 HUUSEHOLDS LOCAL GGVT STATE GUVT FEUEKAL GUVT EXPORTS NET INV CHNG

1 IRR COTTUN 0.C Q0.0 0.0 0.0 G.0Q 14574.61 13950.55 -1l0267.79
2 IRR FGLOD GKAIN 0.0 0.0 0.0 0.0 [VRY) ¢u08l.638 50193.66 -1272.96
3 IRR FEED GRAIN 0.0 0.0 0.0 0.0 0.0 £5691.53 103805.13 G.0
4 OTHER IRR CRUOP 0.C 0.0 4718.87 0.0 U.0 5176.74 21935.64 0.0
5 DRY COTTUN 0.0 0.0 0.0 0.0 U.0 4628.41 4469.32 -3212.80
6 DRY FOOD GRAIN 0.0 0.0 0.0 0.0 Ue0 0710425 15985.15 ~426.40
7 DRY FEED GRAIN 0.0 0.0 0.0 0.0 0.0 5372.0% 7979.47 0.0
8 JTHER URY CROP 0.C 0.0 83.23 0.0 0.0 3208453 1313.14 0.0
9 RANGE LVSTK 0.0 0.0 1533,.51 0.0 lelo £215.79 47840407 2666.72
10 FEEDLOT LVSTK 0.0 0.0 0.0 0.0 0.0 8455 187662.38 14936.39
11 AG SERVICES .0 0.0 504.66 0.0 0.0 0.0 3536.82 0.0
12z CRUDE UIL & GA> 0.0 0.0 0.0 0.0 0.0 0.0 344165.00 0.0
13 NATL GAS LIW 0.0 5.70 0.0 0.0 0.0 J.0 121810.25 0.0
14 OIL & GAS SERV 0.0 0.0 0.0 0.0 0.0 0.0 13396.44 0.0
15 CONSTRUCTION 435.59 853.86 21003.57 417.71 100.30 27.04 1¢751.70 0.0
16 MEAT PRODUCTS 1289.49 105.36 944.29 0.0 0.0 <605.00 42136419 -768.82
17 FOOD PRUCESS 3105.26 115.73 7043.20 0.0 475.21 5806.88 34339.68 ~8475.60
18 TEXTILE PRUD 7.88 0.0 47.70 236.75 32.78 0.0 3952.98 -10.63
19  MILLING & FEEDS 493,48 0.0 0.0 0.0 2.23 0.0 0.0 460447
20 BEVERAGES 0.0 0.0 5868.71 0.0 Vel Va0 4507.40 40,92
21 wWOOD & PAPEK & PRI 501.51 1556.27 1135.50 0.0 135.34 119.84 1952.01 =76.94
22 "CHEMICALS 44,71 l4.24 0.0 210.67 347.58 59.87 67051.81 7775.00
23 PETRU PRUDULT 19.82 3134.23 20.82 2716.14 1380.082 383.80 108443.50 3322.82
24 SOIL & RUCK PRUOD 0.89 0.0 0.0 0.0 40,40 0.68 - 5497.31 296.81
25 METAL PROQUCT 20.70 2036.97 2.38 0.0 31.04 50.67 2295.13 121.15
26 MACHINERY 33.04 0.0 133.28 16.81 ¥0.03 4.38 7206.30 1229.51
27 OTHER MFG 230.62 158.20 0.0 805.16 24.05 26.68 3514.82 11021
28 TRANSPURTATIUN 442027 865.21 19294.04 1.40 224448 5523499 3663.11 0.0
29  COMMUNICATIUN 604409 2434.03 14839,.55 0.0 278.96 803.69 555.37 0.0
30 GAS SERvV 431,40 299.28 9093.09 244,51 23.26 449434 104374.19 0.0
31 ELECTRIC SERV 1216.68 1338.83 25804.44 86.27 144.17 380,64 12952.23 3.0
32 WATER & SAN SER 233.26 199.65 3904.65 30.406 37.37 1078.08 1598.24 0.0
33  WHL AGR PRUD 0.0 0.0 0.0 0.0 0.0 0.0 3429.16 0.0
34 WHL PETRU PROD 0.0 1326.67 23426465 0.0 23.10 566.54 2963.05 0.0
35 OTHER WHULESALE 1026.74 2144.95 49372.74 41ll.44 1¢b.28 183.24 56305.44 0.0
36 AGR SUPPLIES 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
37 GAS SERV STAT 2.32 1059.83 4584.66 1728.60 0.0 0.0 856,24 0.0
38 OTHER RETAIL 8.81 867.43 146077.31 66481 3.55 0.0 1861.08 0.0
39 FINANCE 16.48 1292.15 21192.76 5812.54 839.2¢ $309.95 2044.99 0.0
40 INSUR & Re E. 2257.58 1821.31 2184.85 121.79 i55.25 16.97 0.0 0.0
41 EDUCATION SERV 7.49 384.43 54191.95 0.0 0.0 T407.006 2984.33 0.0
42 QTHER SERV 597.59 4861.56 61137.37 1020.03 148.23 12466.23 37738.79 0.0
43 HOUSEHULDS 52627.61 87869.69 11576.12 7024.65 11509.41 126734.94 163443.00 0.0
44 LUCAL GuvT 1l.44 409.57 8491.21 0.0 1878405 1273.32 0.0 0.0
45 STATE GUVT 2.27 193.92 29187.42 0.0 G0 14301.62 0.0 0.0
4o FEDERAL 50VT 564.95 5860.64 208109.75 313.01 93.43 0.0 0.0 0.0
47 IMPORTS 66T1.26 23144.52 565068.94 9955.71 31676425 105309.31 0.0 i9.10
48 DEPRECIATIUN 11402.57 6643,35 0.0 0.0 v.0 0.0 0.0 0.0
GROSS UUTLAY 84307.75 150047.56 1300577.00 31000.46 49820.80 379622.69 1626487.00 6467.16
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Table 1 (Continued)

55
CAP FORM GROSS OUTPUT

CE~NC U W~

IRR COTTON
IRR FOOU GRAIN
IRR FEED GRAIN
OTHER IRR CROP
DRY COTTUN

ORY FUUD GRAIN
DRY FEED GRAIN
OTHER URY CROP
RANGE LVSTK
FEEDLOT LVSTK
AG SERVICES
CRUDE JIL & GAS
NATL GAS LIQ
DIL & GAS SERV
CUNSTRUCTIUN
MEAT PRODUCTS
FOOD PROCESS
TEXTILE PRUD
MILLING & FEEDS
BEVERAGES

WOOU & PAPER & Pkl
CHEMICALS

PETRO PRUDUCT
SUIL & RUCK PROU
METAL PRODUCT
MACHINERY

OTHER MFG
TRANSPURTATION
CUMMUNICATION
GAS SERV
ELECTRIC SERV
WATER & 3AN ScR
WHL AGR PRUD
WHL PETRJ PROD
UTHER WHOULESALE
AGR SUPPLIES
GAS SERV STAT
OTHER RETAIL
FINANCE

INSUR & R. E.
EDUCATIUN SERV
OTHER SERV
HOUSEHJLOS
LOCAL GUVT
STATE GUVT
FEDERAL wUVT
IMPORTS
DEPRECIATILN
GROSS OUTLAY

1085

N
w

PN

NODOOQCOOOrHODOOOOONLOOODO

0 OO0OCCOOOF,FOOOOOOCOOOOL GO
(=}

-

0.0
636.517
3967.77
1734.38
174.30
45490
0.0
0.C
0.0
32.50
0.0
444,40

3

23936.20
69919.56
162596.69
43173.80
7529.80
23390.80
18767.10
5549.70
68847.506
218413.88
19197.50
397398.00
134034.50
33101.60
166352.56
49242.40
50155.40
5349.10
14774.60
10624460
15575.70
108986.75
177182.38
13321.00
15007.10
20745.30
11334.10
46839.50
32471.90
142201.00
61609.70
11212.20
11560.90
37253.20
157917.38
2766430
14897.80
166823.38
68202.00
32013.00
84307.75
150047.56
1300577.00
31000.46
54889.65
388264.069
1488824.00
248346.00
6417136.00




due to the addition of the three Oklahoma counties could not be
supplied from the additional output of the counties, exports, if
available, were decreased; but, if exports were not available,
imports were increased. The High Plains input-output transactions
account has 42 processing sectors (swine and cattle feedlot sectors
of the 25 county model were aggregated), 6 final payments sectors,
and 7 final demand sectors.

By reading down a column of the transactions table, the dollar
value of inputs that a given sector purchased from the sectors
identified on the left side of the table can be determined. For
example, in 1967, the Range Livestock sector (column 9) purchased
$2,483,500 of output from the Milling and Feeds sector (row 19),
made payments to Households (row 43) of $22,480,690, paid
$9,792,670 for Imports (row 47), and made other purchases as listed
in the column. An examination of the sales distribution of a given
processing sector involves a movement across the industry’s row in
the transaction table. It was noted that the Range Livestock sector
(column 9) purchased $2,483,500 of output from the Milling and
Feed sector (row 19). This is the same as reading across row 19 and
finding that the Milling and Feeds sector sells $2,483,500 of output
to the Range Livestock sector. That is, transactions are interpreted
as sales or purchases, depending on whether one reads across a
row or down a column.

The High Plains is a relatively “open” economy, meaning that a
large proportion of the regional transactions is made with parties
located outside of the region. Firms within a given sector generally
import many inputs for their production processes. Inspection of
the transactions table indicates that the dollar values of imports
(row 43) represent a large proportion of gross outlays in most
sectors. Also, firms in the High Plains export large amounts of
output as can be seen by inspection of the dollar values of exports
(column 53) relative to the gross output for each sector. Agriculture
and petroleum sectors are seen to be the leading exporters in the
region.

Capital and Human Resources Accounts

To formulate the analysis of the High Plains economy in a
dynamic model a capital acount is estimated. This includes
estimates of a capital coefficient matrix, capital-output ratios, the
capital stock and depreciation coefficients. The capital coefficient
matrix is computed from a national 1963 capital flow matrix (60).
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Each capital coefficient is an estimate of the amount of capital
goods purchased from a sector per dollar of capital expenditure for
a given sector. The estimated capital-output ratios for each
processing sector are average ratios of the net value of plant and
equipment to output. These ratios are derived from Internal
Revenue Service data for nonagricultural sectors (56) and from
Oklahoma State University budget studies for agricultural sectors
(14). The same respective sources are used to derive depreciation
coefficients. The depreciation coefficients represent annual
depreciation per dollar of depreciable assets.

Estimates of population, employment, employment-output ratios
and income-output ratios are included in the human resources
account. Given sectoral outputs for the processing sectors of the
input-output model, these data can be used to estimate
employment and household income in the region.

Projections Of Agricultural And Petroleum
Outputs

Annual projections to 2010 of the supply-determined output of
the agricultural crop and range livestock, crude petroleum, natural
gas, and natural gas liquids sectors are made independently of the
High Plains simulation model. Agricultural feedlot livestock output
and other impacts on the regional economy of projected outputs in
these sectors is estimated by the simulation model.

Agricultural Crop Output

Output projections for the eight crop sectors (sectors 1-8) of the
input-output model have been made by Osborn for the Texas
portion of the High Plains of Texas and Oklahoma (32). These
projections were made separately for two regions of the Texas
Panhandle. One of the regions, “Lower 2A”, is south of Hartley,
Moore, Carson, Gray, and Wheeler counties and extends to the
southern boundary of the study area while the other region, “Upper
2A”, consists of Texas counties north of Lower 2A and extends to
the Oklahoma Panhandle. Basic to these output projections are
projections of water pumped in acre-feet for each year to 2010 by
the Texas Water Development Board (59). Depletion of groundwater
in the Lower 2A area has resulted in increased pumping costs for
irrigation to the point where the annual acre-feet of water pumped is
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expected to decline from 1967 to 2010. Upper 2A, which began
extensive development of its water resources for irrigation purposes
about 20 years later than in Lower 2A, is projected to have large
increases in the annual acre-feet of water pumped until 1990; after
which, a decline is expected. Using log data of observed water
decline rates, the Texas Water Development Board projections are
based on the history of pumping and development in the regions
studied. Included in the estimates are factors to account for natural
recharge (one-half inch per year), for recirculation (ten percent), and
for withdrawal from playa lakes.

Alternative Water and Yield Assumption

Four different projections of crop output by sector are made for
the High Plains. All of these projections use Osborn’s basic
methodology for converting projections of water available each year
into crop output estimates by sector. These four variations derive
from different groundwater and yield projections. The crop output
projections are made for three subregions of the High Plains:
Lower 2A of Texas, Upper 2A of Texas and the Oklahoma
Panhandle. Crop output projections for these areas are aggregated
for use in the simulation model but the breakdown is necessary due
to different water situations north and south of the Canadian River,
to different cropping patterns over the three subregions, and to the
need for projections at the county or community level in later
studies.

Water Projection |. Water Projection | utilizes the Texas Water
Development Board projections for the Upper and Lower 2A
subregions and estimates water pumpage in the Oklahoma
Panhandle on the basis of the trend in Upper 2A. The Upper 2A area
of Texas and the Oklahoma Panhandle are part of the same major
section of the Ogallala aquifer and have had a close correspondence
in their historical development of the groundwater resource. The
Texas Water Development Board projections to 2010 for Upper 2A
are composed of ten year linear sections. The percentage change in
pumped water over each of these ten year sections has been
computed and applied to the 1967 base year estimate of water
pumped for irrigation purposes in the Oklahoma Panhandle. This
estimate is from a study with survey data made by the Oklahoma
Water Resources Board (31). Linear functions were fitted to these
estimates by decade to provide the projected annual acre-feet of
water pumped in the Oklahoma Panhandle.
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Water Projection Il. Water Projection Il utilizes the Texas Water
Development Board projections of water pumpage for the Texas
Lower 2A subregion and projections from a study by Bekure (4) for
the Texas Upper 2A and Oklahoma Panhandle subregions. Bekure’s
study includes the Oklahoma Panhandle, a major portion of Texas
Upper 2A, and several counties in Southeast Colorado and
Southwest Kansas. The Ogallala Formation, an unconsolidated
aquifer that underlies most of the Great Plains area, extending from
the southern half of South Dakota to a few miles north of the Pecos
River in Texas, has three separate, unconnected subdivisions.
These subdivisions are a result of the North Platt River, the
Arkansas River and Canadian River having cut completely through
the formation. Bekure’s study area is the central part of the Ogallala
Formation bounded by the Arkansas River on the north and the
Canadian River on the south. For Water Projection Il the trend in
Bekure’s study area for his “Model II” assumptions is assumed to
apply in the Texas Upper 2A and Oklahoma Panhandle subregions.

Bekure projects the rate of groundwater withdrawal over time
using a recursive linear programming (RLP) model. The RLP model
is an adaptation of the static linear programming model where the
solution to the model in period t +1 is dependent on the solution to
the model in period t. The model maximizes net returns to land and
management subject to production restrictions including the soil
and water resource base. Each time period represents a span of ten
years. Bekure’s “Model II” solves the problem of how to allow for
the rate of irrigation growth in the production model by allowing the
study area to produce more than its historic share of projected U. S.
production subject to an upper limit representing the maximum rate
of irrigation growth. This maximum rate is determined by an
exponential growth model based on the rate at which the maximum
physical limit in number of irrigated acres was being approached in
the recent past. If a restriction was not imposed, the mode! would
have all irrigable acres in the study area irrigated in the initial time
period.

Average annual rates of change in the number of acre-feet of
water pumped per year in the Bekure study area were computed for
ten year periods using mid-years as representative of the average
annual pumpage rates. These rates were then applied to base year
data from the Texas Water Development Board for the Texas Upper
2A subregion and from the Oklahoma Water Resources Board for
the Oklahoma Panhandle. These projections resulted in some rather
abrupt changes in rate of change between ten year periods that are
not representative of the history of the Bekure study area or areas
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such as Texas Lower 2A where irrigation developed twenty years
earlier than in the area of the High Plains north of the Canadian
River. To resolve this problem the projections were smoothed by
fitting a logistic (Pearl-Reed) curve to the data (8).

Figure 4 shows graphically the annual acre-feet of water pumped
for irrigation purposes from 1967 to 2010 for the High Plains Water
Projections | and Il. Table 2 reports the projected acre-feet of water
pumped in each year from 1967 to 2010 for each subregion and
Water Projections | and Il. Though the Texas Water Development
Board and Bekure both project decreases in water usage beginning
from 1990 to 1995 for the Upper High Plains, they reach the turning
point with different trends. Whereas the most rapid growth in the
Texas Water Development Board’s projection is in the 1980-90
decade, Bekure’s projection indicates the most rapid growth in the
1970’s with growth increasing at a slower rate through the 1980’s
and 1990’s.

5.0' n|:|
— on ° o
o o |-"o o
8 % % o
S 47+ a? °, o
o -] o ]
e e o &
E DI:I o 00 OD
2 44f S ° °8
s . . "8,
= o o 0%
,_?'_’ 4.1+ o a o
3.8y S ° o = Water Projection I
o 000 0% o = Water Projection II
3'5- uI:O ° ' L 1 1 1
1968 1976 1984 1992 2000 2008
Year

Figure 4. Annual Acre-Feet of Water Pumped for Irrigation, Water
Projections | and Il, High Plains of Oklahoma and Texas,

1967-2010

Yield Assumptions. Water Projections | and |l are the bases for
two separate projections of crop output. Constant yield per acre
versus projected increases in yield per acre applied to the two
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Table 2. Acre-Feet of Water Pumped for Irrigation, Water Projections | and Il, High Plains of Oklahoma and
Texas, Total and Subregions, 1967-2010

Texas Texas Oklahoma Total High Plains
Year Lower 2A Upper 2A Panhandle of Oklahoma and Texas
Water Water Vater Water Water Vater Water
Projections I and IT Projection I Projection IT Projection I Projection IT Projection I Projection IT

1967 1,454,144 1,597,557 1,597,557 397,231 397,231 3,448,932 3,448,932
1968 1,447,478 1,618,541 1,665,661 403,688 414,702 3,469,707 3,527,841
1969 1,440,812 1,639,524 1,734,719 410,146 432,225 3,490,482 3,607,756
1970 1,427,480 1,681,491 1,804,020 416,603 449,760 3,525,117 3,681,260
1971 1,410,968 1,706,859 1,873,304 423,061 467,224 3,540,888 3,751,496
1972 1,394,455 1,732,227 1,942,325 429,518 484,567 3,555,743 3,821,347
1973 1,377,943 1,757,596 2,010,867 435,975 501,720 3,571,514 3,890,530
1974 1,361,431 1,782,964 2,078,749 442,433 518,659 3,586,828 3,958,839
1975 1,344,919 1,808,332 2,145,974 448,890 535,312 3,602,141 4,026,205
1976 1,328,406 1,833,700 2,212,089 455,348 551,651 3,617,454 4,092,146
1977 1,311,894 1,859,068 2,277,052 461,805 567,593 3,632,767 4,156,539
1978 1,295,382 1,884,437 2,340,592 468,263 583,136 3,648,082 4,219,110
‘1979 1,278,869 1,909,805 2,402,784 474,720 598,220 3,663,394 4,279,873
1980 1,262,357 1,935,173 2,463,291 481,178 612,880 3,678,708 4,338,528
1981 1,248,057 2,038,084 2,522,130 506,766 626,995 3,792,907 4,397,182
1982 1,233,757 2,140,996 2,579,023 532,355 640,628 3,907,108 4,453,408
1983 1,219,457 2,243,907 2,634,089 557,943 653,674 4,021,307 4,507,220
1984 1,205,157 2,346,818 2,687,327 583,532 666,228 4,135,507 4,558,712
1985 1,190,857 2,449,730 2,738,577 609,120 678,203 4,249,707 4,607,637
1986 1,176,557 2,552,641 2,787,700 634,709 689,619 4,363,907 4,653,876
1987 1,162,257 2,655,553 2,834,583 660,297 700,513 4,478,107 4,697,353
1988 1,147,957 2,758,464 2,879,602 685,886 710,874 4,592,307 4,738,433
1989 1,133,657 2,861,376 2,922,739 711,474 720,640 4,706,507 4,777,036
1990 1,119,357 2,964,287 2,963,513 737,063 729,934 4,820,707 4,812,804
1991 1,103,063 2,946,343 3,002,425 732,600 738,709 4,782,006 4,844,197
1992 1,086,769 2,928,398 3,039,539 728,138 746,983 4,743,305 4,873,291
1993 1,070,475 2,910,454 3,074,420 723,676 754,782 4,704,605 4,899.677
1994 1,054,181 2,892,509 3,107,687 719,214 762,069 4,665,904 4,923,937
1995 1,037,887 2,874,565 3,138,935 714,752 768,949 4,627,204 4,945,771
1996 1,021,592 2,856,620 3,086,975 710,290 756,264 4,588,502 4,864,831
1997 1,005,298 2,838,676 3,035,408 705,828 743,643 4,549,802 4,784,349
1998 989,004 2,820,731 2,984,278 701,366 731,100 4,511,101 4,704,382
1999 972,710 2,802,787 2,933,709 696,904 718,709 4,472,401 4,625,128
2000 956,416 2,784,842 2,883,650 692,442 706,436 4,433,700 4,546,502
2001 938,540 2,764,465 2,834,062 687,375 694,320 4,390,380 4,466,931
2002 920,663 2,744,087 2,785,056 682,307 682,301 4,347,057 4,388,020
2003 902,787 2,723,710 2,736,799 677,240 670,435 4,303,737 4,310,021
2004 884,910 2,703,332 2,688,621 672,173 658,701 4,260,415 4,232,232
2005 867,034 2,682,955 2,641,584 667,106 647,108 4,217,095 4,155,726
2006 849,158 2,662,577 2,594,708 662,038 635,646 4,173,773 4,079,512
2007 831,281 2,642,200 2,548,550 656,971 624,337 4,130,452 4,004,168
2008 813,405 2,621,822 2,502,943 651,904 613,114 4,087,131 3,929,462
2009 795,528 2,501,445 2,457,860 646,836 602,059 4,043,809 3,855,447
2010 777,652 2,581,067 2,413,441 641,769 591,148 4,000,488 3,782,241




different water projections provide two more alternative projec-
tions. The crop yield projections used were developed by the U. S.
Department of Agriculture for use in the OBERS projections (44).
The projections are to 2020 and are made by state, by crop, irrigated
and dryland. The general assumption behind these projections is
that yields will increase at a decreasing rate in the 1970-2020 period.
The general technique used to estimate yield projections was a
linear potential, Spillman-tvpe curvilinear rearession maodel that
projects yields to increase at a aecreasing iate over time (44, pp.
6-10). The linear potential for the year 2020 is used as a constraint.
From the projections of yield per acre for 1980, 2000, and 2020, the
average annual rates of change were computed for each of the three
periods and used for crop output projections in the High Plains.
These average annual rates of change in yield per acre are given in
Table 3, by sector and by state.

Table 3. Annual Percentage Change in Yield Per Acre by Sector for
Oklahoma and Texas

Annual Percentage Change in Yield
State - Sector Per Acre
1967-80 1981-2000 2001-2010
Oklahoma ’
Irrigated Food Grain 1.88 1.37 0.82
Irrigated Feed Grain 2.30 1.43 0.73
Dryland Food Grain 1.23 1.1 0.69
Dryland Feed Grain 1.65 1.26 0.77
Texas
Irrigated Cotton 1.40 0.13 0.10.
Irrigated Food Grain 1.82 1.26 0.63
Irrigated Feed Grain 1.96 1.21 0.73
Other Irrigated Crops 1.12 1.12 0.72
Dryland Cotton 0.86 0.12 0.10
Dryland Food Grain 0.87 0.87 0.55
Dryland Feed Grain 1.36 1.36 0.77
Other Dryland Crops 1.06 1.06 0.68

Crop Output Determination

Given total acre-feet of water used for irrigation in a subregion
from the water projections described above, the estimation of crop
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output by sector proceeds as follows:

1. Total acre-feet of water is allocated to sectors on the basis of
base year, 1967, water use by crop in the subregion.

2. Water requirements by sector in the base year in acre-feet per
acre are divided into their respective acre-feet of available
water to estimate acres of irrigated land in each sector.

3. The total number of acres planted for each sector in 1967 are
assumed to be the total acres available for the respective crops
in subsequent years and the number of irrigated acres of a crop
is subtracted from total acres available for an estimate of
acres of dryland production of a crop.

4. Estimates of revenue (including government payments) per
planted acre for each sector are multiplied by the number of
acres for respective sectors to estimate gross dollar output by
sector.

5. For the set of projections of gross dollar output where
productivity increases are incorporated, the revenue per acre
is increased each year by the average annual rate of change in
yield per acre described in the preceding paragraph.

For the Texas subregions the parameters for the estimation
procedure are from Osborn’s (32) projections. For the Oklahoma
Panhandle subregion, base year total water pumped for irrigation,
the ratio of water pumped for irrigation by sector to total water
pumped for irrigation, and water requirements in acre-feet per acre
by crop are from the Oklahoma Water Resources Board (31), total
acres planted by crop are from the United States Department of
Agriculture (45), and revenue per acre by crop sector is estimated
from 1967 acreages and input-output model gross dollar outputs.

Agricultural Livestock Output

For the dairy, poultry and range livestock sector (sector 9), gross
dollar output is projected at the rate projected by the OBERS
projections of livestock output for Water Resources Region 1109
(57). The OBERS projection is for a 3.2 percent average annual
growth rate from 1967 to 1980 and a rate of 1.7 percent from 1980 to
2010.

Projections of feedlot livestock output are made in the simulation
model. This projection is based on the interaction of an adjustment
factor with the potential feedlot output. The adjustment factor, 33
percent, represents the average annual rate of increase in total
marketings of cattle and calves on feed for slaughter from 1968
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through 1972 in the Texas portion of the study area as reported by
the Texas Crop and Livestock Reporting Service (43). To adjust to
the potential without an abrupt stoppage of feedlot growth. the
adjustment rate is arbitrarily set at 15 percent from 1973 through
1975, 5 percent from 1976 to 1980, and 1.7 percent for 1981 through
2010. The potential feedlot output is defined as the number of cattle
which can be fed from feed grain output in the region assuming the
feed grain requirement per dollar of output in the input-output
model remains constant. The availability of locally produced feed
grains as arestraining force on growth in feedlot livestock output in
the High Plains is analyzed by W. D. Purcell (36). This further
assumes that the proportion of feed grains imported by the feediot
sector in 1967 remains constant. Each year feedlot livestock output
is increased over the previous year by the adjustment factor unless
a slower growth rate is specified on the basis of feed grain
availability in the region.

Petroleum Output

Projections of annual crude petroleum and natural gas physical
output (sector 12) for the twenty-five Texas counties are from the
Texas Water Development Board (28). Prices (1967 level) for crude
petroleum and natural gas applied to the physical output figures to
estimate gross doliar output are from the work of James Vinson for
the Texas Input-Output Model (58).

The Texas Water Development Board projections used baseline
projections for 1975, 1980, and 1985 made by the Texas
Mid-Continent Oil and Gas Association for a 56 county area of
Texas. These data were broken into county estimates by the Texas
Water Development Board on the basis of data from the Texas
Railroad Commission on actual production by county. “Decline-
curve analysis” was then applied to make projections to the year
2020 (28, p. 7). The Texas Water Development Board describes this
as involving extrapolation on the basis of past trends and
judgement. S. H. Schurr describes decline-curve analysis as
follows (41, p. vii):

A particular form of trend extrapolation which has found
much favor in the literature of oil and gas projections is
the so-called decline-curve analysis, which generalizes
from the past production record of exhausted oil fields to
obtain a curve which purports to describe the future
national behavior of output.
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While this type of projection methodology is rejected by Schurr at
the national level, it is more appropriate at the regional level where
characteristics of exhausted and producing fields can be more
carefully matched. However, the exact manner in which this was
done is not reported by the Texas Water Development Board so that
a definitive critical evaluation of the projections is not possible. For
purposes of this study the alternative was to make projections
independently without the petroleum industry experience and
expertise available from the contributors to the Texas Water
‘Development Board study.

For the three counties of the Oklahoma Panhandle the actual
production of crude petroleum and natural gas as reported by the
Oklahoma Corporate Commission (29) and 1967 prices referred to
above were used through 1973. Projections of output from 1974 to
2010 were made on the basis of projections made at the state level
for Oklahoma by the Oklahoma Energy Advisory Council (30). The
projections for the state of Oklahoma were to 1990. For the
Oklahoma Panhandle these negative growth rates, 2.3 percent per
annum for natural gas and 3.6 percent per annum for crude
petroleum, were extended until 2010.

Gross output of natural gas liquids (sector 13) are projected on
the basis of the assumption that their output will maintain the
proportionate relationship to crude petroleum and natural gas
production that existed in 1967. This method was used by Osborn in
his studies of the Texas Panhandle, based on the opinion of experts
in the petroleum industry (32).

These projections of petroleum output do not take into account
any effects that could result from changes in prices, taxation
policy, future discoveries, or changes in production technology.
From a gross output of $397,398,000 in 1967, sector 12 output
increases to $420,701,000 in 1970. Then output declines steadily
from 1970 to 2010 when gross output is projected to be
$168,018,000. Sector 13 output is $134,035,000 in 1967 and remains
proportionate to sector 12 output.

Results Of High Plains Simulation Model

The term “simulation” as used among economists has been
defined by Irma Adelman as follows (1, pp. 268-269):

The term ‘simulation’ has been generally reserved for
processes using a physical or mathematical analogue and
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requiring a modern high-speed or analogue computer for
the execution of experiments.

Quite specific solutions are obtained by simulation techniques.
Adelman further explains the nature of simulation models (1, p.
269):
Given a particular set of initial conditions, a particular set
of parameters, and the time period over which the model
is to be simulated, a single simulation experiment yields
a particular numerically specified set of time paths for the
endogenous variables (the variables whose values are
explained by the model). A variation in one or more initial
conditions or parameters requires a separate simulation
experiment which provides a different set of time paths.

Thus, by comparing solutions from various runs of the simulation
model some of the properties between the input and output
quantities in the economic system investigated can be inferred.

The High Plains simulation model is formulated around the
input-output system of analysis. In general, the equations of the
model are a series of difference equations arranged in a recursive
sequence to describe the dynamic behavior of the regional
economy. In a recursive system the influence of both exogenous
and endogenous variables has a unidirectional influence on
resultant endogenous variables. This framework allows an explicit
causal interpretation of the effects of any one variable on the
system. While the dynamic properties and general framework of the
High Plains simulation model are found in this recursive process,
output determination in each year involves the use of an
interdependent system, the Leontief inverse matrix, and a feedback
loop. The High Plains simulation model is a deterministic model. A
deterministic model is one that, given the assumptions on the
nature of the process, the set of parameters, and the initial
conditions, will predict an exact outcome of the situation. In
contrast, a probabalistic or stochastic model is one that deals with
situations where there are random processes involved.

In general terms, the operation of the simulation model for a
given year is as follows: (1) estimating final demand, (2)
determining sector output subject to predetermined agricultural
and petroleum outputs, and (3) determining sector and regional
employment and income, and regional population. The data
generated on output, employment, income, and population are

Adjustments Due To A Declining Ground Water Supply 43



used in the process of estimating final demand for the following
year. The full specification of the High Plains general type of model
can be found in Doeksen and Schreiner’s Interindustry Models For
Rural Development Research (11).

Several scenarios of the High Plains economy from 1967 to 2010
are summarized in this section. The projection of variables in the
High Plains simulation model are on an annual basis so that time
paths from the base year to the terminal year can be traced and
analyzed. The terminal year, 2010, was selected in order to observe
the effects of declines in the annual water pumped for irrigation.

Empirical estimates of variables of primary interest to planners in
business and government are presented: population, output,
employment and household income. To facilitate orderly presenta-
tion, a “base” projection is identified and discussed in detail in the
first section of the chapter. Then, as exogenous supply output data
and selected parameters are changed, the alternate scenarios of the
High Plains economy can be related to the base projection. After
the base projection, the results from an alternate annual
groundwater pumpage schedule and the corresponding crop
outputs are reported. The importance of the mining sectors in the
High Plains economy is analyzed by describing the effects of an
alternate assumption on crude petroleum and natural gas output.
And, the effects of variations in selected parameters of the model
are studied. These experiments demonstrate the capability of the
High Plains simulation model to incorporate changes in exogenous
supply outputs and selected parameters.5

Base Projection

Water Projection Il, which utilizes the Texas Water Development
Board (59) projection of annual water pumpage for the Lower High
Plains and the Bekure (4) study for the Upper High Plains, is
assumed for the crop output projections for the base projection of
the High Plains economy. As presented in Table Il, the Water
Projection |l assumptions result in projections of the annual
acre-feet of water pumped for irrigation that decrease steadily form
1967 to 2010 for the Lower High Plains. But, in the Upper High
Plains there is a steady increase in the annual acre-feet of water
pumped for irrigation from 1967 to 1995 and a steady decline from
1995 to 2010. And, when the total acre-feet of water pumped

5_The model was programmed in the Fortran IV language and computer runs for the 44 years from 1967 to
2010 cost approximately $15 each.
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annually in the High Plains is considered, it has the same 1995
turning point as indicated for the Upper High Plains. Also
incorporated as an assumption for the base projection are the
increases in yield per acre from the U. S. Department of Agriculture
(44) for the OBERS projections. Other data and the specification of
the model are as discussed previously.

Population

The base projection of total population in the High Plains from
1967 to 2010 is illustrated in Figure 5 and recorded in Table 4.
Population increases at an average annual rate of 1.7 percent from
1967 to 1979. After 1979, there are small increases until the peak
population of 443,958 is reached in 1981. This peak year population
is 22.5 percent greater than the base year, 1967, population of
362,361. From 1979 to 1996, a 17 year span, population is relatively
stable in the High Plains with a small, overall downward trend. The
population of 432,263 in 1996 represents a decrease of 10,074 or 2.3
percent from the 1979 population of 442,337. From 1996, the
simulated population of the High Plains begins a steady decline at
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Figure 5. Population, Base Projection, High Plains of Oklahoma
and Texas, 1967-2010
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Table 4. Population, Total Employment, And Disposable Income
Per Capita, Base Projection, High Plains Of Oklahoma And Texas,
1967-2010

Year T Population Total - Disposable
" Employment Income per Capita
Number ‘Number 1967 Dollars
1967 362,361 153,295 3,010
1968 363,084 155,074 3,081
1969 365,099 157,677 3,157
1970 370,857 161,086 3,219
1971 378,455 164,756, 3,270
1972 386,732 169,347 3,333
1973 397,111 173,795 3,372
1974 407,135 177,748 3,411
1975 415,977 181,826 3,462
1976 425,097 185,623 3,486
1977 433,541 188,255 3,497
1978 439,177 189,769 3,510
1979 442,337 190,489 3,528
1980 443,570 190,846 3,553
1981 443,958 190,904 3,579
1982 443,649 190,437 3,602
1983 442,120 189,824 3,633
1984 440,256 189,236 3,666
1985 438,455 188,773 3,702
1986 436,943 188,740 3,739
1987 436,430 188,912 3,772
1988 436,393 189,182 3,804
1989 436,577 189,488 3,835
1990 436,755 189,660 3,865
1991 436,806 189,646 3,893
1992 436,388 189,471 3,922
1993 435,498 189,204 3,953
1994 434,449 188,909 3,985
1995 433,340 188,628 4,019
1996 432,263 187,697 4,043
1997 429,699 185,983 4,061
1998 425,348 183,624 4,082
1999 419,532 180,967 4,110
2000 413,050 178,304 4,144
2001 406,563 175,740 4,181
2002 400,317 173,031 4,213
2003 393,751 170,172 4,244
2004 386,859 167,271 4,279
2005 379,884 . 164,431 4,315
2006 373,080 161,702 4,354
2007 366,502 159,124 4,394
2008 360,297 156,655 4,433
2009 354,352 154,279 4,473
2010 348,629 151,954 4,511
Total Disposable
Year Population Employment Income per Capita
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an average annual rate of 1.5 percent to the terminal year, 2010.
Population in the terminal year is 348,629. This is 3.4 percent less
than the base year population and 21.5 percent less than the peak
year population.

Thus, if the assumptions of the High Plains base projection are
accurate, the decline in annual pumpage of groundwater for
irrigation purposes after 1995 will be accompanied by a decline in
the total population of the region. However, expectations that
population will follow the same trend as the annual acre-feet of
groundwater pumped for irrigation purposes, increasing to 1995
and then declining, are not supported by the base projection. In
contrast to the trend for irrigated crop production, population is
projected to be relatively stable for 17 years before it starts to have a
strong downward movement. This trend for population growth has
important implications for the provision of public services which is
discussed in the following section.

There are a number of interacting factors which account for the
trend in population growth reported for the base projection. The
following discussion summarizes these factors and the following
subsections on output, employment and income provide more
detail. Of primary importance in the period of population increase
are the forward linkages from feed grain to feedlot livestock to meat
products and backward linkages of these sectors to other sectors in
the High Plains economy. After the growth of feedlot livestock
production becomes restricted by local feed grain output in 1978,
the population becomes relatively stable. Although there is
continued growth in the output of most sectors of the reaional
economy until 1995, it is not of such proportions as to overcome
decreases in employment-output ratios. The result is relatively
stable total employment and population. After 1995, decreases in
water pumpage are reflected in crop output and in the operation of
backward and forward linkages of the High Plains economy. These
decreases in economic activity are accentuated by continued
decreases in employment-output ratios. All of this occurs while
output and employment are decreasing in petroleum and
petroleum-related sectors from 1970 to 2010.

Sector Output

Table 5 presents base projections of gross output in 1967 prices
for each of the 42 processing sectors in the High Plains economy.
The 44 years of output data estimated for each of the 42 sectors by
the simulated model are difficult to comprehend in total. To avoid

Adjustments Due To A Declining Ground Water Supply 47



Table 5. Gross Output By Sector, Base Projection, High Plains Of
Oklahoma And Texas, 1967, 1995 And 2010

Gross Output in Thousands of
Sector 1967 Dollars
Number Name -1967 1995 2010
1 Irri. Cotton 24,656 21,772 16,589
2 Irri. Food Grain 71,096 148,653 129,866
3 Irri. Feed Grain 165,867 333,867 292,980
4  Other Irri. Crop 44,419 46,221 39,597
5 Dry Cotton 7,098 12,991 16,287
6 Dry Food Grain 23,237 24,367 33,174
7 Dry Feed Grain 21,935 17,594 35,249
8 Other Dry Crop 5,259 9,961 14,498
9 Range Livestock 68,848 133,518 161,931 -
10 Feelot Livestock 218,414 2,127,854 2,013,090
11 Ag. Services 19,460 44,600 43,337
12 Crude Oil & Gas 397,398 237,705 168,081
13 Natl. Gas Liq. 134,035 80,173 56,669
14 Oil & Gas Ser. 32,943 36,096 31,352
15 Construction 165,773 215,576 191,018
16 Meat Products 49,242 471,717 457,064
17 Food Process 50,149 166,632 109,435
18 Textile Prod. 5,349 8,933 8,330
19 Milling & Feeds 14,774 115,274 111,065
20 Beverages 10,624 16,187 14,515
21 Wood & Paper & Pri. 15,545 24,867 22,563
22 Chemicals 100,873 93,318 77,753
23 Petro. Product 173,220 159,419 137,275
24 Soil & Rock Prod. 13,294 19,362 17,629
25 Metal Product 14,927 21,292 19,121
26 Machinery 20,695 28,007 24,358
27 - Other Mig. 11,306 16,224 14,690
28 Transportation 39,541 71,042 64,404 |
29 Communication 32,213 61,760 58,506 :
30 Gas Service 141,989 125,332 104,861
31 Electric Service 61,178 102,010 93,063
32 Water & San. Ser. 11,149 18,365 16,445
33 Whl. Agr. Prod. 11,586 66,178 63,224
34 Whi. Petro. Prod. 37,146 59,551 53,746
35 Other Wholesale 157,569 266,833 243,827
36 Agr. Supplies 2,822 4,945 4,447
37 Gas. Serv. Stat. 15,015 - 24,704 23,118
38 Other Retail 167,016 261,900 235,986
39 Finance 68,373 176,700 164,742
40 Insur. & R.E. 32,479 60,430 56,481
41 Education Serv. 84,219 143,623 131,874
42 Other Serv. 149,814 262,707 239,147
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this problem Table 5 contains only the gross outputs for the base
year, 1967, for the last year of increasing groundwater pumpage for
irrigation, 1995, and for the terminal year, 2010.

The most dramatic increases in gross output in the High Plains
are those projected for feedlot livestock (sector 10). The basis for
this growth is the availability and expansion of feed grain output in
the region. Output in feedlot livestock, in constant 1967 dollars,
increases by 33 percent per year to 1972, by 15 percent per year from
1972 to 1975, and by 5 percent per year from 1975 to 1977. After
1977, the growth rate for feedlot livestock output is restricted by the
availability of locally produced feed grains. Thus the annua!l growth
rate is 2.8 percent for 1978 and 1979, 2.6 percent for 1980, and 1.7
percent for 1981 through 1995. In 1996, the growth rate is 1.5
percent. After 1996, the annual growth rate is negative but never
more than 0.9 percent in a single year. Through backward and
forward linkages, this trend in feedlot livestock has repercussions
in other sectors of the High Plains economy. The major forward
linkage effect is seen in the rapid growth of meat products
manufacturing (sector 16) which increases its output from
$49,242,000 in 1967 to $471,717,000 in 1995. The major backward
linkage is to milling and feeds (sector 19) which increases its output
from $14,774,000 in 1967 to $115,274,000 in 1995.

Cotton production in the High Plains is in the area south of the
Canadian River, the Lower High Plains, where the acre-feet of water
pumped per year decreases from the base to the terminal year.
Correspondingly, irrigated cotton output decreases from
$24,656,000 in 1967 to $16,589,000 in 2010. Land taken out of the
irrigated cotton production is used for dryland cotton production so
that output of dryland cotton increases from $7,098,000 in 1967 to
$16,287,000 in 2010. Yield per acre increases result in the total
dollar value of irrigated and dryland cotton combined being larger in
2010 as compared to 1967.

From 1967 through 1995, increasing water pumpage in the Upper
High Plains is greater than the decreases in the Lower High Plains.
This results in substantial increases in irrigated food and feed grain
production (sectors 2 and 3) and a small increase in other irrigated
crop production (sector 4) from 1967 to 1995. In the dryland
production of the food grains, feed grains, and other crops sectors
there are mixed results in the trends from 1967 to 1995. This is a
result of the interplay of the transfer of acreage from irrigated to
dryland production in the Lower High Plains, of the transfer from
dryland to irrigated production in the Upper High Plains, and of the
increases in yield per acre. As a result, dryland food grain output
increases by a small amount, dryland feed grain output decreases
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moderately, and dryland other crop production increases substan-
tially from 1967 to 1995. There are significant increases in the
outputs of these three sectors from 1995 to 2010 as land is
transfered from irrigated to dryland farming throughout the High
Plains and production per acre continues to increase.

In the base projection, petroleum and petroleum-related sectors
have decreases in output throughout the time span simulated. From
1967 to 2010, crude oil and natural gas output (sector 12) decreases
from $397,398,000 to $168,081,000 and natural gas liquid output
(sector 13) decreases from $134,035,000 to $56,669,000. Chemicals
(sector 22), Petroleum Products (sector 23) and Gas Services (sector
30) have decreases in gross output of 22.9, 20.8, and 26.1 percent,
respectively, from the base year to the terminal vear.

Most other sectors of the High Plains economy follow closely the
trend in the agricultural supply output sectors. The most rapid
growth is led by the feedlot livestock sector in the 1960’s and the
1970’s. In the 1980’s and the first half of the 1990’s growth
continues but at a much slower pace. Then, post-1995, the declines
in water pumpage for irrigation result in reductions in crop output
which, compounded by decreases in petroleum output, triggers
decreases in output of other sectors of the economy through the
system of sectoral interrelationships.

Employment

Trends in employment by sectors are directly affected by trends
in the employment-output ratios and by trends in sectoral output.
For example, a decrease in employment in a given sector can occur
while the sector’s output is increasing if the output increases are
not commensurate with decreases in the employment-output ratio.
Thus, both of these direct factors must be incorporated in an
interpretation of labor projections for the High Plains.

In the base projection total employment (Table 4) increases from
153,295 in 1967 to a peak of 190,904 in 1981. Total employment is
relatively stable from 1978 to 1995 and decreases steadily from 1995
to 2010. This is the same trend as discussed previously for
population which is to be expected since population has a simple
proportionate relation to total employment.

Table 6 presents employment by industry in the High Plains for
1967, 1995 and 2010 base projections. The agricultural production
sectors (1-10) maintain a relatively constant percentage of total
employment throughout the 44 years simulated, 32.0, 33.0 and 33.1
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Table 6.

Employment

By Industry And Percent Of Total
Employment, Base Projection, High Plains Of Oklahoma And
Texas, 1967, 1995 And 2010

industry Employment Percent of Total Employment

1967 1995 2010 1967 5 2010
Agriculture’! 49_,1;2 62,266 50,296 32.0 33.0 33.1
Mining 3,799 1,204 770 2.5 0.7 0.5
Construction?3 6,578 6,143 4,843 4.3 3.2 3.2
Manufacturing® 9,610 12,725 9,494 6.3 6.7 6.2
Transportation & Utilities® 6,866 5,481 3,959 4.5 2.9 2.6
Trade® 34,215 36,523 27,083 22.3 19.4 17.8
Finance, Insurance &

Real Estate’ 4,226 8,055 7,025 2.7 4.3 4.6
Services® 24,240 34,705 29,682 15.8 18.4 19.6
Other® 14,649 21,436 18,802 9.6 1.4 12.4
Total 153,295 188,628 151,954 100.0 100.0 100.0

1‘Sect0rs 1-10 2‘Sec'(ors 12,13 3‘Sec'(or 15

'Sectors 16-27
Sectors 39-40

'Sectors 28-32
Sectors 11, 14, 41-42

'Sectors 33-38
"{ouseholds, Government




percent in 1967, 1995 and 2010, respectively. Mining employment
(sectors 12 and 13) drops from 2.5 percent to 0.7 percent of total
employment from 1967 to 1995 and to 0.5 percent in 2010, a result of
both labor productivity increases and output decreases. Manufac-
turing employment increases from 9,610 in 1967 to 12,725 in 1995
but decreases to 9,494 in 2010. From 1967 to 1995, decreases in
employment for the chemicals and petroleum products manufac-
turing sectors are offsetting increases in other manufacturing
sectors. After 1995, employment declines in all manufacturing
sectors. Decreases in employment throughout the time span
simulated occur for the total transportation and utilities industry.
This is a result of decreases in output for the gas services sector
which includes the operations of natural gas pipelines in the region.
Finance, insurance and real estate, services, and government
increase their share of total employment throughout the simulated
period. This is in large part due to changes in consumption patterns
reflected in ‘the consumption function and to relatively smaller
decreases in employment-output ratios for these industries.

Household Income

Total household income including tranfers, in 1967 dollars,
increases steadily from $1,298,467,000 in 1967 to $2,080,403,000 in
1995, a 60.2 percent increase. Then, total household income
including transfers decreases steadily to $1,872,294,000 in 2010, a
decrease of 10.0 percent from 1996. Disposable income per capita
‘increases throughout the time span simulated, as illustrated in
Figure 6 and Table 4. There is an annual average increase in
disposable income per capita of 0.9 percent from the 1967 value of
$3,010 to the terminal year value of $4,511.

Alternate Groundwater Projection

The next run of the High Plains simulation model differs from the
base projection by using crop output projections (sectors 1-8) that
are derived from Water Projection I. All other assumptions and
input data are the same. Water Projection | has the same Texas
Water Development Board projections of annual acre-feet of
groundwater pumped for irrigation in the Lower High Plains as
Water Projection II. But, in Water Projection | the groundwater
pumpage projections for the Upper High Plains are also from the
Texas Water Development Board. As illustrated in Figure 4 the
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Figure 6. Disposable Income Per Capita, Base Projection, High
Plains of Oklahoma and Texas, 1967-2010

turning point for groundwater pumping in the High Plains is 1990 in
Water Projection | whereas it is 1995 in Water Projection Il. Also,
while the annual pumpage increased at a decreasing rate from 1967
to 1995 in Water Projection Il, the most rapid increase in annual
pumpage in Water Projection | is from 1980 to 1990 following
relatively moderate increases from 1967 to 1980.

Population

As illustrated in Figure 7, the simulated High Plains population
from 1967 to 2010 for the alternate groundwater projection follows
the base projection trend closely. Population increases in the first
decade of simulation and is relatively stable for the following 15
years. After 1991 there is a steady decrease in population to 2010.
Whereas the peak population in the base projection is 443,958 in
1981, the alternate groundwater projection has a peak population of
426,104 occuring in 1991. In 1981, the population from the alternate
groundwater projection is 416,196 which is 27,762 or 6.3 percent
less than in the base projection.
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Figure 7. Population, Alternate Groundwater and Base Projec-
tions, High Plains of Oklahoma and Texas, 1967-2010 ,

The alternate groundwater projection has two points of change
from increasing to decreasing population, 1978 and 1991. The 1978
population is at the end of the period of very rapid growth in feedlot
livestock production. From 1978 to 1983 population declines from
421,405 to 415,526 before the relatively rapid increase in ‘irrigation
from 1980 to 1990, as projected by Water Projection |, causes
renewed growth until the peak population occurs in 1991. In the
terminal year, 2010, population is 356,500 which is 2.3 percent more
than in the base projection.

Sector Output

As discussed above, the major differences in Water Projections |
and Il are the peak in 1990 for | as compared to the peak in 1995 for Il
and the rapid increase from 1980 to 1990 for | as compared to
increases at decreasing rate from 1967 to 1995 for Il. This difference
in trends in groundwater pumpage is reflected not only in the
outputs of the eight crop producing sectors but also in other
sectors through backward and forward linkages. This is most
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prominent in the forward linkages from feed grains to feedlot
livestock to meat products manufacturing. The rate of growth in
feedlot livestock output is dampened by feed grain availability
much faster in the alternate groundwater projection than in the base
projection. Through 1974 the annual rate of growth in feedlot
livestock output is the same in both projections but for the alternate
groundwater projection decreases to 13.0 percent in 1975 and
averages 2.0 percent per year for 1976 through 1980. In the alternate
groundwater projection the growth rate of feedlot livestock output
does not become negative until 2002 as compared to 1996 in the
base projection. This trend is reflected in the meat products
manufacturing and milling and feeds manufacturing sectors.

Other sectors, except for those directly related to crude
petroleum and natural gas production, tend to grow rapidly during
the early feedlot “boom” and then grow at moderate rates during the
1980’s. Though Water Projection | has a decrease in annual
groundwater pumpage for irrigation purposes earlier than in Water
Projection Il, the decreases are more moderate. As a result, the
demand output sectors sustain their output at a relatively stable
level or with nominal gains in the 1990’s and into the first few years
of the 21st century. The rate of growth of value added by all
processing sectors becomes negative in 1997 in the base projection
but remains positive until 2002 in the alternate groundwater
projection.

Employment

Total employment in the alternate groundwater projection follows
the same trend as population. From 153,299 in 1967, employment
increases to a peak employment of 185,013 in 1990. Employment
then decreases to 155,963 in 2010 as a result of output decreases in
the crop and petroleum sectors, of nominal growth in the 1990’s and
early 2000’s followed by declines for the output of the demand
output sectors, and of decreases in the employment-output ratios.

In Table 7 the employment of selected representative sectors in
1967 and at the end of each decade are presented for the base
projection, the alternate groundwater projection, and the alternate
petroleum projection to be discussed in the next section. In each
sector, employment-output ratios are decreasing over time so that
sector employment would decrease with constant output. Irrigated
and dryland feed grains follow the pattern expected from the
different water projections. As explained in the preceding
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TABLE7

Table 7. Employment In Selected Representative Sectors, Base
Projection, Alternate Groundwater Projection, And Alternate
Petroleum Projection, High Plains Of Oklahoma And Texas,
1967-2010

Alternate Alternate
Base Groundwater Petroleum
Year Projection Projection Projection

Sector 3: Irrigated Feed Grains

1967 15,5637 15,5637 15,537
1970 16,247 15,695 16,247
1980 18,008 15,693 18,008
1990 18,365 18,397 18,365
2000 16,560 16,205 16,560
2010 12,680 13,337 12,680

Sector 7: Dry land Feed Grains

1967 2,456 2,456 2,456
1970 2,150 2,329 2,150
1980 1,363 2,066 1,363
1990 1,122 1,111 1,122
2000 1,343 1,364 1,343

Sector 10: Feedlot Livestock

1967 1,529 1,529 1,529
1970 3,474 3,474 3,474
1980 9,952 9,032 9,952
1990 10,493 9,523 10,493
2000 10,259 10,040 10,259
2010 8,569 8,871 8,569

Sector 12: Crude Oil and Natural Gas

1967 3,314 3,314 3,314
1970 3,149 3,149 3,149
1980 1,851 1,851 2,372
1990 1,330 1,330 2,115
2000 950 950 1,886
2010 672 672 1,682

Sector 15: Construction

1967 6,578 6,578 6,578
1970 6,663 6,589 6,875
1980 6,512 6,043 7,128
1990 6,257 6,181 6,988
2000 5,611 5,708 6,431
2010 4,843 5,006 5,721
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Table 7 (Continued)

Alternate Alternate
Base Groundwater Petroleum
Year Projection Projection Projection

Sector 26: Machinery Manufacturing

1967 1,037 1,037 1,037
1970 1,059 1,043 1,078
1980 963 901 1,053
1990 844 838 962
2000 698 704 828
2010 546 565 679

Sector 31: Electric Service

1967 1,262 1,262 1,262
1970 1,252 1,245 1,260
1980 1,242 1,169 1,304
1990 1,119 1,090 1,209
2000 979 962 1,082
2010 771 793 877

Sector 38: Other Retail

1967 17,016 17,016 17,016
1970 17,371 17,293 17,430
1980 19,180 18,082 19,930
1990 17,852 17,442 18,989
2000 15,795 15,533 17,092
2010 12,628 12,980 13,979

Sector 42: Other Services

1967 14,572 14,572 14,572
1970 15,654 15,579 15,724
1980 20,122 18,964 21,034
1990 20,999 20,419 22,535
2000 20,534 20,153 22,482
2010 18,076 18,568 20,329
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subsection on sectoral outputs, feedlot livestock output is
dampened sooner in an alternate groundwater projection and this is
reflected in the employment trend. Employment in the crude and
natural gas mining sector is equal in the base and alternate
groundwater projection, reflecting the same supply output
projections. Construction employment reflects the different timing
of output changes that accompanies the two groundwater pumpage
projections. The basic trends in machinery manufacturing, electric
service, other retail, and other services employment are influenced
very little by the different pumpage assumptions.

Household Income

Total household income including transfer payment peak at
$2,007,519,000 in 2001 for the alternate groundwater projection
which is five years later and $72,884,000 less than in the base
projection. In 2010, total household income including transfers is
$1,920,499,000 as compared to $1,872,294,000 in the base
projection. Disposable income per capita rises at the same average
annual rate, 0.9 percent, from base to terminal year with both water
projections.

Alternate Petroleum Output Projection

In the alternate petroleum output projection, crude petroleum and
natural gas production (sector 12) is allowed to increase from 1967
to 1970 when the peak output of $420,701,200 is achieved. But,
whereas the output of sector 12 decreases steadily after 1970 in the
base projection, it is held constant at the 1970 level to 2010 for the
alternate petroleum output projection. Accordingly, for the 1970 to
2010 period, natural gas liquid (sector 13) output is held at its 1970
output level, $141,894,000. And, the exports of sector 22, 23 and 30
(chemicals manufacturing, petroleum product manufacturing and

gas services, respectively) are neiu constant tnrough the years
simulated. Other specifications of the simulation model are the
same as in the base projection.

Population

Figure 8 displays graphically the simulated High Plains
population from 1967 to 2010 for the base projection and the
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Figure 8. Population, Alternate Petroleum Output and Base Projec-
tions, High Plains of Oklahoma and Texas, 1967-2010

alternate petroleum output projection. The difference in the level of
petroleum output does. not significantly alter the trend of
population growth and results in only small differences in the
absolute population level. in the year of peak population in the base
projection, 1981, there are an estimated 443,958 persons in the base
projection as compared to 459,030 in the alternate petroleum output
projection, a difference of 3.4 percent. In the terminal year of
simulation, 2010, the estimates are 348,629 and 378,330
respectively, a difference of 8.5 percent. Although the gross dollar
output of the mining sector is a significant portion of the High
Plains economy, mining employment, as presented in Table 6, was
only 2.5 percent of total employment in 1967. Thus, sharp
decreases in mining employment do not have a large impact on
total employment and population. And, multiplier and accelerator
effects of the mining sector are not large enough in the relatively
open High Plains economy to generate significant indirect changes
in total employment and population.
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Sector Output

The constant output from 1970 for the petroleum and directly
petroleum related sectors results in a higher level of output than in
the base projection for most demand output sectors. The strongest
backward linkage effect among processing sectors (as measured by
the size of the direct coefficient) is to the oil and gas service sector
(sector 14). In the alternate petroleum output projection this sector
has a maximum gross output of $46,965,000 in 1998, 31.7 percent
greater than the $35,664,000 for that year in the base projection.

Machinery manufacturing (sector 26) and construction (sector 15)
are relatively sensitive to the alternate petroleum projection due to
both current account backward linkages and capital account
accelerator effects. Both machinery and construction sectors have
their maximum output in 1996 in the two projections. For this year
construction output is $248,598,000 in the alternate petroleum
output projection and $216,765,000 in the base projection while
machinery output is $32,645,000 and $28,137,000, respectively.

Employment

Table 7 in the previous section shows the trend in employment
for selected representative sectors as the petroleum output
assumption is changed. Agricultural supply output sectors are not
affected by the alternate assumptions on petroleum output. In the
terminal year, 2010, employment in sector 12, crude oil and natural
gas, has decreased through productivity changes to 1682 in the
alternate petroleum output projection. But, this is more than twice
as large as the 672 employees estimated for 2010 in the base
projection. Employment in other sectors of the economy, as
illustrated for sectors 15,26,31,38 and 42 in Table 7, is maintained
at a higher level for the alternate petroleum output projection.

Household Income

Total household income including transfers reaches
$2,261,336,000 in 1997 for the alternate petroleum output
projection. This is 8.7 percent more than the peak for the base
projection which occurred in 1996. Disposable income per capita
increases to $4,678 in 2010 in the alternate petroleum output
projection which is only 3.7 percent more than the respective value
for the base projection.
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Variations in Selected Parameters

Tests are made of the sensitivity of the High Plains simulation
model to variations in yield per acre, employment-output ratios and
the feedlot livestock growth adjustment factor. When the model is
run with yield per acre held constant at the base year levels and with
other parameters and inputs the same as in the base projection, the
scenario of the High Plains economy is quite different from the
base projection. As a general indicator, population peaks in 1976
and then declines steadily from 1976 to 2010. Simulation runs with
different employment-output ratios in the crop output sectors or
without arbitrarily set decreasing maximum levels in the feedlot
livestock growth adjustment factor do not significantly alter the
results for aggregate variables.

PLANNING AND POLICY IMPLICATIONS

In the preceding section several scenarios of the economy of the
High Plains of Oklahoma and Texas were presented. These
projections may be used to serve a number of purposes. Denis F.
Johnston has specified six functions of economic-demographic
projections (19, p.6):

1. “...anticipatory function — allowing the user to anticipate the
probable magnitude or impact of some probable or postulated
set of conditions or changes at some future time....”

2. “...projections — or the forecast which is selected from
among them — are an essential input for planning and
program development.”

3. “...program evaluation. — to project the course of develop-
ments which might be anticipated in the absence of the
particular program, so that comparison of this projection with
actual post-program outcomes may yield an estimate,
however crude, of program impact or ‘benefit’.”

4. “. .essential links in a chain of conjecture; each projection
includes among its underlying assumptions certain condi-
tions which are derived from a prior projection, and most
projections are likely, in turn, to provide inputs to other
projections....”

5. “...public information function.”
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6. “...exploratory or heuristic function, insofar as they may be
developed in order to delineate the probable (or possible)
consequences of alternative sets of initial conditions and
determining factors.”

In this section some of the planning and policy implications for
regional development and public service provision are investigated.
These implications cross the lines of several of the six Johnston
functions for projections but are primarily concerned with the
second function. The planning and policy discussions are made
with primary reference to the base projection. As discussed in the
preceding section, the alternate groundwater and alternate
petroleum output projections result in only minor changes in the
trend of aggregate measures of economic activity in the High Plains
such as total employment. The base projection of population and
employment has increases from 1967 to 1981, relative stability from:
1981 t0 1996, and a steady decline from 1996 to 2010. The decline is
clearly precipitated by decreases in annual groundwater usage for
irrigation and is compounded by the declining output of the
pétroleum sectors.

Regional Development

The simulation model formulated in this study is a helpful tool for
developing and testing alternative policies for regional develop-
ment. From the insight into the structure of the High Plains
economy derived from the economic information system and tests
of the sensitivity of the simulation model to various parameters,
potential patterns of future development can be discerned.
Quantitive dimensions of these patterns can be measured and
tested by application of the simulated model.

Water Policies

A policy for maintainence of population, employment, income
and output in the High Plains is the importation of water. The
impact of water importation on the High Plains economy can be
easily incorporated into the simulation model through changes in
the annual water pumpage for irrigation and the consequent effect
on the projections of crop output. The alternate groundwater
projection illustrates how different hypotheses on irrigation water
can be incorporated. For example, investigations could be made
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using the simulation model to find what levels of water importation
would be necessary to maintain the population and employment at
the 1981 peak levels. Or, the effect of groundwater management can
be simulated in the model.

Exports of Demand Output Sectors

Rather than pursue water importation possibilities, other
alternatives for maintaining economic activity in the High Plains are
considered in this study. One alternative is the development of
exports of industries that do not consume water in the immense
quantities required for irrigation crop production.

To investigate in a general way the question of export
development, runs of the simulated model are made for alternative
assumptions on the exports of the demand output sectors,
excluding the petroleum processing, chemicals, and gas services
sectors which are heavily dependent on petroleum supplies. These
runs give quantitative measures of the magnitude of export growth
for sectors 11, 14,15, 17-21, 24-29, and 31-42 that would be required
for continued growth in population and employment to 2010. In the
base projection exports of these sectors were endogenous,

depending on the overall trend of value added by all processing
sectors in the High Plains economy. The variable growth rate used

for exports of the demand output sectors listed above has a general
downward trend from 1973 to 2010 in the base projection. In the
base projection the growth rate is greater than three percent from
1967 to 1976, greater than two percent in 1977 and 1978, greater
than one percent in 1979 and 1980, less than one percent but
positive from 1981 through 1997, and negative but less than one
percent from 1998 to 2010. Simulation runs assuming the growth
rate to be constant at three percent and at five percent per annum
provide scenarios of the High Plains economy that may exist if
policies to develop these sectors are successful. Other assump-
tions of the base projection are held constant.

Figure 9 shows total population trends for the base projection,
three percent export growth, and five percent export growth. With
three percent export growth the High Plains population reaches a
peak in 1996 at 461,034 as compared to a peak in 1981 of 443,958 in
the base projection (1981 population with three percent export
growth is 443,341). After 1996 both three percent export growth and
base projections of population show declines but the three percent
export projection is not as precipitous. Population in 2010 is
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Figure 9. Population, Three Percent Export Growth, Five Percent
Export Growth and Base Projections, High Plains of
Oklahoma and Texas, 1967-2010

348,629 in the base projection (21.5 percent below the peak) and
422,696 in the three percent export projection (8.3 percent below the
peak). The total direct employment to supply exports from the
region for the 26 demand output sectors under consideration is
13,264 in 1967, the base year, and represents 8.7 percent of total
regional employment. This increases to 15,991 in 1980 in the base
projection where the direct employment for these exports is 8.4
percent of total employment and then decreases to 12,519 in 2010
when it represents 8.2 percent of total employment. With the three
percent export growth projection total direct employment to supply
exports by these 26 sectors reaches a peak of 28,934 in the terminal
year 2010 when it represents 15.5 percent of total employment.
When the exports of these 26 demand output sectors are allowed
to grow at five percent per annum there is continued growth in
population from 1967 to 2010. From a 1967 population of 362,361,
population increases to 587,956 in 2010, an average annual rate of
about 1.1 percent. With the five percent export growth projection
total direct employment to supply exports by these 26 sectors
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reaches a peak of 66,151 in 2010, about five-fo!d the base year direct
employment, and represents 25.1 percent of totai @mployment in
the region in the terminal year. This is an average annual growth
rate of about 3.7 percent in direct employment to supply exports for
these 26 sectors. Thus, promotion of the development of exports of
these 26 sectors can provide an alternative policy for the continued
economic health of the High Plains.

Agricultural Productivity

Increased expenditures in agricultural research aimed at
increasing the yield per acre are another policy alternative. Yield per
acre in the base projection increases at a decreasing rate through
the time period under consideration. With other parameters the
same as in the base projection, a simulation run was made with
crop output projections (sectors 1-8) which result from annual
percentage increases in yield per acre of two percent. The two
percent rate is not sufficient to provide a stable or growing High
Plains population after the decreases in annual groundwater
pumpage occur. In 1981, when the peak population of the base
projection is reached at 443,958, the simulated population with two
percent yield increases is 450,066 which is 1.6 percent larger. In the
base projection, population then remains relatively level, decreas-
ing to 432,263 in 1996 before declining at a more rapid pace to
348,629 in 2010. However, in the two percent yields per acre
projection, population increases slowly from 1981 to a peak of
465,218 in 1996 and only decreases to 437,244 in 2010.

These simulation runs demonstrate some of the alternative
development potentials that can be pursued in policymaking for the
High Plains economy. Also demonstrated is the adaptability of the
High Plains simulation model for testing the potential of alternative
development policies. The simulations of this section have
considered one alternative in each run to simplify the analysis but
the simulation model can easily incorporate a combination of
alternative development potentials. For example, three percent
export growth and two percent per annum increases in the yield per
acre could be combined in a simulation run.

Import Substitution

During periods of regional growth locally produced goods may be
substituted for imports as “threshold” levels are met. In the base
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projection to measure the effect of increases in the elements of the
total requirements matrix illustrates the importance of import
substitution. In this run the elements of the total requirements
matrix are increased by one percent each year. By 1981, the year of
a peak population of 443,958 in the base projection, the total
requirements coefficients are 14.9 percent larger than in the base
projection and, as a result, total regional population is 517,776 or
16.6 percent larger. By 1996, the year of decline in irrigation water,
population is 638,876 in this alternate projection and the total
requirements multipliers have increased by thirty-five percent. After
1996, the effect of the one percent per annum increase in the total
requirements coefficients is sufficient to overcome the effects of
groundwater and petroleum depletion. Population continues to
increase but at a slower rate and in 2010 the total population is
678,759 for an average annual increase of 1.4 percent from 1967.
This rate of increase in the total requirements coefficients is
hypothetical. Whether this import substitution process will occur in
the High Plains, and, if so, in what quantitative dimensions is not
known.

Public Service Provision

In the projections presented there is a level of public service
provision determined by the model. For example, in the base
projection total local government expenditures increase from
$31,000,000 in 1967 to $52,302,000 in 1997 and then decline to
$49,217,000 in 2010. This is an aggregate figure; the mix of public
services provided for local, state and federal government sectors is
not determined. In addition to these sectors in the final user class,
there are some public services in the processing sectors. For
example, public educational services and public water and sanitary
services are included in sectors 41 and 32, respectively.

In addition to these data on public service provision, projected
variables from the simulation model for population, sector outputs,
and employment are information that can be used in planning
facilities for specific public services such as education, sanitation,
transportation, fire and police protection, and recreation. The
demand for most of these services is heavily dependent on
population, employment, and output levels.
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While the trends and levels of variables in the simulation model
provide general information for estimating public service
requirements, detailed and accurate studies of the effect of
groundwater and petroleum depletion on public services requires
the spatial allocation of changes in population and economic
activity within the region. The study area includes subareas north
and south of the Canadian River that have different trends in
groundwater depletion and consequent differences in the trend of
agricultural output. While Amarillo, the regional trade center, may
be expected to follow the regional trends in population and

Of major concern to policymakers and planners in the High Plains
is the trend that primary public service demand shifters such as
population and industrial output will take as the regional economy
expands from increased groundwater use in agriculture and then
eventually declines as a result of the depletion of groundwater and
petroleum reserves. In the base projection the trend for population,
the principle determinant of requirements for many public services,
does not follow a trend that would result in any major problems for
public infrastructure provision. Rather than strong growth to a peak
population and heavy public service requirements followed by a
sudden and rapid decline in population and the tax base, the base
projection indicates that following growth from 1967 to 1981 there
is a period of approximately 17 years of relatively stable population
in the High Plains. This trend would indicate that planners and
policy makers should be able to provide public facilities with an
adequate loan repayment period before the tax base starts to erode
in the first decade of the 21st century.

Educational services (sector 41) in the High Plains simulation
model inciude both public and private schools at all levels. Activity
in this sector provides an example of the trend and level of provision
of a public service in the High Plains from 1967 to 2010 as this
sector is dominately public education provision. The dollar output
of this sector in the base projection increases from $84,219,000 in
1967 to $128,496,000 in 1981, the year of the peak population. There
are further increases in output to a peak of $144,667,000 in 1997
which are followed by a decline to $131,874,000 in 2010. Projected
total investment is greater than zero for each year through 2010. For
example, projected total investment for this sector in 2010 is
$4,832,000 although the induced investment component is
negative. This indicates that, given the base projection, there will
be no problem through 2010 of surplus educational infrastructure in
the region although demand for educational services declines after
1997.
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economic activity, quite diverse trends are expected in communi-
ties north and south of the Canadian River.
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Appendix

Table 8. Variables in High Plains Simulation Model

Variable Description

(B1)t Upper limit weight for constraining local consumption
expenditures as a percent of household income

(Bz)t Lower limit weight for constraining consumption expenditures
as a percent of household income

Ct Column vector of regional consumption demand in year t

Cf Column vector of per capita consumption demand in year t

CltJ Column vector of unconstrained regional consumption demand
in year t

(CA)t Column vector of regional sales to regional capital formation in
year t

(CH)t Total residential construction demand in year t

(CHP)t Residential construction demand per capita in year t

(CHV)t Column vector of zeros except for row 15 which has (CH)t as its
element for year t

(CI)t Column vector of composition of new regional investment in
year t

(CL)t Column vector of regional sales to regional capital formation
excluding residential construction in year t

Et Column vector of exports for the demand output sectors in year
t

EtI Element of Et, regional exports of sector i in year t

E{ Column vector of regional exports for sectors 11, 14, 15, 17-21,
24-29 and 31-42 in year t

(EG)t Column vector of export sales plus federal government
payments for sectors three and seven in year t

Fy Column vector of federal government purchases from
processing sectors in year t
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Table 8 (Continued)

Variable Description

(FT)t Total federal government expenditures in region in year t

(FPC)t Total federal government expenditures per capita in region in
year t

Gt One plus the annual rate of change in feedlot livestock output
for the year t

(GEG)t Total exports by sectors three and seven combined in year t

Ht Ratio of population to total employment in year t

It Column vector of total investment in year t

Ii Element of 't’ total investment by sector i in year t

(In) Column vector of induced plant and equipment investment in
year t

(Ih)t Element of (I}, induced plant and equipment investment by
sector i in year t

“r)t Column vector of replacement investment in year t

(I,i.)t Element of (Ir)t, replacement investment by sector i in year t

Kt Column vector of capital stocks at beginning of year t

Kit Element of Ky, capital stock in sector i at beginning of year t

Lt Column vector of local government purchases in year t

L? Column vector of employment by sector in year t

L? Direct employment of labor by household sector in year t

(LT)t Total local government expenditures in year t

Py Total regional population in year t

Ry Rate of growth of value added in regional processing sectors
from t-2 to t-1
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Table 8 (Continued)

Variable Description

St Column vector of state government purchases in year t

(ST)t Total state government expenditures in region in year t

(SPC)t State government expenditures in region per capita in year t

SUMCtJ Total of consumption expenditures in vector C?

SUMCY; Ratio of total consumption expenditures in year t to total
household income in year t-1

(TE)t Total regional employment in year t

(TVA)t Total value added within region by processing sectors in year t

(VA)t Column vector of value added within region by processing
sectors in year t

Wt Column vector of adjusted final demand for sectors 11, 14, 15,
17-42

>_(t Column vector of estimated gross outputs for sectors 1-10, 12,
13, 16

Y{ Element of Yt, gross output of supply output sector i in year t

X? Column vector of gross outputs from sectors 11, 14, 15 and
17-42 to produce adjusted final demand, Wy, in year t

XP Column vector of gross outputs by sector for sectors 1-42 in
year t

(YG);* Column vector of exogenous gross outputs for sectors three
and seven in year t

()_(GX)** Column vector of gross outputs for sectors 1, 2, 4-6, 8-10, 12,
13 and 16

Yt Household disposable income per capita in year t

Yy Column vector of household income by sector in year t
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Table 8 (Continued)

Variable Description

Ylt) Total household disposable income in year t

Y;r Total household income including transfers in year t

(YL)t Lagged percentage change in household disposable income per

capita in year t

Zy Column vector of total final demand for demand output sectors
11, 14, 15, and 17-42.

(zG)” Column vector of sum of capital formation, household
purchases, and state and local government components of final
demand for sectors three and seven

Table 9. Matrices in High Plains Simulation Model

Matrix Description

Aq Diagonal matrix of depreciation rates

Ao Diagonal matrix of average capital — output ratios

Ag Diagonal matrix of one plus the annual rate of change in capital

— output ratios
Ay Capital coefficient matrix
As Diagonal matrix of proportion of regional sales to regional

capital formation by sector relative to total sales to regional
capital formation by respective sector
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Table 9 (Continued)

Matrix

Description

A16

A17

A18

A19

A20

Diagonal matrix of estimated income elasticities by sector

Row vector of direct coefficients for payments of each
processing sector to local government per dollar of output of
the processing sector

Column vector where elements are proportions of local
government purchases from each sector per dollar of local
government outlay

Column vector where elements are proportions of state
government purchases from each sector per dollar of state
government outlay

Column vector whose elements are the proportion of federal
government purchases from each sector per dollar of federal
government outlay

Matrix of direct input-output coefficients where rows are for
sectors 11, 14, 15 and 17-42 and columns are for sectors 1-10,
12,13 and 16

Matrix of total requirements coefficients for sectors 11, 14, 15
and 17-42

Matrix of direct coefficients where rows and columns are for
sectors three and seven

Matrix of direct coefficients where rows are for sectors three
and seven and columns are for sectors 1, 2, 4-6, 8-10, 12, 13 and
16

Matrix of direct coefficients where rows are for sectors three
and seven and columns are for sectors 11, 14, 15 and 17-42

Diagonal matrix of average employment-output ratios

Diagonal matrix of one plus the annual rate of change in
employment-output ratios

Diagonal matrix of income — output ratios from direct
coefficients matrix with households closed

Diagonal matrix where each entry represents sum of
households and depreciation direct coefficients for the sector
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Table 10. Scalars in High Plains Simulation Model

Scalar Description

ay, ay, ag Weights on previous years’ percentage changes in household
disposable income

a, Income elasticity of households for residential construction

ag, ag Lower and upper limits, respectively, of ratio of total household
expenditures in the region to total household income

a;, ag, g One plus the annual rate of growth in exports for sectors 22, 23
and 30, respectively

aqg Ratio of payments to local government to total household
income
aqq Ratio of payments to local government to total state

government expenditures in the region

aqo Ratio of payments to local government to total federal
expenditures in the region

ay3 One plus the annual rate of growth in federal government
expenditures per capita

ay Ratio of sector 16 gross output to sector 10 gross output

ayg Amount of reduction in feedlot livestock growth adjustment
factor, Gt, in each loop

ayg One plus the annual rate of growth in direct employment by the
household sector

ayy Labor — total local government purchases ratio

aqg Labor — total state government purchases ratio

ayg Labor — total federal government purchases ratio

as One plus the annual rate of change in the ratio of population to

total employment, Ht

anq Household income per unit of direct employment of labor by
household sector

as Household payments — total local government purchases ratio
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Table 10 (Continued)

Scalar Description

asg Household payments — total state government purchases ratio

Aoy Household payments — total federal government purchases
ratio

assg Ratio of dollars of household income from outside region to
population

asg Transfer payments per capita in base year

ayy One minus the ratio of taxes paid by households to total

household income
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An Economic Simulation Model For The
High Plains Of Oklahoma And Texas

I. Estimating Final Demand

A. Capital Formation

1. Private Business Investment.

If [(I:\)H > 0] or
(1", . <0and | (lr"1)t_1 | <(|ir) ] (A.1)
i i
then Ky = Ky 4 + (1))
fori =1, 2, ..., 42, or
If (Iri]),(_1 <0 and
PRI (A.2)

i i i
then Kt = Kt"1 - (lr)t'1

fori=1,2, ..., 42
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(A.3)

(1), = AK (A.4)
Ut = (Aol Az Xy - Xio) (A.5)
If [(1]), = 0] or

[(I;)t <0and

|y 1<y (A.6)

then Iy = (hy + (1),

fori =1, 2,...,42, or

If [(11), <0] and

|0 1= ah, (A7)
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e
It
2
It
It = (A.8)
I42
t
(CI)t = A4|t (A.9)
(CL); = Ag(Cl) (A.10)
2. Residential Investment.
(YD = 89 [V g = Yo/ 5 (Vg + Yol
+ 2, [(Y,[_2 - Yt-s)/'5 (Y,(_2 + Yt_3)] (A.11)

+ a, [(Y,[_3 - Yt-4)/'5 (Y,[_3 + Yt-4)]

(CHP)t = (CHP),[_1 + aAP(YL)t(CHP),(_1 (A.12)

(CH)t = IF’t (CHPt) (A.13)
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3. Public Captial Formation. The sales to capital formation of the
government sectors (local, state and federal) is treated as a current
account transaction and is included in the estimation of final
demand purchases by the government sectors.

4. Summation of Capital Formation.

(CA), = (CL), + (CHV), (A.14)

B. Household Purchases

P 1
Ciy = Ciy Pig (A.15)
ch=ch, + (YD{As Cr 4 (A.16)
cy = P, cP (A.17)
SUMCY = iC (A.18)
SUMCY, = SUMCt/Y;r_.l (A.19)
If a; <SUMCY, _ a, (A.20)
then C; = C;’,

If SUMCY, > ag, (A.21)

then (B1)t = a6/SUMCYt
and C; = (B4);Cy, or
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If SUMCYt <ag, (A.22)

_ u
and Ct = (Bz)tct

C. Exports

Ry = [(TVA), - (TVA), ,1/.5 [(TVA), | + (TVA), ,] (A.23)
= (1 + Ry Ej4 (A.24)
E?2 = a, £22 (A.25)
23 = ag EZ (A.26)
EP0 = ag E3O (A.27)

f
By = (A.28)

EI

D. Government Purchases

_ D T
(Lp) = Ag XD, + a, YT, (A.29)
* 2yl + 2 Fp)
Ly = Ag (Lq) (A.30)
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(SPC)y = [1 + (Y] (SPC)y.q (A.31)

(S}t = Py (SPC) (A.32)
St = Aqg (ST (A.33)
(FPC), = a5 (FPC);_4 (A.34)
(Fp)y = Py (FPC) (A.35)
Fi = Ayq (Fo)t (A.36)

E. Total Final Demand
Zt = (CA)t + Ct + Et + Lt + St + Ft (A.37)
(Z2G)** = (CA)t + Ct + Lt + St (A.38)

ll. EstimatingSector Output Subject to Agricultural and
Petroleum Output Projections

A. Supply Output

S0 _ o <10
XI® = @ X' (A.39)
216 10
X, = a5, X 4 (A.40)
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o1 ]
X
-2
X
- =10
Xy = X¢ (A.41)
—12
X4
-13
t
-16
e
B. Demand Output
W, = AX, + 2, (A.42)
x9 = A W (A.43)
t = A3Vt :

(EG) = (XG); - Aq4(XG);

A15(XGX); " - AggX; (A.44)
-(z6)”

(GEG); = i (EG) (A.45)
If (GEG); >0, (A.46)
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go to Equation (A.48), or

If (GEG); <O,

then Gt = Gt - 315

and return to Equation A.39

C. Sector Output

(A.47)

(A.48)

lll. Estimating Employment, Population, Income and

Value Added

A. Employment
L = (Agpleq AggXp - 107
(TE), = ILS + agq Ly + ag7 (L7
+ a1g (SThy + 219 (F7ht
B. Population
P{ 41 = a0 Hi-1(TE)
C. Income
D

Yo = Ag Xy
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(A.52)
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T o 0

+ ayg (ST)t + agy (FT)t (A.53)
+ agg Pt + agg Pt

D T
Yi = a7 Yi (A.54)
v, =YD/ p

t = Y¢ /! Py (A.55)

D. Value Added

(VA), = Ay x? (A.56)
(TVA), = i (VA), (A.57)
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