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Interregional Competition 
• 

or Spatial Equilibrium Models 
tn Farm Supply Analysis 

PROBLEMS in interregional competition are concerned with supply 
and demand analysis in an appropriate degree of spatial disaggre­
gation from national levels or a practical degree of aggregation of 

"contiguous" firms. 
The viewpoint of the authors is that important problems in inter­

regional competition exist primarily because of our dynamic economic 
system. In the absence of change, the need to explain the existing pat­
tern of production is not nearly so great. Hence, our concern here will 
be with methods as they help us analyze important regional changes in 
physical production possibilities and factor markets. Changes in farm­
ing skills and managerial abilities (so called quality changes in factors), 
as well as changes in technology, are considered to ·oe reflected in pro­
duction possibilities. 

Analysis of changes evident in the economy or in prospect might 
have either of these two objectives: (1) to predict regional changes in 
output, income, and product distribution given certain changes in the 
economic structure, or (2) to specify optimum regional output and prod­
uct distribution patterns as goals for change in light of current and pro­
spective changes in the economic system, The latter objective, of 
course, is normative, but it merges into the former as more and more 
restraints that simulate the actual adjustment process are imposed in 
the analytical system. Conversely, we would expect analyses of the 
former type to produce results that would merge into the second as ad­
justment "frictions" are removed from the economy. 

The ideal information for studies in interregional competition would 
consist of (1) regional supply functions for individual products, (2) sup­
ply and demand functions for individual factors, and even (3) regional· 
consumer demand functions for each commodity. Given this information 
we could better asEJess the relative advantages of regions in terms of 
location and transportation costs as well as natural factors. To support 
these supply and demand functions, we would have basic information 

*The opinions expressed ln this paper are those of the authors and do not necessarily 
represent those of the Farm Economics Research Division, the Agricultural Research Serv­
ice, the United States Department of Agriculture or Iowa State University. The writers wish 
to acknowledge the helpful comments received from Walter Butcher during the development 
of this paper. · 
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which ties the relevant regional supply and demand functions to the 
shifters representing regional changes in (a) production functions, 
(b) market structures, (c) institutions, and (d) factor prices. 

With this information, we could predict eventual distributions of pro­
ducing among regions as changes in production functions, prices, and 
institutions occur. But more important, we could also predict (1) the 
effects of relevant changes on the demands and prices of resources in 
the various regions and (2) increases and decreases in regional farm 
income. This "longer-run, ex ante outlook" would then be the basis for 
guiding the decisions of individuals, structuring education and voca­
tional guidance, and providing action elements which would facilitate 
this change and make it less painful. 

Quite obviously, we are not soon to have data conforming to such a 
general equilibrium system unless the many relevant supply and de­
mand functions are synthesized from other data. It is unlikely even 
that we will soon have this "system of equations model" in national ag­
gregate such that (1) it will provide any great detail as to individual 
commodities and resources and (2) will take account of the major 
"shifters" represented by changes in technology, market institutions, 
and factor prices. 

What tools, then, have we for analyzing the many facets of product 
supply and factor demand? What tools have we for tying together, re­
gion by region, the inevitable changes in technology, factor markets, 
and institutions? These questions must remain unanswered. The au­
thors have not presumed to "provide the perfect tool." While the alter -
natives may be discussed, it must be realized that they are imperfect 
due to similar data inadequacies. Although, conceptually, numerous al­
ternatives are available only those that appear most realistic in terms 
of the computational task and related problems will be discussed. An 
attempt will be made to indicate some of the problems and limitations 
involved in using these methods in empirical work. The authors have 
interpreted their specific assignment as a thorough discussion of pro­
gramming models as alternatives in analyzing those supply problems 
that come under the heading of interregional competition. 

INTERREGIONAL COMPETITION MODELS 

Before turning to the central theme of this paper we shall (1) re­
view briefly regression methods and some special techniques in the 
area of activity analysis, and (2) indicate summarily the apparent limi­
tations of these methods as tools for analysis of interregional compe -
tition problems. 

Regression Analysis 

It is assumed the technical aspects of regression methods are 
covered adequately in other papers and that most of the conclusiorls and 
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observations will apply to interregional competition studies. Therefore, 
comments are more or less general and are concerned mainly with the 
problem of incorporating change into regression systems. 

At a high level of aggregation, regression analysis can provide some 
"history of the past," but it is doubtful that it can produce anything that 
adequately accounts for major changes expected in the future. Unless 
we are interested in interregional analysis only from the standpoint of 
academic sophistication, the essential task, from the standpoint of edu­
cation and public policy, is to predict, even if only roughly, (1) where 
the types of changes mentioned above will occur and (2) the magnitude 
of these changes. History and historic coefficients are interesting per -
haps to farmers as well as to academicians. Ex post information alone, 
however, is of little value in guiding their decisions relative to change. 

The fundamental problem in the use of regression methods is that 
of "detail;" detail with respect to regional disaggregation and range of 
observations, but primarily with respect. to technological change and 
regional development. Supply shifters resulting from technological 
change cannot be ascertained from past observations. Technology is 
not a "smooth" function of time. True, judgment shifters could be ap­
plied to ex post regression functions but this would involve analysis that 
may best be carried out by other methods. 

There apparently is little opportunity to use time series data and \ 
regression procedures to account for important changes of the future; 
changes such as those which caused much of the cotton production to 
shift to the Southwest, broiler production to become concentrated in the 
Southeast, dairy production to retreat in the central Cornbelt, and so 
forth. Hence, it seems that the major reliance must be placed on other 
methods of analysis. But there is an opportunity to use regression 
methods to measure the functional relationships between variables; 
then, use these relationships in other .methods. 

The Transportation Programming Model 

The transportation programming model has been used quite exten­
sively in recent studies dealing with interregional competition in agri­
culture; at times as a supplementary tool and at other times as the only 
tool. Although this type of programming has its uses, it has important 
limitations in studies of interregional competition because of its lack of 
generality. Specilically, this method is restricted to problems involving 
a single commodity or commodities that are perfect substitutes in satis -
fying requirements or demand. Thus, problems dealing with changes in 
comparative advantage among regions cannot be handled by this method. 
Furthermore, nonlinear production coefficients cannot be used as satis­
factorily in this model as in others. It is best suited to short-run prob­
lems. The fundamental nature and possible uses of this programming 
method can be explained by referring to the following equations. The 
usual objective in the transportation model ls to: 
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subject to these constraints 

(lb) 

(le) 

(ld) 

Aij > 0, 

in which 

Xi = quantity or fixed stock of a homogeneous1 product available 
at i-th supply point, 

Yi = quantity of a homogeneous product required at j -th destina­
tion, 

C ij = wiit cost of transporting product from i-th supply point to 
j -th destination, 

Aij = quantity of product transported from i-th supply point to 
j-th destination. 

The transportation method of programming can be best used to solve 
an allocation problem when: (1) fixed quantities are available at par­
ticular locations, (2) fixed quantities are required at particular destina­
tions, (3) one unit of input (product at origin) is transformed into one 
unit of output (product at destination), (4) the cost of transporting one 
unit from the origin to the destination is the same for all levels of the 
activity (Aij ), and (5) the sum of the inputs is equal to the sum of the 
outputs. . 

A transportation model of the type outlined parallels the short-run 
market situation in agriculture of a single production period. Specifi­
cally, it characterizes the case in which a specific crop has been har­
vested, storage cannot be expanded, and consumer purchases are invar­
iant for a wide range in prices. Under the assumption of competitive 
markets, shipments are made as long as transport costs are covered. 
Market prices are determined by the cost of making the marginal ship­
ments to each market, and the distribution pattern will be such that net 
revenue will be a maximum for each supply point. 2 

In the comparative statics sense, the transportation model depicted 
by equations la through ld, could be used to analyze regional changes 
in technology and factor prices within the marketing system. For ex­
ample, it would be possible to express the effects of changes in freight 
rates or processing costs on the regional distribution of particular 
products. 

1 The term homogeneous as used here includes perfect substitutes. 
• For added details see, Henderson, James M., "A short-run model for the coal lndus­

try,w Review of Economics and Statistics, 38:336-46, 1955. 
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In actual practice, the transportation model need not be confined to 
the very narrow orientation suggested by equations la through ld. Cer­
tain modifications can be used to give this analytical method a wider 
range of applicability than has been true thus far in application to agri­
culture. For example, the inputs, Xi, could be defined as the maximum 
amount of beef that could be produced in each of a set of regions. The 
costs, C ij• could be defined as the combined costs of producing beef in 
the i-th regions and shipping it to the j-th market. Furthermore, if 
total possible production exceeds the total requirements (that is, Li Xi 
> L ·Yi), a dummy requirement, Y j+ 1 , can be set up so that restraint 
ld win be met. In this case, the cost of shipments to the dummy desti­
nation would be set equal to zero, or any other constant, since they rep­
resent shipments which in practice would not be made. Also, the model 
can be given a "longer-run flavor" by incorporating costs due to factors 
involving some fixity. Thus the transportation programming model 
could be used to define optimal (minimum cost) production or supply 
patterns as well as distribution patterns, even to the extent of consider­
ing some long-run variables. 

The transportation model can be used to solve maximum profit prob­
lems as well as problems of minimum costs. In this case, market 
prices, as well as requirements, are considered to be given. Such an 
analysis could be useful in determining the differential influence of dif­
ferent price levels on regional farm income, but again from the stand­
point of one commodity only. 

The types of problems in interregional competition best adapted to 
analysis by the transportation method of linear programming have been 
summarized briefly. The chief limitations of this method, compared 
with other programming methods, are these: (1) Only one commodity or 
group of close substitutes can be considered. The method cannot ac­
count for the effects of opportunity costs and competition among com -
modities as they relate to possible supply relationships. (2) Insufficient 
flexibility exists in consideration of fixed and variable resources. In 
summary, the transportation model can handle only very special cases 
of more general supply or programmipg problems. It was not designed 
to do more and the authors have not intended to imply that it was. 

The Input-Output Model 

Input-output models imply the opposite extreme with respect to non­
fixity of resources and possible supply relationships. This is hardly a 
tool for meaningful analysis of the production response relationships 
that characterize problems of interregional competition. First, there . 
is no adequate way to account for change aside from recomputing a ma­
trix of interdependence coefficients for each new point in time at which 
data become available. Even the so-called dynamic input-output model 
does not express supply functions that reflect important changes in 
interregional competition. 



V 

208 A, C. EGBERT AND E. 0. HEADY 

The conventional input-output table can provide a useful description 
of certain interrelationships among geographic, commodity, and other 
separate agricultural sectors for which measurements are available. 
Similarly, it can specify flows between agriculture and nonagricultural 
sectors. For a particular period or point in time, and given the partic -
ular mix in which the commodities were exchanged, the interdependence 
coefficients of an input-output model indicate the association between 
changes in output in one sector, or in final demand, with changes in 
other sectors. But because of the mathematical properties of this par­
ticular model, it is not useful for projecting differential changes in in­
puts and outputs among regional sectors - supposing that the focus of 
the analysis is in spatial stratification of the economy. 

These properties can best be illustrated by a quick review of the 
system. Given the available data, we start with the equality in equa­
tion 2a 

(2a) AX= y 

in which X is a vector of outputs for regions and commodity sectors 
within regions; A is a matrix of input-output coefficients with a1f1, an 
individual element, defining the amount of the k-th output in the i-th 
region necessary (associated with a projected increase) for one unit of 
the m-th output in the j-th region; and Y is a vector of final demand 
for autonomous or consuming sector. 3 

The main representation of the input-output model is 

(2b) X = A- 1 Y. 

A- 1 = C is an inverse matrix. Each element, c~~, indicates the 
amount by which the k-th output of the i-th regfon must increase for 
a one unit increase in the autonomous demand for the m -th product in 
the j -th region. 

A main limitation of input-output models for analyzing output inter­
relationships characterizing problems in interregional competition is 
apparent in equation 2b. It is impossible to measure how the changes 
in supply relations of one region may affect the outputs of other regions. 
In fact, the method is not one for measuring competitive interactions 
among sectors. Instead it stresses the complementarity among them. 
It shows, under a spatial formulation of the model, how outputs of com -
modities in various regions must be increased together, if the output of 
or demand for a commodity in a particular region is increased. 

• This representation supposes that an Initial flow matrix, M has been constructed. The 
mbm element Indicates the amount of the k-th output of the I-th region flowing Into the m-th 
commodity sector of the j-th region In the period under study. The elements of A, there­
fore, are computed as alj'= mfr (Xj)-1

• For a "net" model, atm= O, where I= j and 
k = m, but all other abm are negative or zero. The relationship In (2a) could be expressed 
also as {I-A) X = Y wliere I ls an Identity matrix and flows within a region, which charac­
terize a •gross" model, are assumed. 
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The ratios between the coefficients in C for the i-th and z-th re­
gions, (c ~j) (c~j )- 1 expresses the "rate of complementarity" of the 
regions. It shows the "fixed mix" rate at which the k-th outputs of the 
two regions, i and z, (the ratio of increase of (AX~) (AX~)-1 are re­
quired to increase with a unit increase in the final demand for the m-th 
product in the j-th region. Or, if we return to the original require­
ments matrix, A, the ratio of the two coefficients for the i-th and z-th 
regions, k-th product, (a1yf) (a~j )-1 shows the fixed mix rate at which 
the k-th output of the i-th and z-th regions must increase for a one 
unit increase in the output of the m-th product of the j-th region. 
Hence, the system assumes that the commodities produced in the vari­
ous regions are technical complements, and for any increase in final 
demand, they must increase in the proportions existing at the time of 
the ,observations. 

This discussion of the conventional input-output model is in terms 
of its limitations in studying major problems of interregional compe­
tition. The input-output model, of course, has other limitations which 
are not specific to regional analysis. These limitations include as-

v sumptions of constant scale returns, the absence of fixed factors, and 
others. The problem of "pure scale relationships" for firms is not a 
major problem when the model is applied to geographic sectors of ag­
riculture. But differential quality of resources such as soil within a 
region is a problem akin to that of "pure scale" considerations. As 
output of an agricultural commodity is increased in a region, inc re -
ments may need to be produced on soils of lower productivity or by 
farmers of less ability. Furthermore, if all available or suitable land 
is already devoted to a product, output can be increased only by a more 
intensive use of resources such as fertilizer on a fixed acreage of land; 
that is, output is agumented by a nonproportional increase of inputs 
rather than by "scale" increases. It is not possible to set up an input­
output model with "less intensive" and "more intensive" subsectors in 
one geographic region to allow output to be increased from the latter as 
demand increases. Outputs from the less intensive and more intensive 
subsectors would bear the same ratio to each other regardless of the 
level of demand. This condition, which ls forced into quantitative pro­
jections by the mathematical properties of the model, is unrealistic. 

In the same vein, the "forced condition" -that as one region in­
creases its output, poultry for example, it will be supplied inputs such 
as grain from other regions in the same proportions as in the past - is 
also unrealistic. As positive tools for supply analysis, input-output 
models have the same limitation as regression models in the sense that 
they must be restricted to observations of inputs and outputs from the 
past. They are historic or descriptive analyses or relationships as 
they have existed, and not as they will or might exist under major 
structural changes. Regression models, however, are not restricted to 
fixed mix projections of regional outputs and inputs within the historic 
framework. The supply functions so defined would allow specification 
of changes in patterns of output, given an increase in demand, among 
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regions. This change in pattern could rest partly on differential quali­
ties of soil and additions of such inputs as fertilizer. Even so, the re­
lationships expressed by the regression model could only be those ex­
perienced in the past. 

The input-output model is superior to the "transportation model" in 
this respect: it can consider the impact of changes in demand for many 
products simultaneously. Through the input-output model, we can 
"trace back" the impact of demand. changes on regional and commodity 
output levels and the quantity of factor inputs needed region by region. 
More specifically, we can ascertain how, within the limitations of the 
model as noted, changes in the demand for one commodity will change 
the demand for others. The transportation model can be used, if we are 
concerned with one commodity only, to "discover" what possible impact 
changes in such things as production techniques and shifts or differ­
ential rates of population growth would have on production location, the 
distribution pattern of products, and regional changes in demand for 
factors. 

OTHER MODELS FOR INTERREGIONAL 
COMPETITION ANALYSIS 

We now turn to the main purpose of this paper, which is to outline 
other programming models that might be used in supply analysis relat­
ing to interregional competition. A model will be outlined that might be 
feasible for analyzing those interregional supply and competition prob­
lems related to change. The nature of this approach will be explained 
and the difficulties inherent in it (or any method that must extend esti­
mates of change into the future) will be indicated. Before outlining the 
general model let us pause and review some of the more obvious diffi­
culties involved in such applications. 

A programming model could be constructed to consider all compet­
ing agricultural products, resources, and fixed factors of different re -
gions. It could incorporate ample detail in terms of the types and num -
ber of variables. National agriculture, in fact, could be disaggregated 
to any extent we wished, even to the degree of treating each farm as a 
separate entity with its own unique set of resources and produ.cts of dif -
ferent qualities. Data collection and computational problems limit such 
a procedure. It is necessary, therefore, to spatially disaggregate agri­
culture into a "reasonable" number of regions. The term "reasonable" 
is yet to be defined, although 104 regions have been used for a particu­
lar problem. In programming, the computational limit is related more 
to the number of equations than to the number of variables. 

Size limits aside, programming per se does not provide the means 
of obtaining the necessary coefficients. It is necessary to know or to 
estimate the production functions (in various forms) before program -
ming can begin. This knowledge must come from production data and 
scientists who can supply production relationships and other sources. 
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The product "supply" and "factor" demand functions derived by pro­
gramming can be no better than the coefficients obtained from other 
sources; or no better than the restraints incorporated into the model, 
such as institutions and time. 

Regional Producing Units 

The model to be outlined considers regions rather than individual · 
farms to be the producing units. Restraints on outputs are those of the 
region and various programming activities are defined accordingly. 
Given the concept of a regional producing unit, we would want to define 
regions so as to include only those farms that have the same supply or 
response functions. 

For example, an area could be defined in which there are N farms, 
each with a production function for product Y as indicated by equation 3a 

(3a) Y. = a. z. 
l l 1 

i=l,2,3, ... ,N 

in which zi = bli xl + b2i x2 + • .+ bjixj +,,, + bmiXm and the X's are 
the various factors, the bji are the various weights that define the least 
cost factor "mix" as it appears to farmers, and ai is the transformation 
coefficient of the i-th farm.4 Theoretically, the farm supply function 
would be given by equation (3b), 

(3b) for Yi !5; mi 

in which mi is the output limit defined by some absolute restraint, such 
as land, Py, is the price of the product, and Pz. is the cost of the input 

, 5 l 1 
muc. 

Pz, 
Il the ratios a i 1 are equal for all farms, the total supply response 

for the region can be represented by equation (3c) 

(3c) p = K y 

Hence, the region can be treated as a single producing unit. 
Pz. 

Il the ratios --1 are not equal, the regional supply response would 
ai 

be characterized as a discontinuous step function such as AB shown in 
Figure 12.1. 

• We have assumed, of course, a Cobb-Douglas type function, whlch Is homogeneous of 
degree 1. As an approximation of output Increases within a llmlted range, due to expansion 
by technical units, such an assumption may be quite realistic. 

• The particular variables that go Into the pricing of aggregate z; wlll, of course, depend 
on the length of run. 
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Figure 12.1. 

If function AB characterizes the actual one, the use of constant pro­
duction coefficients to represent an entire region would not be realistic 
and would assume a regional supply response such as CD in Figure 12.1. 

p . 
If, in fact, the ratios -5. in equation 3b are not equal or nearly alike, 

ai 
and if the number of rows in the matrix ls not a limiting factor, farms 
could be stratified, new activities could be defined for each strata with 
appropriate production coefficients and restraints, and the actual re -
glonal production response would be depleted. If the problem is such 
that the number of rows cannot be increased, the theory of convex sets 
can be used in some problems to account for intraregional differences 
in production coefficients. But this matter, which ls simply the prob­
lem of adjusting the matrix size to the computing facilities, need not be 
gone into here. 

It has not been the intent to imply in the foregoing discussion that 
only one activity per commodity per region would be considered in the 
model to be discussed. In this model, any number of activities repre­
senting different techniques for the production of the same commodity 
in each region can be used. These "same product" activities could be 
of two types: (1) Those representing different activities of the same 
production function; that is, vectors ·specifying different factor-output 
combinations, and (2) activities representing different production func -
tions. If alternative activities are considered for production of a par­
ticular commodity in a region, the regional supply response may be 
similar to that characterized by "step" function AB in Figure 12.1. The 
lower segments of the step function would represent activities rela­
tively 'less efficient" in the use of fixed resources. The converse 
would be true for the higher segments. Consideration of many produc­
tion alternatives per product in each region does not mean that farms 
cannot be represented in aggregate in programming analysis. The es­
sential element for aggregation is that farms are homogeneous in pro -
duction response. This may mean that they have similar combinations 
of resources as well as similar production functions. 

The authors believe that a model built around a regional producing 
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unit, with certain adjustments for intraregional differences, is suffi­
ciently realistic for interregional competition analysis; especially in 
consideration of the goal of analysis of prospective changes in regional 
variables, the data requirements, computational costs, and general 
"manageability." 

SOME FORMAL MODELS 

A regional programming model, one in which restraints and activi­
ties are defined relative to regions that make up the national aggregate, 
can be used to define: (1) the production and resource use pattern for a 
given set of regional factor prices and regional requirements of com­
modities; (2) the production and resource use pattern for a given set of 
regional product requirements when we incorporate activities which de­
pict factor supply functions; and (3) production and resource use 
patterns when we incorporate activities which depict product demand 
functions and mesh output with regional demands. Regional "supply" 
relationships can be ascertained by any of these methods by making ap­
propriate adjustments in output or demand. 

The following sequence will be used for the remainder of the paper. 
First, models will be explained that parallel items (1) through (3) 
above. Second, data will be summarized that has been computed for a 
model of the first type. Finally, some limitations of and difficulties in­
volved in the use of these models will be outlined. 

Model A. For this model, prices of the variable factors, fixed resource 
levels, and regional requirements of commodities are given. We wish 
to define (1) the regional production and resource use pattern, (2) com -
modity flows between regions, (3) regional supply prices for commodi­
ties, and (4) the prices (imputed returns) of the fixed resources. Items 
(1) and (2) are derived by the primal solution and (3) and (4) by the dual 
solution to the programming problem. 

The programming objective is to: 

(4a) min. f (c) = Y1 C1 + •.. + Yi Ci + •.. + Ym Cm + T1 R1 + ... 

+ Ti Ri + ... + Tm Rm 

' in which Yi is a subvector of product outputs, containing n elements to 
represent the output levels of n products6 in the i-th region. Ci is a 
subvector of n elements representing the per unit variable costs of the 
n products of the i-th region. Ti is a subvector of n x (m-1) elements 
which represent the export levels of n products for the i-th region. 
Ri is a subvector of per unit transfer costs for these exports. 

Function 4a is minimized subject to these regional restraints: 

• As noted before, In some cases two or more of these elements may represent the out­
put levels of the same commodity produced by different methods. 
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11 kk nfn<f y. f.. + ... + y. f .. + ... + y. .. - .. 
l lj 1 lj 1 lj lj 

(4b) 

in which y~ represents the output of the k-th product in the i-th re­
gion, f~j represents the per unit inputs of the j-th resource used to 
produce the k-th product in the i-th region, and fij is the level of the 
j-th resource available in the i-th region. There are r inequalities 
or restraints of type 4b per region. 

The interregional restraints, the restraints that tie the system to­
gether, are defined by restraint 4c: 

(4c) 't y!c p !<- + ~ • t !<-. + ~ . t !c. 2! s½ 
1 1 i;t j1 lj i;t j l lj 1 

in which yf means the same as in equation 4b, pf stands for the output 
(+) coefficient of the k-th product in the i-th region (or input(-) for 
this same activity if it represents an intermediate product, for example 
feed, tfj stands for import or export levels of the k-th product with re­
spect to the i-th reiion (exports have a negative sign and imports a 
positive sign), and si represents a constant which defines the require­
ments of the k-th product in the i-th region. The elements sf repre -
senting intermediate goods are zero. The coefficients of all ~j terms 
are unity by definition. There are n restraints or inequalities of 
type 4c per region. 

The length of run nature of model A can be changed simply by shift­
ing factors from the fixed to the variable class, so long as variable 
factor prices can be taken as given. In this case, a regional restraint 
or inequality is removed from the system for each resource shifted 
from the fixed to the variable class. Factor prices also can be set at 
particular levels to determine how differential changes in factor earn­
ings would affect the production and distribution patterns, and supply 
prices of commodities by regions. 

As factor prices would seldom be expected to be invariant for sig­
nificant changes in output levels within regions, it is desirable to in­
corporate factor supply functions, if these functions can be defined, into 
interregional competition models. 

Model B. For this model, prices of variable factors are endogenous (to 
be determined). All other variables are either exogenous (given) or 
endogenous as in model A. The objective of this model is to: 

(5a) min. f (c) = F 1 P1 + ••• + Fi Pi + •.. + Fm Pm 

+YiCi+ 

+ Ti Ri + 

in which Yi, Ci, Ti, and Ri have the same meaning as in model A, but 
some Ci may represent a subvector of zeroes if all resources used by 
the Yi activities are either acquired by factor purchasing activities or 
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produced within a region (intermediate products). H this is the case, 
Yi represents a "transformation" subvector; Fi is a subvector of factor 
use levels containing q elements to represent the level of the i-th fac­
tor used at each price level in the i-th region;7 Pi is a subvector of 
factor prices containing d elements, one element for each factor and 
for each change in the average supply price of that factor. 

Restraints of the type 4b of model A are nx,dified for factor pur­
chasing as in restraint 5b, 

(5b) y~ f~. + .•. + y~ f~. + ... + y~ - b~. - ... - b ~- - .•. - b :. :s 0 
1 lJ 1 lJ 1 lJ lJ lJ 

in which bij represents the quantity of the j -th factor purchased at the 
z-th price in the i-th region. 

Restraints of type 5b are necessary in model B only for purchased 
factors. Regional resources that are fixed, such as land, would have 
restraints like 4b for model A. 

The optimum solution for model B, that is, when function 5a is min­
imized, would define a production and resource use pattern that is more 
realistic than that for model A. This added realism is attained because 
not all factor prices are taken as invariant. Obviously, changes in the 
output of predominate crops in a region would result in changes in fac­
tor prices. Hence, the incorporation of factor supply functions into the 
"interregional" competition matrix should produce answers that are 
more important in regard to regional changes in prospect. 

Changes in Demand 

Both models, A and B, can be used to define changes in regional 
production and resource use patterns, given certain changes in regional 
commodity requirements or "demands" that might be associated with 
growth or shifts in population. To do this we would simply change the 
requirement levels in the 4c equations. We could, in fact, "map" the 
differential changes occurring region by region as one or more of the 
regional requirements was varied in a continuous manner. Program -
ming routines are available to do this. But when such a procedure is 
applied to more than a few of the total regions and commodities the 
computational problem becomes excessive. 

Either model A or model B could be used to obtain a more or less 
general spatial equilibrium solution if regional demand functions were 
available by commodltles. The procedure, though complex, would be as 
follows: A particular level of output would be selected for each com­
modity required in each region. A minimum cost solution for supplying 
these requirements would be obtained. The dual solution would give the 

7 In this formulation, the factor supply function ls partitioned Into segments and one 
average price ls taken for each segment. In other words, price Increases due to Increased 
levels of factors use are approximate. The greater the number of segments used, the more 
appropriate will be the average factor price. 
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supply prices associated with the regional requirements assumed. The 
supplies and associated prices would then be compared with price -
quantity relationships denoted by the demand functions to ascertain 
whether the markets were in equilibrium; that is, "supply price" would 
be equal to "demand price" for the quantity supplied. If th~ markets 
were not in equilibrium, new supply levels would be selected that were 
in the direction of equilibrium. For example, consider a particular 
market and product, with the supply price at $1.50 and the quantity sup­
plied at 100,000 units, as given by the first programming solution. 
The demand price for this quantity is $1.25. Hence, to move toward 
equilibrium, 90,000 units might be selected for the next round of pro­
gramming. Of course, if the supply price were below the demand price, 
the target output would be increased in the next programming matrix. 
Such a procedure would be followed until all markets were in balance 
(that is, all price-quantities had converged). 

However, if intermediate products were not involved, a general 
spatial equilibrium solution could be more easily worked out if regional 
market prices were taken as given and the objective criterion were that 
of maximizing regional profits. If this approach were used, regional 
outputs could be programmed independently. This would mean a drastic · 
cut in matrix size for programming. The amounts of each product sup­
plied to the different markets would be added together to determine 
whether markets were in equilibrium; that is, the quantities supplied 
could be sold at the prices assumed. If markets were not in equilib­
rium, a new set of prices would be selected which would encourage out­
puts in the general direction of equilibrium. The programming routine 
would be repeated again and again with new sets of prices until all mar -
kets were brought into balance. In the maximum regional profit ap­
proach to general equilibrium we are asking the question: "At these 
prices, what quantities would be supplied?" In the minimum -cost ap­
proach we are asking the question: "At what prices would these quanti­
ties be supplied?" The general equilibrium solution would be the same 
in either case, but the time involved and the matrix size would deter­
mine the procedure to be used. 

Technology or Other Changes in Supply Structure 

The foregoing discussion has emphasized production and output re­
sponse resulting from changes or shifts in demand. In summary, the 
general types of programming models outlined could be used as follows: 
(1) Either a cost minimizing or profit maximizing model could be used 
to define the optimum pattern of outputs, given the level of national or 
regional demands for the relevant commodities. (2) Using a cost mini­
mizing model, demand restraints could be varied to trace out the pat­
tern of outputs and their associated supply prices. (3) Using a profit 
maximizing model, prices could be varied to trace out patterns of sup­
ply responses in individual regions and for the national aggregate. 
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These models are not restricted to analysis of the demand side 
alone. They can also be used for analysis of changes on the supply 
side. If analyses were restricted to the demand side, time would have 
provided sufficient observations, so that very likely this general class 
of problems could be best solved by regression analysis. But dramatic 
changes are occurring in production and programming models probably 
have greatest applicability in analyzing possibilities in regional output 
response when important changes occur in production functions and in­
stitutions. (If changes relating to supply functions originated only 
through changes in factor prices, it is possible that time series data 
would provide sufficient observations for sole reliance on regression 
models.) 

If our purpose is to project differential changes in production pat­
terns due to changes in production functions or institutions, we might 
follow about this procedure: First, we would program to define re­
gional production patterns given the current state of technology, using 
any of the models or approaches outlined above. Next, we would set up 
a new programming matrix, in which substitutes would be made for the 
c \, f \j, p\ and other elements as affected by changes in production 
functions, institutions, factor supply or restraints, etc. The general 
computational procedure as outlined above would then be repeated. The 
results would allow us to specify how output responses, production pat­
terns, supply prices, and imputed factor returns would be altered if 
(1) projected coefficients were employed, (2) producers attempted to 
approximate maximization of certain objectives, and (3) certain condi­
tions in respect to restraints of fixed resources were to prevail. 

For such analyses, we would suppose that for the sake of simplicity 
and manageability of computations in consideration of the size of prob­
lems visualized, a comparative statics or "snapshot of time" approach 
would be used. That is, solutions would be computed for each set of 
production coefficients, factor prices, and institutional restraints. By 
this arrangement, the variables in the first set of solutions would not be 
related to those of a later period in the vein of a true dynamic model. 
It is not that programming disallows this approach, but it becomes 
computationally cumbersome for a problem involving more than a few 
regions and commodities. 

Difficulties and limitations abound for regional programming 
models, just as they do for any other empirical approaches that can 
now be used. The authors are, because of some experience in trying to 
manipulate them, perhaps as aware of them as anyone else. Later, 
some of the difficulties inherent in the application of such models will 
be summarized. But now, some empirical results generated by a re­
gional programming model are presented. These results entail the 
types of limitations noted here and elsewhere.8 The example is not 
proposed as one illustrating the optimum degree of detail and empirical 

"Heady, Earl O., and Egbert, Alvin C., "Programming regional adjustments In graln 
production to eliminate surpluses," Jour. Farm Econ., 41:718-33, 1959. 
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adequacy. It is presented only as a relatively simple example (although 
certainly a difficult example in terms of data assembly and computa­
tional routine) of the general types of data that can be generated by re­
gional programming models. The emphasis in this model is on regional 
production patterns. As outlined previously, another step will produce 
an expression of supply functions and factor demand relationships. The 
model to be explained employs those techniques existing at the time ·the 
study was initiated. Further analysis is being made to define produc -
tion patterns under potential changes in technology and demand. Also,· 
project plans call for the incorporation of livestock production, but 
under a greater degree of aggregation, into the model. 

AN EMPIRICAL MODEL 

The model and results presented below required several man years 
of data assembly, model construction, and computing. This initial in­
vestment would be required for most regional models of some detail. 
However, once the data have been assembled and converted to appropri­
ate form, professional time spent can be less for other phases of the 
analysis. Only a few of the possible analytical phases or steps are out­
lined below. 

Nature of the Model 

The analysis deals with wheat and feed grains. The objective func­
tion for programming was similar to function 4a. Three products were 
considered for each region: food wheat, feed wheat, and a feed grain 
composite consisting of corn, oats, barley, and grain sorghums weighted 
by the average relative acreage of each planted in the particular region. 
One hundred and four production regions were considered. To make the 
analysis manageable, the consumption regions were limited to ten. Thus 
there were three elements in each of the 104 Yi subvectors and 27 ele­
ments in each of the 104 Ti subvectors of functions 4a. Each element, 
cf, of the subvector Ci, represented the per unit cost of producing the 
k-th grain in the i-th region and included costs that were due to labor, 
power, machinery, seed, fertilizer, and related inputs. Land and over­
head costs were not included in this cost calculation. Each element, 
rh, of the subvector Ri, represented the per unit freight cost of trans­
porting the k-th grain from the i-th production region to the j-th con­
sumption region. 

Only one resource restraint (Fi in the 4b inequality) was \.\5ed for 
each region. This was the maximum acreage planted to the five grains 
in the last eight years. Because feed wheat was considered as a substi­
tute for other feed grains, only two demand restraints (inequality 4c) 
were needed for each c;:onsumption region. S) was an estimate of the 
food wheat disappearance in the j-th consumption region in 1954, 
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adjusted for normal per capita consumption and including net exports. 
S j was an estimate of the feed grain disappearance in the j .:.th con­
sumption region in 1954, adjusted for normal livestock consumption. 

The geographic boundaries of the production and consumption re -
gions are shown in Figures 12.2 and 12.3, respectively. Freight costs 
for each activity were based on shipping points and destinations near 
the centers of these production and consumption regions. Freights 
tariffs existing in May 1954 were used to compute these costs. Pro­
duction costs and outputs were computed from regional production data 
and average prices of 1954. 9 

Results 

Regional flows of wheat given by the minimum cost solution to the 
empirical model are shown in Table 12.1. Table 12.2 shows the feed 
grain shipments between regions. The data presented in these tables 
represent aggregates of the exports of the production regions outlined 
in Figure 12.1. For example, the figure 58,989, Table 12.1, represents 
the total shipments of wheat from four Corn Belt production regions to 
the Northeast.10 Except for the Southeast, the historical deficit areas 
are shown as importers and (except for possibly the Mountain States) 
their suppliers are the traditional surplus areas. More detailed re­
sults· to be presented later will show the Southeast supplying its own 
wheat. This means wheat replaces corn production in this area. Only 
a few of the normal grain regions of the Mountain States (located in 
Montana) are shown as wheat producers. We shall comment further on 
these results later. 

Table 12 .1. Wheat Shipments 

Destination 

N. App. s. Lake Corn Delta N. s. Moun, Pac. Total 
Origin east east States Belt States Plains Plains exports 

(1,000 bushels) 
Northeast 
Appalachian 
Southeast 
Lake States 69,654 69,654 
Corn Belt 58,989 58,989 
Delta States 
Northern Plains 82,507 59,850 142,357 
Southern Plains 37,213 37,213 
Mountain 
Pacific 

Total Imports 211,150 37,213 59,850 308,213 

"For added details see Egbert, A. C., and Heady, E. O., "Programming regional ad­
justments in grain farming to balance production wlth consumption," USDA Tech. Bul., 
(in process). 

10These four regions, as well as the other 100 production regions, were entered into the 
programming matrix as separate entitles. Shipments of the production regions are aggre­
gated in Tables 12.1 and 12.2 to simplify the presentation. 
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Table 12 .2. Feed Grain Shipments 

Destination 

N. 
east 

App. S. Lake Corn Delta N. S. Moun. Pac. Total 
Origin east States Belt States Plains Plains exports 

Northeast 
Appalachian 
Southeast 
Lake States 
Corn Belt 
Delta States 
Northern Plains 
Southern Plains 
Mountain 
Paclflc 

Total Imports 

azn corn equivalents 

296,391 118,419 198,923 

296,391 118,419 198,923 

(1,000 bushels)a 

129,167 20,806 

129,167 20,806 

~13,733 

74,266 224,239 

74,266 837,972 

As shown in Table 12.2, only the Corn Belt and the Northern Plains 
are feed grain exporters. But again, historical deficit areas are shown 
as importers; namely, the Northeast, Appalachian, Southeast, Delta 
States, Southern Plains, and Pacific. The shipments from the Northern 
Plains are primarily from the Corn Belt fringe in Nebraska. This fact 
makes the feed grain flow pattern more plausible than it might appear 
to be on the basis of Table 12.2. 

Although Tables 12.1 and 12.2 make it appear as though there is 
little interdependence or competition between these ten broad areas, 
such is not the case. For one reason, interdependence is built into the 
model; for another, shifts in regional requirements would. change sig­
nificantly these regional flows. 

As mentioned before, one objective of this analysis was to obtain 
supply prices in each of the ten consumption regions. These prices are 
shown in Table 12.3. One' apparent "inconsistency" in the prices shown 
in this table is the feed grain supply price, at 1954 price levels, shown 
for the Mountain States. Here, historically, the price of feed grain has 
been about the highest in the United States. But perhaps a price of 69 
cents ls not so unreasonable for this area when considered in light of 

Table 12.3. Wheat and Feed Grain Supply Prices, by Regions 

Wheat Feed grain 
Region price price 

(dollars) (dollars) 
Northeast 1.48 1.05 
Appalachian 1.53 1.16 
Southeast 1.39 1.24 
Lake States 1.11 0.88 
Corn Belt 1.04 0.67 
Delta States 1.22 0.98 
Northern Plains 0.73 0.65 
Southern Plains 1.21 1.08 
Mountain 0.77 0.69 
Pacific 1.28 1.12 
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the fact that an "output brake" was imposed by the model because of a 
wheat and feed grain economy with current overcapacity. Hence, U the 
historical wheat areas in the Mountain States were "squeezed out" of 
wheat production by market forces, feed grain production (in this case 
barley) could easily be expanded. Consequently, the price of feed 
grains would decline. Aside from this, the regional supply prices 
shown in Table 12.3 appear to be reasonable, at least in the relative 
sense. 

The regional producing units, the kind and quantity of grain pro­
duced by each, and the imputed returns per acre of grain land are 
shown in Table 12.4. The reader can obtain a more vivid mental image 
of the specified regional production pattern U the data shown in Table 
12.4 are related to Figure 12.2. He should conceive that grain produc­
tion is absent in much of the Southeast, the Delta States, North Dakota, 
eastern Kansas, and the Mountain States, and in some other scattered 
areas. This production pattern represents an "ideal regional distribu­
tion of production" arising from "pure" interregional competition in 
two farm products given invariant consumption at a point in time, in 
this case 1954. 

Furthermore, when interpreting these results the reader should 
remember that (a) spatial production patterns implied by Table 12.4 
were computed under the assumption of techniques (that is, technical 
coefficients) equal to the average of each region and (b) the coefficients 
are constant within the delineated regions. Locational variations from 
the coefficients used would mean that some acreages in the regions not 
designated for production would "remain" in grain production and some 
acreages in regions designated for production would be "withdrawn. "11 

The returns per acre of grainland or imputed rents shown in Table 
12.4 are actually the maximum net ·return achievable in each region 
from the given production opportunities when shipments are made only 
to the most profitable market (or markets). Production and distribu­
tion take place only when the market price (Table 12.3) will at least 
cover unit supply costs. The regions shown in Table 12.4 for which no 
production is listed represent areas in which 48.5 million acres are 
usually planted to grain. To summarize, the data presented in Tables 
12.1 through 12.4 characterize a production and distribution pattern that 
would be expected in a purely competitive economy - onP. of restricted 
nature by definition of the model and the data that went into it. 

As suggested previously, many modUications can be made in the 
model to investigate the effects of regional changes in prospect. With 
adequate funds and computing facilities and time, we could add compet­
ing and complementary commodities such as soybeans, cotton, beef, 
pork, etc., and tie these all together in one huge matrix. We could add 
factor supply equations if we had them and, looking to the future, pro­
duction coefficients could be modUied to account for technical innova­
tions in prospect. Product demand equations would be used to, define a 

11 For details on limitations of the analysis, see Egbert and Heady, op. cit. 



224 A. C. EGBERT AND E. O. HEADY 

Table 12.4. Specific Grain Production Levels and Imputed Returns to Grain 
Land in Production Regions 

Wheat Feed grain Imputed 
Region production production rent 

(1,000 bushels) (1,000 bushels) (dollars) 
1 16,197 10.49 
2 97,567 10.88 
3 19,189 15.82 
4 13,075 14.35 
5 7,434 12.00 
6 20,029 9.53 
7 
8 
9 

10 5,780a 1.92 
11 
12 
13 367 7,665a 0.12 
14 
15 
16 2,087 8.40 
17 14,856 4.64 
18 24,058 3.66 
19 
20 24,651 1.44 
21 8,971 8,771 4.87 
22 36,399 9.41 
23 8,342 8.85 
24 11,089 8.98 
25 27,833 4.68 
26 17,770 1.15 
27 27,691 0.78 
28 233,287 6.46 
29 
30 72,903 8.30 
31 222,916 6.86 
32 26,847 10.52 
33 5,804 48,348 2.40 
34 63,850 1.10 
35 20,494 1.10 
36 18,941 61,318 8.83 
37 356,616 8.72 
38 231,170 14.30 
39 39,025 4.01 
40 19,630 1.36 
41 14,756 2.14 
42 
43 57,690 82,317 3.64 
44 153,258 5.01 
45 403,933 8.53 
46 157,062 7.63 
47 84,314 5.93 
48 73,085 10.01 
49 30,795 3.79 
50 89,054 3.52 
51 
52 

awheat used for feed 
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Table 12.4. (Continued) 

Wheat Feed grain Imputed 
Region production production rent 

(1,000 bushels) (1,000 bushels) (dollars) 
53 
54 
55 31,182 0.27 
56 68,643 1.29 
57 
58 17,430 0.82 
59 94,739 3.87 
60 113,013 6.64 
61 5,667 2.18 
62 10,764 35,771a 0.20 
63 
64 28,104 2.46 
65 148,798 4.03 
66 
67 
68 
69 
70 17,098 0.06 
71 18,212 0.40 
72 37,617 2.76 
73 72,121 1.60 
74 3,795 74,266 2.12 
75 

.. 76 31,628 4,309a 6.20 
77 35,114 3.95 
78 5,841 a 1.60 
79 20,898 • 4.95 
80 76,302 15.04 
81 14,561 3.51 
82 16,449 5.98 
83 3,063 2.99 
84 1,088 3.54 
85 7,871 5.35 
86 1,388 1.25 
87 5,673 2.75 
88 12,359 10.09 
89 58,3ooa 1.18 
90 0.3466 0.00 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 79,077 10.59 
101 5,712 56,911 9.31 
102 7,083a 6.01 
103 6,896 5.82 
104 30,643 15.87 

Total 677,452 3,548,514 

a wheat used for feed 



226 A. C. EGBERT AND E.O.HEADY 

general spatial equilibrium pattern. Thus a "longer-run ex ante out­
look" on American agriculture would be provided to guide the decisions 
of farmers and those concerned with aiding farmers in the adjustment 
process. 

PROBLEMS AND LIMITATIONS IN THE USE 
OF INTERREGIONAL PROGRAMMING MODELS 

Most of the problems or limitations in the use of interregional pro­
gramming models fall into three classes: size, data, and research re­
sources. The most important of these, as noted earlier, is research 
resources. If we had sufficient resources, the other problems would 
disappear; and we should include human resources as well as funds. 
But because resources are limited, the other two limitations are highly 
relevant. Hence, we discuss some of the problems relating to them. 

Relatively few variables in an interregional programming model 
generates a mammouth coefficient matrix. Although only 104 produc­
tion regions, each with three activities, and ten consumption regions 
were considered in the wheat and feed grain problem just described, 
the resulting matrix was of a 124 x 3,120 order. With a matrix of this 
size, "bookkeeping" alone is a significant problem. In addition, it leads 
to difficulties in finding and financing computing facilities of adequate 
capacity. But future advances in computing technology may easily take 
care of most of the size problems. 

Problems relating to data for interregional competition studies may 
be most significant for some period ahead. Much information on farm 
production functions or input-output coefficients is needed. A large 
part of that currently available is very fragmentary, incomplete, or out 
of date. The problem of defining and obtaining coefficients for approach­
ing technology is especially important. If farm production functions 
were available by type of farm, managerial level, and soil class, data 
relating to these variables could be incorporated in the matrix, even to 
the extent of taking into account changes in scale returns. There is 
even the possibility of using programming "gimmicks" to consider such 
things as discontinuities of inputs and interactions between activities 
or enterprises. 

Production functions or coefficients are needed for the marketing 
sectors of the system as well as for farms in interregional competition 
models. A dearth of information now prevails. Reliable input-output 
data in the marketing sectors are difficult to acquire, even when re­
sources are adequate. 

If size, data, and research resources did iiot place limitations on 
models dealing with interregional competition, could we "exactly" de­
scribe the production and distribution pattern, and the general supply 
situation of 10 or 20 years ahead? Very probably we could not. Tech­
nological changes and innovations of the future could be forecast only 
imperfectly. Even though all measurable economic variables could be 
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"captured," present and future, in one great system, the human psyche 
or actions of people themselves may distort the "best laid" projections. 
Hence, the "most exact" programming models might be in error in 
much the same way that extrapolation into the future with regression 
models could produce erroneous projections. 

Certainly, programming is not the "perfect tool" for interregional 
competition analysis. However, the authors believe, that given the cur­
rent state of the arts, it offers one of the better means for analyzing 
the prospective effects of major changes now occurring in the economy 
and those now appearing on the horizon. They believe that compared 
with other formal empirical tools available, it has more inherent flexi­
bility for accounting for change and for considering fixed factors and 
different lengths of run. Its major limitations arise from data require­
ments and in defining restraints that are consistent with those of the 
real world. 

JAMES S. PLAXICO 
Oklahoma State U nive~sity 

Discussion 

IT IS CLEAR that the impact of technology, organizational innovation, 
economic growth, and demand shifts have not been uniform among re­
gions within this country. This being the case, analyses based on na­
tional aggregates do not provide an adequate basis for measuring the 
effects of structural changes, nor for evaluating the price, income, and 
efficiency implications of alternative policy and program proposals. 
The renewed interest of agricultural economists in the structure of in­
terregional competition is commendable and the Egbert and Heady paper 
is a significant contribution to the growing literature in the area. The 
Egbert-Heady review of the characteristics and limitations of alterna­
tive interregional competition models will prove to be particularly 
helpful to other researchers and students of the problem. 

There are three major conclusions explicitly or implicitly ex­
pressed in the Egbert-Heady paper. These are: 

1. Programming models presently offer the most effective means 
of analyzing major structural changes in the economy. 

2. The major impediment to the effective application of the various 
programming models is a critical deficiency of data and comput­
ing facilities. 

3. Programming models provide a suitable framework for incorpo- · 
rating available coefficients into models approximating general 
equilibrium systems. 

The discussion which follows is primarily devoted to an analysis of the 
first two of these propositions. 
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Problems relating to the inclusion of "shifters" in regression 
models has long been recognized and has been analyzed in other papers 
presented at this conference. For this reason, as well as the greater 
flexibility of the programming models, I tend to agree that program-

✓ ming models may offer a superior means of analyzing change. At the 
same time, the manner of evaluating structural change in static pro­
gramming models is far from obvious. Clearly other tools have failed 
to provide the basis for predicting major structural changes, such as 
the rather recent shifts in the broiler industry. However, it is not 
clear that programming models could have done better. 

Egbert and Heady conclude that transportation models lack general­
ity and must play a minor role in interregional competition studies. · 

v Specifically, the transportation model is concerned with spatial alloca­
tion of a single commodity when production and consumption for each 
region are predetermined. The problem is to minimize transportation 
costs in satisfying the predetermined regional bill of goods. We might 
accept the single commodity limitation, but the independence of supply, 
demand, and prices postulated by the transportation model is not a 
tenable assumption. 

The Enke-Samuelson-Berkman spatial equilibrium model may be 
superior to the pure transportation model in that product price differ­
entials between regions and total consumption within regions are endog­
enously determined, given predetermined production, along with demand 
relationships for each region. Thus this model enables the investigator 
to examine the implications of changes in supply, shifts in demand vari­
ables and parameters, and changes in transportation or processing 
costs for equilibrium shipments and prices. An alternative formulation 
is to take total consumption in each region as a predetermined variable 
with supply to be determined endogenously. 

Input-output models emphasize the interdependence of the various 
sectors of the economy. This is obviously a desirable feature and an 
important advantage over the transportation model and its preoccupa­
tion with a single commodity. However, input-output models relate to 
historical periods and their appli<;a.tion to analyses of structural 
changes is yet to be demonstrated. Thus Egbert and Heady are probably 
correct that the more general programming models offer a more prom­
ising approach to the relevant question at hand. 

Perhaps without exception, economists engaged in empirical re -
search decry the lack of "suitable" data, time, and computing facilities. 
In the case of generalized programming models such as those described 
by Egbert and Heady, data and computing requirements are indeed im­
posing. Such models require data essentially in the form of supply, de -
mand, and price. parameters by regions. Nevertheless, it would appear 
that important conceptual problems must be solved before the nature of 
the data needs for programming are specified and developed. 

It should be clear that data, computational, and conceptual problems 
are interdependent. Empirical models are compromises between in­
comprehensible and unmanageable but realistic detail and understandable 
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and manageable simplification. In the case of interregional competition 
problems, simplification must be the rule rather than the exception. I 
would hypothesize that larger matrices and larger computers a,re not 
the answer. Rather, researchers must develop models with relatively 
high degrees of aggregation which are capable of reflecting the magni­
tudes of the most relevant variables. 

All would agree that supply relationships should be built into inter -
regional programming models. But are we interested in normative or 
predictive relationships? In a like vein, what length of run is most 
relevant? Similar questions could be raised with respect to demand. 
However, work to date seems to suggest no differences as to length of 
run in demand relationships. 

Perhaps the proposed use of the results may dictate the nature of 
the supply relationship desired. If interest is centered on economic 
efficiency or normative product-resource flows given pure and perfect 
competition, as appears to be the case in the Egbert-Heady work, nor­
mative supply relationship would appear appropriate. On the other 
hand, if one is interested in providing guides for program evaluation or 
administration, the predictive models may be more suitable. Actually 
both the normative and predictive estimates will be necessary if we are 
to adequately measure the gains and losses implied by alternative pro­
grams. Also the "no man's land" between normative and predictive 
models may offer a fertile field for investigation. 

A conceptual problem of first order importance relates to the quan­
tity to be maximized. We have traditionally limited ourselves to cri­
terion functions consistent with efficiency models assuming pure and 
perfect competition. We must broaden the scope of our research if we 
are to play a significant role in policy evaluation and program guidance. 
We need to measure the effects of alternative institutional restraints, 
including market or supply controls, on the total and the farm econo­
mies and regions within the farm economy. I would hypothesize, for 
example, that agricultural economists have little concept of the nature 
of intra-industry and inter-regional income transfers which would re­
sult from a program of comprehensive supply controls.· In fact, the 
notion of supply controls ls rivaled only by the free or flexible price 
idea as being the most over-advocated, under-analyzed proposition of 
our time. 

Historically, demand relationships have apparently been much more 
stable than supply relationships. Thus it is generally conceded that our 
knowledge of demand ls superior to our knowledge of supply and that the 
critical void ls the area of supply. Nevertheless, most available de -
mand coefficients are of the ceteris paribus nature, while in the real 
world other things simply do not remain the same with a change in one 
price or quantity. Such an assumption may be tenable in dealing with a 
single commodity or group of commodities, however the crucial prob­
lems in agriculture relate to total supply-demand relationships. 

Egbert and Heady are fully aware of the limitations of the empirical 
results which they present. Yet the rather simple model presented 
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does indicate the tremendous complexity and suggests the substantial 
understanding that could be derived from a more general model. Also 
it should be clear from the Egbert-Heady paper that the various ap­
proaches to supply analysis can be highly complementary when results 
from various forms of analyses are incorporated into a generalized 
programming model so as to allow a general equilibrium analysis. 
Nevertheless, it is likely that over the near term partial equilibrium 
analyses such as the Egbert-Heady approach would seem to offer a 
fruitful field for further research. 




