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FOREWORD

Roughly 1.6 billion people, 40 percent of the world's popu-
lation, live in urban areas today. At the beginning of the last
century, the urban population of the world totaled only 25 mil-
lion. According to recent United Nations estimates, about 3.1
billion people, twice today's urban population, will be living
in urban areas by the year 2000.

Scholars and policy makers often disagree when it comes to
evaluating the desirability of current rapid rates of urban growth
and urbanization in many parts of the globe. Some see this trend
as fostering national processes of socioeconomic development, par-
ticularly in the poorer and rapidly urbanizing countries of the
Third World; whereas others believe the consequences to be largely
undesirable and argque that such urban growth should be slowed down.

This paper is the product of collaboration between the Human
Settlements and Services (HSS) and the System and Decision Sci-
ences (SDS) Areas at IIASA on the topic of urbanization-development
modeling. Professor Zalai was brought to Laxenburg by both Areas
to explore commonalities between the concepts and techniques in-
corporated in nonlinear computable general equilibrium models and
the methodologies of planning models currently being used in cen-
trally planned economies. The first results of that exploration
are set out in this paper. The author's principal conclusion is
that, despite their fundamental conceptual differences, both
classes of models exhibit close technical similarities, which make
transfer of modeling techniques possible.

Recent papers in the Population, Resources, and Growth Series
of the HSS Area and related papers in the SDS Area are listed at
the end of this report.

Andrei Rogers Andrzej Wierzbicki
Chairman Chairmran

Human Settlemets System and Decision
and Services Area Sciences Area

~iii-



ACKNOWLEDGMENTS

I wish to thank all of those at IIASA and in Hungary who
read the first draft for their useful comments. I am especially
grateful to Lars Bergman, Urban Karlstrdm, and Andrés P&r for
the many discussions and their valuable suggestions from which I
benefited a great deal. I would also like to acknowledge with
thanks the encouragement and constant interest of Andrei Rogers
and Andrzeij Wierzbicki.

Maria Rogers edited and Susie Riley typed the paper. I
thank them for their efficient job and patience.

-7 -



ABSTRACT

Recent years have witnessed a shift in nation-wide economic
modeling techniques. Parallel to the use of traditional linear
models has been the development of more sophisticated nonlinear
models, under the name of applied (computable) general equilib-
rium models. Some of these models have been especially designed
to capture the interrelationships of economic, demographic, and
spatial processes. This paper investigates the possibilities
and expected benefits of incorporating nonlinear multisectoral
models of the computable general equilibrium type into the plan-
ning methodology of socialist countries.

Linear multisectoral models have become more or less inte-
grated into the complex process of planning in most of the soci-
alist countries. Despite their fundamental conceptual differences
the optimal planning models and the computable general equilibrium
models exhibit c¢lose technical similarities, which make the trans-
fer of modeling techniques feasible. For illustration a tentative
nonlinear model is developed for Hungary which combines the con-
cepts and techniques of the above two modeling approaches. The
model differs considerably from its Western counterparts and can
be viewed as a natural extension of the planning models used in
Hungary. The model takes explicitly into account the interaction
of real and value variables, emphasizes the foreign trade flows
and incorporates demographic and spatial aspects as well.
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A NONLINEAR MULTISECTORAL MODEL FOR
HUNGARY: GENERAL EQUILIBRIUM VERSUS
OPTIMAL PLANNING APPROACH

INTRODUCTION

Recent years have witnessed a shift in macroeconomic modeling
techniques. Parallel to the use of traditional linear (input-
output and programming) models that concentrate on the production
sphere, has been the development of more complex, nonlinear
models. These models are usually referred to as applied general
equilibrium models. The purpose of this study is to investigate
the possibilities and expected benefits of incorporating nonlinear
and multisectoral models of the general equilibrium type into the
planning methodology of socialist (centrally planned) economies.
Such models, both static and dynamic, have been developed in in-
creasing number for development pianning and policy analysis

purposes over the past few years.

This paper concentrates on the intratemporal rather than
intertemporal equilibrium and efficiency conditions of such models.

Also, the models considered here possess a lower degree of closure

*The basic ideas of a multisectoral general equilibrium
growth model were laid down by Johansen (1959). Full scale im-
plementation of large, nonlinear models has become computation-
ally feasible only lately. Recent applications include Adelman
and Robinson (1978), De Melo (1978), Bergman (1978), Dervis and
Robinson (1978), the IMPACT project (see, for instance, Dixon
et al., 1977), McCarthy and Taylor (1980), and Kelly and William-
son (1980).
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in their general equilibrium properties than most of the models
in this field. As for the basis of discussion and comparison a
model developed by Bergman and P6r (1980) at IIASA has been chosen
both for its relatively simple structure and its close conceptual
resemblance to the optimal resource allocation planning models

used in some socialist countries, namely, Hungary.

The focus of this paper is on the techniques of applied gen-
eral equilibrium models with special reference to the Hungarian
planning modeling experience. It is organized into two main sec-
tions. Section 1 is a comparative modeling exercise intended
partly to bridge the gap between model builders coming from dif-
ferent socioeconomic environments and partly to pave the way for
the model specified in Section 2. Although the audience addressed
in this paper is mainly planning modelers from socialist countries
who are less familiar with applied general equilibrium modeling,
it is hoped that some of the conclusions of this exercise will
also be of some value to experts in this field. Section 2 des-
cribes a tentative general equilibrium model framework, reflecting
to a large extent—but of course in a simplified manner—the ex-
isting planning theory and practice in Hungary. Different parts
of the model are defined so that they can or could be incorporated
into some partial investigations concerning, for example, price
formation or physical/resource allocation coordination in Hungary.
There are, however, a few places where the mathematical formula-
tion differs from the "traditional" form, and this is mostly due
to the nonlinearity of the model. The novelty of the outlined
model lies mostly in the fact that it integrates the above partial
models into a consistent framework and directly takes into ac-
count the interdependence of real and value processes—a basic
requirement not fully met by recently applied planning models in

socialist countries.

It should be emphasized, that this paper is only a first
step toward the use of some more advanced, applied general equi-
librium modeling techniques in socialist economies. There are
many issues not raised here which are left for further research.
Planning in socialist countries is a complex social exercise.
National planning itself is a highly decomposed and iterative in-

formation processing system with many informal elements. It is a
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system that involves several administrative and scientific insti-
tutions. Any model that is not intended to remain a pure academic
exercise must be carefully designed against that background and
find its proper place within that system. This means, that con-
straints on input and output data specifications must be recog-
nized. It also means that one has to find the proper phase and
stage of planning appropriate for a model and the proper issues

to which the model can be fruitfully addressed. This task is not

easy and a great deal remains to be done.

For the above reasons the model developed in Section 2 sets
out only a tentative and general (non-issue specific) framework
of a multisectoral, static model. Throughout the study we had in
mind two possible planning applications for such a model. One
area of possible applications is the so-called coordination phase
of a medium term plan. It is well known that in Hungary, linear
programming models* have been experimented with in this phase of
planning (where the main aim is to establish an overall consis-
tency and optimality of detailed partial plans). They concern,
basically, the planned allocation of resources and various con-
sistency requirements in a terminal year. The models are built
on the detailed plan calculations and use linear approximations
to represent the feasible movement around the planned levels of
some crucial variables. The aim of the investigation is to check
the consistency of the draft plan and indicate various possibil-
ities for increasing the efficiency of the plan by a constrained

reallocation of resources.

In this context, the proposed equilibrium model can be simply
seen as a (partly) nonlinear version of the above models, in which
most of the data are derived from the plan calculations or based
on expert judgments. Another area of application could be the
early (forecasting) phase of planning, when the data of the model
are, to a large extent, based on statistical sources, and the
model is used for generating conceivable directions for detailed

planning activity.

*See Kornai (1974) for an account on the use and development
0of such models in the Hungarian medium-term planning calculations.
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These are, however, just two possible areas. Taking into
account the great flexibility of the equilibrium models (in terms
of their size and structure, the choice of the endogenous and
exogenous variables, the issues focused on, etc.), these models
are probably worth experimenting with in other areas as well.

For example, it is possible to simulate-—either cex post or ex
ante—the likely effects of changing exogenous (to the model) con-
ditions. It is also possible to further develop the model for
multiperiod forecasting purposes. This could be done either by
the use of "snapshot" techniques or by "dynamizing” the static
model. 1In the first case the values of the exogenous variables
and the parameters of the model are independently forecasted for
some future years and for each year a static model is solved. It
seems to be promising in this context to experiment with refer-
ence path optimization techniques (see Wierzbicki 1979) by pres-
cribing target values for some of the endogenous variables.as well.
In the case of dynamization some exogenous variables (investment
and capital stocks) are endogenized through intertemporal rela-
tionships. These loosely defined alternative uses of equilibrium
models would, however, require changes'in their specifications

from those used in the basic models in this paper.

1. APPLIED GENERAL EQUILIBRIUM MODELS VERSUS OPTIMAL PLANNING
MODELS

This section is a rejoinder to the old theme of a fundamental
equivalence existing between equilibrium solutions through a com-
petitive mechanism and the optimal solutions of a centrally plan-
ned resource allocation problem. This topic has been formulated
in many ways (e.g., in terms of welfare economics or a simple
linear programming model). Here we will put it into a slightly
different context. First, we will use it to gain better insight
into the problem of how and where the analytical techniques used
in multisectoral general equilibrium models could be fit into the
current planning modeling methodology of centrally planned econ-
omies. At the same time the exercise will help us to better un-
derstand the working of the general equilibrium model (e.g., the
determination of the consumption expenditure or the possibility

of incorporating various economic policy goals into a general
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equilibrium framework). Last but not least, unlike most of the
literature, we will put more emphasis on the conceptual differ-

ences that lie behind the technical similarities.

The organization of Section 1 is as follows. First we sum-
marize the basic features of a general equilibrium formulation
of the resource allocation problem in the framework of a simple
model economy. Second, within the same framework the problem is
then reformulated in a way familiar to the socialist planning
modeling practice. Next, some of the fundamental technical simi-
larities and the conceptual differences are analyzed. And,
finally, we close this Section with some observations related to
the problem of using smooth production functions in macro plan-

ning models.

1.1. A Simple Multisectoral General Equilibrium Model

For the purpose of comparison we have chosen a general equi-
librium model developed by L. Bergman and A. PAor (1980) at IIASA.
Its static character, relatively simple structure, and focus on
allocational efficiency in the context of a small open economy
makes it convenient to compare with linear programming models
developed in Hungary for similar purposes. The underlying logic
of multisectoral general equilibrium models and their relation to
some structurally similar optimal planning models will be better
understood if the resource allocation problem is stripped to its
bare essentials. Therefore, we disregard some elements of the
Bergman-Pér model, like foreign trade variables, government con-
sumption, and taxes, and treat energy inputs in the same way as
other intermediate inputs. (That is, enerqgy is considered one
of the intermediate commodities.) By doing this the above general

equilibrium model is reduced to the following simple form.

First we define the various (endogenous) variables and ex-

traneous parameters that appear in the model.



Variables

*

Xj gross output in sector j = 1,2,...,n
Xn+1 total gross investment
Kj capital stock in sector j = 1,2,...,n
Nj employment in sector j = 1,2,...,n
Ci consumption of commodity i = 1,2,...,n
P, price of commodity i = 1,2,...,n
Prl+1 price of the composite capital good
*
Pi "net price" (value added per unit) of commodity
i=1,2,...,n
W general index of the level of wages
Wj level of wages in sector j = 1,2,...,n
R general index of the return on capital
Rj rate of return on capital in sector j = 1,2,...,n
Qj user cost of capital in sector j = 1,2,...,n
E consumption expenditures
lata

N total labor force
K total capital stock

I total net investment

a; . input of commodity i = 1,2,...,n per unit of output in

) sector j =1,2,¢0e.,n
a, input of commodity i = 1,2,...,n per unit level of gross
i,n+1 .
investment

Gj annual rate of depreciation in sector j = 1,2,...,n

wj index of the relative wage rate in sector j = 1,2,...,n
8. index of the relative rate of return on capital in
] sector j = 1,2,...,n

b.,c. parameters in the consumer's demand function for com-
modity i = 1,...,n

*In the model each sector produces only one kind of com-
modity and each commodity is produced only by one sector. Thus
there is a one-to-one correspondence between the sectors and
the produced commodities.
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With the symbols defined above we now summarize the basic
features of the general equilibrium model. We do not reproduce
here the arguments supporting one or another specific formula-
tion, for which the reader is referred to the original paper.

However, we try to represent the model in a self-contained manner.

Commodities

There are n produced commodities in the model available for
both intermediate and final use, one composite capital good
(which is used only for investment), and two primary commodities

(capital and labor).

Technology

The production technology is given for the sectoral commod-
ities by the combined Leontief-neoclassical formulation, used by
Johansen (1959). The amount of primary commodities needed to
produce Xj unit of commodity j is described by a linear homogen-
eous, smooth production function, thus allowing for substitution

possibilities:

X. = F.(N.,K. ] = 1,2,...,
J J( J J) ) "

The use of intermediate inputs is assumed to be proportional

to the output level of the produced commodity, i.e.,

aij Xj 1 rees,n

1,2
1,2,«.4,nn

The production of the composite capital good recuires only
intermediate commodities in amounts proportional to the level of

gross investment (capital formation):

ai,n+1 Xn+1 i=1,2,...,n

The technology defined above exhibits constant returns to
scale, therefore, in equilibrium the nonprofit condition must

hold for each producing sector.
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Market Behavioral Rules for *the Producers

Producers are assumed to maximize their net income (or pro-
fits), i.e., the difference of their gross income and total costs.
Total cost is made up of the cost of intermediate inputs and
primary inputs. Capital is reevaluated at the current price on

*
capital goods in accordance with the following rule:

1
, Pi %i,n (1"

Therefore, the cost of using capital (evaluated at base price)

in sector j is given by

Q. = (6. + R.) P = (§. + B. R) P (2")

The introduction of different rates of return requirements
on capital can be interpreted, for instance, as a reflection of
lasting market imperfections. It will be shown that this solu-
tion has effects similar to individual bounds on sectoral capi-
tal inputs, which, in turn, can be interpreted as limited inter-

sectoral mobility of capital.

Introducing Wj = ij to represent the cost of labor, the
net income earned by producing Xj can be defined by the follow-

ing expression:

n
n. = P, X. - | P, aj5 ¥y 7 Wy Ny - Q4 Ky (2a')

which is to be maximized subject to the constraint given by the

production function:

X. = F.(N.,XK.
3 J(J' J)

Substituting Xj by Fj(Nj,Kj) in ecuation (2a') and differentiating
the net income function with respect to Nj and Kj will yield the
following necessary first-order conditions for an optimal solu-

tion:

*The equation numbers in Section 1 of this paper are indepen-
dent of those in Section 2.
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p J - w. o =4.W (3")
3 Nj ] ]

. ¥

P. = Yo

R (4")

. n
Pj =P. - ) P. a,. (5')

It can easily be seen that if we multiply equations (3') and
(4*)with Nj and Kj, respectively, and add them together, then,

because of the assumed linear homogeneity of the production func-
tions, we will have

IS B B tsa')

which in turn implies that the net income must be zero in egqui-

librium (nonprofit—or more accurately—"nonextraprofit" condi-
tion).

If we insert equation (5a') in equation (5'), after rearrang-
ment we get

n

P. = P.a,. + W. n. + Q. k. '
U A R (>p°)

The above price formation rule strongly resembles the form that
is used to determine the so-called "two channel price system”

known in the socialist price planning theory and practice. We
will come back to this point later.

*Notice that if instead of substituting Xj by Fj in the net

*
income function we utilized a Lagrange multiplier, then P. would
be the value of that multiplier.
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Consumer Demand

The demand for consumer goods and services is represented
by a demand function:

Ci=ci(P1,P2,---,P E) i=1,2,...,n

nl

where E is the total consumption expenditure, an endogenous vari-
*

able of the model. In most applied models a simple or extended

Linear Expenditure System (LES) is used:

n
ci = b. + 5= E - 2 P. b. i=1,2,...,n (6")

where bi is some times interpreted as the minimum ("subsistence")
consumption of commodity i, which must be fulfilled before the
remaining income is allocated between the various commodities de-
pending on their relative prices and on the marginal propensities
to consume different commodities (ci). It is worth noting that
such demand functions can be derived on the basis of utility
maximization theory assuming a Cobb-Douglas utility function for
the "surplus" consumption:

C

n n
U=(Cy-Dby) ' (C, =by) © e-e (C - Db) and J ¢

2 2 n ) i
i=1

The Physical (Real) Conditions of an Equilibrium

In this simplified model the state of the economy can be
fully described by the value of the endogenous variables. Among
them, wvariables Xi, Ci, Kj’ Nj (which can be called real vari-
ables) describe the production and the use of different commod-
ities. Whether it is a centrally planned or a market econonmy

(or the mixture of the two), the above variables must fulfill

*The total expenditure is, if I understand correctly, deter-
mined with no clear relationship to the wages. Therefore one
will get, in fact, endogenously determined tax and savings rates
out of the model, which may be quite absurd. The analysis of the
linear programming model will shed some light on the endogenous
determination of the consumption expenditure.
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certain "physical" conditions of feasibility. These conditions
incorporate commodity and resource balances and technological
restrictions. We now list these conditions. The balance con-
ditions will be given in the form of inequalities, which is more
general than the equalities used in the Bergman-Pdr model. How-
ever, we know that if the equilibrium price of a commodity is
positive, then the corresponding balance inequality must be ful-
filled as an equality. The special assumptions of the Bergman-
Por model guarantee that the prices of all commodities and re-

sources will always be positive

n+1 (<)

_Z_ i3%3 ¥ ¢ = X i=1,2,...,n (7")
J=1

n (<)

§.K. + I = X (8"

jZ‘I 33 n+1 )
n (<)

Y K. = K (9")
j=1

n (<)

Y N. = N (10")
j=1

(>) ‘
Fj(Nj’Kj) - Xj :] = 1’2”00,n (11')
Equations (7') - (11') together with behavioral and pricing
equations (1') - (6') define a simultaneous system of equations

that must be fulfilled by all equilibrium solutions. It can
easily be checked that all the equations are homogeneous in all
prices (both gross and net prices), wage rate, and total con-
sumption expenditure. Therefore, the general level of prices
is indeterminate, i.e., it can be arbitrarily set. This can
also be checked by counting the equations and variables (7n + 4

equations, 7n + 5 variables).
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1.2. An Optimal Planning Model Version of the Problem

Now we come to the description of a rather typical planning
model that would seek the optimal allocation of resources in the
framework of the above model economy. An economy-wide planning
model, built into and upon the traditional planning methodology
of a socialist country, would differ from the above general equi-
librium model in several respects. First, it would contain al-
most exclusively only "real" variables and relations reflecting
physical allocational constraints. Second, because the prices
used in a planning model are either constant or planned prices,
forecasted more or less independently from "real" processes, the
interdependence of the real and value (price, taxes, rate of re-
turn requirements, etc.) economic variables would not be taken
explicitly into consideration in the model. Third, mathematical
planning models in most cases closely relate to and rely on tra-
ditional or nonmathematical planning. This means, among other
things, that the values of the exogenous variables and parameters
and also certain upper and/or lower target values for some of the
endogenous variables would not be directly derived from statisti-
cal observations, but would be based on figures given by tradi-
tional planners.* (This is not to say, however, that more or
less sophisticated statistical estimation techniques would not be
utilized, in combination with expert's "guesstimations," in tra-
ditional planning.) And, finally, planning modelers in socialist
countries tend to concentrate more on the problems of how to fit
their models into the actual process of planning and make them
practically applicable and useful. Therefore, applied planning
models tend to be simpler than those in the development planning
literature both from economic theoretical and methodological
points of view. The above list is, of course, far from complete,
but nevertheless, these are some of the major characteristics
common to many socialist planning models. These are also areas

where the study of more sophisticated development planning models

*This is especially true for the nation-wide programming
models used in Hungary, where the basic aim of the modelers is
to check the feasibility and improve upon the efficiency of the
plans elaborated by traditional planners (see Kornai, 1974).
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(e.g., the general equilibrium models” in question) may provide
useful suggestions for further development of socialist economic

model building.

To illustrate this point we will introduce a simplified
planning model, which can be viewed as a representative example
of how the above resource allocation problem would be modeled in
a centrally planned economy. The variables in our case are the
production levels of the various commodities (Xj; i =1,2,...,n+1),
their consumption levels (Ci; i=1,2,...,n) and the amounts of
labor and capital allocation for their production (Nj,Kj; j =
1,2,...,n). All feasible resource allocation programs must
satisfy the commodity (resource) balance requirements and the
technological constraints given by inequalities (7') - (11'). Be-
yond that, as mentioned earlier, the planning model should re-
flect certain requirements set on the basis of the traditional
plan calculations. We will consider here only a few representa-
tive solutions. For example, consumption of different commodities

is limited from below:

c. > CJ i=1,2,...,n

where Cl may be taken as the planned target level, or possibly
somewhat lower. Despite a striking technical similarity of the
assumed LES demand function in the outlined general equilibrium
model and the "demand function" implied by the objective function
of the planning model, there are basic, conceptual differences
between the two approaches. In the former bi's are usually in-
terpreted as "subsistence" or, more accurately, "committed" con-
sumption levels and assumed to reflect the preferences of the
individual consumers. Their values are, in principle, based on
reliable statistical estimates. In the latter, CI'S are more or
less arbitrarily set minimum target levels, and thus they repre-

sent directly the planners' preferences—their "commitments,"

The model builders would also take into consideration cer-
tain limitations concerning the possible intersectoral allocation
of given primary resources. In the case of capital, for example,

the already existing sectoral capacities may be taken as lower
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limits, while calculations concerning the capital absorptive ca-
pacities of the various sectors may indicate some upper limits
for the amount of capital allocated to any given sector. 1In a
similar way, lower and upper limits can be established for the
number of workers employed in different sectors.

The first thing that the model builder would try to do with
his model would be to check on the feasibility of the traditional
plan and then to see if improvements could be made. For the sake of
simplicity we assume that by improvement we mean an increase in
consumption. More precisely, the level of performance of the
economy is measured by the following objective (welfare) func-
tion:

S

]

2 - n
c oo (Cn - Cn)

g(C) = (C1 - C

n
where § s; = 1 by assumption. The chosen objective function
i=1
is, thus, formally the same as the utility function underlying
. + .

the LES. Introducing Ci to represent the surplus (incremental)
consumption instead of Ci - Cl, the above function can be re-
written in a simpler form

S
+ 4+ 71 4+
<_:;(C)-C1 C2

In most of the socialist planning models several different

objective functions are used to find alternative ways of improv-

ing the efficiency of the plan. The objective function corres-
ponding to consumption increase in a linear programming model
is usually the surplus consumption (y) in a given structure.
Thus, the consumption of commodity i is given by the following
expression:

+ . . . . .
where c; indicates the surplus consumption of commodity i in the

case of a one unit increase in the general level of surplus
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consumption. This formulation may be interpreted in terms of
consumer demand theory as a case where no substitutability be-
tween the different commodities exists. Thus in this case the

demand function is:

_ et n _
c, =C; + = E- Y P, C.
i i n + R
y P. C. J
529 3 73

Using the above specifications the optimal plan would be
determined as the solution of a nonlinear programming problem in

which we maximize function g(C) subject to the following con-

straints
n+1
(P, ) Y oa,. X. + C, +Cl < X, i = 1 n
i = ij 75 i i="1i rersecy
(7')
n
(Pyq) j£1 dj Kj 1 S X4 (8")
n
(R) 1 Ky <K (97)
j=1
+ - +
(R /RJ) Ky < K5 < Ky i =1,2,...,n
n
(W) j_{_1 N, <N (10")
+ - +
(W. ,W N, < N. < N. .
’ ) J = J = J J = 1,2,.-.,1'1
(P.) Xj—Fj(N.,K.) <0 j =1,2,...,n

(11")
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where the meaning of the old variables and parameters is the
same as before, C; stands for the amount of surplus consumption
from commodity i, KE, K; and N;, N; represent, respectively, the
lower (-) and upper (+) bounds of Kj and N.. The symbols in
parentheses denote the dual variables associated with the given

constraints.

Shadow Valuation System and Shadow Behavioral Rules

Under reasonable assumptions the above problem will have a
solution and all the variables will have positive optimal values.
In such a case the dual variables associated with the various
constraints (in parentheses) will,in the optimal solution, satisfy
certain conditions. These conditions may be derived by differen-
tiating the Lagrange function with respect to the primal variables,
as indicated after each equation in parentheses (positivity of

the primal variables is assumed):

oL (1)
n+1

P, = ? P.a.. + P j=1,2,...,n 2L (5")
] ji=1 1 13 J ! ’ ) Xj

3
p, = 29 i=1,2,....n = (12')
1 8C+ a C
b 1
J F.
* j o + - L a L (13')
Pj TN—j— W + (“Jj WJ) J = 1,2,...,1'1 aN]
« O F. +
pj ﬁ—ii = Pn+1 Gj + S + (sj - S8.)
3
3 =1,2,...,0 3KL (14")
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Now it can easily be shown that the shadow prices given by the
optimal dual solution (satisfying the above equations) are, in
fact, of the same nature as the equilibrium prices and rates of
return in the equilibrium model that has been examined. Also, we
will show that one can formulate behavioral equations from this
model similar to those of the general equilibrium model. Then
we will comment on the interpretational differences of the two

models and derive some conclusions.

To see the formal identities of the valuation and behavioral
rules in the two cases, notice first that equations (1" and (5')
of the equilibrium model appear in identical forms in the dual of
the otpimal planning model. Equations (3') and (4'), which repre-
sent the necessary conditions for profit maximization, have equa-
tions (13')and (14') as their counterparts. At first glance they
seem to be quite different, but closer examination reveals some
essential similarities. Let us take equations (3') and (13') first.
Their left-hand sides are identical, whereas on the right-hand
sides we find different forms. 1In the literature concerning the
design of (linear) programming models for development planning
(see, for example, Taylor 1975 and Ginsburgh and Waelbroeck 1979),
the use of individual bounds (like L;’ L;) is often criticized
because they "pick up shadow prices which have no clear meaning
and which, since all dual prices are independent, distort the
dual solution" (Ginsburgh and Waelbroeck 1979:5-6). In our case,
however, the shadow prices of the individual bounds can be given
reasonable meaning in the light of the equilibrium model. Vari-
able W can be interpreted as the general level of optimal rate
of return on labor. Next, we define

W+ W W who- wo

wy - WZL - 1+_J_W_l j=1,2,...,n

where the derived variable, wj may be interpreted as an endogen-
ously determined index of the relative optimal rate of return on

labor in sector j.

Similarly, we may interpret the dual variable S as the gen-
eral level of the optimal (shadow) rate of return on capital at
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base price. Thus we can calculate R = B so as to get the same
n+1

rate of return at current (shadow) prices, and

+
6 ] % J j = 1,2,...,1’1
can be interpreted as an index of relative rate of return re-

quirement on capital in sector j.

So far we have not yet shown that the solution of the opti-
mal planning problem would also imply the emergence of a set of
special "demand" equations. We now look at this. Observe that

the partial derivative of the primal objective function in equa-
S,

) ) + +, .
tion (12') can be substituted by the term —% g(C) where g(C ) is
C.
the value of the objective function. Thus '
S ‘
P, = —% g(ch) i=1,2,...,n (14a')
C.
i

Multiplying the above equations by the respective CI and adding
them together yields

n +
Yy P, c; = g(ct) (14b")

On the other hand, total consumption expenditure is determined by

E P, C. + ] P, Cl=% (14¢c*)
& 733 3 °3

Incidentally, this indicates how the level of total expenditure
is endogenously determined in the general equilibrium model.
Since we have only one consumer, the Pareto-optimal solution will
be simply that which maximizes the utility function. The expen-
diture level will be determined by the value of this consumption

bundle evaluated at the equilibrium prices.

From equations (14b') and (1d4c') we get



-19-
n -—
gich=|e- ) p.cC. j=1,2,...,0

Finally, substituting g(C+)in (14a") by the above value and

solving the equation for CI yields
S 4 n _
C.=§ E - z P.CJ l=1,2,...,n

Thus, the total consumption of commodity i is

n
C, =¢C;, +5 |E - z P. C. i=1,2,...,n

which is the demand function implied by the specifications of the
optimal planning model. The parameters of this are, however,
evaluated on the basis of information provided by traditional

plan calculations.

1.3. Technical Similarities and Conceptual Differences

We have illustrated the technical similarities of the pro-
gramming models and equilibrium models. There is only one point
where the two models are not formally identical. This is the
"mechanism" by which the allocation of primary resources is ex-
ogenously controlled. This is, in fact, the only deviation from
the standard literature in which primary factors are assumed to
be perfectly homogeneous,with no constraints on their intersectoral
(re)allocation. It is even tempting to interpret these different
formulations as two alternative ways of reflecting the limited
intersectoral mobility of the primary factors. In an otherwise
perfect market economy this immobility would be indirectly ex-
pressed, by varying rates of return on the primary factors. 1In
a centrally planned economy, on the other hand, this immobility
would be directly accounted for, in terms of physical constraints.
The planners would separate in advance the sectorally committed

(immobile) part of the primary factors from their mobile one.

Beside the word similarity (or identity) the adjective

technical also deserves attention. The formulation of a general
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equilibrium model is strongly influenced and directed by abstract
theoretical considerations. Both the structure of the model and
the numerical evaluation of its parameters depend heavily on,

and should be consistent with, theoretical assumptions, e.g.,
individual optimization behavior and marginal productivity pric-
ing. These are retained even though the model is usually built
upon macro aggregates, to which the postulated micro behavioral
rules cannot be mechanically applied. Socialist planning model
building, on the other hand, tends to be more pragmatic. Linear
programming, for instance, is considered one available technical
device or framework that may help planners to generate additional
information by numerical thought experiences. The term optimal
planning model is even misleading in this context. The main role
of programming models in planning, as we have indicated earlier,
is in the coordination phase of planning, where it serves the
purpose of checking the consistency and the efficiency of the
proposed resource allocation. Based on the available planning
information the model is used for generating more efficient pro-
grams by allowing a limited reallocation of resources and by

formulating alternative objective functions.

Nevertheless, the main point of this exercise is that an op-
timal resource allocation framework can be substituted by a
simultaneous equation system, i.e., by a system common to most
applied general equilibrium models. At this point, however, the
question arises: what are the possible benefits of such a trans-
formation, therefore justifying the adaption of more complicated
solution techniques? The answer is in the greater flexibility
of their formulation. A general equilibrium model can do almost
everything that a programming model can do, plus it incorporates
considerations that are not possible in a programming model., Of
course, the usefulness of such a transformation depends, to a
large extent, on the overall specification and intended use of
the model. 1In Section 2 we will try to demonstrate that in some
aggregated nation-wide modeling exercises a general equilibrium
framework allows for, among other things, a much greater flexi-
bility in defining the relationships of the model variables and
also a more realistic description of existing price formation

rules, taxes, subsidies, etc.
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One of the outstanding advantages of the equilibrium frame-
work is that it may provide ways for planners to achieve a better
linkage between planning the real and the value processes. These
two main planning functions are usually quite separate from each
other both in traditional planning and in modeling. Changes in
relative prices, costs, tariffs, etc., are not reflected properly
in physical allocation models, while the effects of production,
export-import, and consumption decisions are not always taken in-
to consideration in price planning models. Planning models in
the form of a simultaneous nonlinear equation system might prove
to be especially useful in aggregate comparative statics analyses.
These models are useful because they can accommodate substitution
possibilities and prevent overspecialized solutions by means of
a relatively small number of parameters, unlike the linear pro-

gramming models.

We would like to be more specific on two of the above-
mentioned issues. One of them concerns the possibility of having
alternative economic policy goals to measure efficiency gains in
a general equilibrium resource allocation model in a way similar
to alternative objective functions in a programming model. It
should be clear from the specification of the equilibrium condi-
tions explained above, that the model is not a completely closed
equilibrium system. Thus, for example, the distribution and re-
distribution of income does not appear in the model. At the same
time the total household expenditure and consumption is endogen-
ously determined. The programming reformulation sheds some light
on the nature of such a solution. Since every other possible
policy issue, such as net investments, government consumption,
levels of primary input usage, and current account balances are
exogenously determined, practically all gains (resulting from
increased allocational efficiency) will show up as an increase
in the level of consumers' utility. In the light of this consid-
eration it becomes obvious that the same kind of general equilib-
rium model can be made to reflect various other possible economic
policy goals, e.g., increasing government consumption Oor net in-
vestment, or decreasing deficit on current account, etc. (The
reverse case is also interesting, i.e., when exogenous changes
cause a decrease in overall efficiency of the given economy. 1In

such a case one could estimate losses in various terms.) It is
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also possible to build into the model some weighted sum of the
improvements. The incorporation of "objective functions" other
than consumption would need changes only in the structure of
endogenous and exogenous variables or perhaps the introduction of
some new variables and equations into the model. By such simple
modifications one can make the equilibrium model capable of hand-
ling alternative policy objectives in the same way as the program-

ming models (also see Section 2 on this issue).

The second issue is related to the price formation rules.
An equilibrium approach is strongly favored here. The zero or
nonprofit condition has appeared in both the equilibrium model
and in the programming model. We will discuss the validity and
usefulness of this assumption in more detail in Section 2, however,
we would like to point out here that with constant returns to
scale technology, the optimal programming model will always gene-
rate shadow prices that fulfill the zero profit condition. On '
the other hand, the equilibrium framework—with slight reinter-
pretation—gives room for taking into account positive profits
even with constant returns to scale. The prices generated in
this way can reflect more accurately the real price formation

rules,

Finally, a few words to indicate our understanding of the
term "techniques of applied general equilibrium models." General
equilibrium theory, especially its theoretical models possessing
a high degree of closure and a rather narrow, mathematically
oriented scope of investigation, has been criticized from several
points of view and by many Marxist and non-Marxist authors.* It
is not always clear what the boundaries of general equilibrium
theory are, since it is capable of incorporating many partial
models and techniques that have been originally developed inde-
pendently. Economists understand and relate to these problems
differently, therefore it seems to be useful to indicate our
understanding of general equilibrium theory and models as well as
their place among the analytical tools available to economists.
We would like to make two distinctions,namely, between general

equilibrium theory and general equilibrium techniques on the one

*See, for instance, Kornai (1971) for a systematic exposi-
tion of the most common critiques.



-23-

hand and between pure and applied general equilibrium models on

the other. These distinctions are rather tentative.

General equilibrium theory, in our understanding, is an ab-
stract representation of the law of supply and demand placed in
the framework of a simplified model of a much more complex econ-
omic system. By general equilibrium modeling techniques we mean
the more or less standard, analytical tools that can be used
either in defining the elements of a general equilibrium model
(supply and demand functions, production functions, programming
models, etc.) or in the definition of, or the search for, an
equilibrium (e.g., complementary slackness criteria, fixed point
algorithms). A model using general equilibrium modeling tech-
nigues can be completely outside of the theory. Let us only
refer here to our earlier discussion, where we have tried to
demonstrate that there is only a formal, technical identity be-
tween an optimal planning model and a neoclassical general equi-

librium theoretical model.

As is often the case, the abstract general economic equi-
librium theory differs in many ways from applied models based on
that theory. 'le want to emphasize one important point of depar-
ture. The abstract theory of general equilibrium postulates the
a priori knowledge of the external environment (production and
consumption sets, preference orderings, relative profit shares
of various households, etc.) which is assumed to be independent
of the endogenous variables (prices, production, and consumption
decisions). The equilibrium solution—if there is any—is then
determined by the parameters of the external environment and by
the also a prior? postulated behavioral rules. We could charac-
terize this approach as a "global" or "absolute" one. Applied
general equilibrium models follow a more or less reverse order
and take a "local" or "relative" point of view. What one can
observe in reality is mostly the values of the endogenous vari-
ables. Whether they represent an equilibrium or not, and more
importantly, whether there is any such mechanism behind the de-
termination of these values, is not really known. As a matter
of fact, one determines many of the assumed but directly unob-

servable external parameters by assuming that the observed data
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were generated as equilibrium. (It seems to be almost impossible
to test this assumption or to estimate the errors caused by this
assumption in our analysis.) The aim is to estimate the likely
consequences of alternative external environment changes in terms
of relative changes, i.e., by comparing the "base equilibrium
solution" with the calculated one. The equilibrium framework is,
therefore, used only as one of those tools that present economic
theory can offer for the complex analysis of such issues. One
could also say, that general equilibrium theory has empirical

values, in fact, only in the above "relative sense.,"

The general ideas expressed by the abstract theory of gen-
eral equilibrium (basically the dependence of economic decisions
on relative prices and costs and on resource constraints) have
certainly more empirical relevance when one tries to explain rel-
ative changes rather than absolute magnitudes. The main advan-
tage of these models is that they provide a framework in which
the envisioned partial changes can be evaluated in a consistent
and coordinated way, taking into account the interdependence of

some crucial variables.

1.4. The Use of Smooth Production Functions in Planning Models

The simplified planning model that has been examined in Sec-
tion 1.2 differs from the typical applied models in one point—
it is nonlinear. This nonlinearity is only due to the use of
smooth production functions, because the other nonlinear rela-
tionship, the objective function, could be easily linearized.

It should be clear that the production function serves only one
purpose in the model.* If one had fixed labor and capital input
coefficients——as in the case of the intermediate inputs—then
there would be no choice between more or less labor {capital)
intensive techniques, in fact, there would be no technological
alternatives for the different sectors at all. Linear planning
models usually do allow for alternative technologies but, of
course, in a different way. In rather aggregated macro planning
models one would usually see two or three alternative technolo-

gies, but, in addition, upper and/or lower bounds would restrict

*The term "production function" is not quite appropriate
here since it defines only a composite primary factor.
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the output levels. The range of choice between more or less
labor (capital) intensive technologies will, therefore, be very

limited.

To illustrate this point we take a rather typical example.
Suppose the model builder has information on two technologies
available in the future for a specific sector: production with
old and new equipments. For the sake of simplicity, it will be
assumed that these technologies differ only with respect to their
labor and capital intensities. Let ko, no, and k1, n1 represent
the capital and labor coefficients in the "old" and "new" tech-
nology, respectively. Let us also take into account the bounds
imposed on the production levels
°< X°

§9<< X

IA

and

1

X 1

g

A

where we have assumed that the production with old equipment is
bounded both from above (io) and below (5?), while the production
with new equipment is bounded only from above (§1). (The upper

bounds can be taken as the planned capacities.)

We illustrate the result of these restrictions in Figure 1.
It can easily be checked that only the points in the parallelogram
ABCD will give actually feasible combinations of capital and labor.
It is also apparent that the substitution possibilities wvary with

the level of production. At levels §9 and X°

+ X! there is no
possibility for substitution between the production factors, but
in between these levels the substitution possibility first in-
creases, then decreases with the level of output. The feasible
capital and labor coefficients will also be limited by ko, Q and
no, ﬁ, where ﬁ and ﬁ are determined by point B. [From the above
observations it also becomes apparent how misleading it would be
to identify the feasible technological set with the isoquant map
derived from the two basic linear activities in a "text-book"

fashion (Figure 1).]
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Labor‘
0ld technology
new technology
X° + X
§O+§1
X°
Zo
S1
/E
/
/
5 >
Capital
Figure 1. The theoretical isoquant map and the real substi-

tution possibilities in a linear programming model.



-27~

For a more realistic description of the sectoral production
possibilities in a linear model one has to give up the macro
character of the model. Each sector has to be broken down into
subsectors and individual bounds should be introduced to the sub-
sectoral activities. If, however, one wants to keep the size of
the model small (to have, say, 15-20 sectors only), and still
represent a reasonable technological choice for each sector,
smooth production functions seem reasonable to use. Here again,
the real considerations behind this choice are pragmatic rather
than theoretical. What one makes use of is the information-
condensing power of the production functions, as simple statisti-

cal devices (regressional schemes).

Of course, in a planning model, which is based on the de-
tailed (traditional) plan calculations, the estimates of param-
eters of the macro production functions should also be based on
the above information. This is unlike the case of the cited ap-
plied general equilibrium models. In these models the parameters
of the sectoral (macro) production functions are either econo-
metrically estimated or simply "guesstimated" on the basis of
similar econometric estimates. Beyond the well known statistical
estimation problems (see, for instance, Berndt 1976 or Caddy 1976)
these empirical estimates are more severely biased by the neo-
classical marginal productivity pricing assumption widely used in
the (indirect) estimation procedures. One would be rather reluc-

tant to use such estimation techniques in socialist planning.

The estimation of the parameters of a short term macro pro-
duction function could be based on the following or similar pro-
cedure.* One defines first a set of activities in terms of the
total level of their output, and labor and capital inputs (X ,

N , K). These activities in an ez post analysis could be iden-
tified by actual enterprise ( or subsectoral) data. In an ex ante
(planning) model such data could be generated on the basis of
enterprise calculations concerning their future development plans.

Next, upper and lower bounds have to be assigned to the individual

*This method bears an obvious resemblence to Johansen's (1972)
treatment of the s~ctoral production functions and also to the way
in which Rimmler, Daniel, and Kornai (1972) estimated macro functions
on the basis of programming models.
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output levels, within which they are allowed to vary (gkik, Ekfk).
Finally, fixing the sectoral total output at some level, say at X,
onecould generate a reasonable number of alternative <Zntrasectoral
production structures yielding the same amount of total sectoral
output. The different production structures will imply different
labor/capital combinations. These combinations, in turn, can be
treated as points lying on or around the same isoquant. Thus,
they make it possible to estimate the parameters of a linear

homogeneous LES production function.

The formal procedure that generates the above alternative
labor/capital combinations can be based on the solution of

the following linear inequality system:

s Kk =1,2,...,N

The above system could be solved by parametric solution techniques,
i.e., by fixing the amount of, say, labor at different levels and
calculating the corresponding values for capital. It is important
to note here that we do not necessarily want to look for efficient
capital/labor combinations only. (Such solutions could be
achieved if instead of simply solving the inequality system we
minimized the amount of capital at each level of labor.)

It should also be clear that the substitution of basic lin-
ear technologies by smooth production functions in a planning
model is, in fact, a way to decompose the problem. For each

sector one solves first separately a constrained linear activity
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model. Then by produrtion functions, one condenses this produc-
tion information into a few (three or less) parameters. By doing
so one can reduce the size of the core model to a considerable
degree, which may be guite useful in the case of many repeated
runs. It also keeps the model more transparent. One would sus-
pect that the dual solutions of such aggregated models would be-
come more stable and easier to interpret than the shadow prices

of large linear systems with many individual bounds.

Finally, we view the linear homogeneity assumptions simply
as convenient assumptions. By using smooth functions instead
of fixed capital and labor coefficients, we merely incorporate

substitution possibilities into an otherwise linear model.

2. A TENTATIVE MODEL FRAMEWORK FOR HUNGARY

The model developed here reflects to a large extent—but of
course in a simplified manner—the existing planning theory and
modeling practice in Hungary. There are, however, a few places
where the mathematical formulations differ from the "traditional™
ones, and this is mostly due to the nonlinearity of the model.
The novelty of the outlined model lies mostly in the fact that it
integrates the partial models into a consistent framework and
directly takes into account the interdependence of real and value
processes. This is a basic requirement not met by the recently

applied planning models in socialist countries.

The model differs in many aspects from other applied general
equilibrium models, including the Bergman-Pdr (1980) model, which
had the strongest influence on its specifications. For example,
several modifications in the treatment of foreign trade can be
found. First of all, the two main trading areas (the rouble and
dollar regions) are represented separately in our model. There
is also a distinction made with respect to the competitive and
noncompetitive nature of imported commodities. A third difference
in the treatment of foreign trade is that we use export supply
functions rather than export demand functions, which are more in
line with the pz3ic assumptions that small economies are price-

takers on the world market. We have also taken into consideration
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that, even if a small country cannot influence the world market
prices on the whole, it may face decreasing returns on exports.
Another important difference can be found in the way we take wage
determination into account. Instead of using the marginal pro-
ductivity assumption, we treat wages as exogenously determined
variables and introduce the concept of the user cost of labor,
which is made up of the wage rate and a general net return re-
quirement. We have also eliminated the zero profit assumption
without foregoing the linear homogeneity assumptions. A further
deviation from the Bergman-PAr model is that instead of treating
net investment exogenously, we introduce a fixed consumption-
investment ratio. We have also incorporated some demoeconomic
elements to take into account the difference in the demand struc-

ture of urban and rural households.

In Sections 2.1 - 2.5 the structural equations of the model
are presented and discussed. Section 2.6 contains the list of
variables and parameters as well as a condensed mathematical
statement of the model.

2.1. Commodities and Commodity Balances

Primary Resourcec and Factors of Production

There will be two primary factors of production taken into
consideration at this stage of the research: labor and capital.
Their available quantity is assumed to be exogenously given,
while their intersectoral allocation will be determined within
the model. It is required that the total use of these production
factors be equal to their available amounts. This requirement

ke
can be expressed by the following resource balance equations

*Equation numbers in this section correspond with the mathe-
matical statement in Section 2.6.
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where K stands for total capital stock, N for total labor avail-
able, K_ and Ng denote capital stock and labor used in public
(governmental) services (all of them exogenously determined),
while Kj and Nj represent the amount of capital and labor used

in different sectors (j = 1,2,...,n).

We are aware that these are very simplistic treatments of
labor and especially capital, but this simplicity makes it easier
to understand the general structure of the model. If one wants
to use a static model such as ours, a distinction must be made
at least between sectorally committed and uncommitted primary
factors in order to constrain their intersectoral mobility. 1In
a planning context some combination of ex post and ex ante pro-
ducticn functions might provide a more realistic description of

the resource allocation possibilities.

Apart from labor and capital there are n noncompetitive im-
port commodities that are treated as primary resources in the

model. These will be discussed later.

Intermediate Commodities and Their Balances

Production in the economy will be classified into n produc-
ing sectors, each of them producing a sector-specific commodity
(or, rather, a commodity group). We will adopt the usual input-
output modeling framework and assume that the sectoral outputs
are homogeneous commodities. Also, when competitive imports are
taken into consideration, they are assumed to consist of the same
homogeneous commodities as the sectoral outputs. These are
rather binding but necessary concomitant assumptions of the con-

venient input-output modeling framework.

The number of sectors and the character of the sectoral
classification depends to a large extent on the specifics of the
whole model, but in order to control the size of the model we

intend to have not more than 20 - 30 sectors.

To each sector there belongs a commodity balance egquation.
More precisely, there are two commodities belonging to each sec-
tor: one composed of the noncompetitive imports of the same

sectoral classification. We use these terms in a slightly unusual
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way. By noncompetitive imports we mean not only those imported
commodities that are not and cannot be produced within the coun-
try, but also those imports that are deemed by planning experts
to be totally unsubstitutable by domestic production in the given
period.

The balance equation for noncompetitive imports takes into
account their use in different areas, i.e., in production (Hi

S 7

J

j=1,2,...,n), in investment (M ), and in private (Ei) and

i,n+1
public (Ei) consumption. The sum of these different uses must

be equal to the total available amount (ﬁi):
— + — ——
M, = ] M,. +C. + G, i=1,2,...,n (3)

The balance equations for the commodities that are regarded
homogeneous with (and perfect substitutes for) the domestic pro-

duction will have the following form:

+
\ 2 = . 3 . . .
X. + M. + M 2 X;o ¥+ Cp + G + 2, + T4 (1)

i=1,2,...,n

Total source is, thus, made up of domestic production (Xi),
and competitive import from rouble (Mir) and dollar (Mid) trad-
ing regions, whereas total use is the sum of intermediate usage
(Xij' j=1,2,...,n), capital accumulation (Xi,n+
sumption (Ci), consumption in public services (Gi, exogenously

1), private con-

given), and exports into rouble (Zir) and dollar (Zid) regions.

The (n+1)th sector represents gross investment.* It is a
so-called book-keeping sector that creates homogeneous capital
goods from the sectoral commodities, which is, in turn, used for
replacing o0ld capital and for net investment. The balance equa-

tion for this (n+1)th sector will thus have the following form

*Stock formation will, in general, be treated as part of
the gross investment. In some calculations, however, it might
be more appropriate to treat it exogenously.
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n
X = ] 8. K, +6_ K +1I (2)

where X is real gross investment, I is real net investment,

n+1
and 6j (j = 1,2,...,n) is the depreciation rate of capital in
*

sector j.

2.2. Import and Export Functions, and Trade Balances

Imports are classified according to four criteria (but not

in all cases):

— sectoral character of the imported commodity

— trading area (rouble or dollar region)

— competitive or noncompetitive (complementary) character
of the imported commodity

— area of use of the imported commodity

Noncompetitive imports, used in production and investment,

are determined as fixed proportions of the output levels:

Mij = mij xj 1,2,¢..,0n+1 {(10)

1,2,«++.,0

-
nu

Government (public) consumption of noncompetitive imports are
treated as exogenous parameters in the model, while the use of
noncompetitive imports in private consumption is determined by

demand functions.

The total noncompetitive imports of a given commodity are
split into two parts: imports from rouble and dollar regions,
assuming a finite but rather small elasticity of substitution be-

tween imports from the two trading areas:

ir = ai Mi i=1,2,...,n (14)

Mid 1,2,...,+n (15)

= (1 - ai) Mi i

*We do not distinguish here between depreciation and replace-
ment rate, which may be quite different. In some cases, especi-
ally in short-run calculations, such a distinction may be desir-
able.
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Competitive tmports are treated as perfect substitutes for
the sectoral output, therefore, there is no need to specify their
area of use. The competitive imports of a given commodity from
rouble and dollar regions are treated separately. In both cases
imports are determined by the total domestic use of the sectoral
output (Xi - Zi) and variable proportions of the imports* accord-

ing to the following rules:

Mir = ™ir (X; = 2;) i=1,2,...,n (18)

Mig = Mg (X5 - Z3) i=1,2,...,n (19).
where

Zl=Zir+Zld i= 1,2,...,n (20)

The proportions of the imports are determined in accordance

with the fcocllowing import functions

m., = m° 1 i=1,2,...,n (16)

*In some cases one might want to take into consideration the
fact that imports from rouble regions are, as a rule, determined
by long-term trade agreements from which it is rather difficult
to deviate. 1In such a case, therefore, it seems more appropriate
to determine the amount of imports from the rouble area indepen-
dently from the domestic output, in accordance with import func-
tions of the following type:

M. = M; i=1,2,...,n
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u.
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Wi

8 id

i=1,2,...,n (17)
P

id Va

The interpretation of these import functions in a planning
context could be based on the following observations. If, say,
Hig in equation (17) were set equal to zero, then the dollar im-
ports would be determined as fixed proportions of the total do-
mestic use of the sectoral output (i.e., as fixed proportions of
total output less exports). This kind of import determination
is quite commonly used in applied input-output models, where mid
can be taken as the planned proportion of the imports. The
modifying term in the import function is intended to reflect sub-
stitution effects in the fecllowing sense. 1If, ceteris paribus,
the domestic price (Pi) of the given commodity increases relative
to its import price (eid Vd P?é)’ then the relative share of im-
ports is going to increase. The elasticity parameter Hig is in-
tended to reflect whether one assumes a larger or a smaller shift
in the import share (more or less "friction" in the adjustment
process). It should be emphasized that although impecrt functions
of this formare commonly used in general equilibrium models, the
interpretation attached to them is often quite different from
ours.* This difference in interpretation provides an illustration
for our earlier discussion ccncerning the distinction between

theory and techniques.

Exports are determined by export functions. There are es-
sentially two ways to define export functions: export supply or

export demand functions. From a technical point of view the

*The theoretical justification of such functions is based on
the assumption of the same type of CES preference function for
each user and their optimizing behavior. (See, for instance,
Bergman, 1980). It has been pointed out to me by Lars Bergman
that if one wants to be consistent with these assumptions, then
the domestic output and the competitive imports could not be
treated as perfect substitutes (they cannot be added together).
It should be clear that our understanding of "limited substitu-
tion possibility" is different from the one implied by the above
assumptions. We do assume the perfect substitutability of com-
petitive imports and domestic production, but an imperfect sub-
stitution mechanism. Whereas a neoclassical interpretation would
assume imperfect substitutability in use but a perfect substitu-
tion mechanism in theory.
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export function has identical forms in both cases (for the sake
of simplicity in this general discussion we disregard taxes and

trade region specifications):

1,2,...,n

H.
I

The interpretation of this form, however, is quite different in
the two cases, also, the choice of interpretation will affect
the treatment of exports in the trade (current account) balance

equation,

In the case of export supply interpretation, the basic as-
sumption is that the world market (export) price (P?E) and the
rate of exchange (V) determine the price that the seller obtains
for his commodity if he sells it abroad. Thus the export supply
is determined on the basis of the domestic seller price (Pi) and
the export seller price (V PYE). In this case the exports in
the trade balance must be evaluated at world market (export) pri-
ces. Note also, that in this case it is assumed that the given

country is a perfect price-taker in the world market.

In the second case, there is an implicit assumption that
the given country cannot influence the general world market price
level (P?E), but it can set the export price for its commodity.
This latter price is determined by the domestic price (Pi) and
the exchange rate (V). It is assumed that the foreign purchasers
will increase or decrease their demand in accordance with the
relative change of the general world market price (PYE) and the
offered price level (Pi/V). In this case the exports in the

trade balance must be evaluated at prices Pi/V.

In the case of small, open economies, it is reasonable to
assume that they are, in general, price-takers rather than price-
makers on the world market. This, however, should not mean that
they cannot influence their export prices at all. It is generally
assumed that the volume of the country's exports does have an
effect on the export price that it can achieve, due to the limi-
ted absorptive capacities of the supplied markets. The combina-

tion of these two assumptions gives rise to the following export
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specification. The export price is basically following the gen-
eral world market export price (PYE), but it is modiiied by a
term reflecting the effect of the size of the export on the ac-

tual export price (P?E):

ZO Al
AE WE i
P P. e
1 1 Zi

In a planning modeling context, Z? can be the planned amount of
, *

exports and PYE the forecasted unit export price. Therefore,

in this case, the export supply function will have the following

form:

i c!
P T=Ajey P 1
z. = 2° L = 2?7 =
1 1\v p"E 1\y p"E
1 1
where
€
- 1
€1 1T - X.€

The export function is, therefore, formally the same in this
case as above. There is only a change in the absolute value of
the elasticity parameter; it will be somewhat lower than in the
case of a "pure" export supply function. Note, however, that in
the trade balance the exports must be evaluated in this case at

. AE
prices Pi .

*In a static model like ours achange in the export volume of
one country can be interpreted as if its share in the total world
export had changed. 1In the light of this observation one can
generalize the above price form by substituting the export volume
(Zi) by the country's share in the total world export (si). Such
an export price function could then be used in a dynamic model as
well. (I owe thanks to Urban Karlstrom for calling my attention to
this interpretational possibility).
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In determining dollar exports we will use the above modified
export supply function, with one additional change. In order to
increase the export supply the government can subsidize the ex-
porter or impose taxes on the income from exports as a means of
curtailing exports. This factor has a direct effect only on the
export supply function and not on the trade balance. For this
reason, we use the following export supply functions

P, €iq

(o] 1 .
id WE i=1,2,...,n (22)

%ia Va Pig

In determining rouble exports we use similar export supply

functions without taking into account the price modifying effect
*
of the export size

P, ir
2. = 2. i=1,2,...,n (21)

Since roubles and dollars are not exchangeable in general it is
therefore more appropriate to have two trade balances in the
model, rather than one aggregated current account. In accordance
with the export-import specification the trade balances (current

accounts) have the following forms

n z© Ai n n
id WE Wl ~WI —

D P, .- ) P. .M. .- ) P,.M, .=D (6)
=L Zid id “id = id 'id = id id d

n n n

] pUE - 7 oM -7 P M,_=0p (7)
. ir “ir . ir ir . ir ir r

i=1 i=1 i=1

*Alternatively, 2ir could be treated as a free variable as-
suming infinitely absorptive export market capacities in rouble
relation. Such a solution could be supplemented with export
capacity restrictions. For each sector we could define export as
fixed ©proportions of the output. Thus the rouble export could
be determined as the difference between total exports and dollar
exports.
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where D, and Dr are the target surplus or deficit levels on

d
dollar and rouble foreign trade balance.

2.3. Firal Demand and Regional Aspects

Public (government) consumption is exogenously determined
as well as foreign trade balances. If total net investments were
also exogenously given as in the Bergman-PSr model, then, in a
model that examines allocative efficiency, all gains that result
from the reallocation of resources would show up as an increase
in private consumption.* In our model we plan to investigate several
alternatives. Here we will discuss only one possible way to en-
dogenize net investments. Suppose we maintain a given (real)
consumption-investment ratio (o).** This gives rise to the fol-

lowing equation
G+C=-0+1=0 (36)

The efficiency gains in this case show up as an increase in bnth

private consumption and net investments.

In another alternative solution the real value of consump-
tion (C) and that of net investment (I) could be fixed exogen-
ously and one of the foreign trade balance targets, for example,
could be freed and made endogenous. In this way the efficiency

gains would appear as improvements in the trade balance.

Household (private) consumption is endogenously treated.
Depending on its intended use this part of the model may become
more or less crucial, especially the interpretation and the es-
timation of the assumed consumers' respond (demand) function
parameters. For simplicity we intend to make use of the Linear
Expenditure System. In a static model applied in the final co-
ordination phase of national economic planning, the use of such
a specification can be justified on pragmatic grounds. It is

*On this point see our earlier discussion in Section 1.3.
**The ratio can be determined, for example, by the planned

o 0
values of the variables: o = g——%fi— , 1f the model is used for
I

analyzing a draft plan.
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assumed that one can rely on the detailed plan calculations and
use the planned consumption, expenditure, and price level to be

a more or less consistent forecast of the future consumers' pref-~
erences. The model, however, would generate price levels and a
total expenditure level that would vary from this. Therefore,
one would like to incorporate into the model the likely effects
of such changes on the level and structure of consumer demand.
One could set the constant terms in the LES demand functions
equal to the planned consumption levels and determine the elastic-
ity parameters, relying on expert estimates of the desire struc-
ture of excess consumption. This solution would be basically
eqguivalent to the one commonly used in the linear programming
models applied to planning (see the corresponding discussion in

Section 1.2).

If one wants a more reliable forecast of structural adjust-
ment, especially in a longer time horizon, then some crucial
demographic and spatial aspects cannot be neglected in the model.
In traditional national economic planning models, such aspects
are reflected only implicitly. (The data depict a given spatial,
demographic structure and the changes are thought to be consis-
tent with this assumed structure.) The need for demoeconomic
formal models, integrating economic, demographic, and spatial
variables into a consistent model framewnrk, has been articulated
mostly in the context of developing countries (see, for instance,
Rogers, 1977). A few economic-demographic simulation models
have recently appeared as a result of such efforts (for a criti-
cal review of these models see Sanderson, 1980). Although none
of these models offers a satisfactory way for integrating the
above mentioned aspects into a planning model, they may suggest

useful points of departure for future research in this direction.

For illustration we will describe a simple device that cap-
tures the interaction of economic and demographic factors within
the framework of our static model. The urban-rural distribution
of economic activities and households and their interaction
through final demand will be incorporated into the model. The
basic idea, then, is to roughly assimilate shifts in the produc-
tion structure, which imply changes in the urban-rural distribu-

tion of the economic activities and consequently, in the household
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distribution and consumption demand as well., 1In each sector,
therefore, we estimate the proportion of urban and rural employ-

ment (suj and s = 1 - Suj)’ and we assume these proportions

to be exogenousr;arameters. In the general equilibrium models

of dualistic development (see, for instance, Kelley and William-
son, 1980 and Karlstrdm, 1980) these proportions are either 1 or
0, so our solution may be seen as a generalization of this con-
cept. Thus in each solution we can calculate the total urban and

rural employment:
n
N = ) s . N, +s N (33)

n
= - = - - N 34
N =N =N 21 (1 suj) Nj + (1 Sug) g (34)

Next we assume that we have two different demand functions,
one each for urban and rural households, and that the distribu-
tion of urban and rural households changes in accordance with
urban and rural employment distribution. The aggregate house-
hold demand for commodity i will thus be given by the following

sum:

C, i=1,2,...,n (31)
(32)

Rural and urban household expenditures are assumed to increase
(decrease) in the same proportions as if there were no change in the
distribution of rural and urban households. Thus if E is the
general level of household expenditure, then the rural and urban

household expenditures will be determined by

E (26)
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and

E : (30)

o

where Eo, Eu, and Ei are the planned (base) total, urban and

rural expenditure levels, which fulfill the following identity:

The final demand for intermediate commodities and noncom-
petitive imports by the individual household sectors is deter-
mined by relative prices and total expenditure in accordance

with LES demand functions:

C.
= _ik (23)
Cik = Pix ¥ oD EE, (27)

i

c.
—_ —_ 1k . (24)

. = Db. + —— -+ EE i=1,2,...,n
ik ik -P-liDI k K = ur (28)
where
n (25)
_ _ =DI —
EE, = E jZ1 p] bjk + Pj ik (29)
kK = u,r

2.4, Prices and Costs

The price of commodity i is determined in accordance with
the homogeneity assumption. There are three different sources
of the same commodity: domestic production, rouble imports, and
dollar imports. Except for exports, the user's price, i.e., the

%
change of its level , can be determined as the weighted average

*It should be noted that we are dealing with price indices
(or levels) and not with actual prices that do not even exist for
the commodity aggregates. The same is true for most of the other
values or financial variables such as exchange rates and import
tariffs. Their values are taken to be 1.00 at the base year (or
base solution), which also means that the corresponding "real"
variables are measured in these constant base-year prices.
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of the three different price levels.* The domestic price level
of the imported commodities changes if, ceteris paribus, there
is a change in the import tariff-subsidy multiplier (9), in the
exchange rate (V), or in the commodity's world market (import)

WI

price level (P 7). Thus the average change of the domestic user's

price level of commodity i (P?) can be calculated from the follow-
ing relationship
D ) WI

= - 0, X M.
i (X4 i id ip) = Py By = 23) + 959 Vq Pig Mig

WI .
+ Oir Vr Pir Mir i=1,2,...,n

Dividing by (xi - Zi) and solving the above equation for P?
yields
m
D 1 id WI
P, = P. + - 6., V, P,
i 1 + m. 3 + m,. i 1T + m 4 + m, . id 'd "id
m.
ir Wl i
T . v o Oir Vr Pir i=12,...,n (42)
id ir

In socialist countries, the price of the domestic output is
most often measured by the so-called producer's (factor cost)
price, which does not contain turnover taxes and other ad valorem
taxes or subsidies. The consumer's (market) price of the same
commodity can be different depending on the purchasing area. It
would make the model overly complicated if we took all these varia-
tions into consideration. Therefore, we assume a rather simple
correspondence between the producer's and the consumer's price
of the sectoral output, namely,

*Recent pricing policy in Hungary (competitive pricing)
connects the change of domestic prices more closely to foreign
trade (either exports or imports) price changes. This part of
the model needs revision in the light of the new price formation
principles. The model could also be used for the assessment of
the likely overall impact of this change in price policy.
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p )
P> = (1 + 1.) P. =1,2,...,Nn
( 3 Py ]

where T] is the net turnover tax rate on commodity j and P? and
P? are the consumer's and producer's prices, respectively. Also,
since we have competitive import in our model, the data concern-
ing the production and use of domestic commodities are assumed

to be given at consumer prices. The price of the domestic output
is measured by the consumer price index, thus it reflects the
changes of both the producer's price and the net turnover tax
rate. We use the following basic price calculation scheme to
determine the (consumer's) price of domestic output (omitting
superscript C, since only the consumer's price is used in the
formal model)

n
=DI —
= - 7. n. + Q. k.|(1+7_)(1+1,
P. ZP.a.+ZP.m+Vn QJ]( ])( 5)

j=1,2,..,n

where the expression in parentheses indicates the producer's cost

of producing one unit of output j (measured at base year prices!), and
nj and Tj are exogenously given profit and turnover tax rates,
respectively.

The above price formation rule is inconsistent with some
concepts of the neoclassical general equilibrium theory. It is
well known from this theory, that if technology exhibits constant
returns to scale then in equilibrium no producer can make posi-
tive profits, i.e., the production activities that are used in
the equilibrium solution must break even at equilibrium prices.
The use of constant return technology in an applied model is, in
our view, only a convenient assumption, and one should not take
it too seriously. When one speaks about nonprofit in the real
world, one hides profit in "normal" (or "abnormal") rates of re-
turn on different factors of production. This treatment of profit
cannot be regarded only as a matter of taste or ideology. The
real problem with it is that these returns are treated as micro-

level factor costs. Wages in a market economy can be treated as
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cost for the producers, but it seems to be highly inappropriate

to interpret the rest of the value added as the users cost of
capital. It is also hard to believe that these returns are equal
to the marginal products of labor and capital, unless one is a
faithfull advocate of the neoclassical income distribution theory.
Mark-up pricing behavior, wide variations in the rates of return
on capital, and other alternative theoretical considerations

clearly do not support such hypotheses.

One way to bridge the gap between theory and reality in em-
pirical general equilibrium models (see, for instance, Johansen,
1959 or Bergman-Pdr, 1980 and also the related discussion in Sec-
tion 1 of this paper) is to incorporate (sector specific) relative
rate of return requirements into the model.. For example, if Bj
is the relative level of net return on capital in sector j and R
is the endogenous general net rate of return on capital, then the

net rate of return in sector j, in effect, will be Rj = Bj R.

Looking at the problem in a different way it is obvious that
the theoretical (computational) simplicity of using linear homogenous
production functions is due to their nice behavioral property;
namely, that the conditions for profit maximization can be brought
to terms with a demand determined output specification. Given
the relative factor prices one can determine the cost-minimizing
factor proportions independently from the level of the output.

If one assumes constant returns to scale, then the theoretical
requirement for a meaningful profit maximization is that the unit
(net) price is equal to the unit cost. In such a case, however,
the output level is indeterminate and can be determined simply by

taking into account the demand requirement.

In general, one might assume that demand and other con-
straints (such as institutional «constraints that require the
full utilization of capacities) have in the short run a more de=-
cisive impact on the output level than mere profit maximizing
rules. Thus, for example, one might assume that producers do
minimize cost, but the level of their output is determined by
supply and demand relations, i.e., given the demand for the pro-
ducts of a sector, the output level of that sector would simply

be adjusted to meet that demand. 1If one starts with these
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assumptions then the existence of (excess) profits, even in the
case of linear homogeneous production functions, could also be
taken into consideration. In terms of the general equilibrium
theory such a solution would imply that there is a pressure on
the side of the producers to increase the output level in each
sector, which may be constrained either by effective demand in
a market economy, or by factor availability in a centrally
planned one. This, in fact, is not at all in contrast with ac-
tual experience. 1In the planned economies, for instance, there
has been constant excess demand for both labor and capital, but,

of course, for more complex reasons than the one implied above.

Thus the nonprofit conditions should and could be relaxed.
This would cause the model to lose some of its general equilib-
rium character, but at the same time it would gain some empirical
relevance. We therefore assume cost minimizing behavior and
mark-up pricing behavior, combined with demand determined supply
assumption, instead of simple profit maximization. Further, the
model in its present form treats the profit rate as an exogenous
parameter. If, however, one changed the price formation rules
(for instance, let some prices be determined directly by world
market prices), then the corresponding profit rates would become

endogenous variables.

Returning to the price equations and their remaining vari-
ables, we have the price index for noncompetitive imports
— — —_ I
DI SWI ) B (40)

i Ty 95 Ve Pyl o+ (0 -ay) 954 Vg Pig

i=1,2,...,n

The other cost elements that enter into price determination are

the user's cost of labor (Wj) and capital (Qj).

The user cost of labor is made up of two elements: the

sectoral wage rate and a general tax rate on wages

Moo= (W) g 3 =1,2,...,0 (37)
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This formation of the user cost of labor is in accordance with
the actual Hungarian practice. The only difference here is in
the determination of the wage tax rate, which in practice is
given exogenously and is intended to correct wages such that the
resulting cost expresses the actual social cost of labor. Here
W will be an endogenous variable and its role will be discussed
later.

The user cost of capital will be determined in the following
way. First, the existing capital stock is reevaluated using the

price index of the capital goods, which is given by

—DI —
+ Pim M et (39)

n
P = 2 P; a5 n41

v
'_l.
I ~13

Then, the user cost of the reevaluated capital will be made up
of two parts: depreciation and a general tax on capital use.
This solution is again not alien to the Hungarian practice where
such tax rates have been applied and can be interpreted as mini-
mum rate of return requirements. The taxes on labor and capital
are assumed to fulfill the role of regulating the enterprises'
demand for these factors of production in accordance with their
availability and social costs. Thus, in our case, the user cost

of capital (evaluated at base price level) will be determined by

Qg = (85 + R) P ., j =1,2,...,n (38)

Finally, W and R will be set at such levels by the model
that the cost minimizing sectors' demand for labor and capital
matches their available amounts. They will therefore serve the
same goals as their empirical counterparts. The determination
of the labor and capital input coefficients (nj and kj) and the

factors' cost will be discussed in the following section.
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2.5. Production Technology and Decision-Making Rules

Production technology is described by the Johansen specifi-
cation discussed earlier. Intermediate inputs and noncompetitive
import inputs are assumed to change in proportion to the level
of output

.,n (9)
1,2,...,n+1

0
e
~
nu
—
[\

X.. a.. .
13 1] 3]

.

Mij = mij Xj i=1,2,...,n (10)

o
I
—
-
[\8)
-

eeos,n+1

The use of the two primary factors of production are determined
by the assumption that producers minimize their cost at any
given output level. The feasible choice of factor combination

is described by linear homogeneous production functions

X, = F.(N_,K, ) = 1,2,...
: 3(3’3) J ’ I (8)

Minimization of the total cost of the primary factors, Wj Nj +

Qj Kj, subject to the production function condition, yields the

following necessary first order conditions:

3F
Wy = 553w, 3

]
.
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-
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3
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where Sj refers to the Lagrange multiplier. Further investiga-
tion reveals that Sj is the miniral user cost of the primary

factors per unit of output in sector j:

5, = W, J ¢+ 9. =L =W. n, + Q. k. i =1,2,...,n

This can easily be checked by multiplying the necessary first

order conditions by Nj and Kj' respectively, and adding them
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theorem,

by Xj yields the desired form.

On the right-hand side,

one obtains S.X..
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as a result of the Euler
Division of the resulting equation

Therefore, the determination of

prices can be rewritten as follows:

and consequently,

can be omitted from the model.

w)
He~—o

P m.. + S. 1T+ 7)1 + 1.
3 ( WJ)( TJ)

the labor and capital coefficient (nj and k.)

And this completes the descrip-

tion of our model.

2.6.

Formal Statement of the Model

Endogenous Variables

X.
j
M Mig
X. .
ij
C ,C- ,C

My oM Mg

gross output in sector j = 1,2,...,n (real)*

competitive rouble and dollar import of commodity*

i=1,2,...,n (real)

use of domestic-impor+ composite commodity

i=1,2,...,n in sector j = 1,2,...,n,n+1 (real)

total, urban, and rural household consumption of
composite commodity i = 1;2,...,n (real)

total, rouble, and dollar export of commodity i

(real)

total gross investments (real)

total net investments (real)

total, rouble,

of commodity i = 1,2,...,n (real)

and dollar noncompetitive import

*"Real"” in brackets indicates that the given (real) variable

is measured at base year
meaning of some symbols in Section 2 differs from that in Section

(constant) prices. Also note that the

**See the footnote on page 6.

(41)

4
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Mij use of noncompetitive import commodity
i=1,2,...,n in sector j = 1,2,...,n,n+1 (real)
ﬁi’Eiu’_ir total, urban, and rural household consumption of
noncompetitive import commodity i = 1,2,...,n
(real)
Kj capital used in sector j = 1,2,...,n (real)
Nj labor employed in sector j = 1,2,...,n
Sj (optimal) user cost of labor and capital per unit
of output in sector j = 1,2,...,n
Wj user cost of labor in sector j = 1,2,...,n
W net rate of return requirement (tax) on labor
Qj user cost of capital in sector j = 1,2,...,n
R net rate of return requirement (tax) on capital
oy share of rouble import in total noncompetitive
import of commodity 1
m, My g proportions of competitive rouble and dollar im-
ports of commodity i = 1,2,...,n
Pj seller price of commodity j = 1,2,...,n produced
*
domestically (index)
VerVg exchange rate of roubles and dollars (index)
??I average domestic price of noncompetitive import
of commodity i = 1,2,...,n (index)
P? average price of domestic-import composite com-
modity i = 1,2,...,n (index)
E’Eu'Er total, urban, and rural household expenditure level

*"Index" in brackets indicates that the corresponding vari-
able in the base case has a value of 1.00.
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urban and rural excess expenditure level

urban and rural employment

total household consumption (real)

Exrtraneous Parameters (Variables or Data)

G,G,
i

id’%ir

WI _WI
id’' " ir

FWI HWI

id’""ir

D.,,D

d'"r

total government (public) expenditure, govern-
mental consumption of domestic-import composite

commodity i = 1,2,...,n (real)

capital used in public services (real)
depreciation rate in sector j = 1,2,...,n,g
public consumption of noncompetitive import com-
modity i = 1,2,...,n (real)

total capital stock (real)

total labor

labor usage in public services

parameters in the export functions

world market import prices of commodity i (rouble-

dollar, competitive-noncompetitive) (index)

target surplus or deficit on dollar and rouble

foreign trade balance
input coefficient of domestic-import composite com-
modity i = 1,2,...,n in sector j = 1,2,...,n,n+1

parameters in the determination of the area com-
position of the noncompetitive import of commod-

ity i = 1,2,...,n
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m mS
ir’7id ‘ ' '
parameters in the 1lmport functions, 1 = 1,2,...,n
Hirr¥id
b. ,b.
iu’"iu
c. ’E . .
iu- iu parameters in the demand functions, i = 1,2,...,n
bir’blr
Cir'Cir
EO,EE,Ei pbase total, urban and rural consumption expendi-
ture
Ng,Ng base employment distribution
a3 relative share of urban employment in sector
j=1,2,...,n
o] real consumption-net investment ratio
wj wage coefficient in sector j = 1,2,...,n
ir’eid net import subsidy-tax factor on commodity i =
3. .,% 1,2,...,n (competitive~noncompetitive, rouble-
ir’7id :

dollar) (index)

¢ir'¢id net export subsidy-tax factor on commodity i =
1,2,...,n (rouble-dollar) (index)

T, profit rate in sector j = 1,2,...,n

Tj net turnover tax-subsidy on commodity j = 1,2,...,n

3alancing Fquations

Intermediate Commodities

n+1
X, + My + M 4= j£1 xij +C,+ G+ 2o, t Zia (1)
i=1,2,¢0.,n
n
X ,.=) &8, K. +8 K +1I (2)
n+l 23 ] g g
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Noncompetitive Imports

M, =
1

n+1 _ _
] M.+ C,+ G
=1 1

Primary Factors

(@) 1
? Zia WE E oWI
= Zid id "id =L id
E WE . ? pWI _
i=1 ilr 1r i=1 lr 1lr l

Technological Choice

X. = F.(N.,K.
] J( i’ J)

X . = a.. X.
1] i3 73
M,. =m. . X
ij i3 73
3F .
S, == = W
AN
39Ny
3F.
5 3%, T 9

1,2,...,n (3)
()
(5)
SWI =
Pia Mg = Dg (6)
= Dr (7)
1,2,...,n (8)
112100 ’n (9)
1,2,...,n,n+1
1,2,...,n (10)
1,2,...,n,n+1
1,2,...,0n (11
1,2,...,n (12)
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Import and Export Functions

Noncompetitive Imports

$.
=WI 1
o (%ia Va4 Pig .
o, = o i=1,2,...,n (13)
1 1lg., v pI ’
ir 'r " ir
—ir = ai ﬁi i=1,2,...,n (14)
Mig = (0 =a)) Mi i=1,2,...,n (15)
Competitive Imports
U,
D ir
m. o= me 1 i 1,2 (16
. = In. 1 = 7 ese
ir ir\g, vy pWl ' ' )
ir 'r ir
. Hig
_ .0 i .
mid = mid > . PWI i=1,2,...,n (17)
id 'd "id
Mir = mir (Xi - Zi) i=1,2,...,n (18)
Mid = mid (Xi - Zi) i=1,2,...,n (19)
Exports
Z, = 2 + Z i=1,2,...,n (20)
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. P, ir
Z. = 7.
ir ir 'y v PWE
ir 'r “ir
€ia
P,
7 = 20 i
id id o v PWE
id 'd "id
Final Demand Equations
c.
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ciu - biu D EE
P,
i
c
= =B _1u
Ciw = Pyu ¥ opT * EE
P
i
2 D
= - . .+
EE, = E _; P} bju P]
j=1
=,
E = — E
u £©
- _ir |
Cir - bir " EE
P
i
c.
= - B _ir
Cir = Pir * =
i
n
re_ = - ) [P b, + BT
r r 3=1 ] Jr J

jr

1,2,...,n

1,2,...,n

1,2,...,N0

1,2,...,n

1,2,...,Nn

1,2,...,n

(23)

(25)

(28)

(29)
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(o]
E
E_ = _%. E (30)
E
N, N_
C- = —C- + —'C- i = 1,2,...,1'1 (31)
1 NO iu NO 1lr
u r
_ Nu _ N _
Ci = -—Ociu + —Ocir 1l = 1,2,...,1'1 (32)
N N
u r
n
N = s . N. + s N 3
u j£1 uj j ug g (33)
n
erN_Nu=j£ (1 —suj) N. + (1 -sug) Ng (34)
n n _ n n _
= .+ .+ .
€=k Gt L G Ly Cau* i£1 “iu 3%)
G+C=-0+1I=0 (36)
and Costs
Wj= (1 + W) w j=1,2,...,n (37)
Q= (8, + R) P, j = 1,2,...,n (38)
n n
_ D DI —
Ph+1 = 121 i 2i,n+1 t iz Pi ™ n+ (39)
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DI _ _ = SWI - 5 A (40)
i = 1'210--In
n n
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J i=1 J i=1 J J J 3
. 41
j=1,2,...,n (47)
m
D _ 1 id W1
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id ir id ir
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