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ABSTRACT

This technical note presents the documentation of the third phase

of research in the development of a medium—scale macroeconosnetric model

of the Soviet economy incorporating an input—output component. The

accomplishments of the first two phases of research are summarized and

the results of the application of SOVMOD II during Phase III to questions

of interest to both Soviet specialists and policy planners are presented .

The report then details the added capabilities and refinements introduced

in developing the SOVMOD III version of the SRI—WEFA Econometric Model,

with particular attention devoted to the input—output component which
p was comple tely integrated with the equation system during Phase III.

Lastly , future plans for model work beyond the development phases are

indicated .

P DISCLAIMER

The views and conclusions contained in this report are those of the

authors and they should not be interpreted as necessarily represen ting

• f-he rfflcia l policies , ei ther expressed or implied , of the Defense Advanced

Research Projects Agency or the U.S. Government.

• CONTRACTUAL TASK

This report is submitted in fulfillment of research under Contract

NDA9O 3—74—C—01h5 , ARPA Order No. 2585.
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FOREWORD

The publication of this technical note represents the completion of

the third and final phase of development work in the construction of an

econometric model of the Soviet Union by the Strategic Studies Center of

SRI and the Wharton Econometric Forecasting Associates. This unique

undertaking by a team of specialists on the Soviet economy and experienced

P econometricians is the central component of the SSC ’s Soviet and Comparative

Economics Program. This program is under the direction of

Dr. Herbert S. Levine, Professor of Economics at the University of

Pennsylvania and Senior Research Consultant at the SSC, and M. Mark Earle, Jr.,

Assistant Director of the SSC and Co—Director of SRI ’s Center for Economic

Policy Research. Dr. Francis W . Rushing, Senior Economist at the SSC, is

the Program Manager.

The authors wish to acknowledge the valuable aid of those who appear

as contributors on the title page of this technical note. Appreciation

is also expressed for the painstaking efforts of Irene Lesniewski and

Jane Misheloff in the preparation of the documentation.

Richard B. Foster
Director
Strategic Studies Center

iv
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I THE SRI—WEFA ECONOMETRIC MODEL OF THE
SOVIET UNION: AN INTRODUCTION

Ihe’ SRI—WEFA Econometric Model of the Soviet Union , developed over

a three—year period begi .ning in the fal l  of 1973 , represen ts a

~ignif1cant development in both econometric modeling and Western

analysis of the Soviet economy .1 Model—building techniques , which had

be en developed for Wes tern market economies , were for the first time

applied in a systematic econometric analysis of a centrally planned

economy . The application of these techniques was no t mechanistic , but

ra ther was based upon thorough analysis of Soviet economy data and

economic institutions. Many of the components of the model constitute

original re search in appl ied econome trics on planned economies: labor

participation and distribution , investment determination , capital

format ion , agricul tural pr oduc tion , wage determination , consumption and

foreign trade. The complete model has been used in important application

studies , covering such topics as the 1975 grain harvest failure,

technology transfer , the Tenth Five Year Plan, and longrun growth

potential through the l980s. In this introduction , the major accomplish-

ments in the development of the Model will be reviewed and the tasks of

consolidation which remain will be outlined .

A. Pas t Accomp lishments Embodied in SOVMOD III

In Phase One of the project , a compact model (SOVMOD I) was developed

through a symbiosis of econometric modeling experience and an under-

stand ing of the Soviet economic system and Soviet economic data . By re-

stric ting the degree of d isaggrega tion , the project was able to foc us

its resources on the development of consistent specification and structure.

A descr ip tion of thi s process of specification search and system design ,

Annual reports on the project were submitted ; see Green and Higgins , “The
SRI—WEFA Soviet Econometric Model: Phase One Documentation ,” SSC—TN—
2970—I , SRI/S trategic Studies Center (March 1975), and Green , Klein and
Levine , “Tile SRI—WEFA Soviet Econometric Model: Phase Two Documentation ,”
S~~:— TN— 2 97O—3 , SRI/Strategic Studies Center (October 1975).

1
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together with a broader examination of the methodological fssues involved

in this new approach to comparative economic systems, is now available

in a book written by the principal architects of the Model during Phase

One of the project.’

1. Scope of the SRI—WEFA Model

Wi~~, the development of SOVMOD III, an appropria te level of

disaggregation for a Soviet macromodel appears to have been achieved .

In the determination of GNP from the production side , there are presen tly

six sectors of or igin wi th indus try disaggregation in to twelve branches:

• Aggregate Industry

— Elec troenergy
— Coal Prod ucts
— Petroleum Products
— Ferrous Metallurgy
— Nonferrou s Me tal lurgy
— Chemicals and Pe trochemicals
— Machine—Building and Metalworking
— Forest Products
— Paper and Pulp
— Cons truc tion Ma terials
— Soft Goods
— Pr ocessed Foods

• Construction

• Transport and Communclations

• Domestic Trade

• Government and Services

• Agriculture

Within agriculture , there is a further specification of grain

production , total crops , animal products and meat.

Donald W. i ret n i~~ci Chr istopher I. Higgins , A Macroeconometric Model
of the Soviet Uni~ a (New York : Crane—Russak , forthcoming 1976).



Disaggregation on the income and end—usc sides of the national

accounts also appears to have reached an appropriate level. Nominal

annual wages are determined for se~en sectors of employment (with a

separation between state and collective farms). Total household income

includes money wage income, agricultural income—in—kind , and State trans-

fer payments; nonhousehold income Is divided into gross profits and

amortization in State and collective organizations , and into foi.~r revenue

categories in the State budget. There are two wholesale industrial

pr ices , two retail prices for  the State sec tor , and a “negotiated”

agr icultura l  pr ice which en ter in the de termina tion of the consumption

pr ice deflator . In the consumption component of the model there are

four categories: food , sof t goods , durables , and services. Beyond the

c~ tegories of new cap ital inves tment corresponding to sectors of pro-

duction , there is a category of capital repair and two categories of

inventories (domestic trade and nonagricultural). On the expenditure

side of the State budget , the model includes categories for  f inancing

the national economy, social—cultural expenditures , administration ,

defense , and a residual category .

In order to focus  on model development , the  defense  sector of

the SRI—WEFA Model was at first given limited attention . A simple

specification using the official defense budget and a separation of that

to tal figure into personnel and nonpersonnel categories allowed us to

avoid the extensive controversy in the West on the appropriat6 measure

of Soviet defense expenditures and concentrate on the development of the

macromodel. During Phase Three , we have in troduced a gener al ized

specification of the defense sector which has been partially implemented

through the addition of a category for State Reserves.’

Donald W . Green , “The Defense Sector in a Soviet Macromodel : A New
Specification for the SRI—WEFA Model ,” Project Working Paper #43,
revised version (July 1976).

3
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The final area of disaggregat ion concerns foreign t r ade .  Four

geographical areas are distinguished: CNEA, Developed Wes t , Other

Socialist Economies, and Less Developed Countries. Soviet trade with the

CMEA and the Developed West is broadly disaggregated by the commodity (raw

materials , machinery , food , grain , and other consumer goods). Hard

currency liquid ity is de termined in the model by a consideration of the

curren t account in hard currency ,  credit repayments and interest ,
services and transfers , credit drawings and gold transactions .

2. Bureaucratic Response and Administrative Intervention

For the application of econometric methods at the macroeconomic

level, it is important that the data one observes are generated by a

stable underlying process which is not dominated by nonrandom disturbance

or stochastic eleme .~ts. For models of Western market economies, this

assumption of structural invariance is usually based upon technical re-

la tionsh ips or the aggregation over rational economic agents operating in

competitive markets. A major concern in the development of the Soviet

model has been the iden tif ica tion of a third source of structural

stability, arising from Soviet administrative regularity in response

patterns over a 1—2 year period .

In order to incorporate’ administrative regularity in our

specification of a macromodel , we have identified a small number of

signals which quantify the state of the macroeconomy in a given year .

These signals convey what we have defined as system contingencies,

the departure of important variables from “planned” or anticipated levels.

Whereas in marke t economies information about the state of the economy is

4 

~~~~~~~~~~~ 
-- -—~~~~ - 

.. .— -



typically distributed to independent agents through prices , in a centrally

planned economy such as the USSR most information is conv’~yed adminis-

tratively through quantity signals or rates of growth . Consequently, we

defined mos t of these con tingencies by rates of growth or other dimension-

less measures and these terms appear in many equations . The most import-

ant contingencies in our inacromodel are:

• the proportional deviation of the harvest from potential
prod uc tion , almost entirely a consequence of the weather;

• the rate of growth of real nonpersonnel defense expenditures ,
determined by an exogenous budget allocation of defense;

• the rate of growth of real gross profits in the national
economy , influenced in part by current and past harvest
but also by changes in consumer goods Inventories ;

• the realized rate of growth of nonagricultural capital
investment , dependent on the Annual Plan and the first
and third contingencies above; and

• hard currency liquidity , defined in terms of hard currency
reserves , gold reserves and external debt.

We conceive of the Soviet economic administration responding to such

contingencies through either central command or decentralized action by

officials sensitive to the preferences of the leadership . System con-

tingencies may In reality be defined differently within the actual Soviet

bureaucracy,  and they may be defined in terms of variables that are not
observable from the outside. We have, however , defined signals which are

available from published official sources or Western estimates. If they

are adequate proxies for the actual signals, the test of regularity in

administrative response is the statistical significance of the reaction

coefficient within a full.y specified equation .

S 
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This conception of bureaucratic response is one of shortrun

acconmiodation to system contingencies and is not meant to explain the

longterm 3tructural shifts observed in the past or anticipated in the

f u t u r e . In this sense, the SRI—WEFA Model is rather similar to quarterly

forecasting mode.L in the West where inertial guidance dominates perfor-

mance over a two—year horizon unless certain strategic instruments in

the Wes tern economy are changed , e . g . ,  government expendi ture  and

taxa t ion , the fl&uLiC~ supply, wage and price controls .

In additior. to the accommodating system of bureaucratic

response , the SRI—WEFA Model was developed with considerable attention

tr administrative intervention , i.e., exogenous shifts in key parameters

or in system structure , represented by dummy variables. Since the

Soviet economy is a highly politicized economic system , it is not
surprising that a Soviet macromodel exhibits a higher percentage of

dummy variables than a macromodel of a W~.stern market economy . In

SOVMO[) I , for example , nearly 15 percent of the variables in the model

were dummy variables . Two—thirds of these dealt only with shifts in

financial flows and nominal wage/price levels , but the others represented

important administrative interventions in the allocation of factors and

the dispos it ion of ~,roduc t.

Acknowledging the various technical issues involved , we tended
toward a liberal use of dummy variables for two major reasons. First, by
incorporating such “events ” in the specification of the Soviet model, they

become documen ted in model equations though certainly not explained . These

anomalies do no t evap ora te with the pa ttern of estima tion residuals bu t
remain as subj ects for future historical and econumetric research. Second ,

L _ _
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we have sought to predict administrative response rather than inter-

vention , and have employed dummy variables to capture the latter in the

interest of “better” estimates for parameters of technical and behavioral

regularity .

B. The Integration of an Input—Output Component Within a Macromodel

of the Soviet Union

Input—output data , although scarce in comparison to the availability

of na tional income and produc t data , are an impor tant source of industry

detail that can be used to construct links between the supply side and

the production side of the macroeconometric model. These data provide a

consis tent accoun ting f ramework , tracing the flow of intermediate inputs

through the economy and the distribution of products among alternative

categories of final demand . The transactions table can be translated

in to an inpu t ma trix , con taining direc t inpu t coeff icien ts, which describe

the input requirements of each sector per unit of gross output; or an

allocation matrix containing direct allocation coefficients which describe

the distribution of products among the producing sectors and categories

of end use per unit of gross output . In either case these matrices of

coefficients can be interpreted as general descriptions of the under—

l;.Lng technology of the economy which was used to produce material pro-

ducts for both intermediate and final use. In turn, the macromodel

pr ovid es informa tion on fac tor alloca tion and the compos it ion of outpu t

which serve to move input—output coefficients and capacity constraints

over time .

1. Partial Integration Accomplished in SOVMOD II

ilie principal task in this aspect of Phase Two was 
the7



determination of a secuence of a balanced 1—0 tables over the period

1959—72. The basis for this derivation is provided by actual Sovict

Input—Output Tables for 1959, 1966 , and 1972 in curren t producers ’ prices ,

the last table being a preliminary version made available in June 1975.1

During Phase Two , this sequence of 1—0 tables was balanced in

current prices rather than in constant prices. Our objective was to

derive a plausible movement of the material requiremen ts matrix , the A

Ma:rix , for unobserved years . Using the actual Tables and time—series

for gross value of output and value—added by sector in current prices ,

intervening tables were determined by a modified RAS tectnique using a

weighted minimization algorithm for coefficient movement . A particular

problem wa s posed by the 1967 Price Reform . It was handled by revaluing

the 1966 Table in postreform prices. This revalued 1966 Table was then

used in the interpolation between 1966 and 1972.2

$

In Phase One we gained some experience with the use of Input—

Output in the determination of end—use categories. Further development

in that direction depend s upon the reconstruction of the end—use quadrant

of the reconstructed 1972 Table . Consequently , we chose to foc us upon

appllcatio1. of 1—0 in the determination of intersectoral deliveries

dur ing Phase Two. Our objective was to use such information in art

iterative det ,rmination of a consistent vector of gross outputs. From

th e  curr~.nt çrice series for gross value of output and value added , we

deriv ed serier for ma ter ial inputs and ‘~ntered those in our specifications
of production functions for branches of industry . In SOVMOD III, improved

estimates of Soviet prices are used to deflate current price material

Inp uts.

We wish to thank Professor Vladimir G. Trend and analysts at the Foreign
Demographt’ Division of the Department of Commerce for making available
this preliminary version of the table to fa.’ilitate our research .
2

Gen e D.  Gu il l , “The RAS Method of Coefficient Adjustment and Soviet
Input—Output Data ,” Working Paper #34 (September 1975)

.8



There are several ways in which the Input—Output Tables may be

used to provide the macromodel with the feature of sectoral inter-

dependence present in the actual economy . When the macromodel departs

from the actual historical path , the Input—Output framework enables the

model to restrict itself to consistent vectors of gross output . We have

programmed three different procedures to determine gross outputs con-

sistent with material inputs , using sequences of input requirement

matrices (A matrices) and allocational matrices (B matrices) derived

from the balanced tables:

• B Matrix allocation: The flow table is regarded as an

allocation scheme where purchases by each column sector are a function

only of the production levels (or availabilities) of each row sector .

Coefficients in the B mat- ix are defined as b x
ij — ij i. Gross outputs

f rom the macromodel are mul t ip l ied across the rows of the B matrix to

establish a simulated flow table.

• A Matrix requirements with B Matrix distribution of excess

demands: In this scheme the flow table is regarded as a representation

of technological relationships where the inputs purchased by each sector

are determined solely by the level of output of that sector. Elements

in the A matrix are defined as ajj x~~ /Xi . Gross outputs from the

macromodel are multiplied up the columns of the A Matrix to establish

a prov isional flow tabl e. Total outputs are then added up across each

row and the excess demands (or excess supplies) are then redistributed

proportionately back across the rows to determine an adjusted flow table.

9



• A Matrix requirements with distribution of excess demands

according to a weighted minimization algorithm: The provisional flow

table is computed as shown above for A matrix requirements with B Matrix

distribution of excess demands. Excess demands, however , are re-

distributed across the rows in a fashion which minimizes the change in

flows subject  to a prescribed weighting scheme which can be interpreted

as representing a priority ranking of sectors.

After a flow table has been determined according to one of

the above procedures , material inputs to each sector are determined by

the column sum . In t h e  next i terat ion of the model , these material  input

series influence sector outputs through the sectoral production functions

and the 1—0 procedure is repeated .

2. Current Developments for a More Complete Integration in

SOVMOD III

The development task which was most important during Phase Three

was the extension of the 1—0 integration used with SOVMOD II. These

extensions included further experimentation with balancing algorithms and

modeling of coefficient movement for long—term projections .

a. Algorithms to Move Soviet Input—Output Data

The algorithm developed during Phase Two, for interpolating

between actual input—output tables, was designed so that specialized

information on technological change could influence the coefficient

adjustment process. With suggestions by input—output specialists reviewing

10
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this sequence of balanced tables, we have constructed an improved

sequence of tables for 1959—72 using the same algorithm . Experiments

were also made with an alternative balancing method where a linear pro-

gramming algorithm performs a full—matrix minimization of weighted

coefficient adjustment instead of the iterative approach to separable

minimizations across each row and column .’

b. The Modelln& of Coefficient Movement

After the determination of a sequence of 1—0 tables, the

next step is the endogenization of matrix coefficients , i.e., the modeling

• of coefficient movement over time. For models of Western market economies,

Preston and others have used relative prices to help explain the long—

term movement of the matrix of 1—0 coefficients. To explain coefficient

movements in the Soviet planned economy , an analogous system of equations

was estimated utilizing relative wages and trends.

C .  Net Delivery Constraints on End—Use Categories

In the development of SOVMOD I , Higgins used the 1966 Input—

Output Table to compute synthetic real “delivery” measures for categories

of consumption .2 Presently in SOVMO D III , the balanced 1—0 tables

1959—1972 include a final demand vector normalized on GNP. Eventually ,

we propose to use this information on net production by sector in the

determination of various categories of end—use. For example, net pro-

duc tion of industrial ma terials may be rela ted to ne t exports of such
materials to the CMEA and the Developed West. This also becomes an

important link for connecting material imports to domestic production

In the macromodel .

Gene 0. Guill and Ross S. Preston , “The Use of Linear Progra ing in
E s t i m a t i n g  t h ~ Changes in  Soviet lnput—Output  Data , ” Working Paper #41
(December  1975)

Green and Higgi ns , op. cit., Chapter 6.
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When the end—use quadrant of the reconstructed 1972 Input—

Output Table becomes available, we will be able to balance a sequence

of end—use quandrants (H matrices) over the period 1959—72. “Delivery”

measures derived from the solution of the model would then operate

directly on categories of end—use.

C. The Consolidation of the First Three Years’ Research

With the close of Phase Three, it is appropriate to stop and consider

the tasks of consolidating three years’ research. Essentially, these

tasks involve the standardization of the product and its general

distribution to a broad constituency of policyinakers and professional

economists . Considerable progress in these areas has been made but

there will remain major tasks of consolidation in subsequent years.

1. Documentation of a Family of Models

It is now clear that what has heretofore been the SRI—WEFA

Econometric Model of the Soviet Union should now be regarded as a family

of econometric models . With various models specialized for dealing with

different sets of questions, the issues of standardization and compati-

bility become paramount. With SOVMOD I virtually retired except for

learning purposes and SOVMOD II based on older Western data , the core

of the model family will be an updated version of SOVMOD III. All models

will use the same WEFA support software programs, use the same Databank

(with some exceptions), and share common variable names. Our primary

objective is to allow all models to evolve but to facilitate the transfer

of innovations where appropriate. The principal models which will

constitute this family are the following:

12 
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• The Medium—Term Macror~odel (SOVMOD III). This constitutes

the core system used f or scenario analysis and annual

forecasting for a 2—5 year horizon . It continues to provide

the partial integration of the 1—0 component available now

in SOVMOD II plus the component used to move the 1—0 table

dynamically.

• The Medium—Term Macromodel with an Extended Foreign Trade

Comppnent. This model, specialized for PROJECT LINK and

other foreign trade studies , will include extended components

for USSR—CMEA trade and East—West trade generally .

• The Loi~.g—Terin Growth Model. This model will be specialized

to deal with technical change, structural change and goals

for 10—25 year projections . For efficiency in model

developmen t, certain components of the macromodel may be

compressed , e.g., the State budget or foreign trade. Those

components may be restored in full detail for final

applications.

• Defense—Related Models. These models will incorporate dif-

ferent estimates and specifications of Soviet defense

expenditures for comparative purposes and scenario analysis.

2. Standardization of the Databank

The Databank, which has been developed during the three years of

the project , is essential to effective research and model app lications , by

the SRI—WEFA team and others . Data used for SOVMOI) 1 have been fully

documented in the preparation of the Green—Higgins book,1 but for many

Green and Higgins, op. cit.
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other variables it is a costly process to fully document series for

outside users. One task of consolidation is to complete full documentation
of existing data in a convenient form for access by other scholars .

A related issue is the policy of public distribution of the

Databank with documentation . The project has freely made available the

data existing in the Databank. Continued funding support is essential to

maintain this service to the scholarly community .

Of particular importance is the standardization of the annual

update process for the project Databanks. Should all series be updated

each year or only those used in the family of models? The current

procedure is somewhere in between these extremes, with an updating of

mary variables of interest which are not presently in the model.

Essentially, the procedure for annual updating will be codified and

centralized at Wharton EPA with continued supervision by SRI members

of the project team.

3. Publication of SOVMOD III

Given the variety of current model developments , the project

has begun preparation of a second book concerning the SRI—WEFA Model.

As it is currently conceived , the new book would not be concerned with

the same material as Green and Higgins but rather with a more technical

presentation of SOVMOD III. This volume could stand as a reference

for econometric modeling of nonznarket economic systems and document

all equations of SOVMOD III.

14
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D. The Emergej of_ a Research Team

One major consequence of the SRI—WEFA project has been the establish-

ment of a unique research team centered at the University of Pennsylvania

in Philadelphia. Although outside scholars have provided valuable

guidance at certain stages, the true dynamics of this research project

have been the sequence of staff meetings which began in the fall of 1973

and have continued , more or less regularly , since then . It is in these

meetings and the extensive contacts between meetings that innovations

in specification and system design have emerged and been refined.

Senior supervision of the SRI—WEFA Project has been provided by

Lawrence R. Klein, Herbert S. Levine and Ross S. Preston . Principal

investigators during this first year were Donald W. Green and Christopher

I. Higgins. With Dr. Higgins ’ return to the Australian Treasury in the

second year, Gene D. Guill and Peter Miovic began as researchers on

particular aspects of the project and have now in the third year

broadened their participation as principal investigators . Also in the

third year , Edward A. Hewett of the University of Texas has joined the

project as a specialist on Soviet foreign trade and Holland Hunter

has assumed a growing role in introducing the model and its potential

to the Washington community. Furthermore , a significant number of

research assistants , primarily graduate students at Penn , hai e gained

experience in econometrics , programming , and the quantitative study of

planned economies. The project team has demonstrated a capacity for

integration with senior personnel actively participating in specification

and application studies and research assistants authoring or co—authoring

project working papers.

15



The institutional associations have also co j itr ib u ttI t u  the

quality of research. In Philadelphia , the project has gained extensive

contact with other econometric modelers through Wharton EFA , the Economic

Research Unit of the Department of Economics , and Project LINK.

Particularly valuable have been the contacts with econometricians from

Eastern Europe. Stanford Research Institute has also provided an

important channel for interaction with other Western specialists on the

• Soviet economy as well as with Soviet economists and officials through

its multiple relations with the USSR.

V

1
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II  A YEA R ’S EXPERIENCE WITH SOVMOD II

In this chapter , we repor t  on ce r t a in  model r e f i n e m e n t s  of SOVMOD II ,

on our experience in transf err ing the model f r om Ph iladelphia to Washington ,
D.C.  and to SRI headquar ters  in Menlo Park , Cal i forn ia , and on a number

of application studies performed with SOVNOD II. As ind icated in last year ’s

Phase Two Documen tation, our plan for Phase Three was to undertake applica-

tion studies of: the 1975 harvest , technology transfer to the Soviet Union ,

an evaluat ion of the new Soviet 15—year plan , and longperiod s imula t ions .

W~ have carried out all of these s tudies , wi th  t h e  except ion of the evalua-

t ion of the 15—year p’an, since the Soviets did not complete tha t plan on

sched ule and , as of this writing, have still not published any data on it.

In place of our intended 15—year plan study, we undertook a study of the

new Soviet 10th Five Year Plan (FYP). A description of this stud y is in-

cluded below .

A. Model Refinements and Transfer from Philadelphia to Washington, U. C. and

Menlo Park, California

During the past year we have subjected SOVMOD Il to an increas ingl y

stringent set of tests. These have led to certain refinements in the model

and prepared  the ground b r  t h e  des ign and imp l e m e n t a t i o n  of ~OVNOD I I I .  The

m a i n  way of c a r r y ing out t h i s  v a l i d a t i o n  of the model has been throug h the use of

s imula t ions .

The I n i t i a l  sat~p ie  period d ynamic s imulat ions  c a r r i e d  out  wi th  SOVMOD II

more than a year ago suggested tha t certain equations were not tracking well

and could cause problems in fo rward  p ro j ect ions .  This  was p a r t i c u l a r ly  tru~

of the foreign trade sector where several equations had to be r ees t ima ted .

However , even in the current version of the model we have had to exogeni~e

Soviet grain imports and gold sales.



Simula tions beyond the samp le period , f i r s t to the end of the l970 s
covering the Soviet 10th FYP and then Into the l980s, aler ted us to other

possible problem areas. While the economic implications and results of those

appl ications of the model are reported below, it is useful to point out some

of the modjficatir~ns that were made In the process of carrying out that

research.

In th e shorter term (3—5 years nut), the simulations were generally

s tab l e .  A few t rends  had to be suppressed or a t tenua ted  and a number of

a d j u s t m e n t s  made to the endogenous variables. The main adjustments were in

the equations for the allocation of labor between city and country, and for

labor force participation , in Soviet trade for CMEA wh rt a discontinuous

break in prices occurred subsequent to the sample period , and in the timing

of Impacts stemming from the 1975 harvest failure. Some minor adjustments

were made in the equations for indu strial branch investment and employment ,

and in the State Bud get revenues. This degree of model adjustment is quite

comparable to experience with models of Western market economies .

When extending our projections into the l980s, an additional set of

problems arose. It became increasingly difficult to preserve certain balances

and internal consistencies. For example, the model did not  ensure tha t

pro~ iut inns of Industrial branch outputs , employment or inves tmen t  would

sum to t h e i r  respect ive  a l l — i n d u s t r y  to ta ls .  Also , as the  p ro jec t ion  hor izon

was ex tended , the relative shares of certain categories in GNP, whether examined

from sector—of—origin , end— use or income sides , took on values that became less

and less plausible. Some of these tendencies could be compensated for by

the experienced user. But , in addition , we have desi gned ways which enforce

consistencies and have added them to SOVMOD 11 , and in ~0W10D III  have

provided for them In a more extensive way . Future development in this direction

will rely heavily on development of the input—output sector of the SRI—WEFA

models.
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Finall y,  in order to draw on the knowledge and experience of i wid r

circle of specialists on the Soviet economy , we have pursued the development

of model software which enables an easy t r a n s fe r  of the SRI-WEFA model  to

other computer installations . SOVMOD II has been transferred and su ces~~fcl1y

run by groups in Washington , D. C. and Menlo Park , California . In the latter

case , this transfer wag to a CDC computer system from the IBM system in use

at WEFA. This required some extensive reprogramming which is now corn p ie~ ed;

it will allow for an easier transfer of the model to other  CDC i n s t a l l a t i o n s

In the future. For SOVNOD III we have gone one sto~ f u r t h e r . We have i n s t a l l e d

the model on a system tha t permits it to be used on a tiat.—sharing basis

through an interactive tertninal . In the future , a user will be able t o  acc es s

the model through the telephone l ines.

B. Consequences of the 1975 Grain Harvest (December 1975,.’

In this applicatinn study, we constructed a control solution for l973—7b

and then evaluated the macroeconomic response to harvest failure which was

estimated in SOVMOD II. Alternative scenarios for 1975 grain harvests of

160, 150 and 140 million metric tons (MMT) were evaluated. Finally , the impli-

cations of a harvest failure of such magnitude were assessed in examining

Soviet attitudes toward the US/USSR grain agreement.

I .  A Contro l  S o l u t i oj~~ 1973-76

The ob jec t ive  of a “contro l  solut ion” is to i n d i c a t e  the probable

course of the Soviet economy if conditions had been ?I nor I~~ l. !T In SOVNOD II ,

normality In Soviet agriculture is defined by mean values of the weather

variables (spring—summer precipitation and winter t emperature). There

Donald W. Green, “The 1975 Soviet Grain Harvest , the Tenth Five—
Year Plan and the U.S.JUSSR Grain Agr eemen t ,” published in United States—
Soviet Grain Agreement, S. 2492 and Other Matters , U.S. Senate Hearings ,
Subcommittee on International Finance of the Committee on Banking, Housing
and Urban Affairs , 9—10 December 1975 (u . s .  GPO , Washing ton , D.C., 1976).
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are two st ages  in the de te r,n ioa t ion  of such a c o n t r o l  s olu t i o n .  F i r s t , p ro—

jections are made for the exogenous variables In the model on the basis of

specific Information and the extrapolation of recent trends. Second , the

path of the economy generated by the model from those projections of oxc~~enous

variables is then examined and adjusted to conform with more recent data and

the judgments of specialists on the Soviet economy .

The major features of that control solution for 1973—76 are

presented in Table 2—2 column (2) .  Under norma l weather  assumptions , we

projec ted a 1975 harves t of approxima tely 206 MMT fol lowed by a 1976 harves t

of 218 ~NT. Moderate growth in GNP of 4.3 percent in 1975 was to be followed

by 5.6 percen t growth in 1976. Industry was projected to grow at 6.5 percent

in both years with light industry growing at a much lower rate. The rate of

growth of consumption was projected to rise from 1975 to 1976 with the declining

f growth rate of capital investment. Exports and imports were projected to grow

in 1975 by approximately 15 percent in nominal terms with increasing Soviet

trade deficits with the CMEA and the Developed West appearing in 1976. Sovie t

liquidity in hard currency was projected to fall from its relatively high level

in 1974 because of trade deficits and the decline in world gold prices .

2. Administrative Harvest Response in the Scviet ~~~~

In es t imat ing a macroeconometric model of the  Soviet Union , we found

that distinctive administrative response patterns could he interpreted as

reactions to the state of the harvest. In quantif ying such response patte rt . s

there was considerable evidence available given the major  harvest  f a i l u r e

in 1963 and lesser setbacks in 1960 , 1965 , 1969 , and 1972. It is clear tha t  1975

represents a harvest disaster comparable to the 1963 exper ience .

To understand the necessity for  Soviet adm i n i s t rat  ly e  response t o

• harvest f l u c t u a ti o n s , we shall  f i r s t  consider t h e  m a j o r  consequences  of a

harvest failure . To begin , the agricultural Sector accou n t for .i hi~zhii r pro-

portion of national product in the Soviet Union t h a n  in western i n d u s t r i a l i z e d

economies. This observation Is reinforced by noting tha t over 50 percent of real
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household expenditure is for  food in the USSR.  A sh or t a ~!, c in g r ain , i f  suf-

f i c i e n t ly severe , may necessitate reductions in livestock feed or processed flour.

Furthermore , if the poor harvest extends to industrial crops there will be derivel

shortages of other consumer goods produced . If the Annua l Plan is main tained ,

such shortages in food and consumer goods will generate a disequilibrium between

• money incomes and wage—good supp ly at f ixed  pr i c e s .  W he th e r  prices arc ra i scd

or  no t , such a d i s e q u i l i b r i u m  on the wage goods m a r k  t w i l l  lower t h e  e f f e c t  ly e

rca I wage For employees .

To lessen the u s  I i c e i i t I v e  e f f e c t s  and worke r u n r e s t , we have f o u n d

tha t the Soviet a dm i n l st r a t  i o  d e p a r t s  f r o m  the Annual  Plan  when a ha rve s t  c r is i s

appear s .  The p r i n c i pal responses to a d e f i c i e n t  ha rves t  which were i d e n t i f i e d

and specified in SOVMOD II are the following :

• A reduction In the rate of growt h of investment , p a r t i c u l a r l y

in agriculture , light Indu str y , the construction sector , and

the services cateyo ry;

• An increased slaug hter rate for productive livestock with

s h o r t  run in c re a s e s  in mea t suppli es;

• An increase Iii he produc t ion of consumer durahies in the

m a c h i n e — h t i i  id  I ng b r a n c h ;  and

• A compensatory effort In agriculture during the following year ,

through increases in labo r participation , investment and material

supp lies.

A given harvest deviation , measured as a proportion ot  peak p roduc t ion , wi l l

have a specific quantitative impact on these other variables of the m a c r o m o d e l .

The reduction in capital Investment restrains the growth of money incomes

without restricting the s u p p l y  of wage goods in  t he  shor t  run;  t h is helps

to r e d u c e  excess demand observed on the  wage goods m a r k e t  . Increased supp li e s

of meat  a l so  h e l p  to ease the  s hor t r u n  m o n e t ar y  d i s e q u i h i h r i u m . Both  of

two r i n I~on ~o o , however , l ower the l o n g r u u u u  s u i p p i v of  w l~~e goods and

;, rVe primaril y to d I : ; t  r i b u t e  t h e  shor tages  m or e  si~.i t h u I v  ovel t ime . i l i c



reduction in capital investment enables the machine—building branch to aug-

ment its production of consumer durables which absorbs additional money income

of households in the shortrun.

3. Conseq~uences of th~ 1975 Grain Harvest: Alternativ e Scenarios

Civen the uncertainty (at the time of this s tud y)  c o n c e r n i n g  the

actual level of the 1975 Soviet grain harvest , we decided to compute alternati ve

scenarios for 160, 150 and 140 >c~1T. These three scenarios share

common assumptions for the State Budget in 1976 (the actual Budget figures

published In Pravda which represent a partial response to the harvest crises),

grain imports from the Developed West , and Soviet financing of those imports

with credit drawings and gold sales. These assumptions are indicated in Table

2—1 along with the 1975 adjustments to grain output and gross agricultural

output to define the three scenarios . Our projection for grain imports is

based upon an estimate of 25 MMT imported in 1975—76 at an average price of

$160 per metric ton.

Several comments should be made concerning the measures of grain

output ~ nd agricultural production . In SOVMOD II , we used a Western adjusted

output series for Soviet grain production rather tha n the Official index . For

the period 1973— 76, we have used an adjustment parameter of 0.65 to convert the

Off icial measure into the Diamond measure .1 Furthermore , the impact of the

gra in harves t on to tal agr icul tu ral . output (also a Western measure) is based

upon the observed percentage decline in 1972 . The ratio of the percentage

declines in grain output to gross agricultural output for tha t year (0.59)

was appl ied to 1975. This assumes that the composition of crops sown and the

pattern of weather impacts on crop yields were approximately equa~ In t huo~ e

two years.

The grain series used in the model is t o t a l  g r a i n  l i e t  of  seed . The ad j u s t e d
s e ri e s  f o r  gra i n  o u t p u t  rind acricultuiral p u un hiu t I ’ll F t  p r c s c nt  c i  in I). B.
Diamond amd C. B. Krueger , P cent Developments in Output :10(1 Pr dii t iv itv
in Soviet Agriculture ,” in Joint Economic Committee (U.S. Congress),
Soviet Economic Prospects for the Seventies (U.S. GPO, Washington , D.C.,
1973). 
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TABLE 11—1

I)EFIN I TI ONS FOR HARVEST SCENARIOS

New Assumptions fo r  Al l  Scenarios ( Control  Assumpt ions  in P a r e n t h e s e s .)

Descri p t i o n s  ( U n i t s )  1975 1976

Financing of Centralized Investment 85.4* 88.3
(bill ion current rubles) (85. ’4) (91.4)

Financing of ‘transport/Co mmunications 18.8* 19.6*
(billion current rub les) (18.8) (19.8)

Financ ing  of Ag r i c u l t u r e  37.1* 3 7 . 2
(billion current rubles) (37.1) (40.8)

Official Defense Expendi ture  17 .4  1 7 . 4
(billion current rubles) (17.4) (18.0)

Nonpersonnel Defense Expenditure 12.8 12.8
(billion current rubles) (12.8) (13.1)

Grain gxports from Developed West 1500. 2500 .
(mill ion current  dol lars)  ( 2 0 0 . )  ( 2 0 0 . )

Ha rd Currency Cr e d i t  DrawIngs  1500. 2000.
( m i l l i o n  cu r r en t  d o l lar s )  ( 1000.)  (1000.)

Gold Sales 500. 700.
(mill ion current  dol lars)  (300 . )  - (300.)

*Actua l Data

Adju s t ed  Harvest  Levels fo r  1975

Scenarios
Variables  Con t ro l  160 150 I~~0

(;rain harvest, official 206. 160. 150. 1. 40 .
(M. n~~tric tons)

Grain harvest , Western estimate 135.3 105.2 98.1 0 1 . 1
(M. nu~tric tons)

C r u u s s  ,i gr teul t nra I prodt ic t ion 71 . (1 h6 . 3 . ~ ( ‘1 . 3
(B .  1965 rubies)
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p [n Table 11—2 we have presented a summary of results for  the contro l

solution , the 140 scenarIo , and the other two scenarios with a s l i g h t ly b e t t e r

harvest for  1975. The maj or impacts of the 140 MMT harvest in 1975 may be

sumiiiarized as follows :

• A reduction in the growth rate  of real CNP in 1975 from 4 . 3  to

2 .0% , and a loss of over 15% of the proj ected increment in GNP f rom

1974 to 1976

• A reduction in the growth ra te  for Soviet i ndus t ry  in 1976 f rom

6.5 to 4.0%

• A reduction in the growth rate  of capital  investment by 2 percentage

points in 1975 (6.1% to 4.1%) and by over 1 percentage point  in 1976

(5.4 to 4 . 5 % )

• A reduction in the growth rate  of total  consumption by 1.8 percentage

points in 1975 , and by about 1 percentage point over the two years

197 5—76

• A reduction in the projected annual growth ra te  of nominal

• machinery imports from the Developed West f rom over 20% to 12% dur ing

1975—76

• An increase in the Soviet trade d e f i c i t  w i t h  the Developed W i s t  by

$1.5 billion for  the period 1975— 76 .

These projections are not much d i f f e r e n t  from what the  Soviet leadership  i t se l f

is ant icipat ing for  1975— 76.  The speech by Baybakov on the Annual Plan fo r

1976 indicates GOSPLAN ’s project ions  as follows :1

• Growth rate of national income to be 4% in 1975 and 5.4% in 1976

• Growth rate of industry to be 7.5% in 1975 and 4.3% in 1976 (4.9%

in heavy industry and 2.7% in light industry).

Speech by the Chairman of N .K. Baybakov , “0 gosudarstveuuiom plane rozvit lv i
narodnogo kb ozyastva  SSSH na 1976 god ,” Pravda , pp. 1—3 (1 December 1975).
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The major difference between our projection and GOSPLAN ’c is in the 1976 i’rnwth

rate for light industry where SOVMOD It actually projects a decline of 1—1~ %

compared with COSPLAN ’s indication of a 2.7% increase. If COSPLAN ’s tnr gct

is f ul f i l l ed, that would indicate a substantial state intervention on be-

half of the Soviet consumer using SOVMOD II as a standard of average past

responses.

The two consequences of the 1975 harvest which are most significant for

Soviet longrun growth are the reduction in new capital  investment and the

reduct ion in machinery imports  f rom the Developed W e s t .  The d i f f e r e n c e s  in

cap i ta l  investment between the control  solut ion and the 140 ~fl1T Harvest Scenario

are indicated in Table 11—3; they are a consequence of the harvest  cr isis , the

r e d u c t i o n  in the f inancing of central ized investment , and the  lower O f f i c i a l

Budget  for  de fense .

4. Conclusion: The U . S . / U S S R  Grain Agreement fj, 9,~~~

The 1975 grain harvest clearly called Into question the 10—year

program associated personally with Chairman Brezhnev , a program which we

have prev iously labeled “Project Independence a la Russe.” The objective

of this program was to establish Soviet independence of Western agriculture

as well  as to increase the annua l 
~~~ 

cap4ta consumpt ion of meat in the Russian

diet. In contrast to the earlier “Virgin Lands Campaign ” of the l9SOs. the

e ss e n ti a l  st r at egy  of t he  Brezhnev program was to inc rease  ag r i c u l t u r a l  o u t p u t

th rough  m e c h a n i z a t i o n , the a p p lic a t i o n  of a d d i t i o n a l c a p i ta l  to ex i s tin ~
acreagc and manpower.  Given the  severe probl em of wea the r  f aced  by the  USSR ,

mechanfzat ion was intended to raise the expected level of agricultural output

and to reduce its var ia t ion .  Weather p lays  a c ruc ia l  role in d e t er m i n in g

Soviet  ag r i cu l tu ra l  ou tpu t , not only because of i t s  impact  on biological y i e l d s

but  also because of Soviet o rgan iza t iona l  d i ff i c u l t i e s  in prov id ing  labor

and equipment  to var ious  regions when the harves t  mus t  he gat h e r e d  in a short

peri od. Problems with capital maintenance and spare parts , inadequate rura l

transpor ta tion , and the inefficiency of urban workers and students in seasonal

agricultural work a l l  c o n t r i b u t e  to Soviet vulnerability to the weather .
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Alternatives to the past Brezhnev ap p r o a ch  w h i ch  have been a u z g ; - e

a re  not very a t t r act i ve  to Soviet leaders. F i r s t , there is t~~t -  e xp a n sion  of

nor thern  acreage for  hard g ra ins ;  yields there  are not h igh  b u t  are less

uncer ta in .  The problem with the reclamation of no r the rn  acreage  is the h i c h

cost and therefore  the necessity fo r  sacr i f ices  elsewhere.  Second , t h e r e  is
the al ternat ive of organizational reform in Soviet a g r i c u l t u r e , a policy which

would meet substant ia l  resistance from the S ta te  and Party bureaucracies.

This would involve perhaps changes In the sca le of fa r m s , t h e  r e d u c t ion  of

administrative regulations over crop compositions and s c h e d u l i n g ,  or  t h c

establ ishmen t of wholesale  marke t s  for  a g r i c u l t u r al  pr oduus -t s and inputs .

Third , there is the prospect  of a reduction in economic asp irations , an ac—

ceptance of the constraint which deficient growth in agriculture poses for a

sys tem commit ted  to r ising l iving s t andards .  Final l y ,  t h e r e  is the  pos—

s ib i l i t y  of allowing ~~~~ ~r sh or trun  dependency on W e s t e r n  g r a i n  supp l i e s,

a policy with undesirable economic and political consequences for Soviet

leaders. The eventual policy adop ted may actuall y be a combination of all

fou r  a l t e rna t i ve s.

If the 10th FYP is evidence for  the reduction of a sp i ra tions ,

then the U.S./USSR grain agreement signed in September 1975 indicates the

p o s s i b l e  Soviet acceptance of a long—term inte r re la t ionship  w i t h  t h e  P .S . —

economy.  This  agreement  c o m m i t s  the t~~ nations to an expcc  t ed  annua l

tr insau - t Io n  of  6— 8 n u l l  I ion m e t r i c  tons of gra in [or t h e  per led i~ 76—80 . - -

The minimum Is rather rigid except during a severe h a rv e st  in t h~ U . S .  w i i i J e

the maximum is less rigid since it calls only for consultation for Soviet

purchases in excess of 8 million metric tons. The U.S. stands to benefit

f r om th is agreemen t , but the advantages to the USSR arc also cleai .

The requirement  of 6 mill ion metr ic  tons to be purchased  each yea r  by the

Soviet Union will  con t r ibu te  to high , stable demand in the U.S. grain market.

But accord ing  to the model , th is does not represent  a burden to the Sov ie t s .  F v t n

a s s u min g  “normal” weather th rot i gh 1980 , tile model  has p r o j e c t e d  des i red

S o v i e t  imports  of Western grain of 5— 10 m i l l i on  m e t r i c  tons f o r  each y e a r .
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Overall , the agreement adds to Soviet economic opt ions  in dealing wi th  i t s

agr icu l tura l  problem . P o l i t i c a l l y ,  however , i t  does represent a compromiso

with  the longstanding Soviet principle of economic independence and , in this

regard , i t  is in consonance with the Kissinger policy of bui ld ing a web of

interrelatedness between the Soviet and U.S. economies.

C. Technology_ Transfer to the USSR (March 1976)

The Soviet Union is currently in a period of rather intense importation

of advanced technology from the developed industrial countries. This is not

the f i r s t  time in Russian h i s t o r y  that  such importing of technology has occurred .

For i t  occurred in tsarist  times , dur ing the re ign  of Pe te r  the  Grea t  and later

In the period of rapid industrialization of the 1980s. And it again occurred

in the Stali nist forced d r a f t  industr ia l izat ion era of the 1930s.

In these past periods of importation of advanced technology , the

Rus sians were able , within a compressed span of time , to approach con tempor ary

econom ic developmen t levels in the Wes t and , to some extent , even the levels

of contemporary technology in the West. Ye t in the longer run , as the advanced

nations of the We st continued to develop new technology , the Russians were not

able to maintain their relative position , and they fell hack .

Among the Soviet eu - o u u o i u t In s t i t u t i ons  wlu j el l  a f f e c t  the a b i l i t y  of

t . . economy to absorb , mas ter , and create new t e c h n o l o gy  are the fol lowing :

Donald W. Green and H e r b e r t  S. Levine , “ I m p l i c a t i o n s  of Technology T r a n s f e r s
fo r  the USSR , ” SR I— WEF A Working  paper ~I42 , MerH~ 197b (p repared  fo r  t he
NATO C o llo qui um , SprI ng 1976)

28



• The managerial incentive mechanism that has more or less dominated

the Soviet scene since the 1930s. Innovation always involves r i sk .  The

compensat ion  for  r isk is reduced by the fac t  that success today  w i l l  mean

a higher target tomorrow , and success in the system requi res  the regular

mee t ing  of targets .  Furthermore , exper imentat ion i n t e r f e r e s  wi th  c u r r e n t

production. Thus , managers r e s i s t  innovation and t r y  to keep t a r g e t s  l o w .

There is much discussion In the Sovie t Union on how to get around th is

problem , but nothing very e f f e c t i v e  has been introduced so f a r .

• The organizat ion of research and development (R and D ) .  Con-

siderable expenditure  is devoted to R and D in the Soviet Union , but to a

great  extent  it is separated f rom the product ion process ,  and l ’~ ’s at-

t e n t i o n  is paid to developmen t than to research.  As a resul t , while  new te ch—
nology is generated and fo r e ign  research studied , the implementat ion and d i f —

fus ion  of such technologies  ar e  l imited . One of t h e  r e f o r m s  currently

u n d e r w a y ,  the  c rea t ion  of large “s c i en t i f i c  p roduc t ion  a s soc ia t ions , ” o f f e r s

t h e  promise of br inging the Soviet  o rgan i za t i ona l  r e la t ionsh ip  between

research , development , and produc t ion more into l ine  w i t h  the  p a t t e r n

dominant  in the West .

• The technology t r a n s f e r  process is p r imar i l y  a peop le—process .

Technology Is best t r a n s f e r r e d  f rom f i rm to f i rm and f r o m  coun t ry  to  c o u n t r y

by people  (managers , engineers , sales engineers , e t c . )  ra ther  tha n by p u b l i c a —

t irnus ( inc lud ing  b l u e p r i n t s )  or p roduc t s  themselves. In the  postwa r period ,

the  Sovie ts  have c o n c e n t r a t e d  on the l a t t e r  approaches  whi le  making min ima l

use of t he fo rmer  . Cur r en t  1 v , however , they a p p t  r t o  be pay  jug more ott ent  ion

t lit poop I e part of t h i ’  pr oc eo S
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I’hi t ’ ol ( ‘ I t lOU t R d l  H e I I R R ( ’ ( h  t i n  for have ccl at  i’d to Soy I o t o o t  I t o t  f o u i a  ~ u ol

practices , but the Russians under the isars also had trouble mastering modern

t echno logy  and m a i n t a i n i n g  i t s  dynamic change.  What  common e lements  in the

i re and post—revolutionary Russian scene may explain these common difficuities?

• The creative destruction aspect of technical change—-that

is , when something new is done and it is successful , the old is destroyed .

In a politicized , bureaucratic economy , as was the case under bot h tsars and

bol sheviks , those who operate existing activities and technologies are much
better able to protect themselves against the threat of new activities and

technologies.

• The absence of a threat of bankruptcy in tile noncompetitiVe

Soviet economy has an impact because, while th e innovationa l process responds

in a positive way to high rewards for successful innovational , it also responds

to the fear of being driven out of business by dynamic competitors. The

latter may be more significant than the former , especially in regard to the

diffusion of new technology.

• The Soviets have primarily imported foreign technology for

domestic purposes rather than for exports which would have to be internationall y

com p e t i t i v e .  Thus , once the  new technology was in p l u- c , there wis no

pre ssu re  on those using i t  to keep it up to ( h a n g i n g  t o r e  i ~n l e ve l s .  and t h e

technology l angu i shed .

Even thoug h the Russians may have been deficient in the way they

have borrowed and maintained foreign technology , both Western observers and

current Soviet policymakers appear convinced that  foreign technology has con-

t r ibuted to Soviet industrial growth . However , the quan t i t a t ive  s ign i f i cance

of the technology t rans fe r  remains a major  unanswered question .
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I)uring the c o n s t r u c t i o n  of the  SR 1—WE FA Econometr ic  Model of the

Soviet Union , a new methodology was developed for evaluating the quantitative

impact of imported machinery on Soviet indus t r i a l  p roduc t ion  which to a

certain extent provides a measure of the gains from technology transfer.’ The

incorporation of this feature within the complete macroeconometric model

provides a framework for eva1uating the direc t and indirec t benefits of

Soviet m a c h i n e r y  imports t h rough  i’oiznterfactual scenarios in the past and

conditional projections into the future.

In an attemp t to quantif ; the gains from technology transfer ,

there are clear advantages to focussin g on imported machinery and equi pment.

Machines imported from nations more technologicall y advanced can shift a

domestic production function upward In three different ways :

(1) directly through higher productivity in domestic production;

(2) indir rtl y through use in the production of more efficient

domestic machinery; or

(3) even more indirectly throug~ the transmission of information

which results in a higher domestic level of technology.

In order to estimate the contribution of imported machinery to

Soviet industrial production , we first construct a measure of foreign capital

from Soviet import data , and use that measure to disaggregate the capital

stock into foreign and domestic categories. Production functions are then

estimated with three factors of production: labor , foreign capital and

domestic capital. We assume tha t each imported machine carries potential

i n f o r m a t i o n  which may raise the  level of Soviet technology. Given a con-

stant expenditure of internalization effort (analysis and diffusion) per unit

of imported machinery, the level of domestic technique will depend upon

current and past levels of machinery imports. When one. estimates the

“contribution ” to output of the marginal foreign machine , there a re  two
- o i i ip o i n ’ i it  S t o  the mar g in a l  productivity: one , a d irc’c t m e a s u r e  at  p ro—

due t iv  i t  v , o u n i two , i t s  coOt r i l - t u i t  io n to t h e  p r o d u ct  i v i  t o t  ~or n e s t  ically

i r oc lu c~ d m u c h  I nu ’ry  . i f  t Ii i s  ‘‘ I t o r n  i l u g ’’ componen t i 5 5  i go i f  l e a n t  t h e n  we

ouu- , hL t o  1 111( 1 t h e  m a r g i n a l p r o d u c t  ivi ty of f o r e i g n  u p i t u l  est m a t e d  in a

product ion  funct ion  to he h igher  t h a n  what one n i g h t  judge reasonable for

This methodology was introduced in Donald W . Green and Marc J a r s u l i c ,
“ Imported Machinery and Soviet Indus t r ia l  P roduc t i on :  An E c o n o m e t r i c
Approach ,” SRI—WEFA Working Paper #39 (December 1974).
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di rec t p roduc t iv i ty  re la t ive  to domest  Ic cap i t a l .  and tha t is exa t l y  wha t

our prel iminary econometric resul ts  suggest (see Table 1 1—4) .  Howevc -

these data  do not take in to accoun t add it ional costs to the use of f o r e i g n
machinery  (see discussion below) .

As i n  o the r  c o mp o n e n t s  of the Soviet  uni te  r nio I ~‘l , we ha’i u sough t  La

s p e c i f y the p a t t e r n  of b u r e au c r a t i c  r e g u l a r i t y  ( r u l e  of t h u m b ) ,  i d e n t i fy

cont  in g en c  ics  to wh i c i t  such b u r e a u c r a t i c  ru les  mus t  respond , and clarif y

where possible the  role  of a d m i n i s t r a t i v e  i n t e r v e n t i o n  in s h i f t i n g  the

r u l e  f rom epoch to epoch. The “ru l e  of thumb”  in t h i s  hypo thes i s  is tha t

rea l fo re ign  machinery is a l lo c a t e d  p r o p o r t i o n a t e l y to the a l l oca t i on  of

domest ic  investment over t ime w i t h i n  any given ca tegory  of i nves tmen t .

Over the  sample period 1961—73 , the observed import/investment ra t io

shifted upward in the late 1960s with shortrun variations “explained ” in

part by the liquidity measure. The retardation in real machinery imports

during the mid—1960s was due first to the restriction in industrial invest—

ment and second to the decline in Soviet hard currency l iquidity after the

1963 harvest failure.

h o w  m i g h t  Soy li t  development have bet- n d i ff&rent had t hose shi Its

in  Soviet  mach inery  demand not  t aken p lace? By r e t r o s p e c t i v e l y  r epea l ing

“det ente” consequences for East—West trade , we obtained measurement of

Sov iet gains from machinery imports holding the historical environment constant :

financing of investment , defense expend i ture , weather , the world economy, etc.

In scenario analysis , we first construct a control solution as a

s t a n d a r d  of r e f e r e n c e  f o r  r o u n t e r fa c t u a l  exper imen t s .  For our cont ro l

solution , we solved the model lynatuul call y from 1968 to 1973 using actual

historical values for all variabl es In the period of solution . 011CC the

control solution was (I (’lermined , a No—Detente scenario was computed . We

adjusted on1y the machin ery import component of the model. Industrial invest—

f lu en t  ;iiu d c ap i t a  I I t - t r m a t  ion were un changed ; the  l o re  i g n/ l on i c s t i c  com p o s  [L i o n

o t I n d u s t r i a l  c u p i t a l  S t u ) ( ’k  dot s change w i t h  t o u u s i q u I ~ ‘ices for indus tria l

pt A c t i o n .  The decline in Soy let i m p o r t s  r e s u l t s  in an inc rease  in

Soviet hard currency liquidity which acts to boost machinery imports in the
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following year.  The hard currency iiqu idity  gain also lessens next  year ’ s

exports to the Deve loped West which in turn lowers the liquidity position

in  the year after that. The shift in capital compositi on also generates

another systemic process through the employment loop. A reduction in the

growth of average labor produc t ivi ty In i ndus t ry  l o w e r s  the growth of the

rea l i ndus t r i a l  wage. This reduces subsequen t growth in industrial employ-

ment through participation effects and , with a longer l o g ,  t h r o u g h  a rural!

urban mi g r a t i o n  e f f e c t .

In comparing our Scenario wi th  Cont ro l , we may observe the  f u l l

system impacts of the detente  e f f e c t  on Soviet machinery  imports. Table 11—5

presents several measures which indicate the magnitude of this datente

e f f e c t .  The model suggests that the growth of i ndus t r i a l  p roduc t ion  f r o m  1968

to 1973 would have been only 28.4% without those additional imports of

Western machinery ,  i . e . ,  approximately 15% of the  growth in the control

solution ( 33 .7% ) would have been foregone.

The S i t u a t ion of the Soviet economy in the mid—1 970s is somewha t

different from t ha t  of t h e  mld — 196 0s , in par t  bec ause  of t h e  s u b s t a n t i a l

i m p o r t s  of Western machinery dur ing the period 1968—7 4 . To increase our

understanding of the quantitative contribution of technology transfer , pro—

jective scenarios with 10 percent upward and downward shifts in Soviet demand

for foregin machinery were constructed . For projective analysis, the de-

rivation of a control solution is considerably more difficult than for

re t rospect ive  ana lys i s  because of unce r t a in ty  conce rn ing  t i le  pa th s  of exogenous

var iables. For these scenario exercises , a control solution was prepared

for an extended analysis of the Tenth Five Year Plan .

Around this  control  path, two scenarios wore constructed by shifting

Soy j e t  demand f u n c  t ions fo r  fo re ign  m a c h i n e r y .  La S e t - r i o  r io  A,  a l l  t ea tu r es

ot the  contro l s o l u t i o n  are  m a i n t a i n e d  except  t h a t  t he  r o n s t u n t  t i  in i n

m a c h i n e r y  demand f u n e t  ion  is  increased by t t  p t - u  o i t .  I n  S c u n r r  in  B .

those term s a re  reduced by 10 percent . C o n s e q u e n t l y ,  tvnam ic u~uultip1iers

in b o t h  d i r ec t ions  fo r  imported machinery  could be t a l c u t l a t e d . The bra -~d

f e a t u r e s  of these  scenario s are p resen ted  in Table l i — h . Two i m p o r t a n t
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TABLE 11—3

INVESTMENT CONSEQUENCES OF THE 1975 HARVEST

- Units Billion Rubles

- - “ 140 Scenario less Control  Percentage of
Total Impact

Sector 1975 1976 1975— 76 
—

-
‘ Agriculture —0.99 —1.65 50.6

Industry —0.31 —0.51 15.7

Construction —0.25 —0.28 10.1

- Transport/ ~~ommunj cat ions 0. 0.06 1.1
-
~~ Housing C 0.02 —0.4

Services and trade — 0 . 4 9  — 0 . 8 2  25.1

Total -2.04 -3.18 100.0

Note :

I The major  impact  projec t ed is on the a g r i c u l t u ra l  s e c t o r  (5 U ~ of the 5.2 billion

r u b l e  r e du c t  Ion) and the  second la rges t  impact is on the Category of services

and t r a d e  ( 2 5 % ) .
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TABLE 11—4

1 S F  U-IATLON RESULTS : RATIO OF MARGINAL PRODUCTS

~-Jestern or 
Ra t io of

C at e ~~~ry To~~~~~~~p9rts  1

Aggregate Industr y Western 15.2

Chemic als and Western 17.9
pet  ror hie m i  ca Is

Ma cit lui—b ui i diu g  and Total 7.4
metalworking

i’etroleum products Total 5.7

Rat io  of marg ina l  product of foreign machinery to marginal product of
domes t i c  m a c h i n e r y .



TABLE 11—5

THE I1~WACT OF DETENTE: ~-lA 1~ I N I )  t C A F ( ) i ~S

De ten te  ~tO Deten te
Control Scenario

Indicator Percentage f;rowth , 1968—73

Cross r~ational product 
30.3 % 27 .7 %

Industrial productIon 33.7

C~emIca1s & p et rochen ical s  33. 9

M~chine- bUi1diflg ~~.6

Forei gn trade turnover  57. ° 52 . 9

Aggrega te  consumpt ion  2e .O 2 l . Y

V a L u e d  in 1973

Imported Western machinery 1(L14 8.27
(billion 1955 rubles)

Hard currency reserves — 3 1 8 .  ~~~
(mil l ion current $)
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t I I ) s c rv o t l o n s  derive from these experiments. First , the mul~~iplIers for

W e s t e r n  machinery  are lower for  the USSR in the  1J70s t h i n  they  ac re  - I t

the end of the 1960s, though they are still large . Wi t h tlue more r~ p iu

a c c u m u l a t i o n  of Western machinery relative to domestic *apital in thc period

of detente , the ratio of marginal products has declined from the samp le—

period level. Second, and fo r  similar reasons , the muttiplier downwards

is greater than the mul t ip l ie r  upwards .

There appears to be an apparent  c an t r a d L~~t i o n i  between the

q u a l i t a t i v e  Impression of Soviet d i f f i c u l t i e s  w i t h  the absorption of ad—

vat-iced t e chno logy  at the microeconomic level and the quantitati ve estimates

of the  impact of imported Wes te rn  machinery  at the macroeconomic level ,

derived from the SRI—WEFA Soviet econometr ic  mode l .  The r e s u l t s  a p p e a r  to

show a g rea te r  payoff  to the impor t a t ion  of foret gn technolog y than m l .~h t

have been assum~ ci from the qualitative—analytical and anecdotal lIteratur~
( h o t h u  Western  and soviet )  on the  Soviet economy .

A number ot  m e t h o d o L o g i c a l  problems in c a l c u l a t i n g  Soviet gains

from technology transfers come into focus when the process of technology

t r a n s f e r  is considered more c a r e f u l l y .  One of t h e  m a j o r  ones Is o i n i t t , : d

costs .  In t h i s  stud y the  r epor ted  Soviet  e x p e n d i t u r e  on impor t s  of  W e s t  a

machinery is related to t tne d e riv e d  i nc r emen t s  of In d u s t r i a l  o u t p u t .  Pow-

ever , the process o~ technology t r a n s f e r  invo lves  a d d i t i o n a l  e x p e n d i t u r e s

of domestic resources (particularly skilled manpower) as well as supp le—

n e nt a r y  g lym ents  fo r  t e c h ni c - i l  s i st a n c e  f r i o  abroad. Unfor t ‘00 t e l y .

these expenditures at the ~ggreg3re level , at least those I nvolving domesti

resou:ces cannot be observed . If  one were to adopt  t h e  common ‘ rule of

t h i u n t h ’’ u)f three r u b i  en lot ernal expenditure t or each m u - i  e o ext cr111-I l

ex p e n d  i tore , t h e  Im p a c t  mu I t I p l i e r s  wou L d be r e d u c e d  by a fac to  u - c i t  I

f r o m  1 2— 1 5  to 3—4. This  Issue hears  p a r t i c u l a r l y  on t h e “reasonableness ”

of the  No-D e ten te  scenario . One wou l d  ex p e c t  tha t a r e d u c t i o n  in the scale

of Imports would release domes ti c  t e c h n o l o gy  ‘ t r a n s f e r ” r e sources  t o  the

f a c t o r y  f l oo r , w i t t i  a con sequent  increase  in p r o d u c t i e n  f rom the  scenar io  p i t h .

However , in princip le at least, this potential rea li o cition of factors within

agg rega t e  i n d ust r y  should a l r ead y be t aken  I n t o  a cc o u n t  by the e co n on e t  n c

es t ima t ion over t h e  sample period .
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lABLE 11—6

( :UN 1 R ( n l  S i l U ~ ION A N t )  bi/ IA ND— SHI  PT SCi -~~AR lOS , 1973—80

-: c e n ar i o  B (h u n t  r u t  S ( - ( - f l t n i u -  A

i itor i)~-: ease  S o I n n t I o ~i 10/ Incru - :use

I h,’ 3-8 - r u -a t  in

Gross n a t i o n a l  p r odu c t * 2 3 . 5 Z  ~.0 24 . 6/

l n L L 1 i i t L  i-a l 
~ 

l u  tloui ~ 3 9 . 3  ( 3 0 . 8) d  40. ” (3 1 8)% 4 1.7  ( 3 2 . 8 ) %

P e t r o l e u m  pr - h u t s  -+2 .5 (~~h .e )  , 3 . b ( 1 7 . 3 ) Y .  44 .4 ( 3 8 . 5 ) %

C h e m i c a l s & p e t r o c h e m f u i l s  ~2 . 5  (3 1. 3~~ 55.0  ( 3 3 . 5 ) 7  57 . 4 (35 .5)7 .

‘ o h i n e  h n u i J u I i i n ~ 
53.6 (32.7)7 34 .5 (i3. 5)7~ 55.0 (33.9)

I o ) 5 - ( )  Val a t -

(Bi l lion 1 1 45 Rubles)

S t u s  k of  in  u ’ I c u l  nil u 1 - - h(n:uv

A u - g r e g u t e  i n n u i s t r v  F 8 . - + 1  “ . 57  20. 72

P t  r’leum prod ucts 3.18 3. 17 1 .57

(liu-n i c -tlS ~. p e t r  n i  - t I n  3. 45 3. 67

M u  - h i  n t  b u i l d  t u g  3 .  -~ P 3. oP 3 .

* F Iv + ’—v.- r  movin g iv - r n g +  for h u t 5~

I W i L T  0 -- ~np l’ in-I.~~n e ;  t h u r  So v i l jOulli St i i i  O u t p u i t  1 e i i i  i t e n n t  b e s t s .

- n -  u t h  p r -~~~ - c t  l i n u s  i r e  c o n v er t e d  t o  ~t f f i a t  Pov  ic - I ~~t i~~i - - t  i - s

u s i n c  u - I  - n - - t n  - - n - I  ~a -  l e n a ,  1 - t ~ -~~~In ed  t s r  1 +  70 .
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j ) .  f l i e  e n t i  F I V e  ~i - - i f  P 1110 ( J a n e  1976)

T h I s a u st s s T : n t n t  of  ) n - feasibility of the Soviet 10th FYP -s I i i

u - sti lt of anal ysis e m p l i v i n ~ SO\MOI ) T I , t i m e L i n e  c u r r e n t  ~‘ e rs iu . n 0 1 t t i e

SRI W1 FA [ - c o n o i n e L  r Ic MonO- i of  t b -  S-~ v j e t  I a i o n n .  T h i s  a s ses snnu  i t  was b a s e d

on I n c  Basic Cuidel inm-s fo r  the Soviet economy fo r  1970— 00 , which were

puh t I s n o t  in  i i i -  ~ovIp’- °re ss  id lowing their approval a t  t h e  2 5 t h  Cotn nnnn:n ni st

Pl rt\ ’ congress ,2 and o - pro  I c i t i ns  - f  H n ~ world Cu onomy .

T h e r e  are n n n ; I T n v  - u l v u n n t a i ’ t - s  in  u s i n g  an econometrIc o n o d e l  f a r  - - ilu a t l u g

- i f lie i i  I Soviet Plans . Fit-st , s (ace the model is an inL~~r 1li-p:-nnn i -nt syst -e

ci t,-c hnlr-nI and behavioral relations , the analyst is a b l e  t o  c o n si d er

ind i r e c t  i l  f i e  t S as wel I as U i n  or t c t  feet s , I . e . , L hi I - -nys  t c- nr 1i~~n .~( L

in  q u a n ti t a t i v e  t e rm s .  Se c o n d , s in c e  this macremodel is c o n - -m ed with

¶ n i u  ~ f l o w s  and e:-:; eni.f I tnires t n r a  -ne h u u u t :  t 1 i~ Sow Let economy , onm-

explore the consequences  of a Plan in areas not treated .~xtensiv Jv in

the published on. e~~t - For example , we will consider tim- consequences

of the Plan for h nnsc 1 1 1  lnncome ~nJ c n u n ~;n u n n p t i o n , the Sm ite buid 1 i-t , contr olled

and market prices , t h e  c o m po s i t i on  of foreign t rade , and the S o vi e t  O : i l a n n  e

of payments. Th ird , ti ne est ablishment of the model with sup ou ting sot t a - i r e

all ow s lii - analyst to construct :i varIety ot 1il t e rn a ti ’ . prolections , u - n u - o m .s S i u n e

t o t a l  - v Iteni effec ts , bu sed upon variations In Sovict psi icy , t h e  w o r ld

eu o n u ’n n ’ . , a o u t the w e t  L i i  r .

See Donald W . hr e e n , ( On e  I ) . P n i I l l , lk -r L ~ U t  S. l i - v in e , t i t e r  ~W u v i c . ‘‘An
Fy i  l u u - i t j o n  of t i n ,  lOt i i  F l - . . Yea r P l a i n  P s 1 n n ~ , t h u  S R 1 — W l F \  i u n n u n n , t r i c  ‘l e O  I

i t  the i v i ~~ t i n i~~~i , ’ ‘ / i - — W l F \  W o r k i n u - P a p e r  ( 4 / , n i l ’ ’  l ” 7 0  ( t o  he published
l i i : J o i n t  Eu s i n o n  I c  Cot -malt  L~ -e , 

~aY L(± 
[c- o n o : n v  th a Nc-a P~~rj ~~u e c t  ive , dPO , I ~76) . —

See Pr-i da (9 tdn r ch 1 + 6
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- (v ery  low

-\ i c i k u c t  i - - u i  of  i n n p i r i t  ions was s i g n : u i . -n! i r u t  m v  t h u  P l in  and

Si t u  t iuul ~ u t  tsr l ’ l i u u , j u n h i  l n h i u - - (  t w o  weeks b e f o r e  t h e  i n i t i a l  ( I r a f t  i f

i ; i o i c  G u i - i - I  i ne s  ~- - r r i t e -  t e n t h  Five Year Plan in Dc - i - ni i - er 19 7 6 .  The h i n i t h

F ive  Year  i ’ian hail be en s i g u n  ( I  i u - n u n t l v  underfulf t i le d  and Lhi ~ growth rat e-,

u u r es i ,’n t or  t h e  Tenth Five Y e a r  Plan were less ambitious and in line with

u- tu a l experience under the N i n t h Plan. Two bad harvests , in 1972 and 1975 ,

wi-re ma ~nr factors in the under fu lfillrnen t , but it is clear n i t  the gains

in p r a n i u c t i v i ty  t i n n t  had been n i t  i ci pated  in the N i n t h  P lan  a t - r i -  un rea l  i i Ic .

U n I v  (tn. t i r 1- e t  fo r  t h e  ,- r i i w t t i  o t  l i t - i  gn trade had been ovc -rfulfill~ n i - —

I I n k e d , I n  p a r t  , t O  ~~ iV jot concern with lagging g r a u i n c t i v  i t  y

‘t h u s  s t  n h  i n  t h e  i.’n i t h  I l’oe ‘lear P1 - ni i n-u on  inn vu -m o n t  of  the

e l f  Ic l u uu V o f  ~u u - i u c l n u i  i ion . Tine . j h n n i n j s l n i n i g  r a t e  of gr o w t h  of ti ne l abo r  s u p p ly

- l i i , !  l i i i  d i m i n i s h i n g  o f f -  I i v ~ ness of capital ~nn\’c-sl Inni nu t In i f l u f C i S i f l g  ( lu r p u t

were luap i Ic it I v rt - - c o g n n  I z i - d  . the I’ lan cml I s for i n u I n n i n t  n a t .  labor r s d n n ~ t 1 i t  V

to g r . i n ~ m ore  rap i d ly  t han  cap i n 1 i n v e s t n n n e ; n t  - Sinnua - no major o r g i n i z a t  ( n u n  1

c h — t n g e s  in  th e  t1rouno n ’n v n~ e ant i ipat eul by the Pla n , its fu lfillnienn t an y

v t - I l  il - n m - n i on i m p o r t s  n f  mu ch I nerv and i n i  i p ines  t from the b e ve l s —ed W e s t

2. C i n t r o t u s I len f or  t i n t ’  S - v  j u t  F c i u n o m v , l~(7 1— 30

The t r u i n  ‘‘c- ’n r o T  sol i t  l u — n ’’ indi cat e s that a jud gment of conditional

p I au s i b i l  i t ’.’ and i n i t  i i i !  cou t s  I t cccv has u -u r n made by the ana l ru t . A

f u u r - u - l - - t  , i i i)  rh . ot  i n - u - h ind , discriminates ! n l n i n i . - S u i t  n i l  s o l u t i o n s  t h m n n n - t n

t h i s  s t u dy  of  i - H i t  u n i t  u - r i t t u i t  f o r  g l i n i s i h i h i t v .  l i n i s  - u - n n t r o l  s o l u t i o n

I c- i n n -  in 10, 4 , S l u t - - - u l u , s t o r  soni c of the  - n r i h i c -nn  in S IVN )1!n IT were  —

ni l ava i l a b l e  bey ond 1972 .

A c i n p i r  iso n ot t h e  ~ ont r u u l solut ion with L I I (  hash inidelines

l i i i  l i i i  l u i l  ii F l u e n s n r  P l a n  i n d i c a t , -~ t h a t  n : c r t - g n i t c  n t p u t  1 - i r c i - L O  f o r

i n d u s t r y  l u n d  i i n z r i - u l t u r e  a t e  f . i n ,  i h I e .  P l m n  p r o j e ct  t u u n S  f o r  g r o w t h  in r i - i l

i n c u n n n i  p . r  c a p ita m u  real v o l um e -  of t o n u - i m u l  t r a i l ,- , h- , n- :c re  not borne

u n - i t  ~~ t he c o n t , s !  s u l ~~t I o n .

.u~t )



T ABLE 11—7

COMPARISON OF THE TENTH FIVE YEAR PLAN Will-i 11th
SOVMOD It CONTROL SOLUTION

(Percentage Growth from 1975 to 1980)

Basic Guidelines SOVMOD II
Targets 1 Con trol 2

(PIP — —  24.9

N:uttonaI income 24.—28 . — —

Industrial output 35.-39 . 39.4 (3O.7)~

Lndustm i~ui l abor product i vi t ‘- 30. -34 . 33.8 (25.4) ~

Industrial emp loyment 3.8 4.2

Agricultur al output (S—year average) l4.—l7. 14.5 (l2.5)~

Real income per capita 20.—22 18.3

New Capital invsstnnent (S—year total) 24.—26 . 25.0

Total consumption —— 24.4

Foreign trade turnover 30.—35 23.3

Source : Pravda (March 1976)
2

Source; SOVMO1) IT Control  (5 May 1976)

Model p r o j e c t i o ns  conver ted to Soviet GVO projec t ions using adjus tmen t
factors computed for 1966—70. The unad jus ted  SOVMOD II projections are
gIven in parentheses . The a d j u s t m e n t  f a c t o r  is a standard approximation :
(1. + g ( O f f i c i a l )  / 1. + g (Western) , where g ra te  of growth

4 1 
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TABLE 11—9

F O R E I G N  TRADE CONSF.EUEN’ ES OF THE 10TH FTP

~~u nu ~j n o si t i on  by Ar~~i jmn ort s  and Exports

Share of Total i nniports Sin-ore of Total i~x~~ r~~
Area 1973 1980 1973 1980

CMEA 0.418 0.528 0.464 0.455

Other Soc l ;ili st 0.072 Q.~ -.2 0.109 0.077

Develop ed ~‘.‘esr 0. 9-u 0.351 0.237 0.345

LDC 0.115 0.078 0.090 0.060

Unspecified 0.001 0.001 0.100 0.063

Measures of hard Curren~- u -~ Liguid~~~~’

Gold—Import Rat 1- - = Value ol Gold Reserves at Market Price/Total
Imports f r u n - u n  the Dn - -vu~loped West.

Debt—Export Rat l u = fotal Debt Less 1-lard Currency Stock/Total
Exports t u  the Developed West.

Y - ir ( n l d - - 1 - p  - i t  l a t  D e b t— E x ~~or t  R a t i o

17 I . I N 0 .669

u t  1 . ( 0.489

O . 1 7 E  O . 8 9 ( u  C

10 .76  O . i , 7 u ;  1 .2 2 3

1977 O . 8p ~ 1.01 3

1978 0 .741  0 .803

1979 O . 6 t u7  0 .6 1 2

0. j i~~( O .
’t . 2  

The csr 1 I C C i t n - -nn of Soy i n - t  gold r e — u - r - n u s , i n - I r u l  c u r t u - u c v reserves and indebtedness
used in the “ n u u 1 e ~1 were puh i I she l i n n  J .1. Far m - - i , “ Se vi e t  Paymen t s  Problems i n
I ra l e  with tb - - W u - a t  ,“ i n n  J o i n t  Econom lu - C o m m l t t  Cu , Soviet Economic  Prospects
for the u e v c n t f ~~s ( W a s h in g t u u n , 1973)

4 1



Sc e n ar i o  I , n I C c  a i L n -- r n i i n . ly e ce nts I i n - t  u n ; - . 5ev i u ’ t  c o s t  r i

i m p o r t s , was mo t ivated by the t o l i o w i nE  r e oson c n g :

• u n r e s t r i c t ed  imp or t s  may be in feas ib le  e i t h e r  because  t h e

required expansion of exports cannot be accomplished or

I u e u u t n s u n  i.ird currency deficits incurred are unacceptabl e

Ia. the 1u i u l i ~~~S hi p ,  C-cst etn bankers or both

• after I lie very poor 1963 harvest , the USSR face -i a similar

d I leinmnc and t h e  n n c c -n a r i o  was based on t h u  t t y~~ - of na sponse

Thus, in Scenario I, inn-ports of machinery and raw materials from the CI’IEA and

the Developed West were reduced as w e l l  as drawings on Western credit . j uS

a result , Soviet GNP growth over 1976—80 was reduced by 2.17 , industrial

cro w th  b y 2 . 5 % , g r o wt h  of real  per c a p i t a  income by 2 . 7 % , and growth of to ta l

consumpt ion  by 3 . 7 % .

Varintions in weather conditions were ex-inn~ined in Scenarios li—A

and I l — B .  In scr-r,arlo LI - \ , ai-cu v c- —n orma l weather conditions , the co nd i t i on s

of 1 l n n h ~.70 , W u ’r€ imposed and for Scenario TI—B , the bel ly_norm al weather

u e t i d i t  h e n -  of  l i u u I ~~t u (  a- - n . -  i m p o s e d . Norma l v u - n i t  her , na a S S n i n u ,  J in the

contr ol s u i l t i t  i u r i , was - I c I [t t ~~d OS the samp le mean  f o r  th e  W O O f  h er  n - - n m  i - h - l es

ev .-r the i 9 5 9 — 7 2  pu -ri n d.

Sce n a r l t -n TT - , \  shows the  g r o w t h  of GNP to be 10.7 billnm on rubles

Gr . - n i t e r  over the fin - - c- - i - n- -or 1in -- r i u u d d c i - - to t h e  above—norma l u n -  I t  he r .  S c e nar i o

T I — B , no the ot  h e r  h and , show GNI’ prowth for the Ten th  1- i v e  Y n - - n i r  P lan  r e—

dure d  m v  :i I n n i c 5- t ‘~ b i llion rubles f r c u n n  the .- u l n n t r u u l  S o l t It  l u - f l  f u r o l n - -  t i o n.  Ahc’nit

hO - of the  - ‘u - o t h e r  im p a c t  fa l l s  on new c a p i t a l  h u n -  u i ~ Inen t .~~~~‘. ~~ iNaCI i i nn u t - C  , on

I v u n i t  r i - s  and r e s i d u a l e n n l — i n s - c . i t e ~i ’ r  i n - - s .  The i m p a c t  on food consumpt ion

i s  n ea r l  a com p e n s a t e d  by cha n df c- o in  t h u -  c o n s u m p t i o n  ot  l n n r o b l  es.  h n n r p r  i s  i n gly ,

industr ial output F r eal  h I n ;  ~; rt - 1  t e m  t h a n  t he  cen t  Cu )  I in  both Sc o n i r  lo I I — A

m d  I i —  B.  Wi n I I t  I n i -  i i  -~~~- n  n u i l  w~- i t h e r  iu u n pn ct is to -c u - ~u - -t ed , the

t i - I o w a r n u i l  w e a t h u - ,  i i i u r u - ~n - ; .  l i i  t he  1; rcwt h c t  i n I n n - ; I  r i - n i  o u t p u t  CO I n

tr u e - I  t u  mod~~l pro n i t  ions 1 popu l  a t  n - or  movement and nonagriwituruji

l a b o r  t r L l c t p a t I o n .
- . 4



While targets for industrial growth at the branc h level also

appear f eas ibl e , the control solution again raises some ques t ions .  Because

the al locat ion  of cap i t a l  investment among the branches of i ndus t ry  had not

been published , investment was allocated by the model on the basis of historical

patterns. A c o m p a r i s o n  a l  t h i n -  plan and control solution projections for light

industry, then , indicates that fulfillment of the plan target for that h r - -i nch

would require a Gr e at e r  allocation of cap ital investment to light industry

t in - un t h n u t  projected by the model. On the other hand , the modest tar-n~n--t ~or

the  petroleum industry in the plan may indicate the restriction of growth

of i nvestment from historical rates by planners or anticipation of dimln~ sh—

ing effec tiveness of capital investment .

The control solution projects that the current degree of income—

expenditure imbalance with a mild rate of domestic inflation will persist

over the 10th FYP period . An increasing gap between administered prices

and “free” farm prices might well trigger a price reform , judging from past

experience. A growing deficit in the State Bud get is also projected and an

-tdjustment in expenditures or revenues will he required .

A Er j u n o I  t u r e  i s  exp u -- u - ted  to r emain a I agg ing s ec t o r  t h r o u g i n the

1976—80 period . This has beer- recognized by the leadership as to made

eviden t by the moderation of the growth target in the Tenth Plan. While

the  p lan  document  gives l i t t l e  d e t a i l  in the foreign trade sector , the model

projects a relative increase in Soviet trade with the CMFA and Developed

West and relative decline in trade with the Third World. The measure of

S o v i e t  hard cur rency  l i q u i d i t y  is pro jec ted  to f a l l  sharp ly in the cont ro l

solution , and the ratio of debt Tess stock of hard currency to total Soviet

exp orts to the Developed West r ises  s ub s t a n ti a l ly  t h r o u g h  1976 .

3.  Scenario Exoeriments

Sever -i l a l t e r n a t i v e  p r o j e c ti o n s  to the  control solution were

~uu r i s i I u - r u - i  to examine  t h u t  t o n - - i  I system impact of v a n —i t ions  in S o vi e t  impor t

p o l i c y ,  weather conditions , and t h ~ s t a t e of the world economy .
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Sc-en ar  In I I [ wit s  u k ~~ I cited t u .  e X ; I i t i I i u l -  t h i -  h n p i  t u _ u i  the .- u - u n - t u - r r

r u --cos s ion on the Soy L i  eu O l i n - W l  n- . 1 he s cen a r i o  r u - p lac ed t he uj 7 5 r€ -c  n - n - n - s  I - u n -

o b n - n - n - I - u u un - ul  In world Lu - n - t i c i u V  St  u~~_ u d V  c - r u - s - t b  a t  . I u u r  t 7 5 _ ~~0. i t - l i t  d r - n - u-- j i g s

n - n i l  t im - - We st  were  n-i lso c - u -- u l i n  u n - I  b y S-Cu b i l l ion.  I n  ~~ um~~ I r i S o ti n - ct Lb  the  c - - n - r i - i

solu t ion , in d u s t r i a l  produc t ion in Su - e u n n - n -r i cu  [I t  was 3. h 5  billion cubi t- s

greater over the 10th FYP nil the Soviet Union ’s interna tional position

In  1980 was much improved , $2 bill [on additiona l in hard u- ul r ru rncy r e sc -r \ -o s

and a lower debt ratio . 1 i n - u - 1 u_u i m 1 r n n - r i  i ru jl _ uc t on industr i -u ~ output f ron i n —

u n - u -dOn - u i machinery import- s s-n - n ’ nn l d )r i mn - n - rily oc< -ur a f t  er i n -’ ~i) b n - cause o f the

lags iu<v -~tved in import and  in s t a l l a t i o n .

- n- - l h i r ij u t. I~~itj~u t  
- 

Cu m w .  f l en t  u\2j 1 I i E n - I  t -
- 

h u n  I u n < C  i n -  F i v e  ~[ u - - n ! n - I~~i m n -

two  a l r er n a t  ive p r n - u j u -- i - t  i o f l n n- i n - c r e  - n - I  t C f l h i i i u n - n l  i u u C  t he 111th FYP n - u s i n g

th e In - u  un -f ’ a n - u  ed I/n C ( i m t _ u O f l i . I i t  of SO V tdn - n b  T I .  In  u t l t e r n - n - u t  ivc~ 1, t he  gr - n-..’t )n -

r a t u - S  n - u t  n-n itu -rmii l inputs WerO imposed t r un-n the control S u n l i l t  t o o  proj u --et 1- tIn - n - .

- . ui &-r.il Iv, n - r u ]  en- -t ed b ru n c h  g r o w th  r a t es  a - n - u - r e  i n - u - cu r in Al tn --rn ni tiv e I b e n -- . n - u s u--

n - u t  n - n - i n - I n - u i  n - u u i C p i l l  el i o t  ~ u ities for capital. in the ~ ii u - n- - — t  ; 1 n - t or ;n -rn - -o u -t~~on

ililIct ions. T h i s  1 f l d l u ~~ tCS the genera l  s e n s i t i v i t y  of p r o d u c t i o n  f u n c r i n - - u u n - u-n .

lb I ~i t n - i n - i  I c - u  I u- -s I he n-~c o i n - i  I su ’ns i  I i - n- u ~ tV of T n - ru n - i n - n i t ion func ion proj t-ctions

t o  vn -ir l i t  tons in ~~1 n , - u j f j n - I t 1 O f l .

I tt A l t  n - t i n  1 i v .  I i , l u n - i i~~~h material i n p u t s  Wu- - r u - -  n - i u - i  crm in - mn - - u i  - n _ u u I u n- n u - - i n n - u n - n - S l v

i n - i r u u t n - m n -  t i n .  l u i t  u i - t , t i . u n - I  , u ) t n - n - -  I / n - )  s vn - - i t e m  n i t _ u - i  t i n t - t l i C u - - c - - t i u n l u ) 1  l-roduc -t iou _ u

I (met i n - i n s .  I I -  g r e  t e s t  c I n - - < n g u - - s  f r i — r u A l t  c ’rn at iv - I to A l t e r n a t i v e  II

n - u n -  n - I C  r i - u i i n  i n d u t s t  r i a l  b r a n c i n c u —  w i t h  t h e  largest ou t p u t  e l a s t i c i t i e s  fo r

[11.1 1 u n -I  101 I tl~~) i I t  S. S t u t o r d  I t n t  - ad e p e u d e n u n -  l u - s  i n t r o d u c e d  in Al ternati u n- - II

ht v e - t  l u - v u -  I jog u- t f n - n - t  u n - n  br inu Ii Cr ow l  Ii u n i t e s — — i  . e • , b n ~n- t i t hes tha t weru --

pro i n- - t ed to h~ v t -  g r o w t h  t n t  es I i-ss tha n - i  t h e  economy  av e r n i  n- -c  g r o w  more

q i t  i - ~ I ‘-
- u n dr -r  Al t t n - r  u n ~ n- t i v e  I I  t han  In the Cont -rol
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5. Concl usions

This evaluat i n - u n  o f  th u - Soviet TC-L1n- Five  Y u - - n - n - r  P i n - t i n  using the SR I— -IIF A M o d el

l u -n -ada to a conclusion of Plan f e n - i s i b l l l ty , at  least  f o r  t he  ma in indi-

cators released in the Basic (;uidelln€-s . This conclusion , it should be

noted , depended upon the Plan i t s u n-~~t for onl y indications of the employ—

u t -n t  c u i n s t r a i n t s  and Soviet  i n v e s t m e n t  i n t e n t  l o i n - s . I - r n - u m u i there , the

M o u l & L ’ ~ p r o ; e c t i on s  rest 1— n is ic - a ll y on the past performance of the Soviet

economy n - u s  c ap tu red  in the sys tem of e s t i m a ted  e q u a t i on s . In a sense ,

th en , Soviet planners appear to have adjusted their en - - n p e c t n I t i o f l S  to past

- - x p e r  i n - - i n - ce , r a t h e r  than rel y on the a d j u s t m e n t  ot expe r i ence  to excessive

c - x p u n- tat Ions

The M u u d el Sin - n - n -t est s certain areas of like ly Plan underfulfiliment

as , for c-x~arnpIe , in the somewhat strained Plan targets for growth in

incurs- s n-md foreign trade. There is also some divergence between the Plan

arid t On-- control solution in the targets for individua l industri n -l branches.

It I s ~uuissihI e , however , tha t these divergencies have appeared because tl_ u~
(unpublished) P l a n  allocat ion-u of investment differs from the Model ’s

u r n - u  i u - c t  i o n s .

The ‘ T u u d e l  a iso g e n e r a t e s , in a system—wide consistent w a y , a a - u - - i l  t hu

of deta il which appears in the control solution. While o n ly  reportin g 011

a small portion of this dt-t :ai i , we have indicated continuing difficulties

in tite agricultural sector and a potential realignment of internal pr ices.

1 ru ’ssure fnur such n-i realignment stems f rom three s o u r - e s  of strain in the

~~ n-$ystem a mode l— predicted divergence between administered and free prices ,

n -i w i u l t - i i i n g  defic it i i i  the l-C t aui- B i L d g t ’t , n-~~ d continued pres su res  of wor ld

i n f  l i t  i n - u n  I h r u u u i g t i  the fo r e i g n  trade sec to r .  All three strains could be

“ e a s u - u t ”  by imp l e m e n t  ln~ another “pri ce reform ’ .
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E. A l t e r n a t i v e  Long Range Soviet Growth Str~~~ - -~Les
1

in another  app l i ca t ion , SR i  analysts used t -~~~i m n - b II to u - n - X n i i n n - i n e  S ov i e t

economic growth prospects over t he  nex t  15 y e n - i r s , al l u -  s i n g  f u n  v a r i a t i o n  i n - .

b i t t  Ii ( t u 1 n - i u - S t l C  and - x t t - r n i a l  conn -l  itlons . rhis S L n - n - u I V  W O O  d ir on - ten -i t u w n - r n -~ I if l

assessment of the  impac t of economic f a c t o r s  on t i n - u - -  Sov ie t  ~ n i n - _ u n - i  ‘ s long

r u n  p o s i t i o n  in the wor ld  arena . Al though  the Soviet  sy s te m  is d i r ec t ed

by political criteri a in setting its goals , Soviet- authorities are constrained

in their choices among economic policy alternatives . I~oi n - d , labor , ca p i ta l

and sys tem—wide  produc t i v i ty  are all under great pressure , even though input

p r o d u c t i v i t i e s  are  genera l ly  f n m r  b u - - l u w  Western levels. In odulition , Soviet

poli cy is increasingly influenced by their participation in the world market.

The s tudy  sketched four alternative economic paths for the USSR over the

next 15 ‘n- ears .  These scenar io -  a r u - - on iy  f i r s t  a p p r ox i m at i o n s  of t i n - n - -  ti n - n - r u - -

de ta  t ied scenarios around s p e c i f i c  issues w h i c h  cou ld  be f o r m u l a t e d  us ing

the SRI—WEFA Soviet econometric model .

1. The Baseline Proj ect_to-i

A base l ine  p r o j e c t  ion L u  1990 u-S n- I S c o n - i s t  r in n - ted by u- -n - -n -tendi n g

the SOVMQD IT Con t ro l  S o l u t i o n .  I t  projects u u u n - t p t t t  u t r n - _ u s t i t

slowing down through the 1980n- , a t rend  r e f ! n - u n t i n g  a number  of p o w er f u l

und Wr l ying forces , especially the growing s h u u r t i c - c -  of l a b o r .  Tig h tnes s  in

the labor marke t  r e su l t s  not  on ly  f r o m  i s i n - u w  g r o w t h  r a t e  f o r  t o t a l  p o p u l a t i o n ,

but also from a lower participation rate in both -in - t r i cultur e and industry over

the nex t  15 yea rs .  The p r o j e c t i o n  f o r  a g r i c u l t u r e  n - l s s n u n - n - nn-n- u-i “normality ” in

weather conditions and a stabilization of the ratio hetu-ceu -in - n t c t u a l and

~- ‘tential gra in harvests at the I Over ibl u r i t  In-s n - n - f 0.9. N n - u m n -u - n t t i €n - less , t in- u-

Set I- lol l i n n - I  H u n t e r , M . ‘1, n - c - -n- E a r l e . - I i . , nud R I  e l u -  n - n  .1 It . n- n- u 0 1  u- r “ u\ S~~ u - n - u - n - n - n  - u n - I
of Al e ruin - i t l v , - Long— I~ n- ngt- Soviet ) ‘. r ui wt  ii St r a t  u c -  i cs , ’ J une  1. ~u 7 I n -  ~n- I u n -  be
published in : Join t Economic Coimnit l u -  S o v i e t  Economy in a New l’u-- r sp eu - -t iv n --
( U . s .  (P Q , W a s h i n g t o n , 1976)

51



agricultural sector contInues io lag behind the  r e n ; L  of the economy . Finally,

the baseline projection assumes that Soviet economic ru-n- i n- in -ions with tine u - n i t —

side world continue in t h e i r  p resen t  form over t h u — n e x l  15 y e — i r s .  t i n - n - l e n -c these

assumptions , Soviet Imports and exports continue to expand along the lines

that have developed in the last decade .

2. Four u’i l  u - r un - i t i~ u u - -  1 r u i n i u -w i ,r — k s f o r  R r o w t l n -

Soviet economic expansion en - in u--n -is il y dev iate fret. the hn -n -sel [un -u pro-

jection if d o m e s t i c  and ex te rna l e u n n u l i t R u n s  u -n - v u - r  t he  ;n-e- :- : t 15 years change

m a r k e d ly .  Four a l t e r n a t i v e  h y p ot h e t i ca l  p a t h s  w e - r u - -  c o n s t r u c te d  u s i n g  o u t s

o f a d j u s t m e n t s  and a s s t i n i p t i t n n ~~.

T h e  f i r s t  p r o j  u --c t i o n i  t e s t e d  the impac t  of cas’n- - en - nd itions . u u n - t  I

do m e s t i c  and e x t e r n a l .  A paramou r was i n s e r t e d  t u r  I t - - h n o i o g i u - - n - l p r o g r u - - n-n- s

i n  a l l  s u n - t or s  to Improve  p r o d u c t i v e  e f f e c t i v e ne s s  be n -vond what  is a l r e a d y

I n t he basel t oe prod uc I l o u t  t u u t i c  l i o n s  . I n - n -g u i  r t  and u x l u u  - r t  p r i c e s  -in-- re o H u n - n - —  t ed

to improve Soviet terms of t r a d e . Ilt e r e s u l t  of t hese  a d j u s t m e n t s  enables

the  U SSR to s u b s t a n t ia l l y increase i t s  o u t p u t  over the  h a n - n - l i n e  p r o j e c t i o n .

Consumpt ion  g rowth  ra tes  do not fa i l as u n d e r  the b a s e l i n e  p r u j e c t i u u n , w h i l e

investmen t grows much more rapidly. The overall annual - r o w t i n  rate for (n-\T

j umps in  the  ea r ly  i980s and th u - -r i declines to a level above that n - u I t In - u

late 1970g. Both consumption ouch loves tm en t i n e r t - n - u n - u - -  t h u - - i  r share  of hn -N i ’  by

compar i son  w i t h  the base l ine  p r o j e c t i o n .

-~ In the  second p r o j e c t i o n , ha rd  cond i t  ions , bo th n - I n - u  n - n - s t  ic and

c — n t  u - r on - i l , wi- r u - n - , s sn in iu - - d  . Iec h ti ol un -g fc a l  p rogrest ;  in r h — -  I u i ~~ g n -  i s  2~ per ye- n - c
I i v o r o b l u - -  t I i ~i , i  i i i  ( l i e u n - n - n - l i n e  p r o j u -- - C t  l o u t  n - n i  u - X t n- i n - i - n - i  t n - i - n -n - S u u f I r i l e

move a g a i n s t  t he  USSR.  Such un f a v o r a b l  ~
- cot-i d I t  ions  not teen -n-h Lv re u mn - u - e the

g r o w t h  r a t e  of Soviet output. The J a p a n -- t i s  c- spec t a l ly  severe on con sumpt  ion.

Se r v i c e s  s e c t - n - u  o u tp u t  is l i r g c r  under t h t - ~~e n - m n - n u l l  l io n s  t h an  in the  I n - u c , - 1  j n - n - u

pro j u - o t  io n s i n c e  s e r v i ce s  or ’-  1 u - - n ; s  af l e n -  t u - d  by  f o r e i gn t r idin- . The combined

impact o these developments reduces the share of consumpt ion in (tSI’

compared I i -  the hasel m e  pr uu je c t inuu .
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The third projection combined easy c o r i n - l i t l o n s  a t  home with difficult

externa l conditions. In th is case , the downward impac t f r o m  abroad is

concentrated in consumption while investment and other GNP end—uses react

more favorably to easy domestic conditions than in the baseline projection.

Food consumption rises as a result  of favorable  domes t i c  cond i t i ons , but

consumption of durables and services falls markedly in response to the

unfavorable developments assumed for foreign trade. Average growth rates

for GNP are only slightly lower than with favorable trade conditions.

Final ly ,  the f o u r t h  p ro j ec t i on  assumes d i f f i c u l t  co n d i t i o n s  i n t e r n a l iv

and fav o r a b l e  c o n d i t i o n s  i n  fo rc - i gn  t r ade .  The results show perceptible

shifts in internal consumption of output , favoring households. Aggregate

consumption is lower than  in the baseline projection while investment is

o f f  and othe r uses fall. This t im~~, the change in consumption r e f l e c t s  a

sha rp  downward s h i f t  in the ava i l ab i l i ty  of food , while other consumption

ca tegor ies  are higher than in the baseline t e s t .

3. Six Policy Variations, Responding to Altered Conditions

Using SOVMOD IT , the- impact of hypothetical changes in policy that

might occur in response to specified surrounding conditions can be tested .

In the event that easy domestic and external conditions prevail in the early

I 980s, Soviet autho r it ies might decide to direct more ru -- s u u u r co-s  i n to  inves t -

ment. Ihe effec t of such a policy, as shown by this variation , would be to

raise the level of GNP slightly. Stronger application of this policy would

tighten consumer belts. Another policy Intervention under favorable con-

ditions might be increased attention to national defense. The results are

unattractive . Ihe levels of household consumption and investment are

lower than without policy changes , while the measure of defense pur chn -us u - -s is

ti p ,  and the  net impact is to  reduce GNP . An opposite n u n - i n - n -- v  change mig ht

arise if , for examp l e , defense outlays were held constant after 1982 undu-n-r

an international agreement. In tin-is case GNP will rise , as will consumption ,

whereas the added investment option reduces consumption. I h e  genera l i r n p l i —

n - i t  Ion i n - i  - 1 , - i t :  reu h ui - i i uu i tn - n - i n  Sovie t  de fense -  o u t  i — n - v s un - n - lease resn- u u n r u - u - - - - n- t h a t

c-i n provide both great- er consumption and g r i n- u t e-r invesLmcnt in h u n - n - i v y  indu st rv.
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Should domestic conditions prove less favorable than anti c i ts-utu- n l ,

a strong regime might put more resources into invest men t . In n - h is variation ,

t i n -  r e s u l t s  are similar  to those of adding  more- i n i v u n - s t m u  i tt  when c o n d i t i o n s

were easy . There is a net s t i m ulu s  to the  economy , butt further policy shifts

in t h i s  d i r e c t i o n  would be at t h e  expense of household consumption. F- n- n - rurn n - ble

conditions in foreign trade do not permit the USSR to make up for difficulties

in the  dom e- sm - economy . Anothe r  p o l i c y ,  if externa l conditions are favorable

an d c l o m e s t i i n -  condi t ions  d i f f i c u l t , might  be an inc rease  in d e f e n s e  ex p e n d i t u r e s .

Her e, GNP goes down compared to the projection without the defense increase

and consumption and investment wil l  f a l l ; consumers ! be l t s  are tightened and

industrial growth is slowed .

Finally, under a scenario where domestic conditions are easy, but
external economic trade conditions are unfavorable , the pol icy might be to

reduce defense outlays. In this case , consumption and Jnvestment will rise

compared to their levels without policy adjustments , and GNP a s a w hole also

rises, the modest responses resulting w i t h  t l te  p r u - s e u n t  model f o r m ul a t i o n  -
n
-

suggest that actua l responses in the  USSR would I n - n - -  l ar g u - r , and inUre  sub—

stantive defense reductions would have an even more b e n e f i c ial e f f e c t  on the

civilian economy .

4. Economic Im j~~~~~2ns

Although these alternative proj ections are for from specific fore-

cas ts , a few general  conc lu s i on -u s can  hun - cirn-iwn . lhe m n- i  j n - u r  f i n d  m i  is that

Soviet  ou tpu t expans [on w i l l  u n - w i t  n- r n - n i t - t o  slow d u u ~~in - , c- : n- - - p t  under  a s s u m p t i o n s

of extremely favorable surrounding condItions. The slacking off of labor—

fit ree toe - r emun-n r s , dcc I in log n - - I  1 oct  ivt -n~ ss of cat u it a] i n ve s t  n l n u - o  I , n- i  n i t  n- i  t i n - in -  r

f o r c e s  t hat  h ive cn - irus eu l th e t n-i~u n - n-rin g growt h of t i e i n - i  s t  1 5 v u - i rs w i l  I i n n - —

I lueu ce  the  coming 15 y ea r s - u s  w e l l .  A o e n - - n- u n n - i  u ’ h n - n - - i - i v i t  i n - n - n  i n - n -  t i n - i t  the  S e n - v j u t

economy , especially outside a~~r I c i u l  t o r e , has  u i - u -n i  n - - x i n - n n d  i i n - g  in n - n - s t a i n - I  u- , un-

swerving - s h i o n — — t h o i i g h  a t  gr i t u n i l l y  d e c l i n in g  v o t e s — —  fo r  a q u a r t e r  u t a

century, ~1id that this stead y growth has nu-’t i nn - l ed . T h i r d 1 these u - o n —

p u t at i o n s  sugges t  how hard I t  w i l l  he , in th u  i h n - n -, n i c e  of m aj o r  i n s t i t u t i n - un a l

changes , for  the Soviet  economy to respond In any  f u t u i d  n - n u t - i t t  - 1 n-c n-
_n-’ t n - u  the

54



- -~~~~~—~~--~~~--~~~~~~ -.~~~--~~-.~~-~~~~~~ -

benefits of large—scale participation in the world economy . In particular

processes, howe-ver, where advanced foreign technology In-as been installed

successfully, striking gains h ave resulted. Major constraints on Soviet

gains from foreign trade in t h e  1980s are the limited d imensions of Sov iet

expor t  capaci ty and l imited world demand for Soviet exports , and the

limited interna l flexibility of the Soviet system. Finally ,  the examination

of upward and downward s h i f t s  in defense  spending indicates how responsive

the Soviet economy would be if such po l i cy  changes were made.  Increased

defense outlays cut heavily into both consumption and investment increase.

The broad impact of defense changes is promp t and unamb i guous , whil e the

consequences of changes in external trade conditions are less certain.

1~
I
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.111 MACROMODEL DEVELOPMENTS IN thE
SRI—WEFA MODEL: SOVMOD Ill

While the SRI—WEFA group was utilizing SOVMOD II in the app l ica t ions

discussed in Chapter El , the development of a third—generation model was

already in progress. This new model , SOVMOD III , represents a major

advance beyond SOVMOD II for three major reasons . First , it is estimated

using more recent Western estimates for Soviet CNP , production , income

and consumption ; these new data include the OER ’s final versions of the

1970 GNP accounts and also the data appearing in the 1976 J.E .C .  volume .1

Second , it incorporates a revised specification for indus trial production

functions and a disaggregated agricultural sector which emphasizes the

importance of grain production and the livestock sector . Third , it

provides for the f irs t time a component of equations which moves the

Input—Output matrix over time, thus providing the capac ity for long—term 
n-~~

projections using an endogenous input—output system . This Chapter

disc usses the first and second fea tures , the macremodel developments

in SOVMOD III. In Chapter IV , the new 1—0 component in SOVNOD III will

be presen ted and explained .

A. The Data Base f or SOVMO D 111

The SRI—WEFA Model has been constructed using a combination of

official Soviet data and Western estinn-—ites .2 In regard to the Western p
reconstructed data used in the Model , SOVMOD I and II were estimated

Offic e of Economic Research , USSR: Gross National Product Accounts,
1970 , A (ER) 75—76 , November 1975; Joint  Economic Committee , U . S .
Congress , The Soviet Economy in a New Perspective, U . S .  CPU , Wash ing ton ,
1976 (hereafter referred to as JEC 76).

A discussion of these data issues is provided in Donald W . Green and
Chr istopher I. Higgins , SOVMOD I: An Econometric Model n - n - f the  Soviet
Union , Chapter 1 and Appendix B (New York : Crane—Russak , 1977). 
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I
with estimates available in the f a l l  of 1973 when the  project began.

This included the estimates fo r  Soviet agricultural o u t p u t , indus trial

output, household income , consumption , wages , employment , and fcr eign

trade which appeared In the n - JEC 1973 volume. 1 The GNP accounts  in t i n - u - u

Model , both established pr ice weights in 1970 and t ime—sen --s for many

GNP components , were based on a preliminary working paper with Appendices

which was made available to us in October 1973.2 These estimates were

not extended to 1973 and 1974; Instead , there were shifts in methodology

and price weights which eventually culminated in the database which was

used in SOVMOD III.

Some of these revised Western estimates were available during the

estimation of SOVMOD II in Phase Two of the project. New employment

da ta , provided by the Foreign Demographic Analysis Division , U.S.

Department of Commerce , were used in the population and employment

block.3 New industrial output indexes based on 1970 prices were used
in the estimation of production functions for branches of industry .

However , the major macroinodel development in SOVMOD II was the dis—

aggregation of supply to seventeen sectors and most of the SOVMOD I

database was maintained .4 Since most of the revised data was still

provisional, it seemed preferable to postpone reestimation with the new

Joint Economic Coimnittee (U.S. Congress), Soviet Economic Prospects for
the Seventies (U.S .  GPO, Washington, 1973). (Hereafter referred to as
JFC 73) .

2
Office of Economic Research , Estimates of Soviet CNP . Working Pape r
(October 1973).

3
Stephen Rapawy , Preliminary Working Papers, FDAD , Bureau of Economic

Analysis , U.S. Department of Commerce , Mimeo (1974).

4

Donald W. Green , Lawrence R. Klein and Herbert S. Levine , “The SRI—WEFA
Soviet Econometric Model: Phase Two Documentation ,” SSC—TN—2970—3 ,
SRI/Strategic Studies Center , Chapter III (October 1975).
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database until Phase Three. It should be emphasized , therefore , that

al though the applications reported in Chapter II were based on SOVMOD II,

i t  is the new SOVMOD III which incorporates as its database the latest

estimates by Western experts.

In a later sec tion of this Chapter, the CNP accounts in SOVMOD III
will be discussed and compared with the OER estimates. In the remainder

of this section , we will briefly describe the other new data utilized in

the estimation of SOVMOD III and how these data differ from those used for

SOVMOD I.

1. Agricultural Data

The agricultural sector in SOVMOD I was estimated using OER

estimates based on 1965 and 1966 prices . In particular , the 1966 Soviet

input—output table was used for expenditure weights in the series for

material inputs. Furthermore , 1968 prices were used in the aggrega-

tion of commodity output series and the value of livestock. The new OER

agricultural data used in SOVMOD III are conceptually the same , but 1970
prices are now used .1

2.  Indus trial Output Data

The new industrial output indexes used in SOVNOD III differ from

t he  olu-1 SOVMOD I indexes because of a shift in price weigh ts from 1968

to 1970 , some changes in the commodity samples , and the introduction of
some new methodology for the construction materials and machine—building

branches 2

David W. Carey , “Soviet Agriculture: Recent Performance and Future Plans ,”
in TEC 76.

2
Rush V.  Greenslade , “The Real Cross Nat ional  Product  of t h e  U .S.S.R., 1950—1975” ,

In JEC 7 Ô .  58
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3. Household Income and Consumption

SOVMOD I data on household income and consumption were largely

derived from the estimates by Bronson and Severin) To tlieir estimates

of household money income was added an estimate of agricultural income—in—

kind extended from the RAND studies of Soviet GNP over the period 1956—66.

In the past several years there have been several methodological and

empirical changes in the OER estimates of income and consumption and these

innovations have been incorporated in data which are used in SOVMOD III.

The price weights have also been changed from 1968 to 1970 to be con—

sistent with the GNP accounts.2

David W. Bronson and Barbara S. Sevenin , “Soviet Consumer Welfare:
The Brezhnev Era,” in JEC 73.

Gertrude E. Schroeder and Barbara S. Severin , “Soviet Consumption aud Income

Policies in Perspective ,” in .TEC 76.
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B . Disaggregation of the Agricultural Sec tor

Early in the initial Phase of the SRI—WEFA Project it  became clear

that the agricultural harves t p layed a central macroeconomic role in t h e

Soviet economy . The agricultural sector also poses a major challenge

to the econometric modeler because of the simultaneity of output and

variable inputs . Two systems of simultaneity appear to he re levant for

Soviet agriculture . The first system connects weather conditions , em-

ployment, wages , material inputs from other sectors and agricultural

produc tion. The second system of simultaneity concerns the livestock

sector -and connects crop output to the increment in the herd , feed fo r

livestock and animal product output. The first system of simultaneity

caused estimation problems for earlier econometric studies of Soviet

agriculture, problems which resulted in a very high output elasticity for
labor .1 In SOVMOD I, this estimation problem was- solved with a two-

stage procedure : (1) a linked—peak series was exp la ined by the primary

factors of labor and capita l, and (2) deviations from peak output were

exp lained by weather variations.2

in SOVMOD II , this approach to agricultural prod uction was ex tended

to the determination of grain output , a variable importan t in the foreign

trade component of the model . Because the grain series (both the official

series and Western—adjusted series) are dominated by a small number of
bumper harvests, a linked—second peak series was interpolated and defined

as capacity output . This series was regressed on labor (state and collec—

dy e farm emp loyment only) and capital with actual deviations from

Hans—Jürgen Wagener, “Sec toral Growth — The Case of Soviet  At r i c u l t u re , ”
ForschungsberIch t 1973 ( O s teu r o p a— I n s t l t u t  M i inch cn , ‘in-in I ch , h974)
Michae l Marrese, “Ar’ Econometric Model of the Soviet Agricultural
Sec tor ,” SRI—WEFA Working Paper #21 (July 1974).

a
Donald W. Green, “The Agricultural Sector of the SRI-WEFA Model ,”
SRI—WEFA Working Paper #26 (September 1974).
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capaci ty determined by weather variables . n - i n - u - two weather variables

constructed for SOVMOD I, spring—summer precipitation and winter tempera-

ture, have been updated and are still used in SOVMOD II and III.~

A reestimation of the agricultural sector was necessur--- for ~uVMo 1

Ill given the availability of new OER data in 1970 prices. At the

same time , -It seemed promising to disaggregate the a~-ri cn -i1 tura l sector

and to invest igate the gra in  balance  estima t u - s  r t - n - - u u t  lv it 1 i s t -d by

OF :R. A p roduc t ion  f u n c t i o n  for  gra in  was estimated using tile official

Soviet output statistics as part of a general econeu e n c  analysis of

the grain balance data. The general conclusion of that analysis was

that the estimates of grain stocks derived from t h e  balances were not

as statistically significant as pr ox\ ’  measures  derived f rom p r o d u c t i o n

alone.2 Consequen tly, the grain balance sys tem was no t  in t roduced  i n

SOVMOD Il l al though the  production function for tin - c offi cial ~‘rain

series was included in the f i n a l model .

‘Die disaggr ega t ion  of t in - u - ’  a g r i c u l t u r a l  Sect  or h t - ~:iiu s- i t  h t he  s t - ~- - - n - r~~—

t ion of collective f ar m  e m p l o y m e n t  f r o m  s t a t e  f n -rn e r i i ’ l o v m u n t  . This

involved the estimation of separate participation equations (N .ll and

N.l2) a.J wage equations (W.2 and W.3). Collective f a r m  emp loyment

varies with current harvest conditions while emp lov inu --nt on state farms

does not. After a harvest failure , the equations indicate a shift toward

state farm employment and away from collective fr--is. Private agricul—

tural employment was found to rise dur ing better harvest conditions . T in - c

average wage on State farms was found  to a d j u s t  to t h e  smoothed capacity-

output series (XAGTN) while the collective farm wage adjusted to t i c

actua l output series (XAGT7O). Collective farm incomes , as was known

before , adjust much more to tin-c conditions of the past harvest.

Green and Hig~-,ins , op.cil ., Appendix B.
2

Donald V. Green, “The Soviet Grain Ba lance: An E c o n o m e t r i c  Eva lua t ion
of the OER EstImates , 1960—1973, ” SRI -WEFA Working Paper  ~48
(June 1976).

61 

- - -~~~~~~~~ -~~~~~~~~~ ~~~- - - -~~~~- - -- - -- - - - _



Besides the production functions for total agricultural output and

grain, functions have been estimated for total crop output , anima l prod-

ucts , and meat production. In Figure 111—1 , a simplif ied diagram of
the agricultural sec tor  in SOVMOD Ill is provided ; n t t  sin-own is [IIC n-neat

subsector within anima l pr oduc ts and grain which  is ~ component of crop

output. The major exogenous variables in the sector are the weather

indexes which influence crop output , annual budget financing and defense

expenditures which affect capital investment in agriculture , and the

structure of working capital which influences the growth of the live-

stock herd. The two systems of simultaneity are clearly indicated in

Fi gure 111—i: (1) the interdependence of t h e  livesto k herd and feed

for livestock in the determination of anima l product output , and

(2) the simultaneity of total agricultura l output , current purchases

from other sectors , capital stock (through current investment), and

emp loyment (through collective farm participation ratc-s). The simul-

taneity present in this agricultural sector of the SRI—WEFA Model

should eventually lead to the app lication of simultaneous equation

techniques in estimation.

Several features are noteworthy about the estimated equations in

SOVMOD III. First , total agricultural output is predicted more accur—

at ly by the aggregate producLion function (X.l) than by using separate

production functions for anima l products (X.3) -n -nd crops  ( X . ~~) s-l U, U n - i

va I n - n -  of I ot’d ( A .  3) sub t ran -- t 0(1. This suggests sn o i l  S i t  t I n~ oovei’n -u--n

wh it - I t  n - a  i s es n - i n m u d  p i n - s i n - n - c t  output when crop ou t p u t  I ~ l i  s . Tin - i s  r e s p o nse

is f u r t h e r  m d i  - n - t e d  In  t h e  equa t i on  fo r  meat  ( X .  -~) w i t h  a n e g a t i v e

cod f i c lent  on the  st a t e  of the ha rves t .  Othe r  component  in t he  anima l

product category probably decline w i t h  poo r i n - n - r v u - - s t  c o n d i t i o n s , u - .  g .

da i ry pr oduc ts , resulting in the positive coefficient In equation (X.3).
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Figure Ill—i

THE AGRICULTURAL SECTOR IN SOVMOD III

Links are simultaneous unless denoted by the lag operator : L(l,2)

Indicates a one and two—year lag. Hexagons indicate exogenous variables.

L(O , 3,)

L(O ,l)

I 
Working

I Capital /
\j / \If 

_ __ _

Feed Fed f Livestock [
to Capi tal

Livestock [ Herd

~~~~~Products~~~~~~~ :~:~ 
~~~~~~~~~~~~~~~~er

/ \ Current

Purchases

New Capital “i’ Total

~~~~~~~ Investment k L(O,l) 
A~~~~~~~~~~ l

L(l ,2) Agricultural 
)
~~~~~~cu1tural

Budget \ Rural( and Population

\_Defer
~~~~/

63

L -~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~ - - - -~~~~~~~~~~~ - -  ~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~ -



C. A Respecificatlon of Industrial Production Functions

A very important aspect of Phase Three of the SRI—WEFA Project was

a reconsideration of the  production function literature on the Soviet

Union . A central concern-n- of tin - is investigation w;n-s to establish a micro-

economic view of Soviet production , consistent with Western understanding

of Soviet p l a nn i n g  and incentives , which would suppor t  a macroeconomic

(‘stimation of production functions . The approach , w h i c h  is described

elsewhere,’ represents a technocratic or engineering view of Soviet

organ i za t i on . Th is provides a spec i f ica t ion  of ti n -c expans ion  p a t h  r a t h e r

than a static conception of enterprise isoquants or cost functions . This

approach does not require any assumptions of cost—minimizing or output—

maximizing behavior .

The functional form eventually used in our SOVMOD III estimation is

a rate—of—growth specification equivalen t to a Cobb—Douglas production

ft-nct jon

A X~ /X~ = C~ a A N t /N t + h

Our reconsideratjon of t h e production functions i n - n -  tin-c SRI—WEFA

Model was also stimulated by t h e  experimental projections to 1980 using

the 1—0 componen t in SOVNOD 11.2 I t was observed that the introduction

of material inputs into the specification of production tended to reduce

the output elasticity for capital ; In projections , this often reduced

the growth rates for industrial branches. This sensitivity in projec-

tions to variations in specification indicated the value of judgmental

considera tion and experimentation. Consequently, in the determination

of produc tion f unc tions for SOVMOD 111 we have not been guided solely

I)onn -i 1(1 W. (;ret’rl , “The M Ic rofounda t ions of ~~~~ lot I’ rodin-c t ion Fun-ic t ions:
An Engineering A pproach ,” SR 1 —WEFA Work in~ Paper “Y t  (April 1976).

2 
Green , Guill , Levine and t-liovtc, op.cit ., Section 5 in JEC 76.
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by econometric results. Technical progress r n - t i-s have been Imposed for

- 
several branches g iven the typ ical multicollinearity in-) tin-cs~ estimations.

We have also tried to make tin -c two factor and tin - ru - -c f-n - i t or production

functions more consistent in terms of factor e ] a s t I u i t i e ~~. The ;~ n - c : n - : - t n - s
- 

for industrial branches included in SOVMOD III are  presented in T ab l e

111—1 below .
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D. Income and Consumption

With the availability of revised estimates for income and consump-

tion as discussed previously,  those components of the SRI—WE FA Model

were respecified in some respects and then reestimated for SOVMOD III.
Disposable money income of households in current rubles is calculated

using OER procedure and estimated as follows:

ZGW* Gross earnings, State emp loyees Equation (Z.l)

+ZWK * Collective farm wage payments n - n - ( Z .2 )

+ZSAG* Income from the sale of farm products n - n - (Z .3 )

+ZMYA* Military pay and allowances “ (z.4)

+BTRAN * Transfer payments n - n - ( B . 7 )

+ZPCP*9 Distribution of cooperative profits 
_____________

=ZTC* Gross household money income n - n - ( Z . 5 )

—TAXES* Personal taxes n - n - (T.6)

—TDIJES*9 Dues, trade union and par ty

_TINSP*9 Insurance p remiuxns

ZTD* Disposable household m oney income n - n - (Z.6)

Wage earnings (ZCW* + ZWK*) are a function of emp loymen t and averag e

wages for the six productive sectors with agriculture disaggregated

for State and Collective farmers. The income from agricultura l sales

is a function of the current harvest and the negotiated agricultural

price. Transfer p a y m e n t s  t i ’ households are a iso dependent on t h e

c l lr r en t  harves t , as wel I as upon the government wage rate. Taxes on-i

the population are related to gross wage earning through estimated

statutory tax rates (1.5) with adjustments for local taxes and lotteries .

Real disposable ln~-om~- I n - ;  computed b y def la t ing nomina l money income

by the consumption price deflator and adding a 1970 ruble estimate of

agricultural income—in—kind . The latter estimate from the RAND CNP esti-

mates for 1956—66 is extended to 1974 on the basis of actual and normal
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agricultural harvests. The estimate in 1960—65 pri ces is shifted to 1970

rul)lcs using tile n e g o t i a te d  agricultural pr i -v . Previoie;Iv , ti n -is RANI)

c~;t i mate was I rt-;-i t t-d as a current ruble figure added t i n -  d i s p o s a b l e  mon - i cy

income before deflation . Essentially,  the new procedure in SOVNOD III

augments disposable money income (the OER measure deflated) by a real

measure which is moved by the agricultural harvest .

‘I

In the final revision of SOVMOD II, a new alternative of consumption

was introduced where the services category is a direct function of the

output measure for services . The other consumption categories would then

be either income—determined or GNP—determined through the residual end—

use variant of the SRI—WEFA Model.1 In ~)\M0D ITT , t he re  are now f ive

alternative determinations of household consumption defined below:

Alterna t ives

I II III IV V

Aggrega te consump tion IN ID RE RE ID
Food ST IN ST SN SN

Nond urables ST iN ST SN SN
Durables ST IN ST SN SN

Serv ices ST IN ST XS X S

Non—Serv icc-s ID ID ID TI) TN

Where ID = Identity Determination

IN = Income—Determined

RE = Residual Determin;;tion

SN = Share of Non—Services

ST = Share of To tal
XS Output Determination of Services

1 
Green and Higgins. ‘n-p .cit., Chapter 6
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E. Defense and State Reserves

In the initial specification of the SRI—WEFA Model , Soviet defense

expenditures were treated pri marily as a prior claim on th e production

of durable goods. The Model was specified so t in - i t t i n - c  impact of

defense expenditures was measured by a real rate of growth or a r a t io  of

nomina l expenditures . Thus the level of Soviet defense expenditures did

not affect the estimated behavioral relations in the Model; the level of

Soviet defense only appeared in the GNP accounting of end—use . We pro-

visionally adap ted the Cohn “b udgetary approach” in separating the official

defense bud get into personnel and nonpersonnel components. 1 The non—

personnel componen t plays an important role in SOVMOD II in constraining

the grow th of new cap ital investment and consumer durables.

I t became clear by Phase Three of the SRI—WEFA project that a more

extensive analysis of the Soviet defense sector was required. However

adequate the budgetary approach was as an indicator of the trend in Soviet

defense throug h the mid—1960 s, it is clearly inadequate for the period

sInce 1965. The virtuall y constant level of tin - c official defense budget

over the perIod 1970—75 cannot be reconci led  w i t h  o ther  ind ica t ions  of

increasing Soviet military strength and the growing sophistication of

Soviet military hardware . Consequently, an extended specification of the

defense sector was designed and partially imp lemented in i~hase Three.
2

Stanley H. Cohn , “Economic Burden of Defense Expenditures ,” in JEC 73.

2
Donald W. Green , “The Defense Sector in a Soviet Mac romod el: A N~-w

Specification for the SRI—WEFA Model , “Working Paper ;n-43 (January 1976;
revised July 1976).
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In the present version of SOVMOD III, Cohn ’s estimate of the non—

personnel component of the official defense budget continues to play a

role as a constraint on other categories of the use of durable goods .

However, the personnel category has been explici tly decomposed in to a

manpower level (exogenous) and an average wage for military manpower

which is related to the average wage for Soviet industry . Furthermore ,

a new category of State Reserves has been added to the end—use side of

the national accounts using Cohn ’s recen t estimate de rived f r om the

working capital accounts.1 His estimation begins with a control total

for  annua l grow th in working cap ital and reserves. The estimate of the

growth in state reserves is a residual after the subtraction of changes

in working capital of State enterprises , unfinished construction and

working capital of collective farms. This estimate of the change in

State Reserves is now used in SOVMOD III as an indicator of defense

expenditures beyond the budgets for defense and science . The composi-

tion of this category remains unclear but it probably includes mostly

procurement of military durables. Since Cohn ’s prefer red  def la tor f or

this series , an equal—weighted index of the official price index for

MBMW and Becker ’s adjusted index , is virtually equivalent to a constan t

deflator, the series has not been deflated in the construction of a con-

stant 1970 ruble series for Defense and State Reserves . The levels of

defense expenditures in SOVMOD III are higher than in previous versions —

of the model , though they are below the OSR revised estimate .2 - 1
Stanley I!. Coin -n-i, “A Re—Eva Luation of Soviet Defens e Expenditure
Estimates ,” SRI , Draft Copy (June 1976). —

2

Office of Strategic Research , Estimated Soviet Defense Spend ing
in Rubles, 1970—1975, SR 76—1012111 (May 1976).
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Several tasks remain for follow—on research in this area. This

new estimate for State Reserves , as well as the extended OSR series and

Lee ’s residual estimate for  military proc urement ,1 should be introd uced

in the behavioral equations for new capital investment and consumer

durables. This will provide some Indication of the statistical robust—

ness of these different estimates . Furthermore , such al terna tive versions

of the interaction between the military and civilian sectors could be

compared in full—system simulations within the framework of SOVMOD III.

In Table 111—2 below are presen ted the current and constant ruble

estimates of Soviet defense and State reserves presently used in SOVMOD

III , as well as their proportion In Soviet GNP .

TABLE 111—2

DEFENSE LEVELS IN SOVMOD III

Defense plus Defense plus Percen tage of Real
Year State Reserves State Reserves GNP : Defense plus

(Billion Current Rubles) (Billion 1970 Rubles) State Reserves

1960 17.3 17.75 8.13

1965 29.6 30.61 10.70

1970 35.4 35.40 9.30

1974 39.4 40.18 8.79

William T. Lee, Soviet Defense Expenditures for 1955-1975, GE75iMP—42
(Draft of 31 July 1975).
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F. Other Developments in the Macrolnodel

Most other changes in the macromodel components of SOVMOD III

represent minor adjustments in specification to control inconsistency

or diverging trends for longrun projections . These adjustments fre-

quently represent adaptations given the applications experience gained

with SOVMOD II during Phase Three. This interplay of application and

model refinement is an essential characteristic of good econometric

modeling and forecasting . In this section , these m inor refinemen ts

in the Model will be briefly described and explained .

1. Investment

The principal change in specification here was to normalize

dummy variables to a t~eau value of zero rather than a positive number.

Most of the administrative interventions in the capital investment sector

have been in the downward direction . Projections based on equations

estimated with typical dummy variables (equal to 0 or 1) are thus

biased upwards. The current specifications for investment growth allow

the model user to run projections which are most consistent with the

sample—period growth rates by setting coefficients for administrative

dummy variables to zero . Other trends previously embedded in these

growth equations have been terminated within the sample period , e.g.,

housing investment. Campaigns to complete investment projects , which

occurred in certain branches in 1969 and 1973—74, now play a prominen t

role. Such campaigns tend to reduce capital investment such project

completion expenditures tend to be less than project initiation

expend itures.

Inventories in domestic trade (1.21) are now related in

equIlibrium to light industrial output rather than the consumption of

nondur~tb1cs and durables . Sliortrun movements in such inventor ies  are now
related to the current difference between light industrial output and consump-

tion , the state of the harvest in the prevIous year , and the change in
nonpersonnel defense expenditures.
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Inventories in the nontrade, nonagricultural category are now

related to the growth of heavy industrial output rathe r than total

nongaricultural GNP. Annual variations in inventories are primarily

explained by the gap between projected heavy industrial output (based

on lagged growth -rated over four years) and actual output.

Capital repair has been moved from the GNP block in SOVMOD I

to the Investment block in the new model. A new variable for total

investment (ISLTM , 1.26) has been introduced which includes new capital

investment, capital repair, inventories, and changes in the livestock

here. All variables are in 1970 rubles.

2. Capital

As in the capital investment equations, dummy variables have

been set to a zero mean in order to provide more consistent projections.

The exceptions to that occur when we feel a change in capital stock

represents a spurious revaluation or sectoral transfer which does not

change the longrun price conversion between investment expenditures

and capital stock. Examples of the latter are the 3.5 billion ruble

increment in basic funds in domestic trade in 1965 and the 7.75 billion

ruble increment to the housing stock in 1962. The identities which

determine the stock of imported machinery now utilize a conversion

coefficient of .712 and the German export price deflator for nonelectrical

machinery and equipment.

3. Wages

in this block , trends in the estimated equations have been
:~~i i r n I t e d  and dummy variables have been set to zero means; again, this

- r hn-anee project--lye consistency for SOVMOD III. A system of

- -
. tona l wage equations has been estimated to determine relative wages
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by branch for the endogenous movement of the 1—0 Matrix.

4. State Bu4get

In the expenditures component of the budget block (B), trends and

dummy variables have again been adjusted in respecification for gains
in projection consistency. Two new categories have been added which

appear in the GNP end—use accounts: an index of research and development

expenditures and an index of State administrative expenditures. These

categories differ from the State budget variables for science and

administration.

5. Foreign Trade

The foreign trade block was not respecified and developed in
Phase Three. The SOVMOD II specification for exports and imports ,

which was partially revised in the fall of 1975, was retained in

SOVMOD III. Equations were reestimated only when the data for independent
variables had changed; for example, the equa tion for  expor ts of consumer

goods to the CMEA was reestimated using the new series for agricultural

output. The measure for hard currency liquidity was adjusted with a —

revision of world gold prices and therefore machinery import equations

were estimated as well. SOVMOD III still includes equations for the

endogenous determination of grain imports from the Developed West and

gold sales , but those variables are usually exogenized for app lica tion
studies using the Model.
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C. The CNP Identities: End—Use and Income Residuals

SOVMOD I and II were constructed using a preliminary estimate of

Soviet GNP in 1970 prepa~ ed by the Office of Economic Research. In

Phase III , the new generation SRI—WEFA Model was designed to be compat-

ible with the published version of the CNP accounts for 1970.’ The

control total of 380.7 billion 1970 rubles and the end—use composition

will be matched by SOVMOD III. There are several differences in weights

and time series selected to move CNP categories which do r e s u l t  in

some variation between OER and SOVMOD III estimates of GNP for other

years. In this section of the report, these differences will be br iefly

explained. Finally, the derivation of the GNP end—use residual and a

GNP income residual used in the structure of SOVMOD III will be described.

On the sector—of—origin side of the GNP accounts, the major differ-

ence between SOVMOD III and the OER data is the set of established price

weights. OER has removed state subsidies from sector GNP in established

prices and these subsidies reappear in tue category of unallocated. The

unallocated category also includes the residual category of other money

income for households. Rather than move this large component of GNP

(33 billion rubles) with an arbitrary series set exogeriously fo r  the

Model, subcl- ies have been returned to the sector—of—origin weights in

established prices . The remainder (14 billion rubles) of other branches

and unallocated is moved by the GNP total of observed sectors . Thus the

sum of agricultural and nonagricultural GNP in the Model is increased by

3 .7~Z to match tI-te 1970 control figure .

Office of Economic Research, USSR: Gross National Product Accounts,
1970 , A (ER) 75—76 (November 1975).
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Besides the difference in weights, the SOVMOD III series for Soviet

GNP will differ slightly from the OER series because different indexes are

used for construction and transport/communications . In SOVMO D III, the

output index for construction is the activity series for State construction

organizations while the transport/communications index used is a weighted

index of physical transport measures and the ruble series for communications. ’

On the end—use side of the accounts there are no major differences

in the 1970 established price weights. Differences do arise in the

inventory measure and in the explicit treatment of net exports and de—

fense in SOVMOD III. There are two categories of inventories in the

SRI—WEFA Model: (1) domestic trade, and (2) nontrade, nonagricultural

inventories. These 8eries are constructed using the methodology of

Moorsteen and Powell.2 There is no explicit series included for

agricultural inventories, including grain reserves, so those concep tually

will appear in the end—use residual. Exports and Imports are aggregated

in current dollars, converted to foreign trade rubles at the official

exchange rate , deflated using off ic ia l  price indexes , and converted to

domestic rubles using the conversion coefficients developed in SOVMOD i.~

Defense expenditures appear explicitLy in the end—use accounts of SOVMOD III

as discussed in Section III—E above; these include the category of State

Reserves separate from the inventory accounts of State organizations.

With the enumeration of the GNP accounts as summarized in Table 111—3

below, there appears a residual category of end—use GRESEM3 . Over the

period 1960—73, this variable has a mean value of 2.7 billion 1970 rubles

with a maximum value of 10 billion rubles. One half of the variance of

GRESEM3 around a constant term is explained by the current and previous
harvests~~, indicating the probable presence of agricultural inventories.

This series for transport/communications is documented in Green and
Hi ggins, op. cit., Append ix B.
2
Ib id.

Ibid.
I.
See equation (G.6) in Appendix B to this Report .
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TABLE III — 3

The GNP Accounts in SOVMOD Ill

Sector of Origin End—Use 
— 

Income

Agricul ture Consumption H o u s e h o l d  disposable
income

Nonag riculture Accumulation Income

—Industry —New capital in— Amortization
yes tment

Construction —Capital repair Taxes on the social
sec tor

—Transport/ —Inventories
communications

—Domestic trade —Livestock additions Taxes on the copulation

—Services Administration Gross profits

—M ilitary ,~~npower Science

Other branches and Defense Unobserved income
ijiallocated

—Manpower

— Nonpersonncl

St—ite reserves

End—use residual

Total Total Total

78

~

_
--

~ 

- - -_ -~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~ -~~~~~ - - - - ~~---__



conceptually this category should also include valuation orrors (foreign

trade and 1970 weights for domestic categories), statisticdl discrepancy,

and other unobserved categories of GNP end—use.

In the structure of SOVMOD III, the GNP accounting identities may

be used to determine consumption as the residual end—use category and/or

gross profits as the residual income category . The residual consumption

features have been explained in Section III—D above. The residual income

feature was added to the final version of SOVMOD II to provide a current

ruble estimate of GNP and a residual estimate of gross profits. Observed

income flows in current rubles are used as an estimate of nominal GNP,

inflated to correspond with the 1970 estimate to GNP ;

GNP3* = (ZD T* + Z1K60 ~PAFC70/lOO. + ZPG* + ZDT*
+ TOSS* + TPOP*) /.9231

Observed incomes are household disposable money income , agric ultural

income—in—kind, gross profi ts , anx rtization , State taxes on the social

sector and taxes on the population . This income measure of GNP defines

a deflator for GNP (PGNP3) which is modeled in Equation (P. 14): A 1%

per year inf lation rate and a 13% increase with the 1967 price reforms .

The income identity may then be imposed in the simulation of SOVMOD III

to determine gross profits with Equation (Z.9b). 



IV THE INPUT—OUTPUT COMPONENT OF SOVMOD III

Macroeconometric models of market economies have traditionally

emphasized the underlying determinants of demand and income while

allowing aggregate production to be determined as the sum of

expenditures of effective demand . Within this framework , aggrega te

demand performs the crucial role of stimulating industrial activity

which in turn determines labor requirements and influences the level of

investment. When these models are disaggregated , it becomes necessary

to provide a link between the final expenditure categories and sectoral

production. The first attempts at incorporating this link, which

implies an input—output relationship , were made with regression

equations relating sectoral output directly to the final expenditure

categories of gross national product. More recent attempts have

sought to take advantage of the nonstochastic estimates of the elements

of the conversion matrix provided by input—output data.2

F.M. Fisher, L.R. Klein, and V. Shinkai, “Price and Output Aggrega tion
in the Brookings Econometric Model,” in J .S. Duesenberry , C. Frotnm ,
L.R. Klein, and E. Kuh, eds., The Brookings Quarterly Econometric Model
of the United States (Chicago: Rand McNally and Co., 1965) and D.T.
Kresge, “Price and Output Conversion: A Modified Approach ”, in J.S.
Duesenhe rry,  C. Fromm , L.R. Klein, and E. Kuh , eds ., The Brookings Mode l:

Further Results (Chicago: Rand McNally and Co., 1969).

R.S. Preston, “The Wharton Annual and Industry Forecasting Model” ,
Economics Research Unit, Department of Economics, Univers ity of
Pennsylvania (1972); and R.S. Pres ton , ttThe Wharton Long Term Model:
Input—Output Within the Context c-f a Macro Forecasting Model,”
International Economic Review, Vol. 16, No. 1, pp. 3—19 (Feb ruary 1976).
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Although our work in developing the input—output component of the

SRI—WEFA Soviet Econometric Model has benefited greatly f r om earlier

work in the area, the role of the input—output component in the SRI—WEFA

Soviet Econometric Model is quite different from that of the input—output

component in econometric models of market economies. This difference is

due principally to the emphasis which the SRI—WEFA Soviet Econometric

Model places upon the determinants of prod uction and supp ly ra ther than

demand and income. Within SOVMOD the primary causal flow runs from input

supplies, to ou tpu t, and finally to end use. Production functions per-

form the crucial role of transforming inputs into outputs which are then

distributed among final spending categories . Consequently,  it was

desirable to develop an input—output component which would interact with

the production functions in the determination of sectoral outputs. This

chapter discusses the development of the income—output component of

SOVMOD LII and describes in detail the interaction between the input—

output component and the macromodel.

A. Development of the Input—Output Component

1. The Input—Output Component of SOVMOD II

In addition to its role as a second—generation macroeconometric

model, SOVMOD II was also designed as a framework for extensive experi-

mentation with the integration of an input—output system. The principal

objective of this research was the determination of a sequence of

balanced input—output tables for the period 1959—72. The basis for

the derivation of this sequence of tables is provided by the Soviet

Input—output tables constructed for the years 1959, l9~ I~ and 1972.
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As is generaLl y known , these Sovi -t i np u t— ~t put t a l l  -s h~~’ -

never been released in their complete three—quadra nt t u r n c i t ~~~, and it has

been necessary for Western analysts to reconstruct the m issing entru s in

these tables before they can be used in Western studies ot the Soviet

economy . At the  present t ime the 1959 and l~)f n r e u i n m t r u c t i ~~ns have

becn comp le t e d  and these  t a b l e s  are available f o r  use  2 T h e  1972 table .

however , was only rd eased in 1975 , but  we are g r a t e f u l  to P ro fesso r

Tremi and ana ly s t s  at  the Foreign Demographic  Ana lys i s  Div i s ion  of the

U.S. Department of Commerce for providing a preliminary version of this

reconstructed table in t ime før these data to be included itt the

present stud y.3

The technique which was used to derive the sequence of ba lanced

i uj  u t — o u t p u t  ta l) les  fo r  the  \‘ears 1 959—72 was a combinat ion of linear

interpolation and weighted RAS balancing . The weighted RAS al~ ;o r i t h m  w ;is

des igned to d i s t r i bu t e  the adjustments across the coefficient matrix in

accordance with the stability of individual coefficients. Since it was

1 V lad imi r  C. Tremi , Dimitri M . Cau lk , Barr y L. Kostthsky and Kurt W .

Kruger, The Structure of the Soviet Economy (New York: Praeger
Publishers, 1972).

2

Vladimir G. Treml, Dimitri M. Gallik, and Barry L. Kostinsky,
“Conversion of Soviet Input—Output Tables to Producers ’ Prices:
the 1966 Recons tructed Table,” Foreign Economic Reports, No. 1,
U.S. Department of Commerce (Washington , 1973); Vladimir C. Treml,
Dimitri M. Gallik , and Barry L. Kostinsky , “The Conversion of
Soviet Input—Output Tables to Producers ’ Prices: The 1959 Re—
constructed Table,” Forej~~i Economic Reports, No. 7, U~S.
Department of Commerce (Washington , 1975).

3
This preliminary version of the 1972 Soviet input—output table is in
purchasers ’ prices. Since we have chosen to work with the input—
output tables in producers ’ prices, it was necessary co convert
the 1972 table into producers ’ prices. This conversion was carried
out by the author according to the methodology descr ibed in Treml,
et al., “The Conversion of Soviet Input—Output Tables to Pro-
ducers ’ Prices: The 1966 Reconstructed Table,” op. cit.

LI

Gene D. Guill, “The RAS Method of Coefficient Adjustment and
Soviet Input—Output Data , “Working Paper #34 (September 1975).
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not possible to deflate the reconstructed Soviet input—output tables to

a constant price base and there exists theoretical as well as empirical

support for the argument that  input coefficients are likely to remain

more stable in current prices than in constant prices,’ it was decided

to app ly this estimation procedure to the current price input—output

dat a. The annual data requi red by this procedure—observations on sectoral

GVOs and material inputs in current prices—were largely constructed from

sebestoimost ’ data available in Soviet statistical handbooks . 2 The

particular problem posed by the 1967 price reform was handled by re-

valuing the 1966 table into postreform prices and treating the revalued

table as benchwork data for the estFnation between 1966 and 1972.

This estimation procedure generates a set of input—output

tables in current prices for the period 1959—72. In order to integrate

these tables into the constant 1970 price macromodel, it is necessary

to Incorporate price deflators for each point where there i-s feedback

L.R. Klein, “In the Interpretation of Professor Lcontief’s System ,”
The Review of Economic Studies, 20, pp. 131—136 (1952—1953); Klein,
A Textbook of Econometrics, pp. 200—210, (Evanston, Ill.: Row ,
Peterson and Co., 1953); J. Haldi, “A Test of Two Hypotheses Con—
cerning Interpretation of Input—Output Coefficients,” Weltwirtschaftliches
Archiv, 83, pp. 1—14 (1959); K. S. Sarma ,
“Comparative Performance of Input—Output Models with Alternative
Production Functions,” unpublished Ph.D. thesis, University of
Pennsylvania , Philadelphia , Pa. (1972); C.B. Tilanus and C. Rey,
“Input—Output Volume and Value Predictions for the Netherlands,
1948—1958,” International Economic Review, 5, pp. 34—35 (1964) ;
P. Sevaidson, “Changes in Input—Output Coefficients” in T. Barna
(ed.) Structural Interdependence and Economic Development, pp. 303—328
(New York: St. Martin ’s Press, 1963).

This procedure involved the reconstruct ion of tile Soviet  f i nanc ia l
accounts  for  each industrial sector beginning w i t h  the  year 1959. In
t1~1~ exercise , data on employment , average wages , f ixed capi ta l  stock ,
amortization, and prof it s were applied to the of f icial Soviet
distribution of costs in percentage terms to yield estimates of the
gross value of output and value—added by industrial sectors.
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between the two systems. In SOVMOD II this work was only partially

completed, i.e., crude price deflators were used for the conversion

of the constant price gross output predictions of the production

functions into current prices and a single crude materials price was

used to deflate material inputs .

The primary function of the input—output component in

SOVMOD II is ~o account for the interdependency among the producing

sectors of the model. This function is carried out by introducing

information concerning material input flows among the sectors . First ,

total material input flows into each producing sector were included as a

third factor in the estimated production functions along with labor and

capital. The input—output tables were next transformed into allocation

niatrices by dividing each flow by its row total. These matrices were

then introduced into the model as exogenous matrices which remained

unchanged for a given year. The material Input flows beeame endogenous

variables which changed in response to changes in gross sectoral outputs.

In the final solution, sets of material inputs and gross outputs were
calculated which were mutually consistent with the input—output

coefficient matrix for that year.’

Since the balanced input—output tables were derived only for

the years 1959—72, it is necessary to record input—output data for years

beyond 1972 in order that this exogenous input—output system can be

used in forecasting exercises. For these exercises the 1972 input—

output table was usually rccorded for each: year in the forecast period .

The procedure described in this paragraph is only one of three
alternative procedures in which exogenous input—output data can
be introduced into SOVMOD II and used in determining an endogenous
set of material inputs. In the other two procedures the input—
output tables are first transformed into matrices of direct input
coefficients by dividing each flow by its column total. In contrist to
the procedure described above, these matrices of direct inpuc co-
efficients are allowed to change in the solution process fer a
given year. Since our experience with these last two algorithms is
limited to sample period simulations, they are not described in
th is chapter . 84 
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In other words , this system incorporated the assumption that the

structural relationship reflected in the 1972 input—output table did not

change In future years . Forecasts with this system and comparisons

between these forecasts and the forecasts obtained using the two factor

production functions of SOVMOD II revealed that  the exogenous input—

output component imposed a “leveling” effect on sectoral grow th rates
rendering unbalanced or disproportional development difficult to

maintain.’ Although the constraints imposed by this input—output

system are partially valid, it is not possible to separate the effects

of the introduction of sectoral interdependencies from the assumption

of unchanging structural relationships among the sectors In the forecast

period. Consequently, the pr imary objec tive in the f urther development
of the inpu t—outpu t  component became the endogenization of the input—

output relationships themselves. This research , which is presented

below, has enabled SOVMOD I II  to incorporate gradual changes in the

intersectoral relationships among the producing sec tors of the Soviet
economy .

2. Experiments with Linear Programming

As mentioned in the previous section , the sequence of balanced

input—output tables used in SOVMOD II was derived using techniques of

linear interpolation and a modified RAS balancing procedure . This

balancing procedure was constructed as a minimization algorithm in which

Donald W. Creen , Cenc I). (tiUl , h erbert Levine , and Peter Miovic , “An
Evaluation of the Tenth Five Year Plan Using the SRI—WEFA Econometric
Model of the Soviet Union,” in JE(. 76.
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objective functions were specified for each of the rows and each of the

columns of the coefficient matrix. Indexes reflecting the stability

of individual coefficients through time were introduced into these
objective functions as the cost or penalty associated with the adjustment

of each coefficient. These indexes enabled the balancing algorithm to

pass the major impact of adjustment onto the less stable coefficients .

This algorithm was then -implemented as an ~terative adjustment process

in which adjustments were first carried out for the rows and then for

the columns of the coefficient matrix — each time bringing the matrix

more and more into balance with its marginal totals.

In spite of the desirable characteris tics of this balancing

algorithm, it remains the case that this adjustment procedure operates
upon the rows and the columns of the coefficient matrix separately and

thereby divides the adjustment process into discrete steps which are

carried Out in an iterative fashion. Because of this step—by—step

implementation of the adlustment process, this me thod of coeff icient
adjustment fails to take into account the interdependencies of the rows

and column s in the complete balancing process. For this reason, the

indexes d~~-;igned to u lcer the re lative adjustment of coefficients in a

prescribed manner in each  s tep  in the balancing procedure may fail to

have the desired effect In the overall balancing process .

An a l t e r n a t i v e  means of  es t imat ing  the changes in inpu t—outpu t

coefficient matrices which  does take into account the interdepeadencies

of the rows and columns in the overall adjustment process was developed

by Mituszewskl , Pitts , ari d Sawy er. ’ This algorithm differs from the

weighted RAS method in tha t it relies upon linea r programming rather

T.I. Maiuszewski, ~ ,R . Pitc s, and John -\ . Sawyer, “Linear Programing
P~;rimu t~-s i f  .: n c~~~~; in Inp ut ~~~~~~~~~~~~~~ P-iuolian louriia I of
Economics and Pol t ical Sctcn~ c , Vol. XXX, No. , pp. ‘P3— ?~~ (N ay 1°h4)
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thati  an iterative mat ri~ balancing process to produce consistency

between the estimated matrix and its marginal totals . As noted by

Matuszewski , Pitts . and Sawyer, linear programming appears to provide

a particularly well suited means of accomplishing this task since first ,

it can be used to minimize th e adjustments over the entire coefficient

matrix which are necessary to yield an “updated” matrix consistent with
the marginal totals of the current year , and second, It is suff iciently

flexible to allow the use of supplementary information concerning the
changes in specific cells in the input—output matrix while maintaining

the consistency of the overall results .

In our work in improving the input—output sector of SOVMOD II,

we attempted to modify th e estimation procedure of Matuszewski, Pitts ,

and Sawyer ’ and derive a sequence of input—output tables for the Soviet

economy using th is  m o d i f i e d  linear programming a lgor i thm. These tables

w-~re then to be compared with the tables derived using the weighted

RAS procedure in order to obtain additional insight into the

properties of these matrix adjustment algorithms .2

The results of this research revealed that the accuracy of the

estimates obtainable with this linear programming algorithm depends to a

The modifications introduced into the linear progran~niing algorithm were
intended to render the data required by this estimation pr ocedure
consiste -ir with the data available fo~ the Soviet economy and improve
the ac ar-icy of the algorithm , in regard to the latter modification ,
Indexes refl .- ‘n ~ the stability of individual entries in the Input—
output matrix were introduced as coefficients of the activity variables
in the oblective function. These coefficients were intended to shift
the major impact of adjus tment onto the less stable flows of the input—
output matrix.

2
For a detailed discussion of this research, see Gene D. Guill and R.S.
Pr eston , “The Use of l i n e a r  Programming in Estimating the Changes in
Soviet Input—Output Data ,” SRI—WEFA Soviet Econometric Model, Working
Paper #41 (December 1975) and Gene D. Guill, Input—Output Within the
Context of the SRI—WEFA Soviet Econometric Model,” SRI—WEFA Soviet
Econometric Model , Work ing Paper #44 (April 1976).
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groat extent upon the availability of supplementary information which

can be introduced into the estimation procedure. This information might

take the form of exact information describing the changes in a

relatively large number of flows in the input—output table or a general

set of constraints which describe the behavior of flows fairly accurately.

In either case, this information was not available for the Soviet economy.

Consequently, it was decided that the dependency of this modified linear

programming algorithm on supplementary information rendered it less

appropriate for the task of estimating a series of Input—output tables

for the Soviet economy than the weighted RAS procedure .

3. Endogenizatlon of the Input—Output Component

A major advance in the development of SOVMOD is tile complete

endogenization of the input—output component. This feature allows the

structural relationships among sectors to change in response to infor-

mation generated within the macromodel. As a result, the input—output

component of SOVMOD lii can be used in scenario analysis and forecasting

exercises without imposing an exogenous input—output structure on the

producing sectors of the model.

The techniques which were used to endogenize the input—output

relationships within t i i  SKI—WEFA Soviet Econometric Model were derived

from earlier results of h ickman and Lau’ and Preston.2 The first of these
writers (Hickman and Lau) were concerned with the problem of changing
(‘oeff[clents in internationa l trade share matrices and sought to explain

these changes on the basis of relative prices, a time trend , and a partial

adjustment variable. Recognizing the applicability of this work to the

B.G. h ickman and L.i . Lau, “Elasticities of Substitution and Export
Demands in a World Trade Model,” European Economic Review 4, pp. 347—
380 (1973).

2
Prest on , “The Wha r t  ‘~n I~~ng Tc rm ~1ode l , ” op.  c i t .  and R.  S . Pr e s ton  and Y u e n — Y u n
C.. O’Brien , ‘‘Trade Imp aet  ~t u~1e~ ITs 1n~ t h e  ~~ ,rteii \niiua l ;iud 1ndu ~~t r v
Io r 4 ast i og Mode I , “ p r e p . I  red for the Uni ted  St  i t  & s  B e p a r t m on t  of Labor ,
~ureau of In t e r n a t i o n a l  Labor A f f a i r s  s~l975) .
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problem of price—induced material input substitution in an input—output

framework , Preston used the techniques developed by Hickman and Lau to

provide a means of dir ec tly endogenizing input—output relationships wi thin
the Wharton Long Term Model . The typical estimating equation used by

Preston is of the form

X
jj 

- ~~~~~~ x,~ 
-

~~~~ 

x~~~~~~ - a x ~~~~~ t - 
~~ 
(l-~~ )x~~~ (F

P~~~~~)

(1)

+ 3 .(x
1~

_
~
o
11
x,~~)1

where

x
1 1 

constant dollar delivery of material inputs f rom sector i to

sector j ,
X .~ constan t dollar value of total material inputs into the

producing sector.
th th

X . 

~~~
• X

1
/X ° , Zi~~~ produet ’s share in the i~~ producing sector ’s total

- 

materia l Inputs (superscript ~ 
refers to base year data).

= elasticit y of substitution between any two material inputs in
I th

the j—— production process.

= price index associated with the output of the I~~ producing
sect or.

P P
p~ = ~ 9~O P , p r i c e  index associated with the material inputs

1=1 ~~

Into the j-~-~ producing sector.

= partial adjustment coefficient entering the function from a
- 

parti al adjustment hypothesis .

constant term

t = t inie t r e i t i

= t i l t s  t i i n t l  ~~t t t t i c i e n t .
I ;

In ~; t i r n . i t  i i i ’ r h ~~ t~q u I a t  i i i, d i  cI>servations ii t h e  d e l i v e r i e s  of

ni,it .cr Lii inputs in t h j~-~ pr o l ic in g  sect  ~ r i~~ i pon i  ed and i t  is  assumed

tha t th e ~ 
are i n v ir  tau t with respect to the delivering sector. Linear

re ;Lr l~~tions irc : u I ( t ’ 1  t~O these pooled regress i n ’ ~ t.) insure that the

sum of the 1nte rt -ep~ s and trend coefficients for each produc ing sector ,
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respectively, is equal to zero. When estimated in this way, the regression

equations for the j’~-~ producing sector possess the feature that adding

across the delivering sectors results in a value of zero , i.e,,

n
,~ 

(x — •x • )  = o

i=l ~ ‘~ •1

This property Insures tha t the distribution of total material inputs among

delivering sectors maintains the column identity of the input—output matrix .

The probl em of endogenizlng the input—output component of SOVMOD III

Is very similar in concept to the problem faced by Preston with the Wharton

Long Term Model. However , since the Soviet economy is a p lanned economy in

which prices ar e f ixed by the state and (10 not reflec t conditions of scarcity

or demand , it Is not reasonable to expect changes In relative input prices

to be a pr imary  factor in explaining shifts In materia l input use within a

produc ing sector. Therefore , we decided to modif y the Hickxnan—Lau spec i-

fication , shown In equation (I), to include more appropriate measures of

supply and demand conditions among material inputs in the Soviet economy .

More research is still necessary in the attempt to derive meaningful shadow

prices which could be substituted for observed prices in equation (1). In

the meantime , it was decided to introduce average wage rates in producing

sectors as the exp lana tory variables in this expression. 1 Equation (1) then

becomes

Since the specifica t ion of equation (1) was derived under the assumption
of cost minimizing behavio r on the part of produceis in purchasing material
inputs to de l iver  a spec i f ic  q u a n t i t y  of o u t p u t , the m o d i f i c a t i o n  sug-
gested here weakens the theoretical basis of this specification . See
P.S. Armington , “A Theory of Demand for Products Distinguished by Place
of Production ,” International Monetary Fund S taff  Papers~ XVI , pp. 159—176
(March 1969).
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, an Index of average wage rates weighted by the
SI ~ 

l i i
1=1

coefficients of the j~~ - producing sector.

Since wage rates In the Soviet economy are determined in part by

the average productivity of labor , priority campaigns to attract labor inputs

to a particular industrial branch , and locational circumstances which

compensate for various disadvantages , a significant coefficient on the re-

lative wage term in equation (2) Is subject to several interpretations .

First it may reflect a general priority of the produc ing sector. In this

case , higher wage rates would probably be accompanied by higher allocations

of investment funds and material inputs in order to increase the output of

this sector. Commodities produced by this sector would then become more

ava i lable In the overall economy , and it is l ike ly  tha t there would be

.1 shift in favor (it the use of these  commodit ies  as i n p u t s  among o the r  p roduc ing

sec t o r s .  I f  t h i n  t o t  e r p r et a t i o n  Is of p r ima ry  r e l evance  in expla in ing the

relati ve wage rates among producing sectors in the Soviet economy , we would
expect the fl~~’s estimated with this specification to have a positive sign .

There Is alsc the possih~ lity, however , that planners might attach a high
pri o ri t y to a given sector and successfully attract unskilled labor to that

sector — thereby lowering the average wage rate within the Industry . In this

case i t  Is no longer true that one should expect a positive sign on the

estimated ‘
~~ . 

‘ - .

An nltern;,t lye explanation of a significant coefficient on the

r iat lye wage t e rm in equa l ion (2) suggests a recognition by planners ol the

I e l - i t  V i  scare ’ liv sI laleor wit Ii in the Soviet e c o n o m y . Accord log to t h i s

m t  erpr ot - it inn , planners might raise wages (and subsequent ly  ou tpu t  prices
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in order to cover costs) In an effort to induce industries to substitute in

favor of those material inputs with lower unit labor costs, Although this

interpretation is less likely to explain the overall wage structure in the

Soviet economy, it would be consistent with a negative sign on the estimated

0
1 
‘S.

The data required for the estimation of the coefficients in

equation (2) are in part available from published sources, as either official

Soviet releases or Western reconstructions of Soviet data , and in part must

be constructed . Fortunately,  estimates of for the base year 19701 and

time series data on x
11
were available from the sequence of balanced input—

output tables In current prices used in SOVMOD II. Although the original

Hickxnan—Lau equations were specified in terms of constant price data , it was

necessary to use current price data in this exercise since only crude de—

flators are available for the Soviet economy with the exception of the

1967 prIce reform . Civen and the average wage rates in producing sectors ,

the are computed as

i=l 
~~~~~ =

Selected results obtained using this pooled time series—cross

section constrained regression technique are presented in Table 1. This

t a b l e  presents  the e s t ima ted  va lues  of the short run elast ici ty of sub-

stitution o~~(l_6~ ) and the speed of adjustment coefficient ó , for 15 pro-

ducIng sectors and a single aggregate final demand category. In all cases

hut OflO , the speed of adjus tment coefficients is highly significant and falls

within the stable range of zero and one . The short run e l a s t i c i t y  of

suhst it ution is pus t lye In 11 of the  16 ca tagor ies  p re sen t ed . Among the

I c-m i I I I  I i~~g liv e at 3y)r les  III  w h i c h  the e l a s ti c i t y  of substit (it 100 is

n e g i t  i ve , i t : ;  value Is st at i st i  cally si gni f icant  In only two .

Since the SRI—WEFA Soviet Econometric Model is constructed using 1970
b-iso yea r weights , i t  was dec ided  to use 1970 as the  base year in th i s
exe rcise.
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TABLE IV—4

ESTIMATES OF a (1—iS .) AND i5 FOR 15 PRODUCING SECTORS
J SI i

AND FINAL DEMAND
a.(l— c$ .)
i j

Metallurgy —0 .0766 .6031
(—0.4) (9.1)

Coal —0.1404 .8547
(—1.0) (11.4)

Petroleum & gas 1.4957 —0.1272
(6 .2) (—1.5)

Elec tr ical power —0.0593 0.9136
(—0.6) (23.4)

Machine—building and metalworking 0.3557 0.5070
(1.8) (7.5)

Chemical s 0.1744 0.9466
(1 .1) (17. 5)

Forest products 0.2030 0.7204
(1.8) (13.3)

Paper —0.1851 0.8622
(—2.0) (16.0)

Construction materials 0.1525 0.7588
(1.4) (15.3)

Soft goods 0.0204 0.6605
(0.3) (10.6)

Processed foods 0.0304 0.3949
(0.2) (5.7)

Construction —0.6243 0.4042
(—4.4) (7.8)

Agr iculture 1. 2589 0.7397
(5.7) (16.0)

Transport and communications .506 0.~~l 9 3
(22) (l~~.O)

Trade & distribution 0.1092
(0.5) (24.9)

Final demand 0. 3162 0.3908
(2.3) (6.1)
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The results of this exercise suggest that most producing sectors

in the Soviet economy substitute in favor of material inputs produced by

sectors with relatively high average wage rates . This find ing is In ar’rce-

ment with the hypothesis that average wage rates reflect the relative availabilit y

of d i f f e r e n t-  p r o d u c t s  w i t h i n  the Soviet economy . Although the sign on the

estimated short run elasticity of substitution for the construction industry

is not in agreement with this hypothesis , it can be explained if expansion

in that sector is usually assocIated with increasing the numbers of unskilled

workers , thereby lowering the average wage .

F i n a l ly , the  posi t ive sign on the estimated shortrun elasticity

of substitution for the aggregate final demand sector Is most likel y an

Indication uf the dominance of investment and public consumption within this

aggregate rather than an indication of the behavior of Soviet consumers.

The sign on this estimated coefficient therefore suggests tha t there is

subs t iti tion through time among those goals delivered for end -use purposes

in favor of goods produced by sectors with high average wage rates , i.e.,

priority sectors.

B. In_put—Output Within the Context of SOVNOD III

As mentioned in the description of the input—output component of

SOVMOD 11, the primary purposes of the input—output component in the SRI—WEFA

Soviet Econometric Model is to account for the structural interdependencies

among the produc log sectors of the model. This task is carried out by

Intree l icing material inputs as a third argument In the sectoral production

funct i n-~, and using the Input—output component to determine a set of material

Inpu r-~ wh i c h are mutuall y ~onststent with the underl ying technological re—

l e t  inies h lps existing within the economy at that time. In SOVMOD Ii these

tcc ’liiiolog ~~‘ .ul tela t ionships were Imposed upon the model exogenously. In

~uVM (l~) III lee-se: technolog ic -il relationships are determined endogenously

end change in response to information generated within the macro model .

A detailed descri pt ion of the functioning of the Input—output componen t

of SOVMUL) 1.1 1 Is most easily presented by tracing the interaction between

the macro mode l and the input—output component in the sequence of the

solution algorithm .
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For the purposes of ur description , we shall enter the solution

process at the point where the production functions, involving labor , cap ital,

and material inputs as explanatory variables , are solved . The material input

va riables entering these func t ions  are taken from the previous iteration ’s

pred ic t ions .  The pre~ .” tions are deflated to 1970 pr ices using pr ice

d c-h aters developed in p r e l im i nar y  work on rebasing the sequence of balanced

i n p u t — o u t p u t  tables into 1970 prices.

Since the vector of gross output estimates obtained from the

production functions is n constant prices and index number form , it is

necessary for these estimates to be transformed into current price , nom inal

value statistics before they enter the input—output component . The exogenous

defla tors used in this exercise were constructed by taking the ratio between

the Soviet current price GVO (gross value of output) statistics , which are

consistent with the input—output component , ~nd the western estimates of Soviet

production , which are consistent with the production functions. This vector

of GVO indexes is then converted into current rubles using output levels from

the 1966 input—output table. 1

This vector of current price GVO5 is next passed to the input-

output componen t and used in determining two sets of variables: (1) a vector

Al though me tallurgy is trea ted as a single prod ucing sector
In the Input—output component, it Is disaggregated into
fe rrous and nonferrous metallurgy in the inacrotuodel. Because material
Inputs are determined within the input—output component , there is only
a single va riable for  material inputs into the metal lurgy sector . This
variable is consequently deflated and entered into the production funct ions
for  both ferrous  and nonferrous metallurgy . Similarly, before the gross
output  predictio ns for  ferrous and nonferrous metallurgy obtained from
the p roduction funct ions  enter the input—output  sector , it Is necessary
to aggregate these statistics into a single prediction for  the metal lurgy
sector. Since these predictions are In Ind ex number form , it is necessary
tha t they be weighted according to their relative importance in the
aggregate sector. The weights used in this aggregation were 1970 value—
added weights.
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of sectorai material Inputs which will be fed into the production functions

in the next iteration , and (2) an allocation matrix whose elements are defined

by

-

~~~~ (1=1 , .. . ,n)
1] ( j~ l, . , .,  n+])

where

the current value delivery of the output of sector I to pro-

ducing sector j.

= the current value CVO of produc ing sector i.

This alloc ation matrix will be used in the next iteration in determining

sectora l m a t e r ie l input flows .

ih e  prncodetr ~- in w h i c h  these  se ts  of v a r i a b l e s  are de te rmined  is

d. I as follows . After the vector of current price CVO s is determined

~ to the Input—output component , it is m u l t i p l i e d  b y the previous

Lou ’s a l l o c a t i o n  m a t r i x  to y i e ld  a s tandard i n p u t — o u t p u t  f low matr ix

in rrent prices.

[XJ X

(n x n+ l ) (nxn) (nxn+l) (3)

where

/ X / (ee:-o i --i- I ) i c I p e l t — o l e t  1) 111 f l o w  m a t r i x

( n x n )  dLii ~o iei I n e t  i x  with current ~ i i ce  k - s t  i ln a t e s  of (VOs

e n t e r e d  a l o n g  the  main diagonal  and all  o f f — d i a g o n a l  elements

equal to zero .

(nxn+l ) allocation matrix determined ire t he  p rev ious  It e r a t i o n .

The elements ilong I l-ce columns of this flow—matrix are then summed to

yield current price estimates of sectoral material inputs
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n

~~~~~ 

= 
(j 1 , ,.,,n) (4)

where 
. th

x* .. = the cu r r en t  p r ice  value of m a t e r i a l  in p u t s  i n t o  the  j
~~~ p r o d u c i n g

sector.

These estimates of sectoral material inputs will later be deflated and

entered into the production functions in the next Iteration .

Before returning to the macromodel, it is necessary to es timate

an allocation matrix which can be used in the next iteration in determining

sectoral material -inputs. This matrix is constructed from a flow matrix

estimate d using the mo-i fled Elirkman—Lau functions described In the preced-

ing section. These func tions require three sets of information : (1) current

value estimates of total material input flows into each producing sector —

obtained in equation (4); (2) information on average wage rates in pro—

ducing sectors—generated by stochastic equations within the macromodel;

(3) coeff icients for the Hiclcnan—Lau functions estimated over the sample

per iod 1959 72. This information Is entered into the modified Hickman—

Lau functions , shown in equation (5) to yield a current value flow matrix.

R
x X — ~~ 

— C x° ~~ t — (~ (1—cS .) x (a. — w . )
ij i~i ~~i j ij ij 1 i3 i j  I ii 1 J

+ ó (x - 
- Q ° . )  ( 5 )

Ii • i — l

‘t he  cu r r e n t i t  era t Ion ’s a! loca t Ion mat r ix  is I hen c-oust i c e - t ed  from this

flow matrix by summing the flows along each row and then dividing each flow

by i ts  row t o t a l .
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At this new point the vector of current value material input flows

is defla ted using exogenous material Input price deflators and returned

to the niacromodel to enter the production functions in the next iteration.

In the next iteration, this procedure is repeated and a new vector of

inateriai inputs and a new allocation matrix are calculated. In the f ina l

iteration, the values of mater i~~i inputs and gross outputs will converge

to their  respective solution values . The values will be consistent with

the structural relationships reflected in the allocation matrix used in

the last iteration .

Ii
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V IU [UR l~ DiRECTIONS

A. Introduction

The extensive experience gained in building and using several generations

of models of the Soviet economy has opened up new vistas in Western research

on the centr ally planned economies. The de~ elopmen t ‘~f a family of econometric

models has been an integral part of this vision of future research. Some ap-

p lications WoUld require only a small version of the SRI—WEFA Model , while others

would require more detail with disaggregation in specific areas.

One might question t h i s  approach on the grounds that th” different versions

of t h e  model would have different inner d ynamics , tracing div ergent paths

under similar external impulses . So far , our experience w n n  these models

indicates that this is not a m a j o r  problem . The main simultanetties and

cy c l i c a l  components  can be f o u n d  in all versions , representing what we called

t he  core of the model

Wha t has changed ha s he- eu Lhc level of d e t a i l  as d i f f e r e n t  problems have

been i n v e s t i ga t e d . ih e r e -  s t i l l remains , however , a trade—off between the ac—

c c i r a r v  and ease of ape r,i t tori of t h e  smal ler  versions , on the one hand , and the

g r e a t e r  d e t a il  of t he  l a rge r  v er s i on s , on the other .  This t r ade—of f  is shown

by l a rge r  r o o t — m e a n — s q u a r e d  e r rors  fo r  some va r i ab l e s  in dynamic samp le

j~eriod simulations is we Increase the size of the model , making more room fo r

erro r cumulation. It should also be pointed out , however , that as the sample

sIze was increased , better data ohtnlned and preferred specifications settled on ,

the t racking of t he e l i f t  e ren t v e r si o n s  Improved regardiess of the size at

I t O  ln c ) d e l  . l i i  the i t  ore , I t  i s  env is ioned  t h ~ c more  i n n o v at i v e  and s p e c u l a t i v e

r e s e a r c h be c a r r i e d  c - c i t  t e a  ing t h~’ sma l l e r  core ve rsions  of the  model , whi le

t h e e  l a r g e r  sc;i l e sc e n a r i o — t y p e  a p p l i c a t i o n s , and p a r t i c u l a r l y  current  f o r e —

i s t i n g , would be don e w i th  the more d et a i l e d  versions .
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B. Core Model Appl ica t ions

I. C~~j~~rison with Other Centrally Planned Economies

Hav ing succeeded in modeling the data generated by the Soviet

e e ,no l l I V , It would be interesting to see if the other centrall y p lanned

economies (CPEs) behaved in a similar way. Empirically, these comparisons

-auld be carried out by applying the core model developed for the Soviet

case to the other CPEs. If the approach were appl ied essentially uniformly

t~~ a series of countries , it would constitute a significant test of the

hy p ot h e s i s  of technical , behaviora l and administrative regularities embodied

in th e  core  model of the  Soviet economy .

To be sure , one w o u l d  expect  to f ind  s i g n i f i c a n t  d i f f e r e n c e s  in

t h c r e l r l t i v e  importance of the different sectors (heavy industry of East

Germany vs. agriculture of BulgarIa), openness of the economies (Hungary vs.

the Soviet Un ion), or the impact of cyclicality in agriculture on the per-

formance of the economy In question. We would also expect differences in speeds

of adlustment In response to system contingencies discussed earlier in this

report. Yet these divergencies would still be In the context and rhythm of

coordinated Five Year Plans. By linkIng these models through their foreign

trade sectors , we rould also investigate the transmission of contingencies

~enerated In one of the economies to their neighbors. This presents an

unusual opportunit y to conduct a series of comparative systems tests using a

i-tn t of eronomet t i n  m o d e l s  of  different countr i L - S hut all from essentiall y

the same I ami I y

F u r t h e r  Deve l  ~prn era oi the ~~put—Outj iu t Comp onen t  ~~~~~~~~~~~~~~~~~~~~~~

Allocation System

Our experience in lonc~—run projections with SOVMODs I and II 
1

h i s  c l e a r l y  Indicated the importance of analyst InterventIon in factor

r e n  and h iggins, op. cit., Chapter 4; Miovic, “Longterm Projections. . .“,
Earl e , Foster , and Hunter , JEC 76.
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allocation along the economy ’s growth trajectory. The factor allocation H

system simply was not built to respond to signals of existing or emerging

shortages to the exten t necessary to preserve intersectoral consistency

over a horizon extending beyond 3—5 years. Yet Soviet priorities do shift ,

and material and labor shortages evoke responses by planners which should

be quantifiable through careful econometric work.

in SOVMOD iii this goal is considerably closer . The technology matrix

now moves over time in response to a sh i f t ing  composit ion of output generated

by the produc t ion functions of the niacromodel . In turn , as described in the

prev ious chap te r , the ma ter ial inputs within the produc ing sec tors are

distributed in response to changing wages , a time trend and the previous year ’s

material allocations. This creates the simultaneity essential to move the

1—0 table over time. On various paths traced by the full model , changing

wages and changing labor productivity will have effects on sectoral growth

rates. SOVMOD IlL thus exhibits an endogenous factor allocation mechanism

for material Inputs. This approach might be extended to influence the

allocation of capital investment and labor in future work.

A major area of future work will be a disaggregation of final demand

categories in the 1—0 matrix . This would permit the application of si~rilar

techniques to those used in moving the technology matrix over time . The

comparison of deliveries generated by this input—output framework with the

demands arising from the end—use side of the macromodel would generate a

vector of excess demands. These could be used as synthetic measures of

pressure within the economy when resource shortages force planners to change

alloca tion patterns or objectives as expressed in the documents of the suc-

cessive Five Year Plans. To keep consistency with the contingency approach

used elsewhere In the model , these excess demands would be relevant in

the various equations of the macromodel. Pressures that generate changes

in the allocations of labor , capital and materials may be quite different

from those affecting the Inventory change or foreign trade.
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3. A Guidance System f o r  a Macromodel of the Planned Economy

One issue which has not been addressed directl y by the SRI—WEFA Model

concerns the ultimate goals of the Soviet system . The longterm paths of the

cap i t a l i s t  m a r k e t  economies depend fundamenta l ly  on individual  and col lec t ive

p r e fer e n c es :  t he  saving propensities of individuals and corporations , the

di stribution of income and the composition of consumer demand , and private vs.

e ublic sector consumption. Some guidance can be exerted in these economies

through taxation and expenditure policies and there are certainly shifts in

direction because of changes in technology , tastes and resources. There is

no reason to presume , however , that these indirec t guidance mechanism s are

either consistent or Ia any sense op t ima l .  In recent years , par ticularly
wi th  the advent of con t ro l  theory,  at tempts have been made to introduce ,

some tim es only theore tically , a formal guidance mechanism into the deter-

mina t ion of °conotnic policies in market economies. A number of quantitative

experiments have also been carried out usually by introduc ing an optima l

control, algorithm into a macromodel of the economy . Alternative policies are

then simufatecj and evaluated according to a specified criterion. It will

be some t ime , however , before this approach becomes part of the actual

inst I t ot  Tona l i zed process (Cf ec onomic decisionmaking .

In the case of the Soviec Union , successions of Five Year Plans

have tried to set i course for the economy according to the vision of the

future held by Soviet planners and the Party. If we could capture empirically

these goais and the instruments being used to achieve them within the con-

text of our econometric model , we could make a s ignificant step in the

direction of understanding the guidance system of the Soviec economy .

One of the ma in instruments tha t has been used in the past to

push the Soviet economy In the desired direction has been the rate of

capital accumulation. Targets for new capital investment , and their
se - toral allocation , ~ere available In the Plan documents. This information

would be used to rep i ace  or supp i ement the short run  b u d get  financing data

used p r e s en t l y in investnieiil dete rmination. Considering other instruments
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such as taxation , defense and nondefense state expenditures , and foreign

trade objectives , we would have the basic tools to evaluate the feasibility

and consistency of any selected expansion path.

A t firs t , some of these instruments could remain as exogenous

policy variables in the model . Eventually, a more fo rmal procedure co u ld be

introduced by defining a loss function which would be minimized subject to

t he  f u l l  SRI—WEFA Model as a c o n s t r a i n t .  The loss function would conta in t h e

t a r g e t s  and the instruments of par ticular importance. These would be

aggrega ted with a set of weights reflecting the prioriti es of the planners.

These weights could be determined by sample—period simulation or fixed

exogenously.

C. Other Applications

The preparat ion of short and medium—term f o r e c a s t s  for  the  Soviet

economy using the latest version of the model are expec ted to continue .

Two years ’ experience at this task have now been accumulated . Forecasting

records, however , are not built on the basis of a two—year experience. To

be aware of the latest developments in the Soviet economy , as well  as to

keep the model current and improve it continuously, forecasting must be done

on a regular basis.

I d e a l l y ,  a major  fo recas t  would he done at least once a year. This

forecast would embod y the data revisions for the previous year or years . new

model developments , new readings on the Soviet harvest (or weather conditions)

and th ee data released iii the Soviet annual plans. Between major up dates .

h e r e  could he spr - Lii scecarios , analyzing the imp acts i t  c u r r e nt  d o ve l  p—

ment s  In t h e  S o v i et  end t h e  w o r l d  economy .

This may seem l ike a s imp i c -  t a s k  once a model  has been c o n s t r u c t e d .

However , experience w i t h  models of Western economies c o n f i r m s  t h a t  a good

mode le r ’s work is never done. Models mus t  be exerc i~;t d  a t i n u o u s l v  t-

preserve b o t h  t he  quality of the models and the te~ ns of peop le a s s o c iat ed

wi th them .
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APPENDIX A——VOLUME I
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In an ~Econometric Model of the Soviet Economy : The Concept of an
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2. Green, D. W., “Data and Accounting Issues Arising in the
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(December 1973: Revised , January 1974).
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tural Model” (December 1973).
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(February 1974).
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(February 1974).
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7) Higgins, C. I., “Notes on Trade Equations for the Soviet Model”
(AprIl 1974).
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9. Green , 0. W., “The Soviet ConstructIon Sector: Production
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