
GENERAL -~ '0}

EQUI LIBRIUM
MODELS FOR
DEVELOPMENT
POLICY Kemal Dervis

Jaime de Melo
Sherman Robinson

A WORLb BANK RESEARCH PUBLICATION

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed

P
ub

lic
 D

is
cl

os
ur

e 
A

ut
ho

riz
ed



GENERAL EQUILIBRIUM MODELS
FOR DEVELOPMENT POLICY

A WORLD BANK RESEARCH PUBLICATION





GENERAL EQUILIBRIUM MODELS
FOR DEVELOPMENT POLICY

Kemal Dervis
Jaime de Melo

Sherman Robinson

With a foreword by Hollis Chenery

The World Bank
Washington, D.C.



Copyright © 1982 The International Bank for Reconstruction and
Development/The World Bank
1818 H Street, N.W.
Washington, D.C. 20433, U.S.A.

All rights reserved
Manufactured in the United States of America

Originally published by the Press Syndicate of the University of
Cam bridge
The Pitt Building, Trumpington Street, Cambridge CB2 1 RP
32 East 57th Street, New York, N.Y 10022, U.S.A.
296 Beaconsfield Parade, Middle Park, Melbourne 3206, Australia
First printing in paperback and hard covers March 1982

First printing of the World Bank paperback edition August 1989
ISBN 0-8213-1274-X

The findings, interpretations, and conclusions expressed in this
study are the results of research supported by the World Bank, but
they are entirely those of the authors and should not be attributed in
any manner to the World Bank, to its affiliated organizations, or to
members of its Board of Executive Directors or the countries they
represent.

When this book was written, Kemal Dervis and Sherman Robinson
were staff members of the World Bank, Washington, D.C., and Jaime
de Melo was on the faculty of Georgetown University, Washington,
D.C.

Library of Congress Cataloging in Publication Data

Dervi,, Kemal
General equilibrium models for development policy.
(A World Bank research publication)
Bibliography: p.
Includes index.
1. Economic development-Mathematical models.
2. Economic policy-Mathematical models.
3. Underdeveloped areas-Mathematical models.
4. Equilibrium (Economics) I. Melo, Jaime de.
II. Robinson, Sherman. Ill. Title. IV. Series.
HD75.5.D47 338.9'00724 81-12307
ISBN 0 521 24490 0 hard covers AACR2
ISBN 0 521 27030 8 paperback



Contents

List of tables and figures page x
Foreword by Hollis Chenery xv
Preface xvii

1 Introduction 1
1.1 Introduction 1
1.2 Theory, models, and policy analysis 2
1.3 Multisector models and development policy 4
1.4 Chapter outline 9

Part I. Linear models

2 Input-output models 17
2.1 Introduction 17
2.2 The static input-output model 17
2.3 The dynamic input-output model 31
2.4 Relative prices and input-output models 48
2.A Mathematical appendix 53

3 Linear programming models 62
3.1 Introduction 62
3.2 Basic structure of a dynamic linear

programming model 63
3.3 Shadow prices in linear programming models 71
3.4 Comparative advantage and trade policy in

linear programming models 80
3.5 The problem of terminal conditions 87

4 Growth and structural change: an input-output
analysis 91
4.1 Introduction 91
4.2 Sources of industrial growth and structural

change: a cross-country comparison 92

v



vi Contents

4.3 Trade strategy, structural change, and
growth: analysis with a dynamic input-
output model of Korea 110

4.4 Conclusion 126

Part II. Computable general equilibrium models

5 A CGE model for a closed economy 131
5.1 Introduction 131
5.2 Optimal solutions and market solutions 133
5.3 The basic structure of a CGE model 138
5.4 CGE models and social accounts 155
5.5 Summary of the static CGE model 163
5.6 Equilibrium, time, and market clearing 169
5.7 Conclusion 180

6 Foreign trade and trade policy 182
6.1 Introduction 182
6.2 The exchange rate, balance of trade, and

normalization 183
6.3 Introducing trade policy 197
6.4 Trade policy and efficiency 207
6.5 Trade policy and planning in a dynamic context 211
6.6 Conclusion 217

7 A CGE model for an open economy 219
7.1 Introduction 219
7.2 Product differentiation and the treatment of

imports 221
7.3 The small-country assumption and the

treatment of exports 224
7.4 The general equilibrium solution 230
7.5 Trade policy and resource allocation in the

presence of product differentiation 232
7.6 Trade policy, real income, and welfare 241
7.7 Conclusion 248
7.A Appendix: Equations of the flexible exchange

rate model 249

Part III. Trade policy and resource allocation: a
quantitative analysis

8 Protection, prices, and resource pulls 257
8.1 Introduction 257



Contents vii

8.2 The price mechanism and resource allocation 259
8.3 Project evaluation and resource allocation:

DRCs and ERPs 274
8.4 Analyzing across-the-board changes in trade

taxes 278
8.5 Conclusion 287

9 Foreign exchange shortages and adjustment
policies 288
9.1 Introduction 288
9.2 Exchange-rate flexibility and import

rationing 290
9.3 An empirical comparison of devaluation and

import rationing 295
9.4 Rationing with rent seeking 305
9.5 Export supply constraints 309
9.6 Welfare effects of different adjustment

mechanisms 312
9.7 Conclusion 316

Part IV. Trade policy, growth, and industrial strategy:
Turkey, 1973-1985

10 The anatomy of a foreign exchange crisis: 1973-
1977 321
10.1 Introduction 321
10.2 The making of a crisis: Turkey, 1973-1977 323
10.3 Decomposing the change in the

equilibrium exchange rate 332
10.4 The macroeconomic and welfare effects of

postponing adjustment 342
10.5 Import rationing and rent seeking: the

crisis in 1978 350
10.6 Conclusion 358

11 Growth and structural change: alternative
scenarios, 1978-1985 359
11.1 Introduction 359
11.2 Macroeconomic alternatives 361
11.3 Relative prices and the sectoral pattern of

growth 365
11.4 Export expansion, import substitution, and

the sources of growth 378
11.5 Conclusion 391



viii Contents

Part V. Income distribution and multisector planning
models

12 Modeling distributional mechanisms 397
12.1 Introduction 397
12.2 Normative and positive approaches to

income distribution 398
12.3 Distributional mechanisms and economy-

wide models 403
12.4 Generating income distributions in a

planning model 410
12.5 Conclusion 424
12.A Appendix: Measures of income

distribution 425

13 External shocks, trade adjustment policies, and the
distribution of income in three archetype
economies 432
13.1 Introduction 432
13.2 External shocks and macroeconomic

adjustment 433
13.3 The three archetype economies 435
13.4 The macroeconomic impact of an external

shock 441
13.5 Policy choice and the distribution of

income 449
13.6 Class conflict and policy choice 458
13.7 Conclusion 466

Part VI. Methodological appendixes

A Constructing social accounting matrices 471
A.1 Introduction 471
A.2 Production accounts 472
A.3 Income and expenditure accounts 475
A.4 Archetype country social accounting matrices 477
A.5 Consumption: the linear expenditure system 482

B Solution strategies and algorithms 486
B.1 Introduction 486
B.2 Solution strategies 486
B.3 Solution algorithms 491



Contents ix

B.4 The closed-economy model 496
B.5 The open-economy model 499
B.6 Conclusion 503

References 504
Index 515



Tables and figures

Tables

2.1 Input-output table for Turkey, 1973 page 20
3.1 Detailed coefficients tableau for dynamic

linear programming model 70
4.1 Comparative economic indicators 98
4.2 Sources of output deviation from balanced

growth 102
4.3 Sources of change in manufacturing

production 106
4.4 Typology of trade strategies: the role of

export expansion and import substitution in
total manufacturing growth 109

4.5 Actual and base run 114
4.6 Structure of trade in the base year and output

structure in the terminal year 116
4.7 Macroeconomic indicators: ratios to base-run

values 118
4.8 Production in 1963 and 1973, distance

measures from base run 119
4.9 Decomposition of employment deviation from

base run, 1973 120
4.10 Korea: sources of growth decomposition,

1963-73 122
4.11 Structure of imports in 1973 124
5.1 Structure of a social accounting matrix for

Turkey, 1973 156
5.2 A social accounting matrix for Turkey, 1973 158
5.3 The structure of a macroeconomic SAM 160
5.4 A macroeconomic SAM for Turkey, 1973 161
5.5 Factor market and product supply equations 162
5.6 Product market equations 164
5.7 The endogenous variables of a stage 2

dynamic model 175
8.1 Structure of the manufacturing sector in the

reference solution 262

x



Tables and figures xi

8.2 Trade substitution and price elasticities 263
8.3 Resource pull effects of single 50% tariff

changes under high and low trade elasticities 266
8.4 Resource pull effects of single 50% subsidy

changes under high and low trade elasticities 267
8.5 Comparison of rankings of output responses

to changes in tariffs and subsidies 285
9.1 The macroeconomic impact of alternative

adjustment mechanisms 298
9.2 Aggregation scheme 300
9.3 Structure of the economy in the base run 301
9.4 The impact of adjustment mechanisms on

gross and net prices 303
9.5 The effect of rent seeking on resource use and

production 309
9.6 Devaluation with and without export supply

constraints 310
9.7 The effects of export supply constraints on

export volumes 311
9.8 Ranking adjustment mechanisms in terms of

welfare losses 313
9.9 Decomposition of the decline in absorption

under selected adjustment mechanisms 315
10.1 Flexible-exchange-rate experiments: reserve

decumulation and net capital inflow 334
10.2 Summary of price-index movements affecting

the Turkish economy, 1973-7 335
10.3 Experiment E-1: equilibrium exchange rates,

1973-7 336
10.4 Flexible-exchange-rate experiments: summary

description and 1977 equilibrium exchange
rate 337

10.5 The relative contribution of various causal
factors to the total change in the equilibrium
exchange rate 339

10.6 The basic run and flexible-exchange-rate
experiments: some economy-wide magnitudes 344

10.7 Decomposition of the percent difference in
real absorption between the basic run and
alternative experiments 347

10.8 Decomposition of the percent difference in
real absorption between the basic run and
alternative experiments, 1977 349

10.9 TGT model: equilibrium exchange rates,
1978-9 351



xii Tables and figures

10.10 The sectoral impact of import premia in
1978 354

10.11 Domestic resource costs (DRCs) by sectors in
1978 357

11.1 Forward-looking planning experiments for
Turkey 361

11.2 Macroeconomic effects of alternative policies
on growth in Turkey: average annual growth
rates, 1978-85 362

11.3 Macroeconomic effects of alternative policies
on growth: some 1985, terminal-year values 363

11.4 Decomposition of the percent difference in
real absorption between the restrictive trade
policy run, E-l, and Experiments E-2 and E-3 365

11.5 Sectoral trade data, 1978 368
11.6 Percent increase in 1985 output over E-1

levels 372
11.7 Share of exports in total production, 1978 and

1985 373
11.8 The pattern of sectoral growth 374
11.9 Components of domestic price by sector in

1985 375
11.10 The structure of the economy in 1985 - 377
11.11 Sources of growth of total gross production 379
11.12 TGT model experiments: decomposition of

aggregate growth, percentage composition by
source 381

11.13 Contributions to growth: aggregate sectors 382
11.14 Deviation in 1985 of domestic and net prices

in E-2 and E-3 from those in E-1 383
11.15 Ratio of imports to domestically produced

goods in total domestic use, 1973 and 1978 389
12.1 Structure of a social accounting matrix 412
12.2 A socioeconomic classification of households 415
12.A.1 A comparison of the sensitivity of four

inequality indices to different types of
inequality 430

13.1 Socioeconomic classification of individuals 437
13.2 Three archetype economies: structure of

production and trade in the base run 440
13.3 Three archetype economies: sectoral trade

ratios in the base run 442
13.4 Three archetype economies: composition of

the labor force 443
13.5 The macroeconomic impact of the external

shock 445



Tables and figures xiii

13.6 Volume and composition of investment 447
13.7 The impact of the external shock on selected

relative price indices 452
13.8 Cost-of-living indices 453
13.9 Group mean real incomes 454
13.10 Group shares in total income 455
13.11 Analysis of poverty 457
13.12 Measures of the distribution of political

power 461
13.13 Policy comparisons 463
13.14 Policy rankings 465
A.1 Social accounting matrix: closed economy 478
A.2 Social accounting matrix: primary exporter 479
A.3 Social accounting matrix: manufacturing

exporter 480
A.4 Group shares in nominal household income 481
A.5 Expenditures shares and elasticities by groups 484
B.l Matrix of derivatives of the excess demand

equations 503

Figures

2.1 Economy-wide circular flow page 18
2.2 The factor price line 51
3.1 Production and trade in a simple linear

programming model 82
4.1 Structural change: manufacturing output/

total output 97
4.2 Time path of the trade balance under

different experiments 115
4.3 Experiment A-1: comparison of 1973

production to base run 120
4.4 Sources of growth for light industry, heavy

industry, and machinery 125
5.1 The cone of allowable prices in a two-sector

model 154
6.1 General equilibrium in a simple model with

tradables, one home good, and labor 191
6.2 The effects of a tariff on production,

consumption, and trade 199
7.1 The export supply function 228
7.2 Export demand, domestic demand, and the

equilibrium price for a domestically produced
good 235

7.3 The problem of ranking commodity bundles 244
8.1 Exchange-rate elasticity to tariff changes 280



xiv Tables and figures
9.1 Output changes under alternative adjustment

mechanisms 305
10.1 Industrial growth in Turkey, 1950-78 (two-

year moving averages) 324
10.2 Exports, imports, and workers' remittances:

1970-7 330
10.3 Contribution of factors to the total change in

the equilibrium exchange rate 338
11.1 The behavior of gross and net prices 371
11.2 Components of domestic price in chemicals

and nonelectrical machinery (1985) 376
11.3 Sources of growth, 1978-85, for processed

food 384
11.4 Sources of growth, 1978-85, for textiles 385
11.5 Sources of growth, 1978-85, for clothing 386
11.6 Sources of growth, 1978-85, for chemicals 387
11.7 Sources of growth, 1978-85, for basic metals 388
11.8 Sources of growth, 1978-85, for nonelectrical

machinery 390
11.9 Sources of growth, 1978-85, for metal

products 391
11.10 Sources of growth, 1978-85, for electrical

machinery 392
11.11 Sources of growth, 1978-85, for

transportation equipment 393
12.1 The distribution of income in planning

models 411
12.A.1 Frequency function 429
12.A.2 Lorenz curve 429
13.1 Factor mobility and the distribution of income 451
A.1 Reconciliation of the production accounts 473
A.2 Reconciliation of the income and expenditure

accounts 474
B. 1 Factor market solution strategy: closed-

economy model with mobile factors 488
B.2 Product market solution strategy: open-

economy model with fixed sectoral capital
stocks 489



Foreword

The analysis of development policy has evolved through the interactions
between development theories and their application to varied countries
and problems. This process has been facilitated by the rapid accumu-
lation of information on developing economies and the better identifi-
cation of constraints on the development process and the policy instru-
ments available to governments. In the course of this evolution there has
been a shift in emphasis away from planning techniques to models that
can simulate the functioning of mixed economies in which policies are
implemented largely through market mechanisms.

The heart of the development problem is the relation among resource
allocation decisions in different sectors of the economy. Early formula-
tions of this problem were based on simple extensions of the Leontief
input-output system. These led to the accumulation of data on the
relations among economic sectors, which has in turn made possible the
formulation of more complex analytical systems. In this way, general
equilibrium models that were being tested only in experimental forms
ten years ago have evolved into tools that can be used in a variety of
practical applications.

The work of Dervis, de Melo, and Robinson represents a substantial
advance in this direction, both in the systematic formulation of comput-
able general equilibrium models and in their application to the policy
problems of individual countries. The authors' theoretical approach has
been refined in a series of applications to problems ranging from the
response to rising energy prices to long-term structural change and
income distribution. As a result of extensive testing of alternative meth-
ods, they are able to show the advantages and limitations of more com-
plex general equilibrium formulations in comparison to simpler forms
of interindustry analysis.

The present work is one of a series of studies supported by the World
Bank research program that are designed to contribute to the method-
ology and use of policy analysis.

HOLLIS CHENERY

Vice-president, Development Policy
The World Bank
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Preface

Recent years have seen a great deal of effort focused on building applied
general equilibrium models to support the formulation and conduct of
economic policy in developing countries. This work is in the tradition
of the earlier input-output and linear programming "planning models"
pioneered in the 1950s and 1960s by Leontief, Chenery, and others.
The more recent work focuses explicitly on the mixed-market nature of
most developing economies. Instead of describing the problem from the
point of view of a planner able to determine economic quantities as part
of a centrally determined optimal plan, the emphasis has shifted to mod-
eling the market mechanism, including special institutional features and
distortions, as it operates in actual, always partially decentralized,
economies.

Our basic objective in this book is to present the theoretical structures
underlying these applied models and hence to clarify their relationship
to economic theory, particularly general equilibrium, growth, and trade
theory. We thus attempt to establish a more structured framework for
the applied model builder, analyzing the various stages of multisector
model building from static input-output models with fixed prices to
dynamic computable general equilibrium models with endogenous price
determination and an elaborate treatment of trade and income distri-
bution. Paralleling the theoretical discussion, we present a series of
empirical applications that illustrate how applied general equilibrium
models can be used in policy analysis. Our particular applications are
concerned with questions of growth and structural change, the choice of
foreign exchange regime, and the impact of different development strat-
egies on the distribution of income.

Our collaboration over the years has greatly benefited from the facil-
ities and support of a number of institutions. In the early phases, the
Research Program in Development Studies at Princeton University pro-
vided a congenial atmosphere and generous support. The presentation
of the material has also benefited from student reactions to courses
taught at Georgetown, Johns Hopkins, Princeton, and Middle East
Technical Universities. Some of our work was financially supported by
the Agency for International Development. However, the bulk of the

xvii
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study was completed at the World Bank, which provided much of the
stimulus for our work. In particular, two research projects at the Bank
have provided the material for most of the empirical applications: (1)
"A Comparative Study of the Sources of Industrial Growth and Struc-
tural Change" (World Bank reference RPO 671-32) and (2) "The
Sources of Growth and Productivity Change: A Comparative Analysis"
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twenty years.
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criticisms of a number of colleagues. In particular, we would like to
thank Irma Adelman, Bela Balassa, Michael Bruno, Merih Celasun,
Shanta Devarajan, Peter Dixon, Vinod Dubey, Alan Gelb, Victor
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Narayana Poduval have supported our work through their exception-
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Bencio, Isabelle Kim, Robert Kisch, and Kim Tran. From Cambridge
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been written without the support of all those teachers, colleagues,
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CHAPTER 1

Introduction

1.1 Introduction

Currently developed countries required a century to industrialize. This
transformation, which Kuznets (1966) calls "modern economic
growth," involves large and systematic shifts in the structure of produc-
tion, demand, employment, investment, and trade. Today, some fast-
growing developing countries are achieving a similar transformation in
a quarter of a century. Both the speed and systematic nature of this
transformation implies that sectors cannot be considered in isolation
from one another. Bottlenecks arise, and it is necessary to view the econ-
omy at a sufficiently disaggregated level to reflect important differences
in production and trade structures. Furthermore, this complex transfor-
mation process depends jointly on both domestic policies and external
events, including changes in international prices and access to markets
in developed countries. Structural adjustment to external events is an
important feature of development policy.

In understanding and managing structural change, multisector
models have provided an especially useful framework. Such models
incorporate production at a level of aggregation that permits the analysis
of structural change and also captures the essential interdependent
nature of production, demand, and trade within a general equilibrium
system. Whereas the earlier input-output models could capture only
very simple general equilibrium relationships, more recent models are
able to incorporate market mechanisms and policy instruments that
work through price incentives. In virtually all modern countries, devel-
opment takes place within the structure of a mixed-market economy, so
it is important for models to capture the relevant market mechanisms.

This book concerns the application of multisector, general equilib-
rium models. The more theoretical chapters aim to provide the reader
with an understanding of the nature of these models and their links to
economic theory. The chapters devoted to cross-country applications
show how multisector models can capture the diversity in economic con-
ditions across countries and how this diversity can affect a country's
development strategy. The chapters devoted to applications within par-



2 Introduction

ticular countries show how applied general equilibrium analysis can
contribute to policy debate and to a better understanding of how differ-
ent policies affect economic performance.

1.2 Theory, models, and policy analysis

In policy analysis, there is a gap between the realm of pure theory, trade
and growth theory in particular, and the real world that faces the policy
maker and planner. When it comes to policy debate and policy formu-
lation, more is needed than the qualitative insights that pure theory can
yield. Although theoretical reasoning and the insights gained from sim-
plified abstract models must provide the starting point, more elaborate
and "realistic" analysis is also required. Intelligent policy debate and
policy formulation requires knowledge of the quantitative significance
of the various mechanisms analyzed by theory. Furthermore, indirect
effects of policies may escape intuition and thus the attention of theo-
rists, whereas empirical modeling can reveal their presence and impor-
tance. Finally, sensitivity tests are needed to clarify the role of key
behavioral assumptions or important parameter values. Models simple
enough for analytic solution can seldom provide the framework for such
analysis.

Empirical general equilibrium models that can be solved numerically
are thus useful to provide a bridge between the theorist, the planner,
and the practical policy maker. Theorists will be able to recognize in
their specification the fundamental structure of simpler theoretical
models and will be able to relate the functioning of the applied models
to known theorems and analytical results. Policy makers, on the other
hand, will be able to recognize in the questions addressed by the models
some of the real-world policy dilemmas they face. Constructive debate
can focus on particular behavioral assumptions, a particular sector, or
a particular set of parameter values. Disagreements and differences in
policy recommendations can be traced back to specific behavioral
assumptions, empirical estimates, or fundamental differences in nor-
mative goals.

This book focuses on models that are flexible and detailed enough to
accommodate various aspects of the reality of developing countries but
that also remain close to pure economic theory. This general approach
determines, to a great extent, both the strengths and weaknesses of the
resulting models as tools of analysis and planning. Mainstream eco-
nomic theory provides a powerful framework of analysis and the only
really systematic accumulation of useful taxonomies and formal results.
Important aspects of reality still defy formal economic analysis, how-
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ever, and development problems in particular do not always fit into the
established neoclassical framework.

It must be stressed that different general equilibrium models may
focus on different kinds of economy-wide consistency. Malinvaud
recently made the point very well: "The type of consistency that is
assumed to exist between individual decisions is specific to each equilib-
rium theory. For the study of (Keynesian) employment it can only be
a short-run consistency which will be quite different from the long-run
consistency that one will want to consider when studying, for instance,
industrial structure" (Malinvaud, 1977). A multisector, general equi-
librium model need not always conform to Walrasian theory. Indeed,
we specify various forms of general equilibrium models with rationing
of foreign exchange and persistent excess demands in some important
markets. Although the equilibrium described may not be Walrasian,
neoclassical resource allocation theory remains the fundamental frame-
work of analysis.

The models in this book are structural models designed for policy
analysis and cannot be used to make unconditional projections or fore-
casts. They thus stand in stark contrast to the large, temporally disag-
gregated, macroeconomic forecasting models whose econometric speci-
fication relies heavily on lagged endogenous variables and reduced-form
equations to capture the role of expectations and frictions in the econ-
omy. In such models, however, it is often difficult to trace the causal
mechanisms at work. A major advantage of the applied general equilib-
rium models presented here is that the mechanisms driving them are
clear and (when properly formulated) easy to grasp because their struc-
ture is rooted in received theory. We have made a conscious effort
throughout the presentations and applications in this book to make the
mechanisms governing the models as transparent and simple as possible,
given the focus at hand. We believe that transparency is a key charac-
teristic that an empirical general equilibrium model must have if it is
to provide a framework for policy analysis.

Consider, for example, a disagreement about the appropriateness of
a major devaluation in a country facing a foreign shortage. Do those
who oppose devaluation oppose it because they believe in low export
demand elasticities and/or low substitution elasticities between domestic
and imported goods? If so, are they primarily worried about an adverse
terms-of-trade effect? Is it that supply elasticities are thought to be very
low? If so, in which sectors and for what reasons? Is the problem more
macroeconomic, with the price level seen tied to the exchange rate by
strong cost-push factors that make a real devaluation impossible? Or,
yet another possibility, is the whole problem that the opposition to
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exchange-rate adjustment is based on income distribution considera-
tions? If so, who stands to gain or lose from a devaluation? Theory and
intuition can provide only limited help in settling such questions. What
is needed is an economy-wide framework that permits an explicit spec-
ification of an economy's operation where each of these views can be
evaluated.

The focus of multisector, general equilibrium models is traditionally
on issues of medium-term planning. Development policy is also con-
cerned with issues of short-term macro management, on the one hand,
and with issues of project analysis on the other. Although these two
policy areas are largely outside the scope of the discussion in this book,
it is very important to understand how multisector models "fit" in the
continuum of tools of policy analysis. In order to describe the role of
multisector, general equilibrium models in the analysis of development
policy issues, we present here a stylized picture of how policy formu-
lation is undertaken in an economy. This stylized description will serve
to place planning models within both an analytic and policy context.

1.3 Multisector models and development policy

Consider a hypothetical developing country in which policy formulation
is carried on in three different types of ministries: the Ministry of
Finance, the Ministry of Planning, and a variety of "sectoral" ministries
(industry, agriculture, health, etc.). What are the concerns of these dif-
ferent ministries? What are the different policy instruments they con-
trol? What is the behavior of the economic agents who will respond to
the policies of these ministries? What are the different analytic and data
frameworks in which policy formulation occurs? In the discussion that
follows, the distinctions between the "finance," "planning" and "sec-
toral" ministries are exaggerated in order to highlight the particular role
of the Ministry of Planning and the use of multisector models.

In our hypothetical economy, the Ministry of Finance is concerned
with relatively short-run issues that can be placed under the broad
heading of "stabilization policy." Concern is focused largely on various
nominal flow-of-funds balances in the economy, in particular, the bal-
ance of payments, the government accounts and the savings-investment
balance. The problems that provide the central focus of analysis include
the level of foreign debt, inflation, government revenue, the aggregate
level of economic activity, "Keynesian" unemployment, and perhaps the
distribution of income to broadly defined factors of production (labor,
capital).

The analytic framework on which policy analysis of these problems
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is based is that of macroeconomic models in the "Keynesian" and/or
"monetarist" traditions. The important variables included in such anal-
ysis are the government deficit, the money supply, the components of
aggregate demand, the volume of credit, interest rates, nominal wages
and profits, and the exchange rate - all typical variables included in
econometric macromodels. The national income and product accounts
provide both the data base and the underlying conceptual framework
for policy analysis at the macroeconomic level.

The Ministry of Planning is concerned with the medium to long run
and with issues that might be placed under the broad heading of "devel-
opment strategy." The focus is on real variables such as the growth and
structure of production, employment, and investment. Factors such as
capital accumulation, rural-urban migration, labor force growth, pro-
ductivity change, trade structure, investment allocation, real resource
transfers through the foreign sector, and broad changes in the structure
of demand as a result of income growth reflect the important forces at
work. These factors largely determine the nature of the development
process in a country and must provide the central focus of an analysis
of different development strategies.

Given the focus on the medium to long term, the Ministry of Plan-
ning is concerned largely with problems that will affect the structure
and pace of growth. Particularly in the semi-industrial countries that
are undergoing rapid structural change and are heavily dependent on
imported inputs, policy makers in the Ministry of Planning are con-
cerned with trade and industrialization strategies. Is a more open devel-
opment strategy with a larger role for foreign trade more conducive to
growth and industrialization than an import-substituting development
strategy? While the Ministry of Finance is concerned with foreign debt,
the balance of payments, and absorption, the Ministry of Planning is
concerned with the relationships among trade policy, growth, and
industrial structure.

Historically, planners in socialist as well as in some developing coun-
tries worked within the environment of a command economy. They
were thus able to ignore the market system and to rely largely on com-
mand instruments. Production targets, investment allocation, interme-
diate inputs, and even labor were allocated directly in physical terms
without much concern with the underlying value flows and market
incentives. Most countries today, however, including the postreform
Eastern European countries, work within the environment of a mixed
economy in which the market plays a central role. The exchange rate,
taxes, tariffs, subsidies, and other policy variables that affect relative
prices and incentives through the market mechanism have become more
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important than command policies in modern mixed economies, devel-
oped and underdeveloped.

Given the prevalence of the market mechanism, a major focus of pol-
icy analysis in the Ministry of Planning is to explore the relationship
between different policies and policy packages on the one hand and, on
the other, the market responses to them. It is crucial to understand how
incentive policies affect the allocation of resources and the structure of
growth. Wages, prices, and the exchange rate are viewed not in terms
of their impact on the aggregate flow of funds and the various macro
balances but in terms of their impact on relative factor returns across
sectors and by type of factor (labor by skill and sector, capital by sector,
etc.). The Ministry of Finance is concerned with inflation and balancing
the nominal flow of funds; the Ministry of Planning is concerned with
relative prices, real incomes, and the structure of employment.

The analytic framework on which policy analysis is based in the
Ministry of Planning is, explicitly or implicitly, that of an economy-
wide, multisector model. The core around which all such applied
models are built is the input-output model pioneered by Leontief. The
essence of input-output analysis is that it captures the crucial element
of the interrelatedness of production arising through the flow of inter-
mediate goods among sectors. Even with its assumptions of linearity and
cost-determined prices independent of demand, the simplest input-out-
put model nonetheless represents a powerful tool for applied general
equilibrium analysis. But the major challenge that led to this book is to
extend multisector planning models to include in a realistic manner the
feedbacks through the price mechanism that achieve equilibrium
between the independently pursued optimizing behavior of suppliers
and demanders of products. The essence of multisector policy analysis
is to capture this interdependence. Whereas the Ministry of Finance
bases its policy analysis on Keynesian and/or monetary theories of mac-
roeconomics, the Ministry of Planning bases its analysis on general
equilibrium theory. A "sector" may be defined in a variety of ways, and
"-multisector" may refer to as few as two, but the underlying theory is
essentially microeconomic in spirit. Walras rather than Keynes is the
patron saint of multisector analysis.

The accounting framework that underlies multisector analysis is that
of the input-output accounts. Through the more complete "System of
National Accounts" (SNA), the input-output and national income and
product accounts have been integrated into a single general framework.
The more recent interest in income distribution and the flow of funds
among "institutions" defined more broadly than in the SNA has led to
the development of a yet more general social accounting framework. All
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these systems provide a complete and consistent picture of the "circular
flow" in an economy. Even without the apparatus of a fully specified
formal model, such accounting systems provide a powerful tool of anal-
ysis because they focus on the interrelationships among the different
''actors" in the economy and impose the requirement that all real and
nominal flows must be consistent. Such a "consistency check" can often
reveal problems both with the data and with the economic assumptions
underlying policy analysis. Indeed, it can be argued that the major use-
fulness of applied general equilibrium models is not in their particular
empirical results, which may quickly become outdated, but in the fact
that they force policy makers to analyze the implications of policy
choices within a consistent analytic and information framework.

The final agencies of policy formulation and implementation in our
hypothetical economy are the various sectoral ministries. These minis-
tries are also concerned with the medium to long run, but focus on
individual projects and investment analysis at the subsector level. They
are concerned with problems of analyzing the technical feasibility and
social profitability of individual investment projects. The underlying
analytic framework is that of partial equilibrium theory, especially the
theory of benefit-cost analysis. They also may rely on quite sophisti-
cated models of the production technology in specific subsectors. But
these would be sector, not economy-wide, models, and their considera-
tion is outside the scope of this study.

The analytical base for, and the nature of, policy analysis in each of
the different ministries is presented in the preceding discussion as being
quite distinct and independent. Of course, such separation cannot be
achieved either in theory or in practice. For example, consider the rela-
tions between the sectoral ministries and the Ministry of Planning. The
determination of appropriate shadow prices, especially of key factors
such as foreign exchange, labor, and capital, really cannot be done in a
partial equilibrium framework. Also, if important projects are large
enough, it is necessary to consider explicitly their impact on the rest of
the economy, and a general equilibrium framework is required.

The relations between the Ministries of Finance and Planning are
often strained, both at the policy-making and research levels. The dis-
tinction between the short and medium term can be quite blurred in
practice, and it is often the case that short-run stabilization problems
will have a lasting impact on a country's development strategy and on
the pace and structure of growth in the medium term. This conflict is
nowhere more evident than in the area of trade policy, especially with
regard to the exchange rate. On the one hand, the Ministry of Finance
sees the exchange rate as an instrument of stabilization policy whose
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major impact is on macro balances, inflation, and absorption. On the
other hand, the Ministry of Planning is concerned with the structure of
incentives and views changes in the exchange rate as having important
effects on the structure of production between tradables and nontrada-
bles and between exports and import substitutes. Other areas of poten-
tial conflict between the two ministries concern the long-run structural
implications of different short-run stabilization packages. The problem
here is one of time horizon and the potential trade-offs between policies
for demand management and policies affecting growth, structural
change, and income distribution in the longer term.

Consider, for example, the case of countries attempting a transition
toward a more liberalized trade regime while also liberalizing domestic
financial markets under strong inflationary pressures. The liberaliza-
tion of domestic financial markets tends to increase real returns on
domestic financial assets. During the period of portfolio adjustment, the
real exchange will appreciate relative to what it would have been in the
absence of financial liberalization, to the distress of those in the planning
ministry who seek a higher and more stable real exchange rate to
expand and diversify exports.

Although there are times when coordination is difficult because of
conflicts and problems of overlap, both in goals and policy analysis,
between the two ministries, it is nonetheless true that the differences in
time horizon and policy focus lead to different theoretical and policy
concerns. To say that "the long run is simply a series of short runs" is
temporally tautological but analytically untrue. Concern with medium-
and long-term development strategies and their impact on growth,
structural change, and income distribution requires quite a different set
of tools for theoretical and policy analysis than a concern with short-
term issues. The two approaches can be complementary and are cer-
tainly not independent, but they are nonetheless distinct.

This book is concerned with models and their theoretical underpin-
nings that support the sort of policy analysis that is the concern of the
Ministry of Planning. The problems of overlap with the concerns of the
Ministry of Finance or of the sectoral ministries appear in a number of
ways - for example, in the areas of exchange rate policy and tax policy
- and we consider them as they arise. However, we have made a deter-
mined effort to focus on issues of trade policy, industrial strategy,
growth, and income distribution, and so do not discuss in any detail the
quite different analytical apparatus needed to analyze problems of
short-run macro management and stabilization, or problems of sectoral
planning and project appraisal.
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1.4 Chapter outline

The book is divided into five substantive parts. After the introduction,
the three chapters in Part I.introduce the input-output system and the
linear models based on it. This part sets the stage for the discussion of
the more complex nonlinear, price endogenous models by presenting in
the context of relatively simple linear models a number of concepts and
mechanisms that are common to all general equilibrium models. The
empirical applications in this part focus on fundamental properties of
growth and structural change and provide a comparative benchmark for
the later applications.

The basic input-output model is presented in Chapter 2. The dis-
cussion emphasizes the treatment of imports and provides a basis for
understanding the treatment of trade in the later nonlinear models. The
dynamic input-output model is discussed in a way that emphasizes the
nature of dynamic equilibrium embodied in such models. The dynamic
model is seen as a useful tool for analyzing long-run equilibrium growth
paths in a framework in which capital accumulation is the only serious
constraint to growth. The implicit price system embodied in the input-
output model is also discussed with an emphasis on the nature of the
assumptions required to generate a sensible cost-price system.

The introduction of inequality constraints in the context of linear
programming models extends considerably the restricted domain of
choice in input-output models. Chapter 3 discusses the basic structure
of a dynamic linear programming planning model and considers both
its strengths and weaknesses as a tool for policy analysis. The treatment
of trade - the "make-or-buy" decision - provides a major focus of the
discussion and illustrates well the inherent limitations of linear models,
even optimizing ones, as tools for policy analysis. The chapter also dis-
cusses the role of "shadow prices" and their relation to market prices,
and indicates the need for a nonlinear specification if the prices gener-
ated by a planning model are to be interpreted as reflecting prices gen-
erated by the interaction of market forces. The chapter closes with a
brief discussion of the difficult problem faced by all optimizing models
that arises from the need to impose terminal conditions.

Chapter 4 presents two empirical applications of input-output
models. The first uses a comparative-static, input-output framework to
analyze the nature of growth and structural change in a sample of eight
countries for which comparable data are available. The analysis pro-
vides a comparative benchmark for analyzing the historical experience
of different countries and the projected experience generated by multi-
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sector models applied to particular countries. The analysis focuses on
the relative contributions to growth and structural change of domestic
demand expansion, export expansion, import substitution, and changes
in inter-industry relations. The second empirical application uses a
dynamic input-output model to explore the role of trade in determining
the structure of growth in South Korea during the 1963-73 period.
Although it is quite simple, the model does capture some important fea-
tures of long-run growth arising from the interaction between the
changing sectoral structure of demand and sectoral differences in factor
requirements.

Part II presents the nonlinear, price endogenous computable general
equilibrium (CGE) models and represents the methodological core of
the book. Chapter 5 presents, block by block, the components of a CGE
model for a closed economy. Prices play a crucial role in these models
and are solved so as to "clear markets" in the model economy. They are
thus determined endogenously so as to equilibrate the results of individ-
ual optimizing behavior by a number of actors, for example, producers,
owners of factors of production, households, and government. The chap-
ter discusses all the major features of such models, including alternative
functional forms for the various behavioral relations, the nature of mar-
ket-clearing and excess-demand functions, alternative price-normaliza-
tion rules, the treatment of investment, and strategies for solving the
system empirically. The chapter concludes with a discussion of the
nature of a time-recursive dynamic model and of the components of a
"between-period" intertemporal model.

Chapter 6 opens the core CGE model to foreign trade, starting with
a discussion of the role of the exchange rate in general equilibrium
models, including both traded goods and nontraded goods. The discus-
sion focuses on the nature of changes in the equilibrium exchange rate
under different price-normalization rules, a topic that has been subject
to much confusion and misinterpretation in the literature. The remain-
der of the chapter is devoted to a discussion of the introduction of trade-
policy instruments in a CGE model and a review of concepts from the
pure theory of trade that are needed for an understanding of the appli-
cations in later chapters.

Chapter 7 explores how one can add considerable realism in the spec-
ification of foreign trade in a CGE model by introducing product dif-
ferentiation between domestically produced and foreign commodities.
This extension of the basic model provides a framework that can be
used to explore important problems concerning development economics.
The extended model falls between the extremes of the theoretical trade
models, which exaggerate the ease with which domestic and foreign
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goods can be substituted for one another, and of the two-gap models,
which allow for no substitution whatsoever. The implications of this
formulation for the analysis of the impact of policy incentives on
resource allocation are profound. No longer are models constrained by
the traditional specification in which prices of tradables are determined
outside of the model and prices of nontradables are determined endog-
enously. Instead, there is a continuum characterized by different degrees
of "tradability," and the domestic price system in the model acquires a
realistic degree of autonomy.

The two chapters in Part III are devoted to an examination of the
microeconomic price and quantity linkages at work in the CGE model
presented in Chapter 7 and of the resulting macroeconomic implica-
tions. These chapters also explore the sensitivity of the model results to
systematic variation in key foreign trade parameters. Chapter 8 presents
a quantitative microeconomic investigation of the effects of changes in
tariffs and subsidies on resource allocation, followed by an analysis of
the sensitivity of exchange-rate adjustments to variations in trade elas-
ticities. There is also a discussion of the nature and usefulness of cal-
culations of effective rates of protection and domestic resource costs in
a model featuring product differentiation. Finally, there is a comparison
between resource-pull calculations based on partial equilibrium
assumptions and those arising from the general equilibrium model.

Chapter 9 provides a macroeconomic analysis of alternative adjust-
ment mechanisms open to a developing country facing a sizable shortfall
in foreign exchange receipts. Three adjustment mechanisms are mod-
eled: devaluation, premium rationing, and fixed-price rationing. In the
case of devaluation, adjustment directly affects both exports and
imports. Premium rationing, which is effectively equivalent to a general
increase in tariffs, places the direct burden of adjustment on the import
side. Fixed-price rationing, which is equivalent to perfect import licens-
ing, yields significant rents to importers and spreads the burden of
adjustment quite differently from premium rationing. The chapter also
considers the real resource costs associated with attempts by users of
imports to garner the rents associated with the two rationing schemes.
A stylized model is presented of the empirical costs of these "rent-seek-
ing" activities.

Part IV presents an application of a model incorporating the speci-
fication of trade developed in Parts II and III to the policy problems of
the Turkish economy. In the late 1 970s, Turkey was a striking example
of an economy constrained by a severe shortage of foreign exchange.
The crisis emerged in 1977, causing economic stagnation after decades
of fairly rapid growth and threatening the fabric of Turkish society.
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Chapter 10 provides a careful analysis of the sources of this crisis. The
CGE modeling framework is used for a historical decomposition anal-
ysis, first of the total change in the equilibrium exchange rate between
1973 and 1977, and second, of the total change in the level of absorption
or real income during the same period. The model is used to carry out
counterfactual experiments designed to isolate the effect of specific
causal factors, such as the quadrupling of oil prices in 1974, on the
equilibrium exchange rate and real income in Turkey. An important
conclusion that emerges from the analysis is that simplistic purchasing-
power-parity computations can be very misleading in evaluating the
magnitude of required exchange-rate adjustments. Changes in the real
sphere of the economy, including changes in real resource transfers from
abroad and changes in the terms of trade, may at times be more impor-
tant than differential inflation rates in determining the extent of
disequilibrium.

Chapter 11 turns to a forward-looking planning exercise for Turkey
of a kind more familiar from the literature on multisector planning
models. What distinguishes planning with a CGE model from the plan-
ning exercises carried out with the traditional linear models, however,
is the explicit link between policy instruments and the characteristics of
the growth paths generated by the CGE model. In this case, government
policies on the exchange rate and trade incentives, working through the
price system, determine not only the overall pace of economic growth
but its sectoral pattern and the relative importance of export expansion,
import substitution, and domestic demand expansion in the growth of
total demand. A link is thus established between the descriptive-histor-
ical sources of growth presented in Chapter 4 and a forward-looking
policy-planning exercise. This link is very useful not only in allowing
a degree of understanding of the implications of a particular policy
package but also in comparing a projected growth path with historical
experience both in the same and in different countries.

In Part V, we turn to a consideration of the use of planning models
in analyzing the relationships among policy regimes, development strat-
egies, and the distribution of income. Chapter 12 starts out with a dis-
cussion of the variety of approaches to considering the distribution of
income in economics and of the many theoretical problems involved.
The theory of income distribution is much less well developed than, say,
trade theory, and it is thus much harder to agree on what are the major
forces that should be captured in an empirical model. We discuss dif-
ferent approaches that have been used to model distributional mecha-
nisms and briefly review past work with CGE models in this area. A
certain degree of modesty and a willingness to consider a variety of
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approaches seem called for. The chapter then discusses a number of
technical problems involved in expanding the CGE model framework
to include distributional mechanisms and to generate various
distributions.

Finally, Chapter 13 presents an application in which the expanded
CGE model discussed in Chapter 12 is used to explore the impact of
external shocks and of the resulting trade-policy adjustments on the dis-
tribution of income among socioeconomic groups. The selected policy
regimes include devaluation, premium rationing, and premium ration-
ing with a fixed real wage for unskilled labor. Rather than basing the
model on the historical, political, and economic circumstances that have
surrounded a particular country, we have sought to investigate how a
common policy event might be transmitted differently in alternative
environments. This is done by considering three archetype economies
and subjecting them to the same set of policy reactions to an identical
shock originating from the external sector. The effects of these alter-
native adjustment mechanisms on the distribution of income are con-
trasted for an open primary exporter, an open manufacturing exporter,
and a relatively closed economy dependent on key intermediate and cap-
ital goods imports.

By investigating quantitatively the links among the structure of the
economy, policy choice, and the distribution of income, it is possible to
illustrate how the struggle among socioeconomic groups to improve their
relative position ultimately determines the choice of government policy.
The chapter concludes with a comparison of the different adjustment
mechanisms across the three archetype economies based on different
measures of political power. The analysis indicates how initial condi-
tions, social structure, and relative political power affect the economic
feasibility of alternative structural adjustment mechanisms and the
political feasibility of alternative policy packages.
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Linear models





CHAPTER 2

Input-output models

2.1 Introduction

From the earliest work on input-output analysis, multisector planning
models have been based largely on a mathematical structure of linear
functions. It is only quite recently, in the last five to ten years, that it
has become possible to specify and implement models making extensive
use of nonlinear functions in a general equilibrium framework.
Although assumptions of linearity are quite strong, linear models have
been widely used and provide a general equilibrium framework that
highlights a wide variety of important theoretical issues. In this chapter
and the next, we present a survey of traditional input-output and linear
programming models. Our survey is not exhaustive, but focuses on the
essential economic and mathematical properties of these models. We try
to concentrate on those aspects of linear planning models that are rele-
vant to the development of the new generation of nonlinear general
equilibrium models that constitute the main focus of this book.

In the next section, we describe the accounting framework, economic
assumptions, and mathematical structure of the static input-output
model that has provided the starting point for all multisector planning
models. We then discuss the dynamic input-output model, focusing on
the role of capital accumulation and the nature of intertemporal equi-
librium. Finally, we describe the use of input-output models for the
planning and analysis of consistent price systems. Linear programming
models are discussed in Chapter 3.

2.2 The static input-output model

Accounts and models

Underlying any economic analysis, there is - implicitly or explicitly -
a set of economic accounts. In the history of economics, the development
of new methods of accounting has been a necessary part of the devel-
opment of new theories and models. In the area of macro modeling, the
accounting framework was given by the national income and product

17
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Figure 2.1. Economy-wide circular flow.

accounts whose modern development is associated with economists such
as Simon Kuznets. In the field of multisector planning, the starting
point has been the system of input-output accounts whose development
is largely due to the pioneering work of W. Leontief.

There are three features of an accounting system that are useful to
examine when viewing it as a framework for economy-wide analysis or
modeling. First, what are the economic institutions or "actors" that are
included? Second, what are the markets that are explicitly or implicitly
included? Finally, what are the behavioral or technical assumptions that
underlie the accounts? As an example, consider Figure 2.1, which
depicts a very simple view of the "circular flow" in an economy. Exclud-
ing foreign trade, there are only two sets of actors, "producers" taking
in inputs and delivering products and "households" taking in products
and delivering factor services. There are also only two markets: factor
markets and product markets. However, in the product markets there
are two sets of customers. Producers not only deliver final goods to
households, but also intermediate goods to other producers. The inclu-
sion of intermediate goods is a major focus of the input-output account-
ing system, permitting the analysis of both the structure of gross pro-
duction and of interindustry linkages. National income and product
accounts are not concerned with intermediate goods, and the accounts
net them out. Macro models, in turn, tend to leave them out.
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The arrows in Figure 2.1 indicate the flow of real goods and services
in the system. For each arrow there corresponds an arrow in the oppo-
site direction, which indicates a money flow of payments for the real
goods and services. It is a matter of the questions under analysis and of
convenience whether one wishes to look at the counterclockwise flow of
real goods and services or the clockwise flow of money payments for the
real flows, although - as discussed later - there are conceptual problems
in reconciling real and nominal accounts.

The accounting framework that corresponds to Figure 2.1 provides
an extremely simple view of the economy. There are only two sets of
actors whose behavior must be considered - producers and households -
and only two kinds of markets - those for products (both intermediate
and final) and factors. There is no consideration of the role of other
important institutions such as government, the banking system, and so
on. Even so, this system underlies a lot of input-output-based planning
models and provides the basic framework for the analysis of static and
dynamic input-output models. Note that foreign trade is seen simply as
a source of supply of and demand for goods in the product markets. In
a multisector accounting framework, there are a variety of ways of treat-
ing foreign trade, especially imports, which reflect quite different views
of its role in the economy. In this and later chapters, we explore in some
detail different ways of treating trade both in the economic accounts and
in the models based on them. Indeed, the nature and significance of
foreign trade, and how best to include it in planning models, constitute
a major theme of this book.

Table 2.1 provides an example of a seven-sector input-output table
that provides a snapshot summary of the circular flow depicted in Fig-
ure 2.1. The table is for Turkey in 1973 and is an aggregation of a more
detailed 64-sector table that underlies the model discussed in Chapters
10 and 11. Each entry in the table reflects the flow of goods from the
row sector to the column sector. Thus, for example, row (1) reflects the
deliveries from the agricultural sector to all other sectors and to final
demand. Regardless of sector, all flows are measured in (American) bil-
lions of Turkish lira (TL), so the entries also represent a nominal pay-
ment by a column sector to a row sector. For example, entry (1, 2)
indicates that agriculture delivers 28.9 billion TL worth of agricultural
products to the processed food sector or, equivalently, that the processed
food sector pays the agricultural sector 28.9 billion TL.

It is possible to go from the input-output accounts to the national
income and product accounts, although there are some conventions
involved. Total value added at factor cost is equal to 138.1 + 137.1
= 275.2 billion TL. To get total value added at market prices, indirect
taxes (18.9) are added, yielding 294.1 billion TL. This number also



Table 2.1. Input-output table for Turkey, 1973 (billion TL)

Intermediate flows Final demand

Con- Inter- Net Total
Agri- sumer mediate Capital Con- Infra- Sum Con- Invest- final domestic
culture goods goods goods struction structure Service (1-7) sumption ment Exports Imports Tariffs demand supply
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

Agriculture (1) 18.0 28.9 0.7 0.0 0.0 0.4 0.4 48.4 55.8 -1.0 2.1 1.0 0.2 55.7 104.1
Consumer goods (2) 1.5 16.3 0.9 0.2 2.1 0.1 3.5 24.6 50.5 0.7 12.1 (.8 0.3 62.2 86.8
Intermediate goods (3) 4.4 4.8 27.7 5.6 9.1 10.5 2.2 64.3 23.7 1.5 2.5 16.0 7.2 4.5 68.8
Capital goods (4) 0.4 0.1 0.4 6.5 1.2 3.0 0.1 11.7 10.5 23.0 0.1 13.8 4.0 15.8 27.5
Construction (5) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 29.3 0.0 0.0 0.0 29.8 29.8
Infrastructure (6) 1.4 3.3 4.1 0.8 1.1 2.0 2.1 14.8 40.2 1.7 4.3 0.8 0.0 45.4 60.2
Service (7) 4.1 7.6 6.5 2.3 1.9 3.2 6.3 31.9 74.0 3.1 4.9 1.3 0.0 80.7 112.6

Sum (1-7) (8) 29.8 61.0 40.3 15.4 15.4 19.2 14.6 195.7 255.2 58.3 26.0 33.7 11.7 294.1 489.8

Indirect tax (9) 0.7 5.7 3.4 0.8 0.1 2.1 6.1 18.9
Labor (10) 44.6 10.7 8.7 3.9 8.7 8.8 52.7 138.1
Capital (11) 29.0 9.4 16.4 7.4 5.6 30.1 39.2 137.1

Sum (9-11) (12) 74.3 25.8 28.5 12.1 16.4 41.0 98.0 294.1

Total expenditure (13) 104.1 86.8 68.8 27.5 29.8 60.2 112.6 489.8

Note: "Net final demand" equals columns (9) + (10) + (I1) - (12) - (13); "total domestic supply" equals columns (8) + (14).



2.2 The static input-output model 21

equals aggregate net final demand, which is the sum of consumption,
investment, and exports, minus imports (including tariffs). However, in
the standard national accounts, GDP is defined net of imports valued
in border prices (in domestic currency) rather than in domestic market
prices. Thus, GDP equals total value added in market prices plus tar-
iffs: 294.1 + 11.7 = 305.8 billion TL.

In our table, imports have been treated as an alternative source of
supply of goods classified by the input-output sectors. The intermediate
and final demand flows thus already include imports, which then have
to be subtracted to calculate total domestic supplies. A different
approach that is also commonly used is to treat imports as a nonprod-
uced input analogous to capital and labor. Instead of a column, imports
appear as a row along with payments for indirect taxes and factors of
production. In this case, the intermediate and final demand flows [rows
(1) to (7)] refer only to payments for domestic goods. These alternative
treatments of imports in the accounts reflect different views of the nature
of imports. In the first approach, imports are viewed as "competitive,"
as an alternative source of supply to domestic production. In the second,
they are viewed as "noncompetitive," as another input that is not pro-
duced in the economy. The two approaches are not mutually exclusive;
some tables classify part of imports as competitive and part as noncom-
petitive. The implications of these different treatments for planning
models are significant. Below we discuss in detail alternative specifica-
tions and in later chapters we shall see how to achieve a synthesis of the
two extreme approaches.

Material balance equations

The input-output accounts in Table 2.1 can, with some very strong
assumptions, form the basis of an economy-wide general equilibrium
model that focuses on production. The essential assumptions are that:
(I) each sector or "activity" produces only one output; and (2) inputs
are required in fixed proportions to output in each sector. The second
assumption implies that there are constant returns to scale in
production.

To move from the nominal input-output accounts to a real model,
we must first separate prices and quantities in the accounts. Define the
following variables:

Xv = flow of intermediate goods from sector i to sector j
Xi = production in sector i
Pi = the price of output in sector i
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F, = final demand for sector i
a'. = intermediate requirements from sector i per unit of output

of sector j

Ignoring exports and imports for the moment, the rows of the nom-
inal input-output accounts can be written as

PX, = v P,X, + PEF, (2.2.1)

Assuming a fixed coefficient technology, the input-output coefficients
are constant and are given by

a = :!'2 (2.2.2)

In any given year, the ratio of nominal intermediate flows to nominal
output is given by

Pat P-Xz,P,a PX, (2.2.3)
PI P2X,

Given a base-year table (such as Table 2.1), it is convenient to define
the units of real flows such that all prices equal one. In this case, Eqs.
(2.2.2) and (2.2.3) are the same. The coefficient aV is defined as a Turk-
ish lira's worth of input from sector i required to produce a lira's worth
of output in sector j in base-year (1973) prices and is computed directly
from the nominal input-output accounts table. Note that coefficients
computed from Eq. (2.2.3) for different years (or countries) in which
relative prices are different cannot be compared, because units of real
outputs are different.

Dividing by the price and using the input-output coefficients, Eq.
(2.2.1) can be written as

X, = a,X, + F, (2.2.4)

This is the basic material balance equation of the input-output model.
In matrix notation, it is

X = AX + F (2.2.5)

or, solving for X,

X = (I - A)`F (2.2.6)

Equation (2.2.6) constitutes the "solution" of the static input-output
model. Given exogenously specified final demand, the equation can be



2.2 The static input-output model 23

used to determine production requirements necessary to satisfy the
demand.

A great deal of the literature has been concerned with the properties
of the inverse matrix (I - A)-'. The coefficient matrix A, derived from
an empirical input-output table, will always have the property that all
column sums of coefficients will be strictly less than one. This property
plus the fact that all the coefficients are greater than or equal to zero
suffices to prove that all the elements in the inverse matrix are greater
than or equal to zero and that the inverse can be written in the form of
a converging series expansion. We have

I + A + A2 + . .. + A' (I- A)-' (2.2.7)

where the approximation becomes very close as n gets larger. In prac-
tice, n = 5 or 6 gives a good enough approximation to the Leontief
inverse (I - A)-'. An economy whose input-output coefficients satisfy
the properties required for convergence of the matrix series is called
"viable."' For such a system we can rewrite Eq. (2.2.6) in the form

X= (I + A + A 2 + ... )F= F -AF+ A2F-+ ... (2.2.8)

This underlines the basic nature of the material balance problem.
Starting from a vector of final demand F, one computes the successive
rounds of input requirements that arise in the attempt to satisfy the
exogenous F vector. When this process converges, one has reached a
general equilibrium solution in the productive sphere of the economy.
The most important result of the fact that the inverse matrix is non-
negative is that it appears possible to deliver any vector of non-negative
final demands. That is, there exists a non-negative gross production vec-
tor to satisfy both any specified final demand and induced intermediate
demand. Whether this gross production vector is feasible from the point
of view of installed capacity and/or primary factor requirements is a
separate question that the material balance equations do not address.

Equation (2.2.6) can be used to provide a consistency framework for
a planning exercise. Given final demand targets, the Leontief inverse
(I - A)-' allows calculation of the implied targets for sectoral produc-
tion, which can then be evaluated for "reasonableness," perhaps by
comparing them with projected sectoral capacities. Unless the economy
is a command economy in which sectoral outputs are set by the govern-
ment, the input-output model contains no policy variables. However,

The mathematical properties of the input-output system are discussed in
the appendix to this chapter.
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even the simple material balance equation is a powerful tool for policy
analysis, because it embodies the requirement for economy-wide consis-
tency of sectoral production plans.

There are a number of extensions of the simple input-output model,
without moving to dynamic models, that exploit its consistency proper-
ties and make it a useful tool for policy analysis. For example, one can
use the inverse to calculate "multipliers" that give the impact on endog-
enous variables of shifts in exogenous elements of final demand. These
exercises in what might be called "identity-based" planning are clearly
useful precisely because they force policy makers to work within the
context of a consistent system, even if such models have very little behav-
ioral content.

In Chapter 4 we shall describe an example of such an approach that
focuses on the impact of domestic demand expansion, export expansion,
import substitution, and changes in the input-output coefficients on
growth and structural change. Before presenting such applications to
trade-related questions, we first must consider in some detail how the
simple input-output model discussed above can be adapted to include
foreign trade.

Foreign trade

Considering the significance of trade in most currently developing coun-
tries, it is important to include imports and exports explicitly in the
input-output model. A standard and perhaps the simplest approach is
to assume that imported and domestic goods are the "same"; that is,
they are perfect substitutes in all uses. It is then possible to rewrite the
material balance equation, differentiating among different categories of
supply and demand:

X + M = AX + F + E (2.2.9)

where the new variables are

M = import vector
F = domestic demand vector
E = export vector

Solving for X,

X = (I - A)'(F + E - M) (2.2.10)

Equation (2.2.10) is the same as Eq. (2.2.6) except that F + E - M
is the net demand for domestically produced goods.
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The problem with the formulation in Eq. (2.2.10) is that for some
sectors the net final demands might well be negative. In developing
countries, imports of intermediate goods such as chemicals, petroleum,
or basic metals often exceed final demand, thus yielding negative net
final demands. The question being asked is this: What are the domestic
production requirements for a sector given that final demand is a net
supplier rather than a demander of the good? The question is certainly
reasonable, but it raises the theoretical possibility that the application
of Eq. (2.2.10) will yield a negative domestic production in some sectors.
A negative Xi implies running the production process in reverse, taking
in the product and delivering its component parts (including primary
factors) to the rest of the system, which is not reasonable.

One solution to this problem is used by Chenery and Clark (1959),
who make a crucial behavioral assumption and recast the problem in
terms of total supply and demand. The behavioral assumption is that
the ratio of imports to domestic production is fixed by sectors:

Ht= X ' Žj 0
Xi

Define a diagonal matrix of import ratios,

and a variable for total supply, Q = X + M. Then

Q =X + M = X + Ax = (I + A)X

Therefore,

X (I + )- IQ (2.2.11)

N-ow,

Q = AX + (F + E) = A(I + 8)-IQ + (F + E)

and hence

Q = (I - A*)-(F + E) (2.2.12)

where

A* = A(I +it-'
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Note that

0

Y + A)- 1+ ,u

0
I + _

and hence at* = ajl(l + it). Because , 2 0, the effect is to divide
(and hence reduce or at least not increase) the elements in each column
of A by one plus the import ratio for that sector. Thus, the coefficients
aT, give the intermediate inputs from sector i required per unit of total
supply of sector j.

The new matrix A* is well behaved in the sense that it satisfies the
requirements for the system to be viable and the new final demand vec-
tor (F + E) will never have negative elements. However, exports and
imports are still assumed to be perfect substitutes in the sense that they
are added together to get total supply, and there is no particular reason
for assuming a fixed ratio between imports and domestic production.

A polar opposite approach is to treat imports as completely different
from domestically produced goods. In this case, imports are "noncom-
petitive" and are treated in the model like a nonproduced primary input.
They thus do not appear in the material balance equations and their
treatment in the input-output accounts must also be changed, as dis-
cussed in the previous section on accounting. The column that specifies
imports by sector of origin must be deleted and replaced by a row that
specifies imports by sector of destination. The intermediate flows matrix
must also be redefined to exclude imports, because conceptually non-
competitive imports do not have the same units as domestic production
and the two cannot be added together. Although it is possible to differ-
entiate noncompetitive imports by sector, just as it is possible to differ-
entiate among types of labor, they should never be aggregated with
domestic production even if the sectoral classification happens to be the
same. Some countries in fact split imports, including both a column of
competitive imports and a row of noncompetitive imports in the input-
output table.

Both polar treatments seem too extreme because, even if both are used
in the same table, they require every import to be classified as either
purely competitive or purely noncompetitive. In the models discussed in
this book, we generally use a different approach that keeps the treat-
ment of imports separate from the treatment of domestically produced
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goods, but does not require that they be classified as either purely com-
petitive or purely noncompetitive. The accounting framework for the
approach is presented later, and its theoretical properties are discussed
in some detail in Chapter 7. In this section we use the superscript d to
denote domestically produced goods and the superscript m to denote
imported goods to highlight the distinction between them. Variables
without a superscript represent a composite mix of imported and domes-
tic goods. In the accounts, the composite entries have a nominal value
equal to the sum of the values of imported and domestic goods. Define
the following variables:

Xd = domestic production vector
V = intermediate demand vector (composite of imported and

domestic goods)
F = domestic final demand vector (composite of imported and

domestic goods)
Ed = export vector of domestic goods

Mm = import vector
A = input-output coefficients matrix such that a, is

composite intermediate demand of sector i per unit of
domestic output in sector j. As in the standard model,
V = AXd.

Now make a behavioral assumption similar, but not identical, to that
made by Chenery and Clark. Assume that the ratio of domestic demand
for domestically produced goods to total domestic demand is fixed by
sectors. These domestic demand ratios are given by

xd l d

di= - I (2.2.13)

Defining a diagonal matrix D of the d, parameters, the material balance
equation for domestic goods is given by

Xd = Vd + Fd + Ed (2.2.14)

where Vd = DV and Fd = DF.
Noting that V = AXd, the material balance equation can be written

as

Xd = (I - DA)-'(DF + Ed) (2.2.15)

or

Xd = (I - Ad)- 1 (Fd + Ed)

where Ad = DA.
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Note that imports do not appear in Eqs. (2.2.13) and (2.2.14) and
that each of the vectors has units of domestic sectoral production. The
input-output matrix Ad has units of domestically produced inputs per
unit of domestic production. Because F and V include the value of
imports whereas Xd -Ed do not, it will always be true of empirical
matrices that 0 < di < 1 for all sectors and Ai d Aii for all i and j.
Thus the Ad matrix will be well behaved and the system will be viable.
The final demand vector (Fd + Ed) will also always be non-negative.

The definition of d, in Eq. (2.2.13) embodies two behavioral assump-
tions that will be discussed in more detail in Chapter 7. First, imports
are assumed to be used only in the domestic economy and are not
directly embodied in exports. That is, exports consist only of domesti-
cally produced goods, not a composite of domestic and imported goods.
Note that exports indirectly embody imports through intermediate
goods required for their production, but that the indirect effect works
only through the input-output matrix and hence exports are measured
in units of domestic output. The effect of this assumption is that the
numerator in Eq. (2.2.13) is domestic demand for domestic production
rather than total demand (Xd), and the denominator does not include
exports.

The second assumption embodied in Eq. (2.2.13) is that the di ratio
is the same for all categories of demand for sector i. One might, for
example, assume instead that the domestic demand ratio for a given sec-
tor for intermediate use is different from the ratio for final use. Such a
generalization is not difficult to accommodate. The d vector is replaced
by a matrix with a different ratio for every element in the input-output
table, including the domestic final demand columns.2

Corresponding to the domestic demand ratio is an import demand
ratio. Define it as a ratio to domestic demand for domestically produced
goods, an approach very close to that of Chenery and Clark. Then it is
defined as

m= ' (2.2.16)

X,d - Ei

Starting from the material balance equation for domestic goods, one can
calculate the corresponding balance equation for imports:

Mm = M(Xd - Ed) (2.2.17)

where M is a diagonal matrix of the mi coefficients.

2 See Syrquin (1976) for an input-output model incorporating the general
approach and also the discussion of trade in the dynamic input-output
model.
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The two sets of material balance equations (2.2.14) and (2.2.17) can
be treated completely separately. Note that if the variables are measured
in nominal terms, the sum of the two equations replicates the nominal
input-output accounts. Indeed, if the coefficients d and m are estimated
from a consistent set of nominal accounts, it will be true that, for all
sectors,

ml =--1 (2.2.18)
di

Although Eq. (2.2.18) must hold if the ratios are computed from con-
sistent nominal data, it certainly need not hold if they are measured in
different units. Conceptually, for example, it might make sense to
express Eq. (2.2.17) in different units from Eq. (2.2.14). In Chapter 7
we present a more general formulation in which domestically produced
and imported goods are specified as imperfect substitutes with a known
elasticity of substitution. In this case, the d and m parameters are
related and both are functions of relative prices of domestic and
imported goods, but Eq. (2.2.18) does not hold in general.

Equations (2.2.15) and (2.2.17) can provide the basic framework for
a consistency planning exercise including foreign trade. The planner
can start with a set of final domestic demand and export projections. He
can then postulate a vector of domestic use ratios di and a vector of
import coefficients mi and derive total domestic production requirements
by premultiplying (DF + Ed) by (I - DA)-' as shown in Eq. (2.2.15).
Finally, by premultiplying the resulting (Xd - Ed) vector by M, it is
possible to obtain the levels of sectoral imports consistent with domestic
production and final demands. The planner can then compare the Xd
vector with existing production capacities and compare the sum of sec-
toral imports with the sum of sectoral exports and exogenous foreign
exchange flows to evaluate the feasibility of the proposed plan.

The simple model described above has also been used for a historical
cross-country analysis of the sources and composition of economic
growth. In Chapter 4 we shall describe this approach pioneered and
developed by Hollis Chenery and summarize some of the interesting
empirical results obtained recently by applying the basic material bal-
ance identity (2.2.15) to a group of countries at different points in time.

Direct and indirect factor requirements

Another set of problems that has been analyzed with the simple static
input-output model has been concerned with primary factor require-
ments and factor intensities. As we have already stressed, the Leontief
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inverse itself does not take into account the primary factor requirements
of the production process. But it is easy to extend input-output models
to include an analysis of primary factor requirements. Consider, for
example, labor, and assume that 1i units of labor are required per unit
of domestic production, X'. Then if a domestic production vector Xd
has been derived from an exogenous projection of final demand and
exports, we can compute the total employment requirement implicit in
the final demand and export projection.

L = LXd = L(I - Ad)- (Fd + Ed) (2.2.19)

where L is the row vector of labor coefficients and L, a scalar, gives us
the total demand for labor derived from Fd + Ed. This can be con-
trasted to an independent labor supply projection to test the feasibility
of the plan from the point of view of labor availability. The same kind
of exercise can be repeated for other primary factors or for different skill
categories of labor.

Beyond such overall feasibility checks, the framework we have
described also allows us to analyze sectoral final demand in terms of the
total, direct and indirect, primary factor requirements that it implies.
Consider, for example, an expansion of exports from sector j and its
effect on the demand for labor. Linearity allows us to recast Eq. (2.2.19)
in incremental form so that we have (where A means "change in")

AL = L(I - Ad)-'(AFd + AEd) (2.2.20)

Assuming that AFT' = 0 for all i and AE:' = 0 for all i = j, we get

AzL = ird AE] (2.2.21)

where rd are the elements of the domestic inverse.
Define L* = L(I- Ad)' = L(I + Ad + Ad2 + Ad 3 + )as

the total labor requirements vector whose elements

l ,rj = I,,j= 1,.. n
2=1

give the total, direct and indirect, employment effect of a unit expansion
in exports or domestic final demand in the various sectors distinguished
by the model. Thus expanding exports of transport equipment not only
requires more labor employed in the transport equipment sector, but
also more domestic production of metals and metal products and there-
fore more employment in the metal industries. Expanded production in
the metal industries may require an increased output from the mining
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sector and perhaps in turn from the transportation equipment sector
itself, leading to further employment requirements. The L* tells us the
end result of this process. If IJ = 10 while 1* = 5, a unit of final
demand is twice as "labor intensive" in its total effect in sector j than
it is in sector i. It is important to stress that this may be so even though
1, may be smaller than lI; a particular production process may use very
little labor directly but use intermediate inputs that must be produced
by very labor-intensive processes. Thus, if one wants to evaluate the
labor intensity of particular elements of final demand, it is very impor-
tant to look at total requirements and not just at the direct or first-round
requirements observed in a single sector's production process.

Leontief himself used this distinction and the L vector of total
requirements to test whether American exports were relatively capital
intensive when compared to import-competing activities and found the
result, paradoxical from the point of view of Heckscher-Ohlin trade the-
ory, that American exports were relatively labor intensive (see Leontief,
1953). A massive amount of similar empirical work for many countries
has been carried out following the publication of Leontief's paradox,
testing the basic trade-theory hypothesis that a country will export com-
modities that use intensively the factor with which it is relatively well
endowed. The basic model used in all this research is the static input-
output model. The empirical results varied, but it is now generally
accepted that the Heckscher-Ohlin theory can be broadly validated if
production factors are defined carefully and are further disaggregated
to distinguish, in particular, between skilled and unskilled labor and
between capital and natural resources. Be that as it may, these attempts
at testing the basic tenets of neoclassical trade theory provided a major
field of application for the static input-output model, quite apart from
its use as a planning tool. They provide a good illustration of the impor-
tant distinction that must be made between the direct and total factor
requirements of elements of final demand.

2.3 The dynamic input-output model

A one-sector model

So far no particular distinction has been made between investment and
consumption inside the final demand vector F. Because presumably
investment is undertaken to allow continued or greater consumption in
the future, investment demand should be a derived demand rather than
exogenously set with consumption. The characteristic feature of the
dynamic input-output model is that it endogenizes investment and con-
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siderably extends the requirement of consistency beyond the static
material balance equations.

The mathematical properties of the dynamic input-output model
have been much studied in the last thirty years. However, to understand
how dynamic input-output models work and what are their crucial
assumptions, it is very important to distinguish the major economic fea-
tures of the models from their formal mathematical properties. In par-
ticular, it is important to understand the behavioral assumptions and
the nature of equilibrium that are implicitly incorporated in such a
model.

To bring out some of the characteristics of the dynamic model and to
introduce the use of difference and differential equations, it is useful to
start with a one-sector model. The model is very much in the spirit of
the standard Harrod-Domar model, although it is presented as a kind
of planning model. The following discussion makes two important
points. The first is that the economy cannot grow faster than a maxi-
mum rate determined by technology. The second is that unless the econ-
omy happens in the base period to be on a long-run equilibrium growth
path, the dynamic model becomes unstable and eventually generates
negative output. It is convenient to present the one-sector model in con-
tinuous time and use differential equations. The important points being
made carry over to a discrete-period model specified in terms of differ-
ence equations.

The behavior of the model is given by three equations:

C(t) = C0eg' (2.3.1)
Y'(t) = uZ(t) (2.3.2)
Y(t) = C(t) + Z() (2.3.3)

The first equation states that consumption C must grow at the rate g
from a value of C0 in time zero. In terms of economic planning, it rep-
resents the target path that planners wish to achieve. The value CO in
the base year is assumed given. The target growth rate g is also assumed
given, but one purpose of a planning exercise would be to explore the
properties of the system with different values of g.

Equations (2.3.2) and (2.3.3) describe the technology and overall
resource constraint of the system. Equation (2.3.2) is the familiar
Domar investment equation, stating that the change in output Y' equals
a fixed coefficient times investment. The parameter o- is the incremental
output-capital ratio (the inverse of the usual incremental capital-out-
put ratio, or ICOR) and is usually assumed to be less than one. Equa-
tion (2.3.3) is the standard income identity and states that output equals
consumption plus investment and thus the economy is closed.



2.3 The dynamic input-output model 33

Substituting Eq. (2.3.2) into Eq. (2.3.3) yields the following differ-
ential equation:

Y- aY = -aC(t) (2.3.4)

Defining the rate of investment (and hence saving) as s = Z/Y =

(Y - Q/Y, then from Eq. (2.3.4) the rate of growth of output is

- = as (2.3.5)

The growth rate as is Harrod's "warranted rate," which he assumed to
be constant because in his model the savings rate is a fixed parameter.
In this model, however, it is not assumed fixed and hence the warranted
rate need not be constant.

Equation (2.3.4) is a first-order linear differential equation and its
general solution can be written in the following general form:

Y(t) = AH(t) + Y*(t) (2.3.6)

where A is an arbitrary constant that will depend on initial conditions,
AH(t) is the general solution of the associated homogeneous differential
equation Y' - oY = 0, and Y*(t) is a particular solution that satisfies
Eq. (2.3.4) without regard to initial conditions.3 Mathematically, the
solution of the homogeneous equation is straightforward, yielding, in
this case,

H(t) = e" (2.3.7)

Finding a particular solution is usually more difficult and involves solv-
ing an integral that depends on the functional form of the nonhomoge-
neous term, in this case - C(t). Given the specification of C(t) in Eq.
(2.3.1), particular solutions for Eq. (2.3.6) are

Y*(t) = y eg g # a (2.3.8)
*a-g

Y*(t) = -aCteg' g = a (2.3.9)

For a mathematician, the problem is solved.4 One need only substitute
in some initial condition Y(0) = Y0, calculate the constant, and Eq.

For the general first-order linear differential equation, Y'(t) + aY(t) = b,
where a and b may both be functions of time, the functions H(t) and Y*(t)
are H(t) = exp(- fa dt) and Y*(t) = [exp(- f a dt)] S b exp (E a dt) dt,
where exp(x) = e2. See Kaplan (1958).

4 Note, however, that if g > a, output is negative.
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(2.3.6) is completely specified. However, it is possible to express Eq.
(2.3.6) in an alternative form that is economically quite interesting.

Assume that an initial condition Y(0) = Y0 is given. Then the gen-
eral solution of the first-order linear differential equation (and also of
the analogous first-order linear difference equation) can always be writ-
ten as3

Y(t) = [Yo - Y*(0)IH(t) + Y*(t) (2.3.10)

Although mathematically not especially interesting, Eq. (2.3.10) is a
useful formulation for various economic applications. Consider the par-
ticular solution Y*(t). If its value in the initial period, Y*(0), happens
to equal the initial value of Y, Y0, then the solution time path of Y(t)
equals that of Y*(t) because the first term in Eq. (2.3.10) is always zero.

In the growth model presented earlier, and in the dynamic input-
output model discussed later, the particular solution can be interpreted
as a special kind of equilibrium growth path. It represents an equilib-
rium growth path because it satisfies the equilibrium conditions embod-
ied in the differential equation. However, it is special because it will not
satisfy the differential equations for any choice of initial conditions. We
shall refer to it as a "target equilibrium" (or, alternatively, as a "target
function" or "target path").

The first term in Eq. (2.3.10) will be referred to as the "adjustment
function." It shows how, at every point in time, the target equilibrium
must be adjusted in order that the system satisfy the differential equa-
tion given that it did not start from the right initial condition, It is
tempting to view the adjustment function as describing how the system

5 To see this, note that in the general solution shown in footnote 3, the par-
ticular solution can always be written as Y*(t) = H(t) D(t), where H(t)
is the solution of the homogenous equation and D(t) is an arbitrary function
depending on the form of C(t) (or b in footnote 3). Thus,

Y(O) = A H(O) + H(O) D(O) = Yo

A = "- D(0)
H(O)

and from (2.3.6), noting that H(O) = 1,

Y(t) = [H0) - D(0)1 H(t) + Y*(t)
H(O) IH(t

= [K,- H(O) D(O)] H(() + Y*(t)
H(t )

=[K 0 - MO()1 H(t + Y*(t
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behaves when it is "out of equilibrium." This view is correct only in a
very special sense. There are two kinds of equilibria embodied in the
solution of the differential equation; the first describes equilibrium
intertemporal linkages and the second adds to the first a set of initial
conditions.The adjustment function describes how the system adjusts to
satisfy the intertemporal conditions when the initial conditions are not
right.

Returning to the one-sector model, assume for the moment that g
u and substitute (2.3.7) and (2.3.8) into (2.3.10) to get the general

solution

Y(t) = - CC,Og e°' + -C (2.3.11)

where

Y*(0) = °0 and H(O) = I
r- g

Consider first the case where g > u. The target equilibrium starts
out negative and keeps going down, while the adjustment function starts
out positive (if Y0 > 0). However, even if Y(t) starts out positive, it
must go negative eventually, because with g > o- the absolute value of
the target equilibrium must eventually exceed that of the adjustment
function. The problem is that, as can be seen from Eq. (2.3.5), the max-
imal attainable growth rate is o, which is achieved when the savings
rate equals one. The economy cannot physically grow faster than a, so
any target equilibrium rate larger than a is infeasible. Substituting in
Eq. (2.3.9), it is clear that g = a is also infeasible.

Next, consider a special case in which the savings rate in the initial
period is such that the warranted growth rate in Eq. (2.3.5) happens to
equal the target equilibrium rate. In this case,

0= Yu C0 and g = os
yo

The term Y0 - P(0) in the adjustment function becomes

Y"- Y*(0) = Y°(' - aso) - aC
a - 6s 0

aY0 (I - so) -aC

a - Urs0

Co- CO

I -s
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Thus, if in the initial period the warranted rate of growth happens to
equal the target equilibrium rate, the economy will follow the target
path with consumption, output, and investment all growing at the rate

g.
As with the Harrod-Domar model, the target equilibrium path is

unstable in that if the economy does not start with g = as0, it will never
achieve the target path. If YO =# Y*(O) and a- > g, then the adjustment
function will eventually dominate the model dynamics. The instability
properties of the Harrod-Domar model are well known and much stud-
ied. It turns out that with quite reasonable changes in specification, the
adjustment function will yield smooth convergence to the target path.
For example, viewing the parameter a- in Eq. (2.3.2) as technologically
fixed is a very strong assumption. If one assumes a neoclassical produc-
tion function with a variable a, the instability of the Harrod-Domar
model disappears (see Solow, 1956). Alternatively, one might view af as
arising from an accelerator theory of investment. In this case, a more
realistic specification might be a distributed lag accelerator, which leads
to higher-order differential equations with, usually, a tendency toward
stability.

For different, but analogous, reasons, the adjustment function in the
multisector model also generally yields an unstable solution.6 We would
argue that for planning purposes where the focus is on the medium
term, too much attention has been paid to the adjustment function,
which imposes short-term constraints on a long-run model, and not
enough to the target equilibrium. The dynamic input-output model
application in Chapter 4 will take a long-run view and concentrate on
the alternative target equilibrium growth paths. In the one-sector model
presented above, one might assume that there is a long-run tendency for
the incremental output-capital ratio a to be constant, although it may
well vary in the short run. Thus, one might argue that the adjustment
function is unrealistic but that the target equilibrium is a valid reflection
of long-run trends. This general view of the distinction between the tar-
get equilibrium and the adjustment function will be developed in more
detail in the context of the multisector model.

The multisector model

In the static input-output model, all the components of final demand
are treated as exogenous. The dynamic model treats investment demand

6 For a comparison of the stability properties of the one-sector and multisector
models, see the appendix to this chapter.



2.3 The dynamic input-output model 37

as endogenous and incorporates two fundamental assumptions about
technology and capital. First, as in the one-sector model, there are
assumed to be fixed incremental capital-output ratios by sectors. Sec-
ond, sectoral capital stocks have a fixed compositional structure (by sec-
tor of origin).

These assumptions imply the following relationships, switching now
to discrete time:

AK, = ki AXi (2.3.12)

where

AKi = Ki(t + 1) - Ki(t)

AXi = Xi(t + 1) - Xi(t)

Ki = capital stock in sector i
AK, = investment by sector of destination

ki= incremental capital-output ratio for sector i
Xi = output in sector i

t= time variable with only integer values

The translation of investment by sector of destination into a demand for
investment goods by sector of origin is given by

Zi(t) = sij AKj(t) (2.3.13)

where Zi = investment by sector of origin and sj = proportion of capital
stock in sector j originating in sector i. Note that E S, = 1 for all j.

The assumption of a constant composition of capital in each sector is
crucial, because it implies that the capital stock in each sector is a well-
defined aggregate of various commodities. In contrast, the economy-
wide capital stock is an ambiguous concept, because the commodity
composition of capital differs across sectors. In this sense, capital is het-
erogeneous and cannot be aggregated across sectors.

Define a capital coefficients matrix B such that

bij= sijkj (2.3.14)

Equations (2.3.12) and (2.3.13) can be combined into the matrix
equation

Z(t) = B AX = B[X(t + 1) - X(t)] (2.3.15)

Adding C as a final demand in the input-output material balance equa-
tions yields the fundamental balance equation of the dynamic model:

X(t) = AX(t) + B[X(t + 1) - X(t)] + C(t) (2.3.16)
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Writing the equation in recursive form and solving for X(t + 1) yields7

X(t + I) = [B-(I - A + B)] X(t) -B-IC(t) (2.3.17)

In Eq. (2.3.17), the inverse of the capital coefficients matrix is
assumed to exist. In fact, because many sectors do not produce capital
goods, the S and hence B matrices will have a number of zero rows and
will be singular. However, it is always possible to reduce the system to
an order equal to the number of capital goods-producing sectors and
work with this reduced form (see Kendrick, 1972). Alternatively, one
can assume that every sector requires inventory investment and incor-
porate the inventory coefficients into the B matrix.8 In any case, the
complication is usually ignored for expository purposes and B` is sim-
ply assumed to exist.

As it stands, Eq. (2.3.17) can be used to "solve" the dynamic model
in the sense of being able to be used to generate a series of X(t) vectors.
Given a value of XO and a series of known target consumption vectors
C(t), Eq. (2.3.17) is simply used as a recursion formula. Given XO and
C(O), one solves for X(1). Given X(l) and C(1), one gets X(2), and so
forth. Early work with the model used this approach and, not surpris-
ingly, uncovered problems of stability. Starting from an initial output
vector (X.), the mode, after a very few periods, generates output vectors
with negative elements.

To analyze the stability properties of the dynamic model, it is useful
to write out the general solution of the difference equation in the same
form as that for the first-order linear differential equation discussed ear-
lier. Like the solution of the differential equation, the solution of the
difference equation can always be written as the sum of an adjustment
function and a target function. For Eq. (2.3.17), the general solution
given an initial output vector X, is

X(t) = [B- 1(I - A + B)]' [X, - X*(O)] + X*(t) (2.3.18)

where X*(t) is the target equilibrium (the particular solution) and the
first term is the adjustment function. As in the differential equation case,

Note the similarity between Eq. (2.3.17) and Eq. (2.3.4) for the one-sector
model. The parameter aT in the one-sector model is the output-capital ratio,
whereas the elements of B are capital-output ratios - hence the appearance
of the inverse of B in Eq. (2.3.17).

8 If inventory investment is given by Z(21 = H AX, then adding Z(2) as a final
demand in the dynamic equation results in B + H appearing whenever B
appeared formerly. If inventories are always assumed to be held in the form
of final goods, H is a diagonal matrix. If inventories are held also in the
form of stocks of inputs, H is no longer diagonal. In any case, it is of full
rank.
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the adjustment function is the general solution of the homogeneous dif-
ferential equation with X*(t) _ 0.

It is the properties of the adjustment function that determine the sta-
bility properties of the general solution. The mathematical properties of
this function are discussed in the appendix to this chapter. It is impor-
tant to stress, however, that these mathematical properties reflect the
economic assumptions embodied in the dynamic equation, and it is
therefore important to analyze these assumptions closely before embark-
ing on a purely mathematical analysis of the equation system. Start
from the basic dynamic equation (2.3.16) and consider how the invest-
ment process works given an initial output vector X0 .

From the material balance equation, given production X0 and con-
sumption C(0), the amount of production in each sector available for
use as investment is given by

Z(0) = X0 - AX, - C(0) (2.3.19)

For the strict equality to be satisfied, all of this sectoral production must
be used for investment. From Eq. (2.3.13), Z(t) = S AK(t) and hence
the unique vector of changes in sectoral capital stocks that will use the
available investment goods is given by

AK(0) = S-'Z(0) (2.3.20)

Given AK(O), output in year 1 is given by

X(i) = X0 + K-1 AK(0) (2.3.21)

where K is the diagonal vector of sectoral capital-output ratios. Given
X(1), the process is repeated for the next period.

The problem arises because in Eq. (2.3.20) some of the elements of
the inverse of the capital proportions matrix S-' will generally be neg-
ative. This implies that some elements of AK may be negative. Given
the structure of sectoral production available for investment embodied
in Z, it may well be necessary to dissolve capital stock in some sectors
into their sectoral components in order to achieve the required balance
of demand for investment by sector of origin such that all available
investment goods are used. Once the system starts dissolving sectoral
capital, from Eq. (2.3.21) it can be seen that those sectors will very
quickly tend to generate negative output.9

Note that the mechanism yielding instability in this model depends on mul-
tisector relationships and is quite different from the mechanism at work in
the one-sector model. The relationship between the different mechanisms
and the stability properties of the multisector model are discussed rigorously
in the appendix to this chapter.
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Once the mechanism we have described is understood, it is clear that
in general one cannot expect the model to behave reasonably. On the
contrary, empirical models almost always tend to dissolve capital in
some sectors and quickly generate negative sectoral output. The invest-
ment behavior implied in the adjustment function is nonsensical: Invest
whatever is left over in every sector and never leave a stock unused. The
model derives its historical starting point X0 by implicitly assuming that
capital in the base period is strictly nonshiftable, but then happily pro-
ceeds to dissolve sectoral capital stocks in order to accommodate the ini-
tial sectoral production dynamically.

As long as an arbitrary initial condition is imposed on the dynamic
input-output model and the system is also constrained to be always
operating at full capacity, then it seems clear that the system cannot
yield reasonable results. Indeed, in a sense, the two assumptions are
contradictory. Full capacity in all periods and sectors implies some sort
of long-run equilibrium, whereas arbitrary initial conditions reflect his-
torical conditions that include transitory features. The multisector
model also displays the same sort of knife-edge feature as the one-sector
model: Once off the equilibrium path, the model will not return to it.

The instability properties of the forward-running model have gen-
erated a great deal of literature and a number of suggestions on how to
fix the problem. Most of the suggestions involve loosening the extreme
assumption that the economy work at full capacity in every period and
sector. They thus work with the adjustment function directly, attempt-
ing to make it more flexible or "realistic" (see Leontief, 1953; Bergsman
and Manne, 1966; Gupta, 1977). An example of such an approach is
a recent contribution by Leontief that suggests a reformulation of the
adjustment function (Leontief, 1970). His idea is to run the svstem
backwards instead of forwards, with the same target consumption path
C(t) but specifying an arbitrary terminal output vector XT. Adopting
this approach, X(0) is solved endogenously and XT takes its place as
the arbitrary boundary condition. A quite different investment theory
is implied. The problem now is to determine an output and investment
sequence X(t), Z(t), t = 0, . . . , T - I such that the system can deliver
the target consumption sequence C(t), t = 1, . .. , T and accumulate
the required capital to produce the specified terminal output vector XT.
Can this approach be expected to yield more reasonable results?

The general solution of the backward-running model is given by

X(t) = [(I - A + B)-'B] T -'[XT - X*(T)] + X*(t) (2.3.22)

which can be compared to the solution of the forward-running model
from Eq. (2.3.18):
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X(t) = [B'(I - A + B)]'[X, - X*(O)] + X*(t)

Note that (I - A + B)-'B is the inverse of B-'(I - A + B). Math-
ematically, the adjustment function in the backward-running model is,
in a sense, the reciprocal of that in the forward-running model. If this
were a one-sector model, instability in the forward-running model
would imply that the backward-running model was stable. However, in
a multisector model this conclusion does not follow.

The best that can be said is that, given the fundamental properties of
the A and B matrices, the model will have what has been referred to as
a "dual stability" property. If the backward-running model is stable,
then the forward-running model is unstable, and vice versa. However,
both models may be unstable.'" Thus, if the forward-running model is
unstable, the backward-running model may be stable, but need not be.

Although much of the literature has focused on the stability proper-
ties of the adjustment function, not enough attention has been paid to
the target equilibrium path - the particular solution X*(t). Even if
either the forward- or backward-running model is stable in the sense
that the adjustment function does not force the system to dismantle cap-
ital and run production processes in reverse, the short-run investment
theories they incorporate are nonetheless both quite unrealistic.

Notice that in the general solutions of the forward- and backward-
running models - Eqs. (2.3.18) and (2.3.22) - whereas the adjustment
functions differ, the target equilibrium function is the same. However,
even if the adjustment function is stable, there is no guarantee that the
system will converge to the target equilibrium path. In most empirical
applications it will not because, loosely speaking, convergence requires
that for all sectors, the target growth rate exceed the corresponding rate
from the adjustment function, a most unlikely occurrence."

The target function is interesting in its own right precisely because
it can be interpreted as a long-run equilibrium path that satisfies the
equilibrium intertemporal linkage conditions and produces the desired
sequence of consumption vectors. Whether or not X*(O) is consistent
with the base-year initial production vector XO is a question that can be

10 The theorem is formally analogous to the "dual stability" theorem proved
by Jorgenson for price-quantity equations in the dynamic Leontief model.
See the appendix to this chapter for further discussion. The requirements of
full capacity use at all times combined with an arbitrary consumption path
may yield negative outputs just as is the case in the forward-looking model,
although the implicit investment theory is somewhat more reasonable when
the model is run backward.

" See the appendix to this chapter for a further discussion. Stability in this
sense is analogous to that in the one-sector model.
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explored separately. One might well argue that a planning model
should be concerned only with the target equilibrium path, and treat as
a completely separate policy problem how to move the economy onto
the target path. Certainly one would not put a great deal of credence in
the very unrealistic investment behavior embodied in the adjustment
function, and the various attempts so far to make the adjustment func-
tion behave have not yet resulted in a satisfactory theory of short-run
investment behavior.

In the next section, we shall discuss different target equilibrium func-
tions given different assumptions about how target consumption grows.
We shall also discuss the notion of the feasibility of such target paths.

Target equilibrium paths

The target equilibrium is a particular solution to the basic difference
equation (2.3.17) and depends on both the technology of production and
growth as reflected in the A and B coefficient matrices and on the target
consumption path C(t)."2 It does not, however, depend on initial (or any
boundary) conditions and hence can be seen as a long-run equilibrium
path.

In order to bring out the sole dependence of the target function on the
consumption path C(t), it is useful to recast the basic difference equa-
tion in terms of changes in C(t). This can be done by using the algebra
of operators. Define a matrix of difference operators A, which is simply
a diagonal matrix of the difference operator:

KA 0

O A_

In this notation, AX(t) is written as the product of the operator matrix
A and the vector X(t). The advantage of using the operator approach
is that we can treat A separately from the X(t) vector and perform
algebraic operations with it."3

Using the operator notation, the basic difference equation of the
dynamic model, Eq. (2.3.16), can be written as

2 The derivation of particular solutions for the open dynamic input model are
given by Stone and Brown (1962), Mathur (1964). See also Woods (1978).

13 A is not, however, the same as a matrix of numbers - it can only be treated
in an analogous manner. See Allen (1960, app. A), for a discussion of the
algebra of operators.
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X(t) = RB AX(t) + RC(t) (2.3.23)

where R = (I -A)-'. Solving for X(t), one gets

X(t) = (I - RB A)-'RC(t) (2.3.24)

Writing this equation as a series expansion,

X(t) = [I + RB A + (RB A)2 + ... ]RC(t) (2.3.25)

Because R and B are assumed not to vary over time, it follows that
ARC(t) = R AC(t) and Eq. (2.3.25) can be written as

X(t) = R[I + BRA + (BR)2
&2 + ... IC(t) (2.3.26)

If Eq. (2.3.26) is multiplied out, it can be seen that the initial difference
equation in AX has now been expressed as a function of successive dif-
ferences of C(t). Thus, Eq. (2.3.26) is a general representation of the
target equilibrium as a function only of the target consumption path,
C(t). We shall consider two special cases.

Assume that consumption in each sector grows at a constant com-
pound rate gi, which can vary across sectors. Then AC(t) = GC(t),
where G is the diagonal matrix of sectoral growth rates. Equation
(2.3.26) becomes

X*(t) = R[I + BRG + (BR) 2 G2 + ... ]C(t) (2.3.27)

where X*(t) replaces X(t) to denote that this is a target equilibrium,
and

C(t) = (I + G)' C. (2.3.28)

Define the infinite sum

Q = (BR)ISj (2.3.29)

and Eq. (2.3.27) becomes

X*(t) = RC(t) + RQC(t) (2.3.30)

In Eq. (2.3.20), the first term RC(t) gives the production requirements
every year if there were no investment requirements. The term QC(t)
gives the investment required to sustain the specified growth, and
RQC(t) gives the total output required to produce the necessary
investment.

Given the assumption of constant sectoral growth rates, Eqs. (2.3.28),
(2.3.29), and (2.3.30) define the target equilibrium. The matrix Q can
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be solved numerically by simply adding terms in the series expansion
until it converges."4 Given the initial consumption vector C0 and the
specified sectoral growth rates, C(t) is given and hence all the right-
hand terms in Eq. (2.3.30) are specified.

Viewing the target equilibrium as an economic plan raises questions
about its "reasonableness." Examining the reasonableness of the target
equilibrium has two components: (1) internal consistency and (2) fea-
sibility. In discussing these properties, it is convenient to work with a
somewhat simpler model. Instead of assuming that sectoral consumption
grows at different rates, assume that consumption in all sectors grows
at the same rate g. Thus g, = g for all sectors. In this case, the infinite
sum in Eq. (2.3.29) has a simple representation,

I + Q = (I - gBR)-' (2.3.31)

and hence, from Eq. (2.3.30),

X*(t) = R(I - gBR)>C(t)

The term on the right can be simplified (after a little algebra) as

X*(t) = (I - A - gB)-'C(t) (2.3.32)

First, consider the internal consistency of the target equilibrium.
Given that the economy is viable, (I - A)-' is a non-negative matrix,
and it is clear that there exist values of g > 0 such that (I - A -
gB)-1 is also non-negative. It is also true that there is some maximum
value of g beyond which the inverse matrix has negative elements and
hence, for some t, the target equilibrium is inconsistent because elements
of X*(t) go negative. 5 Thus, to be internally consistent, the model will
allow only a certain range of growth rates.

Internal consistency is a rather weak test of reasonableness because,
for actual empirical models, the maximum internally consistent growth
rate is usually very large, much larger than observed sectoral growth
rates. However, although it is easy to define what is meant by an inter-
nally consistent target path - that it satisfies the difference equation and
yields non-negative output - it is much harder to define what is meant
by a "feasible" target path.

One notion of feasibility that might be termed "base-year feasibility"
is that the initial target output vector X*(0) must be inside the base-

4 The question of whether it converges will be discussed later. There does not
appear to be any simple algebraic representation of the series expansion in
Eq. (2.3.29).

'5 The restriction on g is that the modulus of the dominant root of the matrix
(A + gB) must be smaller than one.
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year production possibility frontier of the economy. If factors of pro-
duction are assumed to be completely nonshiftable in the base year, then
base-year feasibility implies that X*(O) < X0. Although the assump-
tion of nonshiftability seems rather extreme, the definition of a short-
run production possibility frontier along which the economy can move
in order to get onto the target path represents a difficult analytical
problem.

One simple approach is to define the frontier by the "distance" of the
base-year production vector from the origin, II XO II. For a Euclidean
measure of distance, this approach implies that the short-run production
possibility frontier is a section of sphere in the positive orthant."6 The
initial target output vector is considered to be feasible if it falls within
the sphere I I X*(O) I I < I I XO I I.

Alternatively, one might take a more heuristic approach and define
as feasible any initial target vector that is less than some specified "dis-
tance" from the actual base-year production vector. One might also
specify the starting point of the plan period some time after year 0.
Then the feasible distance measure is given by II X- X*(r) II < 6,
where r is the starting period and 6 is a small number. How the econ-
omy is to move in T periods from X0 to the initial target production
vector X*(r) is considered to be a transition problem that must be con-
sidered separately. The problem of planning the transition from a his-
torical capital stock and structure of production to a desired equilibrium
allocation is thus left open by the model.

A dynamic input-output model implicitly includes a complete set of
macroeconomic accounts in real terms. These accounts can be used to
analyze what might be called "macroeconomic feasibility." As shown in
the application in Chapter 4, at the macro level, changes in the balance
of trade (defined in real terms), investment, and hence required savings
are important variables in considering the feasibility of the target path.,7

Before turning to a discussion of prices in input-output models, it is

6 There is a variety of such distance measures, or "norms." See the appendix
to this chapter for a brief discussion of such measures.

7 The notion of "feasibility" is presented in a later section and further dis-
cussed in the appendix to this chapter. In an empirical application, the
trade-offs among the various criteria for feasibility are complex. Either low-
ering the target growth rates or lowering the target base-year values of sec-
toral consumption will yield lower values of X*(0) and hence improve base-
year feasibility. On the other hand, lowering initial consumption raises the
base-year savings rate, which is potentially macroeconomically infeasible.
Given C0, the higher the growth rate, the higher the implied savings rate.
In an actual application, the model can be used to explore some of the trade-
offs empirically.
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worthwhile to spend some time exploring selected extensions to the basic
model that will turn out to be useful for the exposition in later chapters.

Extensions of the model: technological change and
foreign trade

In the derivation of the target functions, technology was assumed fixed
in that the A and B coefficients did not change over time. Although this
is acceptable for a reasonably short period, these assumptions are clearly
empirically incorrect for longer time periods in most countries, devel-
oping or developed. It is possible to assume that both the A and B
matrices change over time, but at the cost of complicating the solution
problem. Several approaches have been tried.

Clopper Almon, in his work on the United States, has generalized
the solution approach to include changes in technology (see Almon,
1967). He assumes that the consumption path C(t) can be approxi-
mated by polynomials in time and also allows the A and B matrices to
change over time. The target function can no longer be represented
analytically, but Almon has developed various techniques for solving it
numerically. Adelman and co-workers, in a model used for the seco,nd
Korean five-year plan, specified the target consumption path explicitly,
allowed for changes in the input-output coefficients over time, and
numerically solved for the target equilibrium path using an iterative
technique (see Adelman, 1969). In Cambridge, England, a number of
models of the British economy have been built under the general super-
vision of Richard Stone. The earliest of these specified differential con-
stant sectoral growth rates (as discussed above), and much of the later
work has been concerned with the treatment of changes in technology.'8

We shall not discuss these empirical applications further here, but it is
worth noting that they represent excellent examples of the application
of the general approach of seeking a target equilibrium solution.

Foreign trade can be included in the dynamic model exactly as it was
introduced in the static model. Exports can be considered as a distinct
final demand category, and imports can be computed using fixed coef-
ficients as discussed in the previous section on the static input-output
model. We shall present a slightly more general specification of import
coefficients in which the treatment above is a special case.'9

18 See Stone (1970). The earliest model is described in Stone and Brown
(1962).

'9 See Robinson and Song (1972), which describes the general technique,
including the solution approach discussed earlier, for a model of Korea.
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Assume that import coefficients are differentiated by type of demand.
That is, the ratio of imports to total demand differ by use: consumption,
investment, and intermediate goods demand. Thus, total import demand
is given by

Mm(t) = A'X(t) + M2Z(t) + M3C(t) (2.3.33)

where

A4' = matrix of intermediate import demand coefficients
MA2 = diagonal matrix of imported investment coefficients
M3 = diagonal matrix of imported consumption coefficients
Mm = vector of imports

C = vector of final demands, excluding exports and investment
(includes private and government consumption)

The fundamental balance equation of the dynamic model, Eq. (2.3.16),
can be rewritten in terms of domestically produced goods:

Xd(t) = AdXd(t) + Bd AXd(t) + Fd(t) (2.3.34)

where the variables are the same as those used in Eq. (2.3.16) except
that Ad is the matrix of domestic input-output coefficients, Bd is the
matrix of domestic capital coefficients, and Fd = Cd + Ed, domestic
consumption demand plus exports.

If the domestic demand ratios are the same for all categories of
demand (as discussed in the static model), then Ad = DA, Bd = DB,
and Cd = DC.

If base-year data are used to estimate the various import coefficients
(Am-, M2, and M3) and they are not assumed to be the same across
categories of demand, then the domestic coefficient matrices are given by
Ad = A - A' and Bd = (I - M2)B, and domestic final demand by
F1 = (I - M3)C + Ed. In either case, the dynamic model is exactly
the same as before, starting from Eq. (2.3.34) instead of (2.3.16).

The inclusion of foreign trade in the dynamic model adds a new
dimension to the question of the macroeconomic feasibility of the target
path: the balance of payments. Both components of target final demand
- exports and consumption - must be specified exogenously. Imports
will be determined endogenously from Eq. (2.3.33). The balance of
trade (in real terms) will thus be determined endogenously and, like the
aggregate savings rate, should be considered in an analysis of the mac-
roeconomic feasibility of the target equilibrium. In Chapter 4 we shall
present an illustrative application of the dynamic input-output model
to the problems of growth and trade strategy in Korea.
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2.4 Relative prices and input-output models

Production prices and the factor price frontier

Input-output techniques were originally developed to analyze and help
achieve overall consistency of production plans in an economy. The
units used to measure output in each sector can be arbitrary (e.g., tons,
bushels), although in practice they are determined by what could be
bought by a unit of currency at the base-year prices that happened to
prevail when the input-output table was constructed. Prices need not
appear explicitly in either the static or dynamic version of the model
discussed previously.

The input-output approach has also been used, however, to analyze
the consistency of commodity prices and value flows that accompany
physical transactions in an economy. In Eastern Europe, for example,
input-output models were constructed during the 1960s with the
explicit objective of reforming the price systems ruling in these econo-
mies. In the West, the input-output model has been instrumental in a
reexamination of some fundamental value-theoretic questions that date
back to Ricardo and Marx. In this section we discuss briefly the use of
input-output models in the analysis of prices and values.

The fundamental principle underlying the construction of price sys-
tems based on input-output models is that commodity prices reflect pro-
duction costs and certain mark-up rates over cost that determine the
relative profitability of different sectors. Although it is possible to con-
struct various forms of mark-up pricing models, we concentrate on one
most closely in accord with general equilibrium theory and most often
discussed in the literature, where commodity prices reflect production
costs inclusive of profit margins on capital advances. We have

Value of output = value of intermediate inputs + wage costs + profits

We assume here a closed economy, a standard assumption in the liter-
ature on "production prices." Imports can be thought of as noncompe-
titive and incorporated in intermediate input costs, or, alternatively, they
could constitute a fourth, separate component of cost.

The value balance equations, dual to the material balance equations,
have the following form:

P,X, = E ajP.X + W,l,X, + Rj E sljPk1 x1 (2.4.1)

where P, and P, are commodity prices, W, is the wage rate in sector
and R, is the profit rate on the value of capital installed in sector j. The
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value of a "unit" of capital is given by tZn= sijPi, where the sij are the
capital composition coefficients. Because bj =S,,k, we can rewrite
(2.4.1) as

P1Xj = E aJ,PiX2 + WVJjX,
z =1

+ RjE bkPjX j = 1,... , n (2.4.2)

Dividing through by Xj, we can rewrite the value balance equations
in the form of price-equals-unit-cost equations:

P = ,aiPi + WlP +RjEbiP, j = 1,...,n (2.4.3)

Note that we have implicitly assumed that a commodity has the same
price whether it is an input or an output in the system. We are thus
dealing with a system where relative prices are restricted to remain con-
stant over time, as would be the case on some steady-state growth path.
This is a very important restrictive feature of this kind of input-output-
based price system and should be kept firmly in mind.

Next make the "Marxian" assumption, taken over by neoclassical
theory, that wage rates and profit rates are equalized across sectors
throughout the economy, so that we have W, = W and R, = R, all j.
We can then assemble Eq. (2.4.3) in the following matrix form (where
P is a row vector):

P = PA + RPB + WL (2.4.4)

where A and B are the familiar material input and capital coefficients
matrices and L is a row vector of labor coefficients; R and W are sca-
lars. Rearranging, we get

P[I - A - RB] = WL (2.4.5)

We can therefore solve for P:

P = WL[I - A - (2.4.6)

Or, on the assumption that the series converges,

P = WL[I + (A + RB) + (A + RB) 2 + ...I (2.4.7)

Note that W, the wage rate, determines the level of prices without
affecting their relative structure. Because it is only relative prices that
we are discussing here, we can set W = 1 without loss of generality
and use the wage as our numeraire. The system is then determinate for
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any given value of R. In particular, if R = 0, there are no profits in
the economy and we have

P = L[Il- A]-' = L[I + A + A' + ... ]= L* (2.4.8)

which would make relative prices exactly equal (proportional if W #
1) to total direct and indirect requirements of labor per unit of final
demand. Thus, with R = 0, the input-output model leads to a labor-
theory-of-value price system with prices proportional to labor costs.

With positive profits in the economy, the price system based on pro-
duction costs computed from (2.4.7) will no longer yield prices propor-
tional to labor costs except in the unlikely event that each sector requires
labor and capital in the same proportions (Marx's equal organic com-
position of capital assumption). In general, prices will reflect a weighted
average of labor and capital costs, with the weighting determined by the
magnitude of R. As R increases, the RB component of the series expan-
sion will tend to dominate. It is important to stress, however, that the
RB terms also are premultiplied by L, so that capital can be viewed as
indirect or "dated" labor and R can be seen as determining the relative
value of "past" labor that went into the production of capital goods in
contrast to "present" labor that produces current intermediate goods
and output.

There is clearly a maximum value of R beyond which the profit rate
cannot rise. The value Rma, is reached when the matrix [I - A - RB]
becomes singular. For R = Rmax, all of net production has to go to
capital, so

PX - PAX = RmaxBX (2.4.9)

and therefore

P[I - A - RmaxB] = 0 (2.4.10)

implying that W = 0. The profit rate reaches its maximum value when
the wage rate declines to zero. Note that this also implies that the dom-
inant characteristic root of [A + RB] has reached unity.20

Any value of R between 0 and Rmax gives rise to a well-defined vector
of relative commodity prices. Examination of (2.4.7) shows clearly that
all prices P, will be monotonically increasing functions of the profit rate
R. Therefore, the real wage, however defined in terms of commodity
weights, is a monotonically decreasing function of the profit rate. This
fundamental inverse relationship between the real wage and the profit

20 See the appendix for a formal mathematical discussion. Note the mathe-
matical similarity to the dynamic input-output model.
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R = the
profit rate

The factor price line
or class conflict curve

\~~~~~~~~~~~~~~

"max WR the real wage

Figure 2.2. The factor price line.

rate is usually called the factor price line, and we illustrate it in Figure
2.2.

We have assumed a closed economy and ignored imports and exports.
It is possible to introduce noncompetitive imports into the system with-
out altering its fundamental characteristics. One simply adds a row of
import requirements, and their cost becomes part of production cost in
each sector. What would completely alter the nature of the system, how-
ever, would be to introduce competitive imports and exports and allow
exogenous world prices to determine relative domestic prices. Causality
in input-output-based price models always runs from domestic factor
prices to commodity prices. This implies noncompetitive imports and/
or domestic markets insulated from world markets by appropriate tariffs
and trade restrictions that allow domestic prices to be determined inde-
pendently of world prices.

It is clear that for each distinct set of A and B matrices (i.e., tech-
nologies), one could derive a different factor price line. Profit maximi-
zation will always lead onto the outermost factor price line, so that in
a model with many alternative technologies, one can concentrate on the
envelope of all these curves, called the factor price frontier.2" There is
a vast literature on the shape of the factor price frontier and on whether
or not it is possible to rank technologies in order of appearance on the
frontier as R increases from zero toward Rmax. The literature on capital

21 This result is often called, rather confusingly, the "nonsubstitution theo-
rem." As long as the real wage is fixed at a particular level, production
techniques and relative prices will also be fixed, irrespective of demand con-
ditions. See, for example, Morishima (1977).
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theory and the reswitching of techniques is beyond the scope of this
book, which focuses on planning models, and the interested reader is
referred to the excellent survey by Harcourt (1972). Suffice it here to
note that the input-output model has provided a very useful framework
for the analysis of basic value-theoretic questions that have divided the
economics profession from the time economics emerged as a science.

Multichannel price systems

Before concluding this section on prices, it is worth providing an exam-
ple of the so-called multichannel price systems, based on the input-out-
put model, which served as models for price reform in Eastern Europe.
We briefly describe a system implemented in Czechoslovakia during the
days preceding the famous Spring of Prague, in 1968 (see Sekerka, Kyn,
and Hejl, 1970). These attempts at reform reflected the need to intro-
duce some uniformity into the various mark-up and profit rates implicit
in the centrally administered price systems so as to allow the identifi-
cation of sectors with abnormally high or low profitabilities and facili-
tate the use of performance criteria based on profitability notions. The
following consistency framework was proposed in Czechoslovakia:

P = (I + P)PA + pPB + APC (2.4.11)

where A and B are the familiar material input and capital coefficient
matrices and C is a labor consumption matrix reflecting a fixed pro-
portions consumption basket of labor in each sector. Prices in such a
system cover costs of materials and lead to income or surplus formation
as a sum of three components: the first proportional to material cost, the
second to capital, and the third to the expenditure of labor. The prices
are referred to as multichannel prices when the parameters v, p, and ju
are all positive. The parameter p is analogous to the profit rate R, A is
a kind of wage rate, and v is a charge for working capital (including
depreciation).

Rewriting (2.4.11) in eigenvalue form, we get

P = P[(1 + P)A + pB + gC] (2.4.12)

Note that the distribution parameters v, p, and , are mutually bound
by the condition that the matrix [(1 + v)A + pB + pC] has a unit
eigenvalue that is also its dominant characteristic root. Any increase in
one of the parameters must imply a decrease in at least one of the others,
because we now have a kind of three-dimensional factor price line.

In Czechoslovakia this multichannel price model formed the concep-
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tual basis of a sweeping price reform affecting 25,000 groups of prod-
ucts; after some experimentation and debate, p was set at 0.06, A at 0.22,
and v at zero. Future matrices and parameters were estimated. In Hun-
gary the same basic construct was used to prepare the ground for the
1968 reform (see Brody, 1970). In contrast to Czechoslovakia, however,
only a relatively small fraction of prices was actually fixed centrally.
The system also allowed for differences in p by sector reflecting invest-
ment priorities, which, of course, destroys the mathematical simplicity
of the model.

It must be stressed that in practice these production price systems
have not had a very long practical life. They are long-term equilibrium
constructs, and the equation of marginal to average cost raises funda-
mental difficulties in using them for applied price-planning exercises.
It is possible to extend the basic framework to out-of-steady-state situ-
ations where relative prices change over time, but the model then loses
its appealing simplicity. What is perhaps even more important is that
the causality implicit in these price systems may need to be reversed
when analyzing economies open to foreign trade, where world prices
may have a determining influence on domestic prices in a large portion
of the economy. Although their practical usefulness is therefore quite
limited, it is instructive to keep these production price models in mind
as representing one extreme among the many alternative ways planners
and policy makers have approached the problem of relative price deter-
mination. Elements of the production price concept remain valid in
many of the very different models we shall discuss throughout the book.

2.A Mathematical appendix

In this appendix we gather together some of the mathematical proper-
ties of semipositive matrices that relate to the static and dynamic input-
output models.2 2 In particular, we consider (1) the viability of the static
model and (2) the stability of the dynamic model. There are a variety
.of ways to approach these questions. We shall start from the notion of
the diagonalization of a matrix.

Diagonalization

Consider the homogeneous equation

(A - XI)X = 0 (2.A.1)

22 A good textbook on the mathematics of multisector models is Woods (1978).
See also Lancaster (1968) and Burmeister and Dobell (1970).
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where A is an (n X n) matrix, X is a vector, and X is a scalar. This
system has a nontrivial solution if and only if the determinant

IA - XII = 0 (2.A.2)

Given A, Eq. (2.A.2) is a polynomial in X. The n roots of this polyno-
mial are called eigenvalues, latent roots, or characteristic roots. For any
root Xh,

(A - X,I)Xk = 0 (2.A.3)

where X' is the solution vector. Xk is known as an eigenvector (or latent
vector, or characteristic vector) and is determined only up to a scalar
multiplier. Usually, it is convenient to scale the eigenvectors so that

E (XW)2
= 1 (2.A.4)

Consider a matrix V whose columns are the eigenvectors X' and a
diagonal matrix A such that A,, = X,, where the kth eigenvalue on the
diagonal corresponds to the kth column of V. Equation (2.A.3) can now
be written in matrix terms:

AV= VA (2.A.5)

Assume that the roots X, are all distinct.2 3 In this case all the eigen-
vectors are linearly independent and hence V` exists. We can then
write

A = VA V` (2.A.6)

The matrix of eigenvectors is said to "diagonalize" the matrix A
because

V-'AV = A (2.A.7)

Consider the matrix A', where n is a rational number. Then it can
be shown that:

1. If A has characteristic roots X,, then A' has characteristic roots
(XJ)".

2. The eigenvectors of A' are the same as those of A. Thus

V-'A"V = A' (2.A.8)

23 In economics problems, it is usually reasonable to assume that the eigenval-
ues are distinct because, if there are repeated roots, the matrix can be per-
turbed by an arbitrarily small number to yield a new matrix with distinct
roots.
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The diagonalization of a nonsymmetric matrix A, and especially of
powers of A as shown in Eq. (A.2.8), is important in demonstrating
important theoretical results. Although A can be any matrix with dis-
tinct characteristic roots, input-output analysis is concerned with
"semipositive" matrices. The next section states some important prop-
erties of this type of matrix.

Semipositive matrices

A "semipositive" matrix is a matrix with only non-negative numbers
(aij 2 0 for all i and j) and with at least one positive entry in every row
and column. If all the elements are strictly greater than zero, the matrix
is called "positive" (aij > 0 for all i and j). A semipositive matrix is
"indecomposable" if its rows and columns cannot be permuted (remem-
bering that the row and column indices are not independent) so as to
create a block triangular matrix (see Dorfman, Samuelson, and Solow,
1958). A positive matrix is, of course, always indecomposable.

We list below, without proof, a number of properties of semipositive
matrices. Most of them are contained in what is loosely called the Per-
ron-Frobenius theorem. Given that A is a semipositive matrix, then:

1. The matrix A has a dominant eigenvalue A* that is real and non-
negative. If A is indecomposable, X* is positive. Dominance is defined
in property 3.

2. Associated with X* is a semipositive eigenvector X* 2 0. If A is
indecomposable, then X* > 0 and no other characteristic root has an
associated non-negative eigenvector.

3. The modulus of X*, denoted j X* I, is greater than or equal to the
modulus of any other root.24 If the matrix A is positive, the inequality
is strict; that is, I * I > I k I for all other k.

4. For any number A > X*, the matrix (AI - A) is nonsingular and
(AI - A)-' is semipositive. If A is indecomposable, (jul - A)-' is a
positive matrix.

5. OX*/daij 2 0 for all i and j. For indecomposable matrices, the
inequality is strict. That is, increasing the value of any element in the
matrix cannot decrease the dominant eigenvalue (and will increase it for
an indecomposable matrix).

There are various theorems that serve to determine bounds on the
characteristic roots of a matrix. In considering these theorems, it is use-

24 The modulus of a real number is just its absolute value. The modulus of a
complex number a + bi is given by I a + bi l = + ,a ± b , and thus
depends on both the real and imaginary parts.
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ful to start from the notion of a "norm" of a matrix.2 5 For a vector, the
"norm" is defined as a general measure of length. The usual Euclidean
measure of length is one kind of norm. For a vector X, the Euclidean
norm is given by

IXIIE= [ 1 2 (2.A.9)

There are two other common norms, which we shall call L and M and
which are defined as26

IIXIlM = max IXij (2.A.10)

IXlIIL = E l xii (2.A.I 1)

Consider the problem discussed in the text of determining the feasi-
bility of the initial period of a target equilibrium, X*(O). It was sug-
gested that X*(O) be considered to be base-year feasible if it is no fur-
ther "distance" from the origin than actual production in the initial
year. Using the norm to represent the measure of "distance," base-year
feasibility implies that

IIX*(O)ll < iiXlii (2.A. 12)

In this context, different norms have quite different economic interpre-
tations. The Euclidean norm implies that the short-run production pos-
sibility frontier is a section of a sphere centered on the origin. The L
norm states that the sum of production (in base-year prices if a value
measure of output is used) is the appropriate measure and hence that
the production possibility frontier is a hyperplane in the positive
orthant - a straight line if there are only two sectors. In fact, the L
norm defines the largest cube that can be circumscribed by any sphere
defined by the Euclidean norm. The M norm implies that the frontier
is a cube with the dimensions of the largest sectoral output. It is thus
the smallest cube in which any sphere defined by the E norm can be
inscribed.

The vector norms we have used so far can be generalized to matrices.

25 Vector and matrix norms are not much used in economics. For a brief treat-
ment, see Almon (1967) or Woods (1978). For a mathematical treatment,
see Stewart (1973).

26 These definitions follow Almon (1967); L stands for the mathematician
Lebesgue. In some books, these are called L, and L2 norms. See also Nikaido
(1968).
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One definition of a norm of a matrix A is the smallest number II A
such that

IIAXEI < I•Afl IIXlI (2.A. 13)

for any vector X.27 Intuitively, the norm of A is the maximum relative
"distance" that multiplication by A extends any vector X, where the
definition of "distance" depends on the type of norm. For the M norm,

IIAI IM = maxE aj (2.A.14)

That is, it equals the maximum row sum of absolute values. For the L
norm,

11 AI L = maxE aj (2.A.15)

That is, it equals the maximum column sum of absolute values.
The various approaches that have been used in the economics liter-

ature to prove that an input-output system is viable [i.e., that (I -

A)-' is non negative] all make use of norms, even if not explicitly defin-
ing them.28 They essentially make use of various properties of an input-
output matrix to establish that the modulus of the largest eigenvalue of
the coefficient matrix is less than one. However, there is a general theo-
rem establishing an inequality between the norms and eigenvalues of a
matrix. The theorem states that for any matrix A, the moduli of the
eigenvalues are all bounded by any (consistent) norm of the matrix (see
Stewart, 1973, p. 270):

IAX ' IIAjj

For an input-output matrix that is based on a consistent set of
accounts, the elements of A are all non-negative and the column sums
are all less than one because each sector has at least some value-added
(nonproduced inputs). Therefore, for an input-output matrix,

IIA fL < 1

27 Under this definition, the matrix norm I A I I is consistent. That is, I AB I1
< I III B I I for any conformable matrices A and B. There are more

general definitions, but this one will suffice for our purposes.
28 For example, McKenzie's (1960) treatment of a dominant diagonal matrix

relies on properties of the M norm. The proofs in Lancaster (1968) are
especially clear. The Hawkins-Simon conditions are subsumed under the
conditions for a dominant diagonal matrix. Woods (1978) has an interesting
treatment that starts from the Hawkins-Simon conditions.
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Thus, for the input-output matrix, IX I < 1. For a semipositive inde-
composable matrix, it is possible to strengthen the theorem. First, note
that for such a matrix, the dominant eigenvalue X* is real and positive,
so that IA* I = X*. In this case, X* can be shown to be bounded from
above and below, and such matrices have the following properties:

6. If A is semipositive and indecomposable, the dominant eigenvalue
is strictly bounded from above by I I A I I L and from below by the mini-
mum column sum of absolute values. That is, S < X* < A L, where
S is the minimum column sum. If S = AHL, then X* = AHL =

S. Similar bounds hold for I A II M.

Given that I I A I I L < 1, then X* < 1. Actually, given property 6, the
inequality on X* can be proven with somewhat weaker conditions. We
require only that I A L 1 1 and S < 1. Thus, all column sums but
one can equal 1.

Viability of an input-output system

For any actual input-output matrix, we have thus shown that X* < 1.
From property 4, set g = 1 > X*, and it follows that (I - A)-' is
positive (semipositive if A is decomposable). Thus the system is viable.29

The condition that X* < 1 is also sufficient to prove that the multiplier
series (the series representation of the inverse) converges.

Consider the series R(k),

R(k) = I + A + + AAk (2.A.16)

and the product

(1 - A)R(k) = I - At' (2.A.17)

The limit of R(k) as k goes to infinity is equal to (I - A)-' if and only

if koo0 Ak = 9.
Now diagonalize R in Eq. (2.A.16). From Eq. (2.A.8),

F-lRV = I + A + A2 + ... + Ak (2.A.18)

Each of the components of the series is of the form (1 + X, + X2- +
... ) and these converge if I X, I < 1, which is true because the largest
root is strictly less than one. Thus the multiplier series converges if the
system is viable.

29 The inequality X* < 1 also holds for any matrix.that differs from A by only
a change of units. See Fisher (1965).
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Stability of the dynamic system

The equations of the forward-running dynamic model Oan be written
as

X(t) = D'[X- X*(O)] + X*(t) (2.A.19)

where D = B-(I - A + B). Diagonalize D:

D = VAV ' (2.A.20)
D'= VA'V`' (2.A.21)

The adjustment function will thus be a weighted sum of the eigenvectors
in V with the weights given by the vector AtV'[X 0 - X*(0)].

If the vector X0 - X*(0), or just X0 for the homogeneous equation,
is proportional to one of the eigenvectors in V, then V-[X 0 - X*(O)]
will have zeros in every entry except the one corresponding to that
eigenvector. In this case, the adjustment function will expand along the
direction given by the one eigenvector.

If, as one would usually expect, V-'[X 0 - X*(O)] has no zero ele-
ments, then eventually the weights will be dominated by the A' terms.
As t becomes large, the adjustment function will expand in the direction
of the eigenvector associated with the largest eigenvalue (in modulus).
Questions of stability or consistency of the adjustment function thus all
depend on the properties of the largest eigenvalue and its associated
eigenvector.

The backward-running model can be written as

X(t) = (D-) T I'[XT - X*(T)] + X*(t) (2.A.22)

From Eq. (2.A.8), we have that the eigenvalues of D 1 are given by
A' and the associated eigenvectors are unchanged. Thus, the properties
of the backward-running adjustment function are related to those of the
forward-running model.

Consider the D matrix. It can be written as

D = I + B `(I - A) (2.A.23)

The inverse of the second term is (I - A)-'B. This matrix will be
positive and hence will have a dominant positive real eigenvalue, ,*,
with an associated positive eigenvector.3 0 Furthermore, no other eigen-
vector is positive. Now 1/,u* is an eigenvalue of B-'(I - A), and so
there exists one balanced growth path for the adjustment function with

30 If A is indecomposable, (I - A)-' is positive. B is semipositive, hence their
product is positive.
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all sectors having positive outputs and the system expanding at the rate
1 + 1/A*. The remaining question is whether this path is the dominant
one.

Given that ,u* is the dominant eigenvalue of (I - A) `B, then all
other eigenvalues of B-'(I - A), call them X,, will be greater in mod-
ulus than 1/!u*. If the value of (1 + 1/,u*) does not dominate the values
of (1 + X,) for the other roots, then the system will not generally stay
on the positive balanced growth path and must therefore eventually gen-
erate negative outputs for some sectors.

At first glance, it would seem that because IA, I > (1 I4*), the system
must be unstable. However, this is not true because what must be com-
pared is the modulus of 1 + X, relative to 1 + 1/,u*. Define X* = 1/
A* and note that X* is real, so that 1 + X* I = 1 + X*. However, for
the other roots, I1 + X, • < 1 + Xi I, and we cannot prove any rela-
tionship between I1 + AX I and I1 + AX* l.

Although we cannot prove that the forward- or backward-running
models are either stable or unstable, there is a "dual stability" relation-
ship between the two models.3" Given that the eigenvalues for the back-
ward-running model are the reciprocals of those for the forward-run-
ning model, the same root cannot be dominant in both models. Because
the positive eigenvector is unique, if the forward-running model hap-
pened to be stable, the backward-running model would not be - and
vice versa. However, both could be unstable.

Note finally that the adjustment function will never be stable in the
sense that t "mo D' = J'. Thus, the only way that the general solution
X(t) will approach the target equilibrium path X*(t) is if the target
path dominates the adjustment path. This will happen only if all the
roots of D are appropriately small, a very unlikely occurrence because
the roots of the adjustment function represent the maximum rate of
growth the system can achieve assuming that there is no consumption.32

A comparison of the one-sector and multisector
models

The analysis in the previous section is also useful to bring out the dif-
ferences and similarities between the one-sector and multisector models.

Although the theorem has never been stated in this form, it is formally anal-
ogous to the dual stability theorem for price and quantity equations conjec-
tured by Solow and proved by Jorgenson. For a discussion, see Burmeister
and Dobell (1970).

32 Speaking loosely, (1 + A,) for all Xi including X* must be less than the
sectoral rates of expansion of X*(t).
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As discussed in the text, there are many similarities between the two
models, although the mechanisms that underlie their instability prop-
erties are quite different. It is. revealing to explore the assumption
required to have the same mechanisms.

First, assume that both the A and B matrices are diagonal. Then
there is no sectoral interdependence through intermediate input require-
ments and each sector uses only its own output as capital input. In this
case, the sectors are entirely independent and the multisector model can
be seen as a collection of independent one-sector models. In this case the
B matrix is certainly of full rank and the capital composition matrix
(S) is just the identity matrix, so its inverse will, of course, have no
negative elements.

Second, assume that the A and B matrices are not diagonal, but that
all the columns of the S matrix are the same. There is interdependence
through demand for intermediate inputs and sectoral capital is made up
of goods from different sectors, but the sectoral composition of capital
by sector of origin is the same for all sectors (of destination). In this
case, the rank of the B matrix is one, even if incremental capital-output
ratios differ across sectors, and the notion of an aggregate capital stock
in the economy is well defined.

Consider the adjustment function of the forward-running model, Eq.
(2.A.19). As discussed above, the inverse of the second term of the D
matrix in Eq. (2.A.23) is (I - A)-`B. This matrix is positive and hence
has a dominant positive real eigenvalue with an associated positive
eigenvector. However, if the B matrix is of rank one, then (I -A)-'B
is also of rank one and hence the dominant eigenvalue is also unique.
Thus there is only one balanced growth path and it has positive output
in every sector. With no variation in the sectoral composition of capital,
there is no possibility of having the adjustment function generate a
solution path with negative sectoral output.3 3

The model with the same composition of capital across sectors is the
multisector analogue of the one-sector model. The question of stability
in both models reduces to a comparison of the single growth rate gen-
erated by the adjustment function with that from the target equilibrium.
In both models, the growth rate generated by the adjustment function
is the maximum that the economy could achieve, because it involves
investing all output, with no consumption. Thus, unless the economy
happens to start on the target path, the dynamics will be dominated by
the adjustment function.

33 Unless the constant in Eq. (2.A.19), Xo - X*(O), is negative. That is, the
target equilibrium is in some sense not base-year feasible.



CHAPTER 3

Linear programming models

3.1 Introduction

Input-output models are consistency models that do not have an endog-
enous mechanism of choice among alternative feasible scenarios. Linear
programming introduces a great deal of flexibility into the basic linear
input-output structure by allowing inequality constraints and introduc-
ing the explicit maximization of a planner's preference function into
economy-wide planning models. Maximization implies the possibility
of choice, which in turn implies that the feasible set defined by the math-
ematical relations constituting the planning model contains many alter-
native solutions. It is therefore the introduction of inequality constraints
and the ability to deal systematically with these constraints that is the
fundamental characteristic of linear programming (LP) models.

Many of the problems that arise in the context of the input-output
models we have discussed are related to the formulation of the basic
constraints as strict equalities. If a sector has a certain amount of capital
installed, all of it must be used to produce output. If a certain ratio of
imports to domestic production is observed, that ratio becomes a fixed
coefficient and there is no endogenous make-or-buy choice that the
model can simulate. We discussed the difficulties this created for the
dynamic input-output model. In contrast, LP models can allow endog-
enous choice of capacity utilization and endogenous determination of
how much of a good will be imported or exported.

The linear programming framework has been and continues to be
used both for economy-wide and more microeconomic, sector-focused
planning exercises. The great flexibility of the LP framework, because
one is always able to add specific inequality constraints reflecting par-
ticular features of the economy, also implies that there are very many
different variants of linear programming models. In fact, their flexibility
is both their chief virtue and their chief vice. Virtue, because one can
generally add and subtract equations and constraints from a given
model, depending on particular circumstances and perceived constraints,
without upsetting the overall consistency of the system or the ability to
obtain a solution. Vice, because the ad hoc constraints may reflect no

62
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more than the prior biases of model builders and it is often unclear
whether important features of a solution path are due to the fundamen-
tal nature of the technology and the objectives specified or to a super-
structure of additional constraints imposed on the system.

The objective of this chapter is to outline the essential "core" struc-
ture of economy-wide linear programming models used for development
planning purposes. We shall not dwell on the many variants that can
be developed from the basic core, but focus in particular on how the
interactions among domestic capacity utilization, investment, and trade
are specified.' In Section 3.2 we present the basic structure of a linear
programming model. Section 3.3 discusses shadow prices and duality.
In Section 3.4 we discuss in greater depth the notion of comparative
advantage and the mechanism determining the direction and volume of
trade in linear programming models. Finally, in Section 3.5, we discuss
the difficult problem of terminal conditions.

3.2 Basic structure of a dynamic linear
programming model

Any LP model, however large, can be formulated compactly in a simple
form:

Objectivefunction Constraints Non-negativity conditions
Max aX Subject to MX < B X : O

(3.2.1)

The vector a, the matrix M, and the vector B are to be considered as
given data. The feasible set S = (X I MX < B, X 2 O} must be
bounded and nonempty for the solution of the program to yield an
optimal vector X* that satisfies the conditions2 X* E S and aX* Ž aX
for all X E S.

The great attraction of linear programming models has been that
once they are in the form given in (3.2.1), their solution is routine and

For comprehensive surveys of linear programming models, see Manne
(1974) and Taylor (1975). See also Srinivasan (1975) for a discussion of the
role of foreign trade.

2 As we shall indicate in our discussion of the duality theorem, in some cases
it may be more appropriate to minimize the objective function. This need
not affect the discussion because, with the feasible set unchanged, it does not
matter at all whether we maximize aX or minimize -aX; the optimal
solution will be the same. We shall therefore always cast the discussion in
terms of the maximization problem.
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the economist need not be concerned with solution methods.3 The solu-
tion is achieved by the simplex method or its variants, a purely mathe-
matical technique. No information on the substantive economic content
of the problem need be communicated to the programmer: Knowledge
of the numbers contained in a, M, and B is entirely sufficient for the
solution algorithm to proceed. There can be a neat division of labor
between the economist-planner concentrating on generating the entries
into a, M, and B and the programmer, who is interested simply in
solving a maximization problem numerically.

A second important feature of linear programming models that has
made these models so attractive to the development planner derives from
the duality theorem and the existence of multipliers that can often be
interpreted as "prices" in the traditional microeconomic sense of the
term. A "primal" problem of the form

Max aX subject to MX ' B X ' 0 (3.2.2)

has a "dual" of the form

Min XB subject to XM >- a X ' 0 (3.2.3)

where the dual variables Xi are conceptually very close to the Lagran-
gean multipliers of classical optimization theory. These multipliers can
be interpreted as scarcity indicators or "prices," and linear program-
ming thus leads to planning models that deal not only with purely quan-
titative aspects but also with the "value" or price implications of alter-
native solutions. It is this feature of linear programming models that
has led to the claim that LP models are at least first approximations to
computable general equilibrium models of market economies.

We shall present, in the form of equation groups, the basic structure
of the kind of linear programming models that have been used to explore
alternative growth paths for a developing economy and ways to help
steer it onto a feasible path that is considered optimal by the economic
planner. The models are called dynamic because they extend over time
and are indecomposable or nonrecursive. We do not separately discuss
the "static" one-period models because they are essentially a special,
simpler case of the dynamic models.

The technology is of the input-output type, and each product is pro-
ducible by a single fixed-coefficients activity. Capital is treated exactly
as it is in dynamic input-output analysis with the exception that one
does not insist on full-capacity use. Everything is measured in constant,

For verv large models, however, it can be difficult to generate the M matrix
from the parameters of the individual equations.
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unit, base-year prices. Following is the core of the equation system char-
acterizing a typical linear programming planning model. As usual, sub-
scripts i and j refer to the sectors of origin and destination and t refers
to the time period. There are n sectors and T time periods.

The objective function

Max E ( {+ c -t + UT+ IKiT+ I (3.2.4.)

What is maximized is the discounted sum of aggregate consumption
(CQ) over the T years of the planning period plus the value of the ter-
minal capital stock left over at the end of the planning period. The ter-
minal values Ui... are given exogenously, whereas the terminal capital
stocks are determined endogenously.4 The discount rate p is constant
over time and expresses the social rate of time preference.

Material balance equations

Mit + Xit 2 a,'Xj, + , SgYj, + q,C, + Ei, (3.2.5)
j=

1
j=1

The variables are (i = 1, n and t = 1, 7)

Mi,= competitive imports by sector of origin
Xi,= production levels by sector of origin
Yj,= investment levels by sector of destination
Ei,= exports by sectors of origin
C, = aggregate consumption
aij= input-output coefficients
sij= capital-composition coefficients
qj = consumption-composition coefficients

The supply of each domestically producible commodity is made up
of production Xi, and imports Mi2 , whereas the right-hand side of
(3.2.5) represents total demand.

The treatment of consumption differs from that in input-output
analysis. Consumption by sector of origin is linked to aggregate con-
sumption by consumption composition coefficients qit:

Q = gi, C, (3.2.6)

See later discussion of terminal conditions.
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Thus, qi,C, takes the place of Ci, in the material balance equations, and
in any one year we deal with only one, aggregate, consumption variable.
The qi, coefficients must sum to one in every year (E q, =t 1, t = 1,
T), and qi, represents the share of the ith sector in total consumption in
year t. These shares may be changed exogenously over time, reflecting
the changing composition of consumption in a growing economy. They
are, however, exogenous, and therefore the composition of consumption
does not change in these models, no matter what else happens in the
economy. No endogenous substitution mechanism exists that links the
structure of consumption directly to changes in relative production costs
and relative prices. Interpreting this specification from the point of view
of neoclassical utility theory, we can say that utility functions are
assumed to be rectangular. 5

It is possible to make the opposite assumption and assume linear
utility curves. In that case the objective function would become SEE

[1/(I + p)]'C,,, and the sectoral consumption levels (CQt) would appear
directly in the material balance equations. Different categories of con-
sumption goods would be perfect substitutes. Unfortunately, the more
reasonable treatment of different consumption goods as imperfect sub-
stitutes is very hard to introduce into the LP format. Simple linearity
requires either linear or rectangular indifference curves.

The treatment of investment is exactly as in dynamic input-output
models. The same is true, of course, for intermediate demand. Imports
and exports, on the other hand, can now, in principle, be treated as fully
endogenous, greatly extending the region of the feasible set and adding
a lot of choice to the model. As we shall see, however, unrestricted
endogenous choice may lead to unrealistic specialization and is not
always desirable.

Capacity constraints

k,&: -< &! (3.2.7)

Here k, and Ki, represent the sectoral capital-output ratios and the sec-
toral capital stocks. Sectoral production is thus constrained by the avail-
ability of capital installed in a particular sector. Capital is nonshiftable
and sector specific in the short run. It is often more realistic to differ-

Note that although products are consumed in fixed marginal proportions, it
is not necessary to restrict the marginal and the average consumption pro-
pensity for a commodity to be equal. One need only add an "intercept" term
q,,(E ;7,, = 0). The elasticity of demand with respect to expenditure is q,/
[q,, + (q,/C1)].
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entiate between average and incremental capital-output ratios. Rede-
fining the k, as "marginal" capital-output ratios, we could write

kj(Xji -X,) ' Ki - Kj (3.2.7a)

Xi. and Ki, represent initial output and capital stock levels, and capacity
limitations are now governed by increments to capital stocks and incre-
mental capital-output ratios. Note that there is no "base-year feasibil-
ity" problem. An initial vector of sectoral capacities is given, but it may
or may not be fully utilized.

Investment or capital updating equations

Kit+, = Kit(1 - dpi) + Yi, (3.2.8)

Here, dpi is the proportion of the capital stock that depreciates in one
year. Total investment is made up of net investment Yi, and replacement
investment dpK,I,. Note that we again assume a uniform one-year ges-
tation lag: Investment in year t does not affect capacity in the same year
but only capacity in the year t + 1. It is not difficult to build more
general and flexible lag structures into the linear programming models.
But, largely because of data limitations, this has not been general
practice.

Foreign exchange constraints

Z PWixM, + PW,t,M. > E PWi,Ej, + F, (3.2.9)

We have, in addition to variables already defined,

PW1, = the dollar prices of competitive imports and exports
P W4, = the dollar price of noncompetitive imports

Mot = noncompetitive imports

F, = net foreign capital inflow expressed in dollars
n, = the number of tradable sectors, assumed to be the first n,

sectors distinguished in the model

The foreign exchange constraint restricts the foreign exchange that
can be spent on imports in any given year to be less than or equal to
foreign exchange revenue generated in that year through exports and
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capital inflows. Noncompetitive imports, Mo,, are either exogenous or
linked to output and/or investment levels by fixed coefficients:

M = a,X, + s slj, Y* (3.2.10)
j=l 7=I

where a, and s, represent the ratio of noncompetitive imports to output
and investment. For simplicity we shall assume that a, = 0, so that the
only noncompetitive imports are investment goods.

The world dollar prices of traded goods are assumed fixed, implying
the small-country assumption. Note that implicit in the PWi, is the
base-year exchange rate, because the M:, and the Ei, are expressed in
unit base-year prices.6

The year-by-year form of the foreign exchange constraint may be
unduly restrictive. The availability of reserves to absorb or cushion
short-run surplus or deficits should allow a more flexible foreign
exchange constraint that requires equilibrium only over the period as
a whole:

T nl T T n T

E E PW1,M,, + E PW E E PW,Ei, + E Et (3.2.11)
t=l t= 2= ~~~~~~~t=1 t t=1

The last term should be interpreted as the net borrowing capacity over
the period. For simplicity, we have left out an explicit treatment of debt
management and interest payments.

As is discussed in greater detail later, it is a difference between world
prices PWV, and the pretrade domestic commodity transformation rates
that leads our model to trade, exactly in the spirit of neoclassical trade
theory. The profile of trade generated by a model that does not include
any further restrictions on exports and imports is often extremely
unrealistic, however. The assumption that a country can export ever
greater amounts of a commodity at constant prices is often not met in
reality. Furthermore, on the import side, the linearity of the underlying
technology will tend to lead to specialization. This will not happen
immediately, because capital stocks are sectorally fixed in the short run
and all goods will normally be produced. But in the longer run, invest-
ment will occur in the least-cost sectors and lead to unrealistically high
levels of imports in the higher-cost sectors. To obtain a more reasonable
pattern of trade, most models include upper bounds on exports to pre-

6 In practice, PWi will differ between imports and exports because of trans-
portation margins and other factors. These can be incorporated into the
world price system exogenously.
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vent extreme specialization. Because these bounds are essentially arbi-
trary, they greatly reduce the attractiveness of the model as a device for
endogenously generating the structure of production. Unfortunately,
such."ad hoc" constraints are, in practice, unavoidable if an essentially
nonlinear world is to be fitted into a linear framework.7

Labor constraints

E1sj,x,, T,, (3.2.12)
j=,

Distinguishing different skill categories or types of labor limited in sup-
ply further restricts the feasible set. The supply of labor is usually
assumed to grow exogenously and, in general, no allowance is made for
substitutability between labor categories. These rigid features can be
modified to incorporate some substitution between labor categories by
introducing labor-downgrading activities allowing workers within high
skill categories to substitute, on a one-to-one basis, for workers with
lower skill categories.8

Summary

The equations just given constitute the essential core of most dynamic
linear programming models. It is extremely useful to summarize them
in a simplex tableau that exhibits in compact form the structure of the
model. Table 3.1 is obtained from this equation system, transforming
the 2 inequalities into < relations by multiplying through by -1, and
ordering the primal variables by sector and time period to bring out the
almost time-recursive structure of the model. Table 3.1 fully summa-
rizes an illustrative n-sector, three-time-period model.

In Table 3. 1, each column contains the parameters appearing in front
of the vector of primal variables that constitute the column heading. The
column appearing on the right-hand side of the inequality signs gives
the exogenous B vector.9 The rows of the tableau reflect the constraint
system. To each row we have attached a shadow multiplier. Finally, the

The specialization problem and the mechanism that determines the direction
and pattern of trade is discussed further below.
See, for example, Blitzer (1975). Alternatively, one could have different out-
puts for different classes of workers.

9 The B vector here should not be confused with the capital coefficients matrix
B = SK.
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Table 3.1. Detailed coefficients tableaufor dynamic linear programming model

X, Y, M, E, C, X 1 Y2 M2 E2 C2

MBAL1 -(I - A) S -I'' +Pn Q,
CAPI K
INVI -I
LAB21 L,
BOPI PW, PW-P, -PW,
MBAL2 -(I-A) S -In, +3I Q2
CAP2 K
INV2
LAB2 L2
BOP2 PW2S52 PW2 -PW2

MBAL3
CAP3
INV3
LAB3
BOP3

OBJ. __ _2__

FUNC. ( )

last row contains the vector a, whose elements are the weights appear-
ing in the objective function. The tableau is thus a complete represen-
tation of our linear program. Provided that actual numerical values are
assigned to the elements of M, B, and a, it contains all the information
needed to solve the program. The matrices, vectors, and scalars that
appear inside the tableau are the following:

I = identity matrix of order n X n
P,= identity matrix of order n, X n, (n, = number of tradables)
A = input-output matrix
S = capital composition matrix
S = diagonal noncompetitive import requirements matrix

PW,, = world price vectors
Q,= consumption shares vectors
K = diagonal matrix of capital-output ratios

DP = diagonal matrix of depreciation rates
L,= labor coefficients matrix

UTI1 = terminal capital price vector
p = social rate of discount

The fact that we have allowed time superscripts for the world price
and consumption shares vectors and for the labor coefficients matrix
reflects the possibility of allowing exogenous changes in these parame-
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},-n X3 Y3 M3 E, C3 K3 K.

Pt
< K, A RN,
<(I- DP) K, U,

T , WI
< F, SR,

P2
-- I A < RN2
-- (I- DP) + I U2

L 2 W2
Q3 F2SR 2

-(I - A) S -1` +1' Q P3
K -I A < RN3

-I -(I-DP) +I<_ U3

L° < L~ ~ ~~~~~~~~~~3 U"3
PW3 S3 PW 3 -PW3 F SR,

(l + p) U

ters over time. Projections of prospective changes in the terms of trade,
in the structure of consumption, and in the productivity of labor should
form an integral part of the planning exercise. In principle, of course,
all other parameters could also be changing over time. Most often they
are assumed constant.

Once the model is expressed in tableau format, its solution becomes
routine. By starting from an initial basic feasible solution, the simplex
algorithm progressively achieves higher and higher values for the objec-
tive function by moving from extreme point (feasible basic solution) to
extreme point of the feasible set until finally an optimal solution is
achieved. Thanks to linearity of both the constraint equations and the
objective functions, only extreme points need be examined for optimal-
ity. The optimal solution will yield the combination of primal activities
that maximizes the objective function. It will also lead to "optimal" val-
ues for each of the dual multipliers attached to the rows of our problem.
We now turn to a discussion of these multipliers.

3.3 Shadow prices in linear programming models

The existence of "shadow multipliers" that accompany the optimal
solution of a constrained optimization problem is one of the most fun-
damental results of advanced optimization theory. Linear programming
constitutes a special case of the general constrained optimization prob-



72 Linear programming models

lem, and the dual variables are a special case of the class of multipliers
that accompany optimal solutions in general. As a general rule, it may
be stated that these shadow multipliers measure the "importance" of the
constraint to which they are attached.

We shall not dwell on the mathematical theory of constrained optim-
ization or on the existence proofs. The interested reader is referred to
the vast literature on the subject (see Kuhn and Tucker, 1956; Karlin,
1959; Gale, 1960; Hadley, 1962). We shall simply restate some of the
central theorems and discuss them insofar as they are important for an
understanding of the shadow price system generated by dynamic linear
programming models.

Consider the following pair of linear programs:

Max f(X) = aX MX < B X 2 0 (primal) (3.3.1)
Min g(X) = XB XM 2 a X 2 0 (dual) (3.3.2)

The duality theorem states that for a vector X*, feasible for the pri-
mal, to be optimal, it is necessary and sufficient that there exists a fea-
sible dual vector X* such that

X*(MX* - B) = 0 (3.3.3)
(X*M - a) X* = 0 (3.3.4)

X* will also be the optimal vector for the dual. Equations (3.3.3) and
(3.3.4) together constitute the complementary slackness conditions.
They can be decomposed into the following conditions:

X*>O LMp,X*-Bi = (3.3.5)

M,,X,*-B, > 0 A i = (3.3.6)
J=

1
n

Xj*> 0OT x A,MP -a, = 0 (3.3.7)

EA,Mi,- a, > O X,* = O (3.3.8)

The duality theorem states that whenever a constraint in one of the
problems is not binding (i.e., carries the < or > sign at optimum), the
corresponding variable in the dual problem has a zero value. Thus,
when the dual multiplier of a row in a linear program is zero at the
optimum, the constraint embodied in that row is not really binding: It
could be taken out of the problem without affecting either the value of
the objective function or the optimal mix of activities. If, for instance,
the available supply of labor of a given skill category cannot be used,
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the corresponding labor constraint is not binding. If the supply of that
category of labor were increased by a small amount, it would also
remain unused, and would therefore not lead to an improvement in the
value of the objective function. Likewise, if a small amount of labor of
that skill category were taken away from the economy, it still would not
affect the objective function or optimal solution, because that labor had
been unused to start with.'"

In general, when the columns of the M matrix can be interpreted as
representing the input requirement vectors of productive activities, the
B vector can be interpreted as representing fixed input supplies, and the
a vector as objective value weights, the duality theorem naturally leads
to interpretation of the dual multipliers as input "prices." Equation
(3.3.5) then states that only fully used inputs can carry positive prices,
whereas (3.3.7) states that only activities that do not make a loss would
actually be run at positive levels.

It can also be shown that, provided that the set of activities selected
at optimum is not changed by an increment in one of the elements of
the B vector, the following equality holds:

( ) = (3.3.9)

where ABi represents a small increase in the availability of input i. This
leads to a small increase in the value of the objective function given by
f'*(x). The ratio of Af*(x) to Ab, is thus the marginal value produc-

tivity of input i and is equal to the shadow price X; of the input in
question. It is therefore natural to think of the dual multipliers as shar-
ing many of the properties of competitive equilibrium prices. Similar to
the latter, they are signals of relative scarcity that can be extremely help-
ful to planners' decision making. But, as we shall argue extensively, the
fact that the dual multipliers share the "marginal productivity" content
of competitive equilibrium prices should not automatically be taken to
imply that they also share all other properties of equilibrium prices.

Returning to the basic dynamic planning model introduced in Section
3.2, it gives rise to a set of optimal dual multipliers, one for each row,
and the relations between these dual variables and the variables of the
primal obey the complementary slackness conditions of the duality theo-
rem. Below we discuss, one by one, the dual constraint system of the
form XM Ž a given in Table 3.1. The names of the dual variables are
given in the last column.

0 See Bruno (1966) for a programming model with several skill categories.
Also see his discussion of how to overcome inflexibilities in such a model.
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Cost equations (columns XJ)

P,(I - A) + RNtK + W,L, - 0 (3.3.10)

or

P,A + RN,K + W,L - P

For any one equation i, we have

, P,,a, + RN,,K, + E W,,sl,P,

Intermediate + capital + labor -unit price
costs costs costs

Thus P,, can be interpreted as commodity prices, RN/, as capital rent-
als, and Ws, as wages for the various categories of labor. The duality
theorem ensures that production costs will exactly equal prices for all
goods that are actually produced. Whenever the strict inequality holds,
the corresponding goods will simply not be produced. The shadow
prices can thus be interpreted as competitive output and input prices.

The price of capital goods (columns Y)

P,S - U, + SR,PW:SY Ž 0 (3.3.11)

Taking any one of the equations, we have

P,,S + SR,PW,,S?, U,
2=1

Production cost -market value
of capital goods of capital goods

These equations are simple aggregation equations. Capital stocks are
composite commodities, and their production costs simply reflect the
prices of the individual components weighted by the shares of these com-
ponents. Whenever the cost of assembling capital exceeds its market
value, no capital accumulation will take place.

Tradable commodity price equations (columns M,
and E)

-P,-' + SR,PW, Ž 0 (3.3.12)
P7' - SR,PW -0 (3.3.13)
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Taking any one of the equations for tradable commodities, Eqs. (3.3.12)
and (3.3.13) together imply (i = 1, n,)

Pi, = SR,PW,
Domestic shadow price of foreign (3.3.14)
price exchange times world price

For tradable commodities, relative domestic shadow prices are thus
entirely determined by relative world prices. Domestic relative prices
are fixed and equal. This equality reflects the "efficiency" of the optimal
solution. Efficiency requires the equalization of domestic and foreign
marginal transformation rates except when goods are not produced
domestically. Any difference between the rates of transformation
through trade given by the world price ratios and the domestic trans-
formation ratios given by the ratios of domestic prices would imply an
inefficient allocation of resources and thus would certainly be subopti-
mal. The equality between relative domestic shadow prices and world
prices simply reflects this efficiency requirement."

Value composition equation (columns C)

P Ž(Q + P (3.3.15)

For any one of these equations, we have

A Ptqi~ > 1 +p

These equations can be thought of as normalization equations deter-
mining the price "level," defined to be a weighted average of the indi-
vidual prices, the weights being given by the consumption shares.
Assuming positive consumption shares every year, the equality will hold
strictly. In every year the price level will be equal to the weight aggre-
gate consumption has in the intertemporal objective function. Because
this weight is declining over time due to a positive discount rate p, the
price level will also be declining at the same rate. For two adjacent
periods, t and t + 1, we shall have

Note, furthermore, that if all goods are tradable, the level of domestic prices
is determined entirely by the value of SR,. As we shall show, in a model
containing only tradables, the shadow exchange rate is not really a relative
price but simply a conversion factor from foreign exchange units to domestic
commodity units.
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E P1q = [1/1 + pI,

Z F~1q~, 1/1 + PI", + 

It is interesting to note that in a model where all commodities are
tradable and where imports, domestic goods, and exports are perfect
substitutes in any particular sector, changing F1 will not affect the value
of SRt. It is easy to see this if one remembers that SR, = Aj*(X,)/AFt.

First note that the shadow price SR, can never be zero because it is
always possible to use foreign resources to purchase goods from abroad
and consume them in the required ratio. SR, is always positive and
describes how foreign resources can be converted into domestic utility.
Given world prices and a particular domestic utility scale, the ratio
Af*/AF, is determinate and independent of what else goes on in the
system and in particular independent of the initial value of Ft. The
value of an additional dollar is always at least equal to the utility of the
goods that can be purchased with it at fixed prices. Could it, however,
be greater than that utility? The answer in our simple model is negative,
because if it were, it would pay to restrict imports or expand exports
until the equality is reestablished. Because in our simple model there
are no constraints preventing such a reallocation, the equality will
always hold. This underlines the nature of the exchange rate in a model
where all commodities are fully tradable and world prices are fixed: It
simply reflects the scale of the utility function. The situation is more
complicated if there are upper bounds on exports or if the objective func-
tion is nonlinear and there are nontradable commodities. With nontrad-
ables, the shadow price of foreign exchange will reflect the relative scar-
city of tradables with respect to nontradables. If, moreover, there are
exogenous constraints on exports, the small-country assumption breaks
down and the domestic shadow price system is no longer a simple reflec-
tion of world prices.

Assuming for the moment that all goods are tradable, that world
prices are constant, and that consumption shares do not vary with time,
we could write

E SR,PW,,q, SR, ( PW,q,)

= +p

, SR= +PWI+li SR,+= PWaq1
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and therefore

SR, = (1 + p)SR,, 1 (3.3.16)
Pi = (1 + P)Pi,1 (3.3.17)

and for new capital goods that are actually being produced,

Ui, = (1 + p) Ui+, (3.3.18)

Thus, under the assumptions made, all prices would actually be fall-
ing at an identical rate p equal to the rate of time preference exoge-
nously given to the model.

The story is usually not quite as simple, because not all goods are
tradable, parameters change, and in some sectors there will be no new
investment. Nevertheless, the fundamental value theory embodied in the
shadow prices of linear programs and the role played by the discount
rate is well illustrated by these equations.

Profit rate equations (columns KJ)

U, - RN,,, - (I - DP)U,I >- 0 (3.3.19)

It can safely be assumed that capital stocks will never be zero, so the
equality holds strictly. Taking any one of the equations in (3.3.19) and
dividing by U,, + 1, we get

Uit - U,i+, Q, - dpiUi,+, (3.3.20)

Ui1+ ' Ui1+ I

The numerator in (3.3.20) can be interpreted as the rental value of
a unit of capital net of depreciation. The rental rate is RNi,, but the
owner must deduct from this rent the depreciation loss suffered,
dpiUi,+1 . From (3.3.18) we have Ui, = (1 + p)Ui,+,. Replacing this
into (3.3.20), we get

(I + sp)U,t+, - U,t+ p (3.3.21)

Therefore, we may write

RNi, - diU,,+, profit =R, (3.3.22)

Ut+l, + 1 value of investment

where Ri is the profit rate, the "per-unit" return on capital in sector i.
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We see that under our assumptions prices are falling at the rate p and
the profit rates in every sector are equated to this common rate of decline
in the price level. If we let world prices change and if the consumption
shares do not remain constant over time, the story loses some of its sim-
plicity. Relative prices may now change, and although the price level
will still decline at a constant rate, the individual shadow prices will not
necessarily all decline at the same rate. But the fundamental trends and
relationships remain.

Shadow prices and "Market" prices

The shadow price system emerging from a dynamic linear program-
ming model shares many of the properties of an intertemporal compet-
itive equilibrium price system a la Malinvaud-Debreu. In general equi-
librium theory, the speed of the decline of "prices" is determined by the
interaction of productivity and thrift. The prices we refer to are "pres-
ent-value" prices, prices that describe what must be paid today for
delivery of a good in some future time period in a world of no uncer-
tainty and perfect futures markets. They are, just like the shadow prices
of linear programming, measuring marginal intertemporal transfor-
mation rates between commodities. But because in our model we have
a constant, fixed discount rate with no diminishing returns in the inter-
temporal utility function, it is the productive sphere of the economy that
must adjust until the return on investment equals the constant rate of
time preference. In the dynamic LP model, it is "thrift" alone that
determines the profit rate, with productivity adjusting to the exoge-
nously set p. This unidirectional causation is, of course, due to the rigid
linearity in the objective function and could be altered by building
diminishing returns into the objective function. From this discussion, it
is obvious that increasing p will increase the implicit profit rate. In order
to be undertaken, investment will have to be "more profitable." With
labor and other complementary factors fixed, this will in general lead
to less investment than would have been optimal with a lower p.

There is, however, a more important difference between the shadow
price system emerging from a dynamic linear program and competitive
equilibrium prices. Equilibrium prices are prices at which the demand
and supply decisions of many independent economic actors maximizing
their profits and utilities given initial endowments are reconciled. A
major requirement for an equilibrium price system is that each actor
remains within a budget constraint. Input prices must be such that the
incomes generated by these factor prices lead to a vector of commodity
demand that exactly matches the vector of commodity supply. It is true
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that the total value of inputs in our linear programming problem will
equal the total value of final output (i.e., consumption plus terminal
capital stocks), because the duality theorem ensures that the objective
function of the dual will equal, at optimum, the objective function of the
primal. Thus an overall budget constraint is satisfied. Nothing guar-
antees, however, that the budget constraints of the individual actors or
groups of actors in the economy are satisfied. The essence of the general
equilibrium problem is the reconciliation of maximizing decisions made
separately and independently by various actors in an economic system.
This essential problem is absent from the standard linear programming
exercise, where the central planner is the only maximizing actor.

Another related problem arises when one attempts to go from the
shadow prices of a linear programming model to the market-clearing
prices of general equilibrium theory. The latter can accommodate all
kinds of distortions, such as taxes and tariffs or monopolistically fixed
factor prices. Assume, for example, that there are ad valorem taxes in
the system. Because the dual price system is not known except as a by-
product of the solution of the primal problem, it is not possible to incor-
porate such taxes into the primal equation system. To do so would
necessitate the introduction of endogenous price variables into the pri-
mal system that would have to be multiplied by the endogenous quantity
variables, and that would destroy the linearity of the system. It is this
inability to multiply price times quantity in the constraint set that con-
stitutes the fundamental difficulty for attempts at using linear program-
ming models to simulate the decentralized market mechanism.

The preceding discussion should not be taken to imply that one can-
not transform the standard linear programming approach to approxi-
mate more closely the workings of decentralized markets. The basic dif-
ficulty that must be overcome is that the shadow prices that determine
income, and that should therefore influence behavior, have no feedback
effect on the "primal" prices, which are taken as given in the objective
function. This kind of feedback, so essential to general equilibrium the-
ory, is absent from the standard linear programming approach. It is
possible, however, to build such a feedback into linear programming by
formally iterating between the shadow price system and the primal
weights in the objective function until additional nonlinear behavioral
constraints are satisfied."2 The problem with this approach is that the
convergence of the iterations constitutes an important computational

2 See, for example, Dixon (1975), Ginsburgh and Waelbroeck (1980), and
Manne, Chao, and Wilson (1978). For a more general discussion of decen-
tralized planning, see Heal (1973).
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problem requiring nonlinear solution techniques. Thus the chief attrac-
tion of linear programming, routine numerical solution, disappears.
Given that the ability to use routine linear solution methods is lost, it is
not clear why linearity should be preserved on the production side of
the model. It can, of course, be preserved, and we shall argue in Chapter
5 that it is always possible to embed a linear programming model of
production in a nonlinear general equilibrium model of an economy.
But the model taken as a whole then ceases to be a linear programming
model.

3.4 Comparative advantage and trade policy in
linear programming models

Comparative advantage and the direction of trade

It is easy to see that the trade activity columns M,, and E,: greatlv extend
the feasible set and therefore the amount of endogenous choice possible
in a linear programming model. An optimal solution is always a basic
feasible solution or extreme point of the feasible set. The trade activities
increase the dimensionality of the primal problem and the number of
possible basic solutions. Note, however, that for any given i and t, non-
zero E,, and M,! cannot both be part of the same basic solution. The
activity coefficients of one are the negative of the other, and the resulting
basis would have linearly dependent columns. This reflects the fact that
two-way trade does not make sense in our model. Because the commod-
ity imported and the commodity exported are identical, exporting ten
units of a commodity and importing five units of the same commodity
is equivalent to exporting five and importing none. It is only the latter
kind of solution that the linear programming model will ever generate.
One is, of course, free to think of trading activities as net imports and
exports, but given the underlying assumption of perfect substitutability
in use, there is never any reason for two-way trade in this kind of
model.'3

What determines the direction of trade? Let us for a moment think
of our linear programming model as one of a closed economy. In that
case the foreign trade activity columns, Ei, and M,,, and the balance-of-
payments constraint rows, SR,, disappear from the tableau. This

3 This same problem arises in all economic models that treat each particular
category of goods as homogeneous and also ignore transport costs. Chapter
7 shows how one can accommodate two-way trade by relaxing the assump-
tion of perfect homogeneity between domestically produced and foreign
goods.
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changes the relationship between the number of variables and the num-
ber of constraints: There will be fewer primal variables relative to pri-
mal constraints and more dual variables relative to dual constraints. In
other words, closing the economy to foreign trade restricts choice in
quantity space but frees the dual variables. Whereas production and
investment activities become tightly constrained by existing capacities
and consumption requirements, relative prices are no longer tied to
exogenous world prices.

Let us denote the material balance shadow prices that would be
associated with a closed-economy solution by Pic. If we now open the
economy to trade by introducing the exogenous world prices, PWi,, and
denote the shadow price of foreign exchange by SR,, there are, for any
sector and any time period, three possibilities:

1. Pic > SRtPWit
2. PaC < SR,PW,,
3. Pi = SRPPWi,

In case 1, the pretrade domestic price is greater than the world price
converted into a domestic price by the shadow exchange rate. When the
economy is opened to trade, the production of commodity i in period t
must fall until Pi, = SR,PWi, [see Eq. (3.3.14)1. If it is not possible to
reduce domestic production costs to the level of world prices, the com-
modity in question will not be produced at all."4

The opposite will occur in case 2, where the pretrade domestic price
is lower than the world price. Production will expand until domestic
costs rise to the level of world prices. Note that, contrary to case 1, the
strict inequality cannot persist at the optimum solution. When a com-
modity is actually produced, the domestic price will always equal the
world price. If this equality is not satisfied, it would pay to expand
domestic production for exports, and if it is no longer possible to move
additional resources into such an activity, then the existing resources
will derive their shadow value from the value of a marginal unit of
exports.

The last case (3) refers to the possibility of equality between pretrade
and post-trade shadow prices. In this special case domestic production
would neither expand nor contract as a consequence of trade.

Figure 3.1 illustrates the mechanisms at work in the case of a simple
two-sector, one-period model with no intermediate inputs and no exog-

4 Note, however, that as one moves away from the zero trade situation in one
market, the direction of inequality may change from the initial situation for
some other goods.
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Figure 3.1. Production and trade in a simple linear programming model.

enous flow of foreign resources. The feasible set is given by OEBAD,
where OD is capacity in sector 1, OE is capacity in sector 2, and the
line BA reflects an economy-wide labor constraint. OC is the fixed pro-
portions domestic consumption ray that cuts the boundary of the feasible
set at Q on the segment BA. Note that in this simple example the slope
of the domestic shadow price line will coincide with the slope of the
labor constraint line BA. There will be excess capacity in both sectors,
leading to zero rental values, and production costs in both sectors will
consist of labor costs only. Domestic prices will be labor value prices,
and production and consumption will take place at point Q.

When we open this economy to trade, a world price line PWPW
appears extending the feasible consumption set facing our economy to
the entire triangle lying below the world price line. Production will now
be at point B and consumption will be at point R, well above QO and
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relative domestic shadow prices will coincide with world prices. Pro-
duction of X2 expands with labor moving out of sector 1 into sector 2
until the capacity limit given by the fixed installed capital stock is
reached in sector 2. Note that at that point the marginal productivity of
labor is determined entirely by the world price of the first commodity.
With sector 2 producing at the limit of its capacity, an additional unit
of labor would lead to a marginal increase of production in sector 1
alone. We have

P1 = W1, = SR PW, and P2 = RN2 k2 + WI2 = SR PW2 (3.4.1)

because RN 2 = 0. Remembering that W7l2/ We!, = P2/PC, we can
summarize the situation as follows:

PI 12 PW2 RN2k2 + W,2 P2 (3.4.2)
PC I, PW1 WI, P, .4.

Our simple economy has a comparative advantage in sector 2 in the
sense that the pretrade ratio of sector 2 costs to sector 1 costs is lower
than the world price ratio. As a result, trade leads to an expansion of
production in sector 2 from OL to OE (LE) and to exports from this
sector given by EH. The difference between OH and EH, OH, is con-
sumed at home. On the other hand, production in sector 1 contracts
from OJ to OG. The (negative) difference between domestic production
OG and domestic consumption OK ( GK ), is imported from abroad in
exchange for exports LE. The terms of trade LE/GK reflect the world
price ratio as given by the slope of PWPW. Introducing an exogenous
flow of net foreign resources would generate a parallel outward shift of
the world price or budget line, not otherwise altering the picture, but
allowing consumption at a point such as R' rather than at R.

The basic mechanisms determining the direction of trade remain
unaltered when we go from the simple two-sector static model illus-
trated in Figure 3.1 to a multisector, multiperiod model with nontrad-
ables and intermediate goods. We can still start by visualizing a closed-
economy model with associated shadow price Pc. The direction of trade
will be determined as before by the relationship of Pc to PWi. Although
the basic mechanisms at work are the same, the introduction of a great
number of tradable sectors does create some problems for linear pro-
gramming models because the basic linearity of the model will lead to
extreme specialization and corner solutions. This tendency would be
quite explicit if, instead of having sector-specific capacity constraints,
we were to treat capital as mobile across sectors. In that case, resources
could be shifted to the lowest-cost sectors and output expanded without
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hitting the rigid ceiling given by sectorally fixed capital stocks. As a
result, fewer commodities would be produced but in greater quantities,
and more would be exported and imported. As Samuelson (1953) has
shown, when factors are mobile across sectors and there are constant
returns to scale, the number of commodities produced at home will not
exceed the number of factors constraining economy-wide production.
Because world prices are given and equality is required among world
prices, domestic prices, and production costs, there is for each commod-
ity produced a price-equals-cost equation where price is given and cost
is determined by, in our case, fixed input coefficients and the shadow
prices of factors. If there are m factors and n commodities with n > m,
we would have n linear equations in only m unknown factor prices and
the system would therefore be overdetermined. With only m of the n
commodities actually produced, we can drop the n-m other equations
for those sectors where production cost would exceed price. We thus are
back to a consistent system with only as many goods produced as there
are endogenous factor prices.

In the model we have described, capital is sectorally fixed so that each
sector has a sector-specific scarce factor with its "own" shadow price
reflecting the constraining effects of installed capacity. But new invest-
ment can move to any sector, so there is a more subtle, dynamic tendency
to specialize in multisector linear programming models. Incremental
capacity will be built in sectors where it is least costly relative to the
benefit of doing so as determined by the fixed world price of output.
The principle is clearly valid, but what the linear specification neglects
is the likelihood of gradually increasing costs of new capacity installa-
tion. Furthermore, as we shall discuss in great detail in later chapters,
the notion of perfect substitutability between domestic and foreign
goods, on which the whole formulation rests, is itself questionable."5

Turning our attention from the number of sectors to the number of
periods, it must be realized that it is perfectly possible for Pct > PW,,
for some time periods and Pc < PWl, for others. In a multiperiod linear
programming model the notion of comparative advantage gains a
dynamic dimension, and the model will generate a pattern of investment
and trade that fits the underlying shifts in comparative advantage and
resource availabilities. In particular, the investment criteria implicit in
a dynamic linear programming model will not be the simplistic rules
suggested by static comparative advantage notions. For example, if the

lS Note that this latter problem is quite independent and distinct, in itself, from
the problems associated with a fixed-coefficients, linear technology.
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terms of trade are expected to move against textiles and clothing and in
favor of machinery and metal products, the model will start building
capacity in these sectors early in the plan period, at a time when the
static configuration of prices may not warrant such investment. The
model will compare, on the margin, the cost of foregoing consumption
and/or investment early in the plan period to the benefit of greater con-
sumption and/or investment later in the plan period."6 The magnitude
of the discount rate will therefore have a very important impact on how
far resource allocation and investment will deviate from the rules of
static comparative advantage. It must be stressed, however, that the
dynamic allocation rules implicit in an optimizing multiperiod model
still require that any activity undertaken break even when evaluated in
the associated shadow prices. No activity will run at a loss in any period
and then show positive profits in future periods. The solution shadow
prices will anticipate and reflect the underlying shifts in comparative
advantage and, just as would be the case with perfect futures markets,
the changes in world prices, technology, or tastes that are foreseen in
the future will determine the shadow prices of the present.

It is clear that the optimality of the resulting production and invest-
ment pattern depends on the accuracy of the world price and technology
parameter forecasts that are given to the model exogenously. Dynamic
allocation rules are superior to static allocation rules only if the forecasts
on which they must be based have a fair degree of accuracy. Neverthe-
less, it is important to stress that multiperiod linear programming
models are not tied to purely static notions of allocation but can be used
to analyze the impact of dynamic changes in world prices and resource
availabilities on optimal patterns of investment and trade.

Trade policy in a linear programmingframework

So far we have repeatedly stressed the requirement of equality between
relative domestic and world prices and have shown how the dual equa-
tions would enforce this equality for the model presented. In an econ-
omy with tariffs, however, it is clear that the existing tariff-ridden mar-
ket prices will not be proportional to world prices but will reflect the
structure of tariffs. In the market, we shall have

Pi = (1 + tmi)PWiSR (3.4.3)

26 Westphal (1971) provides a good example of this kind of behavior in an
integer programming model that captures economies of scale as well as prob-
lems of investment timing.
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where tm, is the ad valorem tariff rate, instead of Pi = PWSR, as given
by (3.3.14).

This difference provides a very good example of why one must be
careful when interpreting shadow prices as market prices. In an econ-
omy with tariffs, for that reason alone, market prices will differ from
the shadow prices generated by our linear programming model.

Could one not alter the model so as to incorporate tariffs in the
shadow price system? For example, if we define tariff-augmented world
prices PW' = PW,(1 + tmi) and use them in lieu of PW,, we get

P,= PW'SR = (1 + tm,)PW,SR

and the domestic shadow prices would reflect the existing tariff struc-
ture. But if we used PW' instead of PW, we would imply, in the bal-
ance-of-payments equation, that the country actually trades at PW'
prices instead of the correct world prices PW. The balance-of-payments
constraint would no longer reflect the conditions prevailing on world
markets. Thus, by forcing shadow prices to equal market prices, we
transform the feasible set characterizing the economy to an artificial one
that does not reflect actual constraints as they exist in reality. This kind
of contradiction between market prices and shadow prices is not easily
bridged, although there are various more-or-less cumbersome devices by
which an imperfect compromise can be achieved.'7

If the analysis of optimal and efficient solutions is our only objective,
the fact that shadow prices do not equal market prices may not be too
disturbing. But whenever linear programming models are used to ana-
lyze the actual workings of market economies where behavior is respon-
sive to the tariff-ridden and otherwise imperfect market prices, great
difficulties arise. It is not possible, for example, to use the linear pro-
gramming model outlined above in a consistent fashion to explore the
effects of alternative tariff structures on resource allocation and growth
in an economy. All we can say is that the dual shadow prices are appro-
priate indicators of scarcity given the chosen objective function, world
prices, and the technological and resource constraints specified in the
economy. Although the dual solution may yield important insights into
the underlying structure of comparative advantage and its evolution over
time, it cannot be used as a laboratory to test the effect of alternative
trade and protection policies that work by altering relative market prices

17 For example, while no solution has been found for ad valorem tariffs, it is
possible to model specific tariffs by attaching a tariff payment activity to
each import activity. For details see Evans (1972).
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and the incentives affecting the behavior of decentralized economic
agents.

3.5 The problem of terminal conditions

There has been a continuing interest in infinite horizon growth models
in the theoretical literature. 8 Applied planning models, however, cannot
easily accommodate an infinite horizon, if only for computational rea-
sons. Also, to project such variables as technological coefficients or world
prices decades into the future would not make much sense. Planning
models therefore cover a limited number of years. This means that there
is no explicit analysis of what is to happen after the terminal year of the
plan. What links the post-terminal period to the period covered by the
planning model is the amount and sectoral distribution of productive
capacity generated by the investments undertaken. Just as the histori-
cally given initial capacities constrain production and consumption dur-
ing the period explicitly analyzed by the model, the terminal capacity
we leave for future years at the end of plan period will constrain what
can be done after year T.

In our presentation so far, we dealt with this problem by attaching
explicit and exogenous value weights to terminal-year capital stocks and
by adding the "value" of terminal capital stock to the discounted sum
of consumption in the objective function. Provided that the terminal-
year value weights are accepted, this formulation allows the simplest
and purest presentation of the dual equations and shadow prices. The
analogy with an intertemporal market price system enjoying perfect
foresight, notably regarding terminal-year prices, is as close as it can
become in a linear programming framework. Unfortunately, neither
planners nor markets enjoy perfect foresight, and the terminal-year cap-
ital stock prices, UT+1, are found to reflect a rather arbitrary judgment.
For tradable capital goods, they can of course be set equal to projected
world prices appropriately discounted. But for nontradables, we do not
have this option.

Two general issues arise in the context of terminal-year weights. The
first concerns the level of terminal-year prices. The higher these prices,
the more weight terminal capital stock acquires in the objective function
at the expense of consumption. We could, for example, set these ter-
minal weights at so high a level that all efforts during the plan period

18 See, for example, Chakravarty (1969). See also Taylor (1975) for a some-
what different discussion of many of the issues considered in this section.
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would be devoted to building up the capital stock, with no consumption
allowed at all. Thus it is the explicit or implicit weight accorded to ter-
minal-year capital stock that determines, jointly with the discount rate
applied to consumption, the balance between consumption and invest-
ment during the plan period.

An alternative and perhaps more practical way of ensuring an ade-
quate terminal capital stock to be bequeathed to future generations is to
require a certain minimum average annual growth in the base-year
price-weighted sum of sectoral capital stocks. We would then take ter-
minal capital stocks out of the objective function, but add the following
constraint to the system:

E K,,-(I + (k,--g 'l t = 2, T (3.5.1)

This guarantees that the economy-wide capital stock will grow on
average at least at the rage gh measured in constant base-year prices.
Investment will have to be sufficient to allow such growth, and the
interests of future generations will be taken into account, with potential
welfare in post-terminal periods depending on the magnitude of the tar-
get growth rate.

It is not only, however, the overall level of terminal capacity that must
be considered. The sectoral distribution of capacity also matters and
affects the feasibility of alternative growth paths in the post-terminal
period. As already noted, for the tradable portions of capital stock, it is
possible to derive relative terminal-year weights from the relative world
prices that are projected for the terminal year. But this leaves open the
question of relative weights to be accorded to the nontradable elements
in sectoral capacities (buildings plus structures) and in particular the
question relating to the relative price of tradables with respect to non-
tradables. One solution that has often been proposed is to define some
kind of "turnpike" or steady-state growth path on which the economy
is supposed to travel after the terminal year, and to impose the initial
conditions necessary for this target path as terminal conditions of a lin-
ear programming model. The solution of the linear program would thus
constitute an "optimal" transient path toward some kind of long-run
equilibrium solution. It is possible, for example, to take the target equi-
librium path of a dynamic input-output model defined and discussed in
Section 2.3, and treat it as a long-run equilibrium path. We had

X*(t) = RC(t) + R Ek (BR)kc C(t) (2.3.30)
(=2
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where R was the Leontief inverse (I - A)-', B was the capital coef-
ficients matrix, and G was a diagonal matrix of target growth rates of
final demand. We stressed in our discussion of input-output models that
nothing guaranteed the base-year feasibility of X*. For base-year fea-
sibility we would have to have

K(b) = KX*(b) (3.5.2)

where K is the diagonal matrix of capital-output ratio and b refers to
the base year of the target equilibrium path. Now instead of treating
the initial year of the target equilibrium path as the first year of our
plan, we could treat it, say, as year 5. But year 5 would also be the
terminal year T of a linear programming model designed to get the
economy from year 1 to year 5 in such a way that it maximizes con-
sumption in the interim while generating exactly the amount of sectoral
capacity needed to put it onto its target equilibrium path in period 5.
We would have initial and terminal conditions of the form

K, = K, (3.5.3)
Ki, = kiX*, (3.5.4)

where Ki, reflects, as usual, historically given current installed capaci-
ties, but K& is the capital stock derived from the base-year requirements
of the target equilibrium path.

This way of handling the terminal conditions problem would be very
attractive for a closed economy but, with trade, it is not really a good
solution. As we saw in Chapter 2, to define a Stone-Almon target equi-
librium path for an open economy, it is necessary to specify exogenous
export growth rates and exogenous import coefficients. The terminal
capital stocks that we would impose would therefore be dependent on
these exogenous trade parameters and coefficients. This would seem to
negate the whole purpose of dynamic linear programming models,
which we saw to be the exploration of the structure and shifting pattern
of comparative advantage. Linear programming models should help us
find optimal export growth rates and import patterns. If we were to
impose these on an LP model in the form of terminal conditions, we
would fail to meet the challenge and would in fact transform the LP
model into no more than a device to generate base-year feasibility for a
dynamic input-output model.

A more useful and reasonable way to approach the terminal condi-
tions problem is to admit that the future is essentially open ended and
hard to predict, and hence that our confidence in the guidelines gener-
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ated by a planning model diminishes as the planning horizon extends
into the future. It may therefore be best to use terminal capital stock
weights and set up a model with, for example, a ten- or fifteen-year
horizon, but use only the first five years of the solution to generate a
five-year plan. By ignoring periods close to the terminal year, we can
reduce the necessarily arbitrary influence terminal conditions will
always have on the solution path. Such a "rolling plan" approach,
where only the solution for the first few years of a much longer-run
plan is effectively used, constitutes probably the most reasonable though
time-consuming solution to the terminal conditions problem. In that
way, we let the model endogenously generate the optimal production
and trade patterns that correspond to the exogenous information we are
projecting, but we always stand ready to revise this information and do
not trust the model's solution too far into an uncertain future. This
approach is a good and robust prescription that holds not only for linear
programming models, but for all planning models and, indeed, for ratio-
nal behavior in general.



CHAPTER 4

Growth and structural change: an input-
output analysis

4.1 Introduction

The basic interindustry model discussed in Chapter 2 provides the core
around which much of the rest of the book is organized. In spite of its
simplicity and at times awkward rigidity resulting from the use of fixed
coefficients on both the demand and supply sides, the input-output
model provides an indispensable framework highlighting the interde-
pendence of the various productive sectors of an economy. The nature
of this interdependence, and the sectoral structure of an economy,
changes with development and rising per capita income. In this chapter,
we focus on the nature of the structural transformation and its depen-
dence on particular development strategies, using first the static and
then the dynamic input-output model as our framework for analysis.

In their analysis of patterns of structural change in a sample of some
100 countries, Chenery and Syrquin (1975) classified universal devel-
opment processes related to the level of income into three broad cate-
gories: accumulation processes (e.g., investment, education), demo-
graphic and distribution processes (demographic transition, income
distribution, labor allocation), and resource allocation processes (e.g.,
structure of demand, production, and trade). Most of the processes
describing the transition from a primary economy to an industrial one
can be approximated by a logistic curve with asymptotes at low and
high levels of income. For instance, the share of industry starts at
around 10 percent of GDP at low levels of per-capita income, rises
quickly in the middle range, and finally levels off at around 30 percent
for income levels above $1,000 (in 1970 prices).

In addition to these universal processes, a particular country's devel-
opment pattern is influenced by other factors such as market size and
natural resources. In fact, it is the differences among countries, includ-
ing differences in policy regimes, that make intercountry comparisons
interesting for policy analysis. On the one hand, planners can gather
information about what Kornai (1972) calls "international main-
streams" from average patterns of development derived from studying
a large cross section of countries. See, for example, Chenery and Syr-
quin (1975). On the other hand, by a careful comparison of a small
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selection of countries, the planner can explore the possible range of vari-
ation in structural change and its relation to the variety of initial con-
ditions, institutional environments, and government policy regimes.

Of the broad processes we have mentioned, the input-output model
is most useful for analyzing resource allocation and structural change.
The two applications in this chapter focus on these issues. The first
application is based on the static input-output model. By comparative
statistics, it provides a decomposition of the changing demand patterns
for a sample of eight countries and shows how structural change results
from the interactions among the changing pattern of demand, technical
change, and trade policies reflected in varying degrees of import substi-
tution and export expansion.

The second application uses the dynamic input-output model devel-
oped in Section 2.3. It is a case study of Korea, one of the countries
included in the first application. In comparison with other countries,
Korea has achieved a significant rate of structural change led by a very
large contribution of export expansion. With the dynamic input-output
model, we investigate what would have been the likely consequences for
Korea's economy, in terms of both capacity and structure, had it
achieved a much lower rate of export expansion, that is, one similar to
other comparable developing countries.

This second application introduces the first of a number of sets of
counterfactual experiments presented in this book that illustrate how
planning models can be used for policy analysis and formulation. Nat-
urally, because the model underlying these experiments is extremely
simple, the direct policy content of these experiments is rather limited,
as there is no explicit consideration of the necessary policy instruments
to carry out the counterfactual experiments. However, even such a sim-
ple model does capture some of the important forces at work in an inter-
dependent economy, and the results show that there is much to be
gained by working within a framework that imposes intersectoral
consistency.

4.2 Sources of industrial growth and structural
change: a cross-country comparison'

Different countries have followed different growth paths, determined
partly by initial conditions and resource endowments, partly by govern-
ment policies. Some have emphasized import substitution, others have
successfully promoted exports. In some there appear to have been suc-
cessive phases. To what extent can one generalize from past experience?

' The discussion in this section is based on Kubo and Robinson (1979).
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How important have export expansion and import substitution been in
the process of industrialization? What has been the role of changes in
input-output coefficients? Are there lessons or guidelines to be derived
from the past?

This first application shows how the static input-output model pre-
sented earlier can be used as a tool to disentangle the relative contri-
butions to growth and structural change of different components of
changes in final demand. In the application, we decompose changes in
sectoral output into four sources: domestic demand growth, export
expansion, import substitution, and change in input-output coefficients.
Following a brief description of the methodology, we turn to an analysis
of calculations of growth contributions in eight selected countries. These
countries represent a wide range of initial conditions and development
strategies. The decompositions help us describe some basic characteris-
tics of the process of industrialization and allow some inferences in the
relationship among industrial policies, changes in industrial structure,
and economic performance.

Methodology

The original development of the decomposition methodology we shall
describe is due to Chenery (1960) and Chenery, Shishido, and Watan-
abe (1962). Our presentation follows the extension by Syrquin (1976).

From Section 2.2, the material balance equations for the supply of
and demand for domestically produced goods can be written as

Xi = d,(F, + Vi) + Ei (4.2.1)

where (dropping the d superscripts)

Xi = domestic production in sector i
di = ratio of domestic demand for domestically produced goods to

total domestic demand, as in Eq. (2.2.13)
F, = final demand
V, = intermediate demand
Ei = exports

In matrix notation, the material balance equation is given in Eq.
(2.2.15). Repeating it here, without the superscripts,

X = (I - DA)-'(DF + E) (4.2.2)

where D is a diagonal matrix of the d, ratios, A is the matrix of input-
output coefficients, and X, F, and E are vectors. The matrix DA is the
matrix of domestic goods input-output coefficients.
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Denoting the change in a variable by A [AX = X(t + 1) -X(t)]

the change in total domestic demand can be written (after some alge-
braic manipulation) as

AX = RIDI,(AF) domestic demand expansion

+ R,(AE) export expansion
+ RI(AD)(F2 + V2) import substitution
+ R,D,(AA)X 2 change in input-output coefficients

(4.2.3)

where R, = (I - D,A,)-' and the subscripts 1 and 2 refer to time
periods. This equation gives the basic decomposition of the change in
sectoral output into different sources (i.e., AF, AE, AD, and AA).

The first two terms on the right-hand side are the changes in gross
output induced by expansion of domestic demand and exports. The
third term measures the effects of import substitution on production,
captured by the changes in domestic supply ratios. Finally, the last term
shows the effect of changes in input-output coefficients, which repre-
sents widening and deepening of interindustry relationships over time
brought about by the changing mix of intermediate inputs. It is caused
by the changes in production technology as well as by substitution
among various inputs (perhaps produced by changes in relative prices),
although we cannot separate these two effects.

The above equation decomposes the first difference in output into
various causal factors. It is of greater value than would be a direct
decomposition based on Eq. (4.2.1), because it also explains the growth
of intermediate demand, which would be left out in a direct decompo-
sition. Because this equation decomposes the total change in output, it
is referred to as the first difference formulation and is most suitable for
identifying the major "engines" of sectoral growth. A second approach,
called the deviation formulation, which decomposes the sources of sec-
toral deviations from balanced growth, is described later.

A few points are worth noting about the decomposition equation.
First, import substitution is defined sectorally as arising from changes
in the ratio of imports to total demand.2 This specification implicitly
assumes that imports are imperfect substitutes for domestic goods,
because the source of supply constitutes an integral part of the economic
structure. It differs conceptually from the treatment by Chenery et al.
(1962), where imports are considered as perfect substitutes for domestic

2 There is an extensive literature on the appropriate definition of import sub-
stitution in a multisector model. See, for example, Desai (1969), Eysenback
(1969), Fane (1971, 1973), and Morley and Smith (1970).
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goods and both are lumped together without distinction in final and
intermediate demand and hence in the input-output material balance
equation. As discussed in Section 2.2, our approach allows imports and
domestically produced goods to be treated separately. Under the defi-
nition used here, the aggregate contribution of import substitution to
growth is sensitive to the level of sectoral disaggregation. For example,
it is possible to have positive import substitution in every sector but have
the ratio of total imports to total demand increase because of changes in
the sectoral composition of demand.

Second, note that the effect of changes in input-output coefficients
includes changes in the total coefficients and does not separately distin-
guish between imported and domestically produced goods. Thus, the
input-output coefficients may remain constant (AAii = 0) and hence
the last term in (4.2.3) will be zero even though there are changes in
domestic supply ratios (which result in changes in DA or Ad). Changes
in technology are defined as changes in the total coefficients, whereas
any changes in the intermediate domestic supply ratios are included in
the import substitution term.

Third, each term in the decomposition is multiplied by elements of
the Leontief domestic inverse. It therefore captures both the direct and
indirect impact of each causal factor on gross output, taking into account
the linkages through induced intermediate demand.

Finally, note that there is an index number problem implicit in the
decomposition equation because the decomposition can be defined either
using the terminal-year structural coefficients and initial-year volume
weights or using the initial-year structural coefficients and the terminal-
year volume weights [as in (4.2.3)]. The two versions are analogous to
Paasche and Laspeyres price indices. In the analysis that follows, both
indices have been computed separately for the decomposition in each
period and averages of the two are presented.

To analyze the causes of changes in the composition of output, it is
useful to examine deviations from proportional growth. Define the
deviation from proportional growth of output of sector i as 3xi2 = Xi'
- XX', where X is the ratio of total gross national product (GNP) in
period 2 to GNP in period 1. After expressing the material balance
equation in deviation form, one can explain the nonproportional growth
in output in an analogous fashion to (4.2.3) as

6X = R,D 1 6F domestic demand expansion
-+ R, 6E export expansion
+ R1 AD(F2 + V2) import substitution
+ RID, AAX2 change in input-output coefficients

(4.2.4)
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In this formulation deviations (3) replace increments (A), whereas the
last two terms measuring import substitution and technological change
are identical with (4.2.3). Note that because the sum of deviations from
proportional demand growth is zero, the demand terms combine Engel
and relative price effects. Moreover, because the magnitude of AX, is
usually much smaller than AXi, and because the import substitution
and technical change effects are the same, the relative importance of
domestic demand in the deviation formulation is considerably lessened.
This formulation is useful for explaining structural changes in
production.

Analysis of growth and structural change3

We now turn to an examination of the pattern of growth and structural
change in a group of eight countries: Korea, Taiwan, Japan, Turkey,
Mexico, Norway, Colombia, and Israel. As can be seen from Table 4.1,
the countries vary widely in size, income, and involvement in foreign
trade. At one extreme, Israel and Norway, with populations in the
1950s of 2.0 million and 3.4 million, respectively, are the smallest coun-
tries in the group. Yet in the initial time period, their income per capita
was already above $1,000 (US$ 1970), and they had undergone much
of the structural transformations that accompany industrialization. At
the other extreme in the group, Korea and Taiwan started out with
incomes per capita of $131 and $203, respectively.

The group also shows a great deal of diversity in the area of foreign
trade, with Norway maintaining a ratio of exports to GDP of around
40 percent and Turkey never exceeding 8 percent. It can also be seen
from Table 4.1 that Turkey, Mexico, and Colombia had quite low
ratios of manufacturing exports to GDP throughout the period, whereas
Japan had steadily high ratios. Korea, Taiwan, Israel, and Norway had
increasing shares of manufactured exports, with Korea and Taiwan
showing the most dramatic change.

The great diversity in the group of countries presented here reflects
a wide range of initial conditions relating to factor endowments, natural
resources, internal market size, and policy-making environments. What,

The results described here are based on an ongoing research project at the
World Bank titled "A Comparative Study of the Sources of Industrial
Growth and Structural Change" (RPO 671-32). The project members are
Hollis Chenery, Yuji Kubo, Sherman Robinson, Moises Syrquin, and Larry
Westphal. Individual country authors are Bela Balassa (Norway), Merih
Celasun (Turkey), Mordechai Fraenkel (Israel), Kwang Suk Kim (Korea),
Shirley Kuo (Taiwan), Jaime de Melo (Colombia), Moises Syrquin (Mex-
ico), and Tsunehiko Watanabe and Yuji Kubo (Japan).
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Figure 4.1. Structural change: manufacturing output/total output. Coun-
tries are arrayed in increasing order of the decadal change in the manufac-
turing share in total output, A(XM/X) per decade.

then, are the commonalities, or "mainstreams" within this diversity?
What can we say about the rate at which, and the way in which, struc-
tural change takes place in this group of countries during the course of
industrialization? To what extent have changes in foreign trade partic-
ipation helped or hindered the effects of behavioral constraints in
achieving the transformations that accompany industrialization?

Figure 4.1 ranks the eight countries by decadal rates of change in the
ratio of manufacturing gross output (XM) to total output (X). For



Table 4.1. Comparative economic indicators

Population Per capita GNP Ratios (%) to GNP in current prices

Average Average
annual Level annual Gross

Number growth (US$, growth Primary Manufactured Total domestic Primary Manufacturing

(million) rate (%) 1970) rate (%) exports cxports exports' investment value added value added'

Korea
1955 21.4 - 131 - 0.7 0.2 1.7 12.0 48.1 13.1

1963 27.0 2.8 149 1.6 1.3 1.2 4.8 18.6 46.8 16.9

1970 31.4 2.2 250 7.7 2.4 8.7 14.8 27.3 32.4 25.5

1973 32.9 1.6 323 8.9 4.1 24.3 31.7 26.0 28.8 29.7

Taiwan (ROC)
1956 9.2 - 203 -- 8.9 0.9 9.0 15.9 29.8 24.3

1961 11.0 3.6 231 2.6 6.0 5.1 12.8 19.8 29.3 25.4

1966 12.8 3.1 305 5.7 8.2 8.7 20.6 23.1 24.2 29.8

1971 14.8 2.9 426 6.9 6.0 24.6 36.8 26.1 14.8 39.3

Japan
1955 89.0 - 500 - 1.3 9.1 10.7 24.7 25.0 26.5

1960 94.1 1.1 753 8.5 1.0 8.4 11.1 33.7 15.1 38.2

1965 98.8 1.0 1,159 9.0 (1.5 8.9 10.8 32.9 10.7 37.9

1970 104.3 1.1 1,897 10.4 0.4 9.4 11.2 39.4 7.2 43.2



Turkey
1953 22.8 - 239 6.9 0.3 7.8 12.4 51.1 12.1

1963 29.7 2.7 319 2.9 5.1 0.3 5.5 15.4 40.7 19.0

1968 33.5 2.4 377 3.3 4.1 0.3 5.3 18.0 32.3 24.4

1973 38.3 2.7 461 4.1 5.6 1.5 7.6 19.0 31.0 24.5

Mexico
1950 26.3 - 380 - n.a n.a 14.1 13.5 20.3 24.6

1960 36.0 3.2 479 2.9 4.7 1.6 11.3 20.1 17.5 26.7

1970 50.4 3.4 670 3.4 2.1 1.6 8.1 19.6 12.7 30.9

Colombia
1953 12.5 - 274 - 14.7 0.2 15.6 15.3 40.4 18.0

1966 18.4 3.0 330 1.4 8.6 1.0 12.1 20.4 32.4 22.4

1970 20.6 2.9 369 2.8 9.9 1.2 14.2 21.5 30.7 23.0

Israel
1958 2.0 - 1,067 - 4.1 4.7 11.5 28.1 13.0 31.7

1965 2.6 3.6 1,587 5.8 4.4 10.6 18.9 28.1 8.2 36.3

1968 2.7 2.3 1,759 3.5 5.1 14.6 27.3 22.6 7.9 33.4

Norway
1953 3.4 - 1,171 - 9.9 9.1 38.1 29.5 15.5 35.0

1961 3.6 0.9 2,028 7.1 6.4 12.3 39.7 31.1 9.9 32.6

1969 3.9 0.8 2,769 4.0 5.0 17.2 41.2 25.0 6.2 34.0

'Mcrchandise exports plus exports of nonfactor services.
'lncludes construction.
Sources: (1) Comparative data compiled for "Patterns of Industrial Development," Research project, World Bank. (2) World Tables 1976, World Bank. (3)

Background data for Chenery and Syrquin (1975).
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instance, for Mexico, the share of manufacturing output in total output
increased, on average, by 3.7 percentage points per decade. A glance at
Figure 4.1 indicates clearly that in terms of both structure and rates of
structural change, the eight countries fall into two very distinct groups:
the Asian group and the rest. Thus Japan (in the period 1955-70),
along with Korea and Taiwan, achieved both a much higher share of
manufacturing output and a much higher rate of structural change than
any other country in the group. It is remarkable indeed that the average
decadal increase in the share of manufacturing output in the slowest
changing country in this group, namely, Japan, was 8.1 percentage
points, almost double the change in share of the fastest-changing coun-
try in the other group, Colombia (5.3 percentage points).4

Figure 4.1 also brings out a number of interesting additional features.
First, Korea and Taiwan appear to be catching up in terms of structure
with Japan. Both start at about the same time with a substantially lower
share of manufacturing output, yet fifteen years later they have both
managed to achieve virtually the same structure as Japan. In attempting
to understand this remarkable achievement, one can only speculate
about the relative role of universal factors such as access to a common
technology and of the particular political and geographical position of
these countries which, for example, enabled them to receive unusually
high levels of foreign assistance per capita. Second, there is the differ-
ence between prewar and postwar Japan. Prewar Japan achieved a
change in structure very similar to that achieved by Mexico in the post-
war period. It is impossible to isolate the impact of the war and other
special circumstances in explaining the difference in rates of structural
change between the two periods. Finally, for most countries in both
groups, the ones that have the lowest initial share of manufacturing in
gross output achieve the greatest rates of structural change. Thus, in a
sense, the "catching-up" phenomenon among the Asian group carries
over to the other countries as well.5

The pattern of rapid expansion in manufacturing and relative decline
in primary production is also reflected in Table 4.2 by the differential
rates of output growth (column 1) as well as by the output deviations
from balanced growth (column 2), which are expressed as percentages

4 These rates are generally quite high. See Robinson (1972) for an econo-
metric study of growth and aggregate structural change in a sample of thirty-
nine developing countries.
It is interesting to compare this general "catching-up" phenomenon with
Gerschenkron's analysis of the role of relative backwardness in European
economic history. See Gerschenkron (1952).
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of the change in aggregate gross output.6 Because the output deviations
do not depend on currency units, the figures are comparable across
countries. They confirm the results of Figure 4.1 and indicate that struc-
tural change in production proceeded most rapidly in Korea and Tai-
wan and least rapidly in Israel and Norway.

The decomposition methodology we have presented allows us to
determine the contributing factors on the demand side to structural
change for the group of countries. Keep in mind, however, that the
observed final demand vectors in this simple interindustry model reflect
both income effects (different elasticities) and shifts in relative prices.
Thus, we are measuring ex post demands that are the result of the
interaction of demand and supply factors.

The sources of differential output growth in the primary, manufac-
turing, and services sectors are reported in columns 3-6 of Table 4.2.
The output deviations and their decomposition into separate sources are
expressed as percentages of the change in aggregate gross output. The
separate elements of the decomposition thus add up to column 2 for each
sector. The results of the decomposition provide important insights
about the underlying patterns of structural change, especially for the
primary and manufacturing sectors.

In virtually all countries, the relative decline in primary production
is caused mainly by the compositional shift of domestic demand, pre-
sumably due largely to the low income elasticity of demand for primary
products and the high elasticity for most manufacturing products.
Changes in input-output coefficiehts also reduce the demand for pri-
mary products in almost all countries and increase the demand for man-
ufactured goods. The effects of changes in input-output coefficients are
thus important and, together with changes in the composition of
demand, account for more than 75 percent of the relative decline in pri-
mary production in all countries except Norway and Mexico (about 50
percent).

For the manufacturing sector, there is much greater variation among
the eight countries. In Korea and Taiwan, the significant deviation of
manufacturing output from balanced growth is due largely to the rapid
expansion of exports, which accounts for more than 70 percent of the

6 The decomposition has been applied using input-output tables for a number
of years in each country. The tables for each country have been deflated so
that the accounts are in comparable real terms for all periods within each
country. The tables for all countries have been aggregated to a comparable
twenty-four-sector level, and the decomposition methodology has been
applied at that level in every country.



Table 4.2. Sources of output deviation from balanced growth (% of change in aggregate gross output)

Sources of output deviation

Domestic Changes in
Average output Output demand Export Import input-output
growth rate (%) deviation (%) expansion (%) expansion (%) substitution (%) coefficients (%)

Korea (1955-73)
Primary 5.7 -11.3 -7.7 1.8 -2.3 -3.1
Manufacturing 15.8 27.5 4.7 21.1 1.4 0.2
Services 10.3 4.6 0.9 4.3 0.2 -0.7

Taiwan (1956-71)
Primary 7.1 -7.6 -4.2 1.5 -2.7 -2.2
Manufacturing 16.2 28.2 0.7 20.1 3.5 3.9
Services 9.7 -2.0 -4.5 3.5 0.1 -1.2

Japan (1955- 70)
Primary 2.2 -7.6 -3.2 -0.2 -1.9 -2.4
Manufacturing 13.3 12.6 5.0 2.8 -1.2 5.9
Services 11.4 1.0 -1.0 1.2 -1.0 1.7

Turkey (1953-73)
Primary 2.5 -18.1 -11.5 -2.1 0.2 -4.7
Manufacturing 8.1 17.2 4.6 4.5 2.4 5.8
Services 6.7 9.0 3.6 2.1 0.2 3.1



Mexico (1950-75)
Primary 4.8 -5.8 -2.3 -2.6 -0.2 -0.7

Manufacturing 7.7 10.1 3.5 -0.2 4.3 2.5

Services 6.4 1.0 0.5 -0.5 0.6 0.5

Colombia (1953-70)
Primary 4.5 -3.7 -7.9 3.8 0.3 0.1

Manufacturing 8.1 16.1 1.4 1.4 7.8 5.6

Services 5.5 1.9 -0.8 1.2 0.4 1.0

Israel (1958-68)
Primary 6.8 -4.4 -4.7 1.0 0.0 -0.7

Manufacturing 12.3 6.8 -2.7 7.5 -0.6 2.5

Services 10.2 -3.2 0.2 4.9 -4.2 -4.1

Norway (1953-69)
Primary 2.5 -4.7 -3.1 (00 -2.0 0.4

Manufacturing 5.2 7.8 -1.6 12.6 -9.2 6.0

Services 4.8 6.2 -0.8 9.3 -3.1 0.8

Notes: Column 1 shows the average annual growth rates at sectoral gross output.

Sectoral output deviations and the sources of growth contributions are expressed as percentages of the change in aggregate gross output over all

sectors during the specified period in each country.

For each subperiod, columns 3-6 add up to column 2.

Results for Mexico, Colombia, and Israel are preliminary.
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deviation, with all other factors playing a minor role. Thus, the rapid
structural change experienced in these two countries is attributable to
their export-led, outward-looking industrial development strategies
adopted since the early 1960s. Japan also adopted various export pro-
motion schemes in the postwar period with fairly restrictive import con-
trols. The fact that the export expansion effect was not as pronounced
as in Korea and Taiwan is due to the much larger size of Japan's
domestic market relative to exports, which also accounts for the impor-
tance of domestic demand expansion in its industrial growth.

In contrast, the manufacturing expansion in Colombia and Mexico
depends very little on export expansion. Instead, import substitution
played the most important role (about 45 percent) in the overall expan-
sion of manufacturing production, which is reinforced by the effect of
changes in input-output coefficients. Thus, the development experience
in these countries reflects their import-substitution-oriented, inward-
looking development strategies. Turkey, with the effects of import sub-
stitution and changes in input-output coefficients accounting for half
the manufacturing output deviation, may be classified in this group,
although import substitution played a more limited role than in the
other two countries. It is not surprising to observe a sizable effect of
changes in input-output coefficients in these countries, as import sub-
stitution often requires introduction of new technologies, although this
is not specific to the countries that adopted an import-substitution
strategy.

Finally, Norway and Israel, the two smallest and most developed
countries in the sample at the outset, show a different pattern of man-
ufacturing growth. On the one hand, both countries had achieved major
structural transformation prior to the period under study.7 On the other
hand, with relatively small domestic markets, both countries pursued
more open development strategies. For both countries, export expansion
and changes in input-output coefficients more than offset the small
domestic demand growth and increased dependence on imports reflected
in negative import substitution. In particular, in Norway, rapid export
expansion is associated with a significant increase in import dependence
reflecting increased specialization and openness resulting from a liberal
trade policy. In turn, as the main exports are manufactured products,
the significant effect of changes in input-output coefficients for the man-

For an interesting account of the significant amount of structural change
undergone by Israel during the period 1948-51, see Pack (1971). His chap-
ter 3 documents the compositional change of output in the economy using a
similar decomposition methodology.
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ufacturing sector can be viewed as reflecting technological changes
required to meet international competition.

Two important observations emerge from this brief examination of
the patterns of changes in output composition across countries. First,
with regard to the primary sector, there is much uniformity across coun-
tries, reflecting the leading role of the universal factors mentioned ear-
lier. Second, the great diversity of sources of structural change in the
manufacturing sector indicate the importance of initial conditions and
particular factors as well as the important role of development policy in
altering the relative contribution of trade as a source of structural
change. Therefore, it is useful to examine further the sources of growth
within manufacturing.

Trade strategy and growth in the manufacturing
sector

Although the analysis of structural change for the whole period in each
country reveals different patterns of growth, particularly for manufac-
turing, it conceals a considerable variation in the relative importance of
causal factors over time. In order to bring out this variation, we exam-
ine, period by period, the sources of growth in the manufacturing sector.
For this purpose, we switch from the deviation formulation [Eq. (4.2.4)]
to the first difference formulation [Eq. (4.2.3)], which is better suited to
measure the relative contribution of the various factors to sectoral
growth.

Table 4.3 presents the sources of growth in manufacturing produc-
tion for the different periods, given the benchmark years determined by
the availability of input-output tables. Columns 2-5 express the sources
of growth contributions for the manufacturing sector as percentages of
the change in total manufacturing output over the period.

As explained above, the contribution of domestic demand expansion
increases when the contributions to growth are expressed in first differ-
ence form. Thus, in all countries, a large proportion of the increase in
manufacturing output is induced by growth in domestic final demand.
As one would expect, given the differences in the size of the domestic
market, the relative contribution of domestic demand expansion is gen-
erally greater in large countries such as Japan, Turkey, and Mexico
and smaller in Taiwan, Norway, and Israel. The existence of economies
of scale in key manufacturing sectors such as chemicals implies that
countries with small internal domestic markets must engage in relatively
more international trade than larger countries in order to expand their
effective market size.
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Table 4.3. Sources of change in manufacturing production

Sources (%)
Average
annual Domestic Changes
growth demand Export Import in 10
rate (%) expansion expansion substitution coefficients

Korea
1955-63 10.4 57.3 11.5 42.2 -11.0
1963-70 18.9 70.1 30.4 -0.6 0.1
1970-73 23.8 39.0 61.6 -2.5 1.8

Taiwan (ROC)
1956-61 11.2 34.8 27.5 25.4 12.3
1961-66 16.6 49.2 44.5 1.7 4.6
1966-71 21.1 34.9 57.0 3.8 4.3

Japan
1914-35 5.5 69.9 33.6 4.7 -8.2
1935-55 2.8 70.9 -7.1 15.5 20.7
1955-60 12.6 76.2 11.9 -3.4 15.2
1960-65 10.8 82.3 21.7 -0.3 -3.7
1965-70 16.5 74.2 17.6 -1.4 9.6

Turkey
1953-63 6.4 81.0 2.2 9.1 7.7
1963-68 9.9 75.2 4.5 10.4 9.9
1968-73 9.7 68.2 21.0 -1.6 12.3

Mlexico
1950-60 7.0 71.8 3.0 10.9 14.4
1960-70 8.6 86.1 4.0 11.0 - 1.0
1970-75 7.2 81.5 7.7 2.6 8.2

Colombia
1953-66 8.3 60.3 6.8 22.1 10.8
1966-70 7.4 75.5 4.7 4.3 15.5

Israel
1958-65 13.6 58.9 26.2 9.8 5.2
1965-68 9.4 68.7 54.8 -27.7 4.2

Norway
1953-61 5.1 64.3 37.3 -15.9 14.4
1961-69 5.3 50.6 58.8 -19.4 10.0

Notes: Column 1 shows the average annual growth rates of total manufacturing gross
output. The sources of growth contributions in columns 2-5 are expressed as per-
centages of the change in total gross manufacturing output, and add up to 100% except
for rounding errors.
Results for Mexico and Israel are preliminary.
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Beyond the difference in trade orientation dictated largely by the par-
ticular factors that account for different initial conditions between coun-
tries, Table 4.3 shows that in most countries there is a period that is
marked by a sizable effect of import substitution on manufacturing out-
put growth. In Korea and Taiwan, this period corresponded to their
early phase of industrialization, from the mid-1950s to the early 1960s.
In Japan, the period was dominated by postwar reconstruction. How-
ever, after these particular subperiods, import substitution was insig-
nificant as a source of manufacturing output growth. In Turkey, Mex-
ico, and Colombia, the import-substitution phase continued for an
extended period of 13-20 years. Although the choice of benchmark
years precludes exact estimates, the period from the early 1950s through
the late 1960s was one of important import substitution in these coun-
tries. The importance of import substitution declined dramatically
thereafter.

In the three Asian countries, the import-substitution period was fol-
lowed by periods where export expansion became very important. In
particular, in Korea and Taiwan, this factor alone accounted for more
than half of the growth of manufacturing in the final subperiod and, in
Japan, 18-22 percent between 1960 and 1970. The increased impor-
tance to manufacturing growth of export expansion in these countries
reflects the shift in emphasis of their governments' trade and industrial
policies away from encouraging domestic industries to import substi-
tutes through restrictive import measures to promoting exports through
various incentive policies. The important point to note is that these pol-
icies were very successful, as shown in the sources of growth decompo-
sitions. Behind these successes, however, there was a period of extensive
import substitution and technological improvements through which
domestic industries developed and strengthened international competi-
tiveness. In fact, without this preparatory stage, the successful indus-
trialization led by export expansion in these countries might not have
been possible.

In Mexico and Colombia, the relative importance of exports to man-
ufacturing growth did not increase much after the import-substitution
phase. In Turkey, the export expansion effect accounted for 21 percent
of the growth of manufacturing output between 1968 and 1973 (and
16.3 percent for total gross output), due mainly to the devaluation of its
currency and favorable export market conditions during this period.
The growth of manufacturing production in these countries, however,
was generally much slower than that of the Asian countries during their
export promoting phases. The failure of export expansion to contribute
more to the growth of manufacturing may be attributed to the prolonged
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protection of domestic industries, which left them unable to compete in
international markets, or to the absence of export incentives.

Norway and Israel show a different pattern from the above two
groups. In these countries, export expansion played an important role
in manufacturing output growth, but the dependence on imports
increased substantially at the same time (except for 1958-65 in Israel).
The sizable effect of the changes in input-output coefficients in these
countries may reflect technological change in response to international
competition. The significant effect of export expansion and the
increased dependence on imports show that these countries were rapidly
liberalizing trade and moving toward more open development strategies.

The particular trade strategy followed by a country is the outcome of
a combination of several contributing elements reflected in the decom-
position of final demand discussed above, including resource endow-
ments, policy regimes, and external influences. Various combinations of
these elements result in a particular trade strategy. The analysis of the
contributions to growth by time periods allows us to develop a typology
that can then be used to cluster countries into groupings according to
the role of export expansion (EE) and of import substitution (IS) in
accounting for total manufacturing growth. The resulting typology of
trade strategies is reported in Table 4.4.

Table 4.4 divides up the sample of countries by time periods (indi-
cated in parentheses) according to the percentage contribution of import
substitution and export expansion to manufacturing growth. Import
substitution is measured along the horizontal axis and export expansion
along the vertical axis. As indicated in the table, within each cell, epi-
sodes are listed in increasing order of export expansion to growth.

What is remarkable, as we have seen earlier, is that both Korea and
Taiwan managed to catch up in terms of production structure with the
other countries in the sample. The clustering in Table 4.4 brings out
clearly that these are also the countries that stand out in terms of the
contribution of export expansion to growth in the manufacturing sector.
However, Korea and Taiwan are also the only countries that had a
period since 1950 where import substitution contributed well over a
third of manufacturing growth. These countries are thus at both
extremes of the spectrum ranging from import substitution to export
expansion. Finally, note that there are three periods (for Israel and
Norway) that could be termed significant "trade liberalization" or "for-
eign exchange constraint relaxation" episodes in the sense that export
expansion was coupled with negative import substitution.

In addition to a clustering of countries according to the contribution
of import substitution and export expansion to growth, it is also possible
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Table 4.4. Typology of trade strategies: the role of export expansion and import
substitution in total manufacturing growth (countries and periods)

Import substitution (%)
Export
expansion (%) -28 to -16 -6 to +6 6 to 12 22 to 42 Row sum

2 to 8 Col (2) Tur (1) Col (1)
Mex (3) Mex (1)

Mex (2)
Tur (2) 7

12 to 28 Jap (2) Isr (1) Kor (1)
Jap (4) Tai (1)
Tur (3)
Jap (3) 7

30 to 62 Nor (I) Kor (2)
Isr (2) Jap (1)
Nor (2) Tai (2)

Tai (3)
Kor (3) 8

Column sum 3 11 5 3 22

Notes: Within column categories, episodes are listed in increasing order of the contri-
bution of export expansion to growth. Numbers in parentheses refer to time periods,
earliest first, as shown in Table 4.3.
Source: Table 4.3 (excludes Japan 1935-55).

to see from Table 4.4 whether export expansion has either preceded
import substitution, or, on the contrary, succeeded the establishment of
a domestic market, as would be argued by those who view sales on the
domestic market as a prerequisite for successful exports of manufac-
tures. It is apparent from Table 4.4 that import substitution has pre-
ceded export expansion in all countries in the sample,for which domestic
demand expansion alone was not the main contributing factor to man-
ufacturing growth. Although these patterns partly reflect the change in
attitude toward the appropriate role of trade policies for industrializa-
tion that evolved during the 1960s, they also lend support to the view
that the experience gained from sales on the domestic market is a pre-
requisite for successful exports of manufactures.

To summarize, we observe that within the wide range of initial con-
ditions represented by the group of eight countries, there is a combina-
tion of uniformity and diversity in the patterns of growth and structural
change. On the one hand, there is regularity in the factors contributing
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to structural change in Agriculture (and to a lesser extent in Services).
Structural change comes mainly from changes in domestic demand
expansion due to the compositional shifts in demand associated with
rising income. There is also some uniformity in the rates at which struc-
tural change takes place reflected in a general "catching-up" phenom-
enon as the latecomers manage to shift resources into manufacturing
more rapidly. These trends would seem to represent the universal
mainstreams.

On the other hand, there is also diversity reflecting the influence of
a combination of different initial conditions (market size, resource
endowments, etc.) and different government policies. Thus, we find that
the range of variation between periods in the contribution to growth of
import substitution and export expansion is great within manufacturing
compared with the contribution of domestic demand expansion. This is
the case both within and across countries, suggesting the important role
of trade strategies in the process of industrialization. From the analysis
of the typology of trade strategies, it appears that the countries that
achieved the sequential combination of a large contribution to growth
of import substitution followed by a large contribution of export expan-
sion have achieved the highest rates of growth and structural change.
One should, however, interpret these observations cautiously, because
the sample of countries is small.

Korea, along with Taiwan, belongs to the small group of countries
that have managed to depart successfully from international main-
streams. In the next application, we briefly discuss the policies and
external factors that led Korea to the dramatic change in trade strategy
observed here. We then use a dynamic input-output model to investi-
gate how a more inward-looking development strategy, more in line
with other countries, would have affected the rate of growth and the
pattern of structural change.

4.3 Trade strategy, structural change, and growth:
analysis with a dynamic input-output model of
Korea

The cross-country comparisons just presented reveal both the uniform-
ities and differences characterizing the process of industrialization.
When using the Chenery-Syrquin decomposition methodology, the
overall growth rate of the economy is always taken as given and it is the
composition of growth that is analyzed. Consideration of the results,
however, naturally leads one to ask what kind of links there are between
the composition of growth and the overall magnitude of the growth rate.
Is a high percentage share of export expansion associated with more
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rapid economy-wide growth, or is it, on the contrary, import substitu-
tion that leads to more rapid growth?

It is not really possible to answer these questions adequately within
the framework of input-output-type models. The fixed coefficients
assumptions impose too stringent constraints on the analysis, and the
models do not specify how policy variables interact with quantities pro-
duced and traded.8 As we shall argue, nonlinear general equilibrium
models can provide a more useful framework of analysis for questions
of trade and growth, and much of this book is concerned with such
analysis. However, it is instructive to explore how useful a simple
dynamic input-output model that captures some important mechanisms
can be in exploring the link between the pace and composition of
growth. We take Korea as an example and compute alternative growth
paths, adapting the dynamic input-output model described in Section
2.3. The basic run, or reference path, attempts to be close to the path
actually followed by Korea between 1963 and 1973, a period charac-
terized, as we have seen, by dramatic export expansion. The other
experiments are characterized by a much smaller role of exports. In
discussing the differences between the growth paths, we illustrate some
of the strengths and weaknesses of dynamic input-output models as
tools for analysis of questions of trade strategy and growth.

The experiments and the base run si'mulated
growth path: 1963-73

The cross-country comparisons presented in Section 4.2 reveal the phe-
nomenal rates of growth and structural change achieved by Korea, par-
ticularly over the period 1963-73.9 The turning point came around
1965 during a period of trade liberalization and other important mon-
etary and fiscal reforms. By maintaining the exchange rate near the
free-trade level and granting exporters free access to imported inputs
along with explicit export subsidies, the government provided on aver-
age roughly equal incentives to production for export and for domestic
sales within the manufacturing sector. However, Korea's policy was not
one of neutral free trade. Indeed, incentive policies discriminated against
agriculture and, within manufacturing, the less efficient manufacturing
sectors received higher-than-average subsidies. However, and most

It is, however, possible to introduce ad hoc changes in crucial coefficients
such as import coefficients. This would allow a partial treatment of the ques-
tions raised above. See Chenery and Bruno (1962) for such an application.
For a more complete description of Korean economic performance, see Cole
and Lyman (1971) or Frank, Kim, and Westphal (1975). This summary
draws on Westphal (1978), and Adelman and Robinson (1978).
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important, policy makers prevented the emergence of a home-market
bias by providing incentives for export sales. These incentive policies
were largely responsible for the unusually high contribution of export
expansion to manufacturing growth observed in Table 4.3. Moreover,
there was a further contribution of exports to growth as a result of the
increased efficiency resulting from exporting in line with Korea's com-
parative advantage.

There were, however, other factors that contributed to the outward-
looking development strategy that Korea pursued after 1965. First,
Korea benefited from unusually high levels of foreign assistance during
the 1950s and early 19 60s, followed by substantial foreign capital
inflows from all sources thereafter. Thus, between 1960 and 1975,
about 40 percent of total investment was financed from abroad. After
the mid-1960s, the large magnitude of these inflows was chiefly in
response to Korea's export performance. Second, Korea also benefited
from favorable initial conditions reflected in a relatively egalitarian dis-
tribution of assets and from a culture that places a high value on edu-
cation, resulting in one of the highest literacy rates in the world. Third,
Korea's export performance benefited directly from institutional incen-
tives whereby the government put pressure on all industries, including
"infants," to export (see Westphal, 1978; pp. 375-6).

With the linear models developed in Chapters 2 and 3, we cannot
model explicitly the crucial role played by policy incentives on the rate
of growth of the economy and therefore have to assume that they are in
some way subsumed in the analysis. However, we can use the dynamic
input-output model to generate alternative long-run equilibrium
growth paths and thereby attempt to examine the interesting counter-
factual question: What would have been the impact on growth and
structural change if Korea had pursued a more inward-looking devel-
opment strategy and, as a consequence, exports had grown at half the
rate they did over the period 1963-73?

The base run (or reference path), to be discussed shortly, will be con-
trasted with the following two experiments reflecting variants of an
inward-looking development strategy. In the first experiment (A-1), the
rate of growth of exports in each sector is cut in half. In addition, the
sectoral import coefficients are reduced uniformly so as to achieve the
same cumulative trade balance, or foreign capital inflow, over the
eleven-year period and hence capture the resulting decline in foreign
exchange earnings that Korea would have had available to spend on
imports. Thus, the experiment assumes both a reduction in exports and
reduced imports so as to maintain the historical volume of foreign cap-
ital inflow. If Korea had achieved a much lower growth of exports, it
is probably unreasonable to assume that it could have maintained the
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same cumulative level of foreign capital inflow. Thus, in experiment A-
2, we maintain all the assumptions of A-1 except that we also cut
cumulative foreign capital inflow in half.

It is important to emphasize some special features of the experiments.
First, note that the model has no mechanism such as policy incentives
to induce import substitution. Second, there is no import substitution
along any one of the growth paths. The import coefficients are constant
along the base-run growth path and are also constant, but reduced pro-
portionately, in both experiments.' 0 As we shall see, this assumption of
fixed import coefficients is a serious limitation for the model as a prac-
tical tool for historical simulation. Because import coefficients are
reduced in the base year and export demand is only reduced starting the
second period, supply in the base year has in effect been reduced
whereas demand has remained constant.

To make the model solution values for gross output feasible in the
base year, aggregate base-year consumption is reduced and the growth
rate of consumption is raised so as to achieve the same terminal-year
consumption vector as in the base run." As a result of these adjustments,
the cumulative consumption achieved over the ten-year period with the
two experiments is between 3% and 5% less than that achieved under
the base-run growth path (see Table 4.7). Notwithstanding this small
difference in the values of the integral of consumption, the welfare
implication of a comparison between the experiments and the base run
are expressed in terms of differences in capacity available for postplan
growth.

To summarize, let us describe briefly the data base used for the model
and the base-run growth path. The data base for the dynamic input-
output model applied to Korea consists of the following: a domestic
input-output coefficient matrix (Ad) for 1963, a diagonal matrix of
import demand coefficients for intermediate and final demand (con-
sumption + investment), all for 1963, a capital composition coefficients
matrix (B) for 1968, and sectoral growth rates for consumption demand
and export demand based on observed rates for the period 1963-73.
Sectoral incremental capital-output ratios (K) are based on comparative
data on real sectoral investment and output for 1963, 1968, and 1973.
Finally, labor coefficients are derived from the 1973 input-output table.
All the data, including the input-output table, are in real terms, in 1968
prices. 12

'° Import coefficients are reduced to 61% of their values for A-1 and 45% of
their values for A-2.
See Chapter 2 for the definition of base-year feasibility.

12 The data are from the World Bank research project, "A Comparative Study
of the Sources of Industrial Growth and Structural Change" (RPO 671-32).
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Table 4.5. Actual and base run

Actual' Base run

Investment/GDP (%) 1963 16.9 17.9
1973 24.0 26.1

Exports/output (%) 1963 3.2 3.1
1973 15.5 16.8

Imports/supply (%) 1963 12.4 12.6
1973 18.5 14.6

'Export and import ratios are from input-output data. The
investment ratio is based on national accounts.

Equipped with these parameters, the model determines endogenously
sectoral outputs, imports, labor requirements, and investment by sector
of origin and destination. With such an assortment of data from various
years coupled with fixed incremental capital-output ratios (ICORs),
fixed input-output coefficients, fixed capital coefficients, and fixed
import coefficients, how good an approximation to Korea's pattern of
growth is achieved by this model?

The base run against which experiments will be compared is
designed to reflect as closely as possible what actually occurred in the
1963-73 period. It can be seen from Table 4.5 that the base run per-
forms rather well in terms of the investment rate and total output (and
hence the share of exports in total output) in both the initial and the
terminal years. Where it is weak is on the import side: The model pre-
dicts an import share of 14.6% in 1977 whereas the actual share was
18.5%. The model badly underestimates the growth rate of imports
which, of course, is due to the assumption of fixed import coefficients.
Therefore the model overestimates the improvement in the balance of
trade and the growth of GDP, and underestimates the growth of total
absorption. It would thus appear, at least in the case of a country grow-
ing rapidly and experiencing substantial change in trade policies, that
macroeconomic (and sectoral) projections based on the assumption of
fixed import coefficients are likely to be substantially biased."3

13 Another check on the base run is to see whether it is base-year feasible.
Using the norm measures presented in Chapter 2 and illustrated below,
indicates that gross production given by the model in the base year is within
2.5% of the actual aggregate production and that the deviation in the model's
structure of production from the actual structure in 1963 is 5.5% of base-
year production.
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Figure 4.2. Time path of the trade balance under different experiments.

Capacity consequences of an inward-looking
strategy

We now turn to a comparison of the base run with the two experiments.
Figure 4.2 describes the year-to-year changes in the balance of trade net
of trade taxes for the base run and each experiment. By design, the
integrals of the curves for the base run and experiment A-1 are equal,



Table 4.6. Structure of trade in the base year and output structure in the terminal year

Otutput composition (N)

Composition Composition Export Capital Experiment Experiment
of imports Import of exports growth Labor coefficient Base run A-l A-2
(%) coefficient (%) rates coefficient (ICOR) 1973 1973 1973
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Agriculture 26.5 0.111 8.1 22.0 3.53 1.20 16.9 21.0 20.4
Mining 1.1 0.080 12.0 4.3 1.40 0.42 1.9 2.0 2.1
Food

processing 3.5 0.050 8.1 22.3 0.31 0.19 9.5 11.9 11.5
Light industry 9.8 0.082 26.0 43.2 0.66 0.35 23.7 18.6 18.4
Heavy

industry 36.3 0.387 13.0 36.2 0.32 0.54 10.3 10.8 11.8
Machinery 20.8 0.504 2.5 65.5 0.43 0.19 7.7 5.5 6.2
Social overhead 0.6 0.008 18.9 26.0 1.01 1.50 13.6 12.0 12.0
Services 1.4 0.011 12.4 28.9 2.35 1.40 16.4 18.2 17.6

Sum or
average 100.0 0.140 100.0 35.4 1.40 0.72 100.0 100.0 100.0

Notes: (1) Units of labor coefficients are 1,0()0s workers per billion won (1968 prices). Data from 1973 input-output table. (2) Capital coefficients are sectoral
incremental capital-output ratios. They are estimated from sectoral capital stock, investment, and production data. (3) Export growth rates are for 1963 to 1973.
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reflecting the same cumulative balance of trade. Although the base run
overestimates the balance-of-trade surplus achieved by Korea, it
approximates well enough the dramatic changes that actually took place
for the experiments selected here. Because exports are growing expo-
nentially while imports are reduced linearly, the balance of trade must
eventually improve. From Figure 4.2 it is evident that, in Experiment
A-1, the time period is not long enough to show an improvement in the
trade balance. However, particularly in Korea, where the indirect
import content of exports is high, one could argue that in fact export
growth would decline with a fall in imports. To explore this relation-
ship we need the more elaborate models developed later where both
imports and exports are determined endogenously and are responsive to
changes in relative prices.

Table 4.6 describes the composition of trade in the base year, along
with the key parameters in the model that determine the differences in
output composition in the terminal year reported in columns 7-9 of that
table. Because the model is demand driven with fixed sectoral ICORs
(column 6), the effects of the experiments arise from the changes in the
sectoral structure of demand interacting with differences in sectoral cap-
ital coefficients. In general, exports are concentrated in the manufactur-
ing sectors with low capital coefficients, whereas imports are concen-
trated in sectors with relatively high ICORs. The total (direct plus
indirect) effects of shifting toward an inward-looking strategy is to favor
the expansion of sectors with high ICORs. This can be seen by a com-
parison of the composition of output in 1973 between the base run (col-
umn 7) and the two experiments (columns 8 and 9): Agriculture and
Services, which have the highest ICORs in the economy, are the sectors
that must expand to meet the needs of an inward-looking strategy. Sec-
toral differences in ICORs provide the crucial mechanism determining
the basic results.

Given that cumulative consumption in the two experiments is close
to that in the base run, a change in structure that raises the average
ICOR over time must lead to a decline in the growth of capacity. In the
model, this decline in capacity is reflected in lower gross output in the
terminal year. Table 4.7 indicates that by 1973 the macroeconomic
effects of the change in the structure of the economy are quite substan-
tial. A development strategy emphasizing sectors with high ICORs
leads to lower gross output (column 2) and lower GDP (column 3).

With productive capacity growing more slowly, investment also
grows at a lower rate in both experiments. Note, however, the difference
between A-1 and A-2: When imports are further squeezed to reduce the
foreign capital inflow deficit (A-2), capacity (i.e., gross output) and



Table 4.7. Macroeconomic indicators: ratios to base-run values (%)

ICOR Gross output GDP Consumption Investment Exports Imports

1963
Experiment A-1 100.0 101.5 99.8 93.( 86.3 100.0 60.0
Experiment A-2 100.0 102.9 100.2 89.0 90.9 100.0 44.7

1973
Experiment A-) 109.7 74.7 76.8 100.0 53.6 22.3 44.1
Experiment A-2 108.3 79.2 80.7 100.0 58.8 22.3 34.4

Cumulative, 1963-73
Experiment A-i 86.1 89.7 97.0 66.2 35.8 51.2
Experiment A-2 89.7 92.5 95.3 71.5 35.8 39.2
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Table 4.8. Production in 1963 and 1973, distance measures from base ron

1963 1973

Experiment Experiment Experiment Experiment
A-I A-2 A-1 A-2

Distance from base run 6.0 9.3 30.4 27.2
Distance along PF 6.0 9.3 19.5 18.5
Distance from PF -0.3 -0.3 -25.4 -21.7
Distance from Experiment A-I 0.0 0.0 3.5 4.8

Notes: Distances are measured by Euclidean norms (E norm in the appendix to Chapter 2) and
are expressed as a percent of the base-run norm of total production in 1963 and 1973. PF
production frontier. It is defined by the norm of base-run production.

GDP are higher in the terminal year. This result is due to the fact that
consumption is lower in the base year in Experiment A-2. This in turn
allows for greater cumulative investment over the plan period, which
explains why gross output and GDP are higher under A-2.

The distance measures presented in Chapter 2 provide aggregate
measures of the extent of structural change and the reduction in capacity
resulting from an inward-looking strategy. The total distance from the
base run is decomposed into two parts: (1) the distance along the pro-
duction frontier (PF) that reflects differences in the structure of output,
and (2) the distance from the PF that reflects differences in capacity.
Table 4.8 gives the distances from the base run of the two experiments,
and the results for Experiment A-1 in 1973 are also plotted in Figure
4.3. The difference in the structure of production in the two experi-
ments in 1973 is quite large, but somewhat less in absolute magnitude
than the change in capacity.

The cost of pursuing a development strategy emphasizing expansion
in sectors with high ICORs can be quite substantial. For the counter-
factual experiments with Korea, an inward-looking strategy yields,
within a decade, an economy with 22-25 percent less capacity to pro-
duce than in the base run simulating the outward-looking strategy pur-
sued by Korea.

In addition to the unfavorable impact on capacity, an inward-looking
strategy would also have detrimental effects on employment. Table 4.9
indicates that total employment is much lower in 1973 in the two exper-
iments, equaling 82.1 and 85.5 percent of the base-run value.t 4

Employment is calculated by the fixed labor-output ratios given in Table
4.6.
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Figure 4.3. Experiment A-I: comparison of 1973 production to base run. B,
base run; Al, Experiment A; S, projection to PF; PF, production frontier.

Table 4.9. Decomposition of employment deviation from base run, 1973

Total employment Manufacturing employment

Experiment Experiment Experiment Experiment
A-I A-2 A-1 A-2

Percent deviation from base
run -17.9 -14.5 -35.0 -30.7

Deviation due to lower output -25.4 -21.7 -34.1 -29.6
Deviation due to change in

output structure 7.5 7.2 -0.9 -1.1

Although the model is too aggregated in the manufacturing sector for a
serious analysis of the effects of development strategy on employment,
it is interesting to look at the decomposition of the change in total
employment into its two components: the change due to the fact that
total output is lower and the change due to differences in the structure
of production. The decomposition is calculated by attributing to "lower
output" the change in employment required to achieve the base-run
level of aggregate output (defined by the Euclidean norm), but with the
structure of output as in the experiment. The residual change in output
is thus due to differences in the structure of production.

The conventional wisdom about Korea is that by promoting labor-
intensive exports, the economy achieved greater employment. Such rea-
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soning can be misleading, however, if one overlooks the source of
increase in employment due to the increased aggregate output resulting
from export-led growth. In terms of total employment, changes in the
structure of total production that accompany a drastic reduction in
exports actually increase employment because Agriculture and Services
are, by far, the most labor-intensive sectors (see Table 4.6, column 5).
Within the manufacturing sector, the change in structure that accom-
panies a reduction of exports does lead to a slight fall in manufacturing
employment, but the effect is tiny compared to the impact of the reduc-
tion in manufacturing output. Note that indirect effects are important,
because the change in the structure of gross output within manufactur-
ing is much less than the change in the structure of final demand. A
more disaggregated analysis would probably qualify these rather
extreme results, because most Korean exports are in fact concentrated
in a few subsectors within light industry. However, the predominance
of the total output effect would undoubtedly remain, even in a more
disaggregated model.

What emerges from this analysis is the important role of the com-
position of demand on growth. Although the simple dynamic input-out-
put model used here is too rigid to be used as a projection model, it is
useful to illustrate the benefits in terms of growth and employment of
encouraging expansion of sectors with low capital coefficients and high
labor output ratios, a seemingly obvious observation often disregarded
by policy makers. The experiments also demonstrate that differences in
structure between sectors and indirect linkages captured within the
interindustry framework do matter.

In addition to the macroeconomic results we have discussed, it is
important to examine the changes in production structure, export
shares, and import shares that are part of the experimental results to
see if they appear unrealistically extreme. We therefore turn briefly to
an examination of results at the sectoral level, using the sources of
growth decomposition methodology to permit comparison with the
experience of other countries.

Comparison of sources of growth

Table 4.10 presents the sources of growth decomposition for total output
and for three aggregated sectors: primary, manufacturing, and services.
The change in output from the base run in 1963 to the terminal year
(1973) in the base run and in the two experiments is decomposed or
allocated to four "sources" due to changes in consumption, investment,
exports, and import substitution. Note that because import coefficients



Table 4.10. Korea: sources of growth decomposition, 1963- 73 (%)

Output share Sources of growth

Growth Export Import
Output rate 1963 1973 Consumption Investment expansion substitution

Total
Actual data' 15.8 100.0 100.0 48.0 18.8 38.3 -3.6
Base run 14.5 100.0 100.0 41.0 18.9 40.1 0.0
Experiment A-1 11.2 100.0 100.0 65.1 13.8 11.4 9.7
Experiment A-2 11.8 100.0 100.0 60.9 15.1 10.7 13.3

Primary
Base run 8.3 32.6 18.8 60.4 7.4 32.2 0.0
A-1 7.3 32.6 22.9 75.2 4.5 8.3 12.0
A-2 7.8 32.6 22.6 70.9 5.0 7.8 16.3

Manufacturing
Base run 18.3 36.9 51.2 35.1 14.4 50.5 0.0
A-1 13.9 36.9 46.8 61.4 11.5 14.5 12.6
A-2 14.8 36.9 47.8 56.6 13.0 13.3 17.1

Services
Base run 14.3 30.5 30.0 43.0 32.8 24.2 0.0
A-1 11.1 30.5 30.3 65.6 23.1 8.0 3.3
A-2 11.5 30.5 29.6 62.5 25.2 7.7 4.6

'Changes in input-output coefficients contributed - 1.6% in the actual data. The contribution is zero in all experi-
ments, because fixed input-output coefficients are specified in the model.
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are fixed within each run, the contribution of import substitution in the
base run is zero. It is positive for the two experiments because their
terminal-year values are being compared to the base-run initial year. A
fifth source, changes in input-output coefficients, is zero in all the runs
because the model assumes unchanging input-output coefficients.

The first row of the table presents the decomposition of actual growth
in the 1963-73 period. Note that, as discussed earlier, import coeffi-
cients increased over the period, yielding a negative contribution (- 3.6
percent) of import substitution to total change in output. The contri-
butions of the expansion of investment and exports are quite close to the
corresponding values in the base run, indicating again that, except for
the change in import coefficients, the base run is quite close to the actual
data.

The decomposition reflects clearly the results of the experiments. The
role of import substitution is quite large in both. Comparing the results
to those from other countries presented earlier, they imply a contribu-
tion of import substitution to output change comparable to that which
occurred in Taiwan, Japan, Turkey, or Mexico during their import-
substitution phases. The contribution is also much less than occurred in
Korea in the 1955-63 period. Thus, at the aggregate level, the implied
role of import substitution in the two experiments is not out of line with
historical experience in Korea and other countries, although no country
has had such a large contribution over such a prolonged period as
implied by the experiments.

However, when we turn to an analysis of the individual sectors, more
serious questions about feasibility appear. Table 4.11 compares for
1973 the structure of imports across experiments with the actual data
along with the accompanying ratios of imports to total supply on the
domestic market. The composition of imports in the two experiments
does not change very much from the base run, except for agriculture
and machinery. However, the import ratios fall dramatically compared
to the base run, especially in the heavy industry and machinery sectors.

Figure 4.4 shows the contributions of domestic demand expansion
(consumption plus investment), export expansion, and import sut:ti-
tution to total output change in three sectors: light industry, heavy
industry, and machinery. The decline in the role of exports, especially
in light industry, is quite dramatic. There is a corresponding increase
in the role of import substitution, although even in heavy industry and
machinery it does not completely offset the decline in exports. However,
in those two sectors in the experiments, import substitution accounts for
about 20-30 percent of the total change in output.

Given the structure of imports, if Korea had pursued a development



Table 4.11. Structure of imports in 1973

Composition of imports (%) Import ratios (%)

Experiment Experiment Experiment Experiment
Sector Actual Base run A-I A-2 Actual Base run A-I A-2

Agriculture 15.5 14.3 18.0 17.2 18.2 11.1 6.8 5.0
Mining 1.5 1.1 1.1 1.2 24.1 8.0 4.9 3.6
Food processing 2.9 3.3 4.4 4.2 5.3 5.0 3.1 2.3
Light industry 16.1 10.0 10.5 10.2 18.5 8.2 5.0 3.7
Heavy industry 29.9 36.2 37.3 37.9 31.1 38.7 23.8 17.5
Machinery 32.6 33.2 26.6 27.3 58.8 50.4 31.0 22.7
Social overhead 1.2 0.7 0.7 0.7 1.9 0.8 0.5 0.4
Services 0.3 1.2 1.4 1.4 0.3 1.1 0.7 0.5

'Ratio of imports to total supply to domestic market (production + imports - exports).
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strategy in the 1963-73 period based on continued import substitution,
it would have involved major import substitution in agriculture, heavy
industry, and/or machinery. The magnitude of the required import
substitution, especially in heavy industry and machinery, would have
been quite large, and it is not clear that Korea could have done it suc-
cessfully in the middle 1960s. The model, of course, overstates the ease
of achieving import substitution because, even though imports are deter-
mined by fixed coefficients, they are assumed to be perfect substitutes
for domestically produced goods. In fact, especially in sectors such as
heavy industry and machinery, quality differentials between domestic
and imported goods are very important, and the nature of the relevant
production technologies is often quite different. The difficulties and
costs of achieving significant import substitution in such sectors before
the economy has reached an appropriate level of development are quite
large. These costs will be evaluated explicitly with the more complex
models developed later, where import substitution is linked directly to
changes in trade policy.

4.4 Conclusion

The comparison of the sources of growth and structural change across
eight countries reveals a great deal of diversity in the relative contribu-
tion to growth of various components of final demand, particularly with
regard to export expansion and import substitution. In addition to
affecting the composition of growth, differences in the structure of final
demand have an impact on the rate of growth.

Whereas the static input-output model can be used to decompose the
sources of growth and structural change, the dynamic input-output
model provides a useful framework for exploring the implications for
growth of changes in the sectoral patterns of final demand. The model
captures some of the major forces at work, namely, differences in sec-
toral capital and labor coefficients and in the sectoral composition of
capital.

Some of the weaknesses of the dynamic input-output model, such as
the assumption that the various coefficients are fixed over time, can be
altered without changing the essential properties of the model. For
example, it is relatively easy to specify exogenous time trends for various
parameters such as import coefficients, which greatly improves the abil-
ity of the model to track actual changes at the cost of complicating the
solution procedure somewhat. The basic dynamic properties of the
model, however, are largely unaffected by such changes. Other changes,
such as relaxing the rigidities of the fixed-coefficient specification by
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introducing choice and inequality constraints, require extending the
model to a linear programming framework. As we have discussed in
detail, such an extension has benefits and costs. The model becomes a
somewhat more flexible tool, but there are still important rigidities that
affect model behavior and, indeed, become more important in an optim-
izing model because they generally lead to rather extreme behavior.

A major weakness of both dynamic input-output and linear pro-
gramming models is the fact that they do not include variables that
reflect the major policy instruments governments typically use in mixed-
market economies to affect the composition of final demand. Even in
modern socialist countries, and certainly in all mixed economies, gov-
ernments rely heavily on incentive policies that work through the mar-
ket mechanism. Policies such as indirect taxes, subsidies, exchange-rate
manipulation, and direct controls over some prices all affect the econ-
omy through their effects on prices and costs in various markets. The
linear models do not provide an adequate framework for exploring the
impact of policies that work through such mechanisms. Although much
can be done with linear programming models, ain; there is a large lit-
erature in this area, we feel that for medium-term planning designed to
be directly useful to the policy maker, it is more fruitful to abandon
linear models and work within the framework of nonlinear general
equilibrium models. The development and empirical implementation of
such models is the central concern of the rest of this book.
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CHAPTER 5

A CGE model for a closed economy

5.1 Introduction

Multisector, economy-wide mathematical models have now been used
for more than two decades as tools of development planning. Although
the more sophisticated dynamic programming models have not yet sig-
nificantly crossed academic boundaries, most developing countries have
extended their national accounting effort to include input-output trans-
action tables. Indeed, many countries had by the early 1970s adopted
some form of input-output analysis as the basic framework for their
formal planning exercises. There is no doubt that the techniques of
development planning have acquired a wide field of potential real-world
application.

Given their theoretical structure, input-output and linear program-
ming models seem best suited to a situation in which a central authority
fully in control of the various quantity variables in the system, but sub-
ject to various technological and physical constraints, has to make con-
sistent or optimal decisions. They are constructs that best reflect a pure
command economy and, indeed, input-output analysis has often been
used to "solve" the famous problems of material balancing in the pro-
ductive sphere of a centrally planned economy. The Soviet economist
Kantorovich perceived in a programming approach a clear link between
centralized planning and the scarcity price concept of neoclassical econ-
omy theory, whereas Dantzig developed linear programming as a tool
for optimal central decision making in a variety of settings.

The standard formulation of these models does not appear well suited
to situations where many agents independently maximize their own
welfare functions and jointly but inadvertently determine an outcome
that can be affected only indirectly by the planner or policy maker. With
very few exceptions, the countries of the world - including postreform
Eastern Europe - are characterized by mixed economic systems in
which a great deal of economic activity is not under the direct control
of policy makers. In these countries, autonomous decision making by
various economic "actors" and market mechanisms have an important
impact on resource allocation. Linear programming and input-output
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models usually do not contain variables that can be considered to be
instruments controlled by policy makers in such market economies.
Although policy makers can benefit from the consistent economy-wide
picture provided by the models, they cannot easily relate the computed
variables to any actual policy decisions.

In practice, applications of linear models to developing countries have
always involved a number of compromises and ad hoc extensions to the
basic model in order to make the models more realistic and useful in an
applied setting.' Some modifications have sought to capture indirectly
the presumed effects that policy changes would have on endogenous var-
iables. For example, the impact on import coefficients of the rise in the
relative price of imports due to a tariff can be specified exogenously and
so be fed back into the model. Other modifications represent attempts
to capture nonlinearities by imposing various constraints and/or piece-
wise linear functions. None of these modifications, however, addresses
the essential problem that the models do not directly incorporate the
sorts of price-incentive variables that represent the essential tools of
planners and policy makers in mixed economies.

In order to achieve greater policy relevance, it is clear that the fiction
of a central command economy must be abandoned in the very specifi-
cation of the model and be replaced by a framework in which endoge-
nous price and quantity variables are allowed to interact so as to sim-
ulate the workings of at least partly decentralized markets and
autonomous economic decision makers. Such price endogeneity and gen-
eral equilibrium interaction cannot be achieved using the standard lin-
ear programming formulation. The crucial difficulty lies in the fact that
economic behavior and relations such as budget constraints, consump-
tion functions, and saving functions must be expressed in current endog-
enous factor and commodity prices. But the standard primal constraint
equations of a linear program cannot include the "shadow" prices that
result as a by-product of the maximization. Or, to put it differently, one
cannot in general expect that the resource allocation and production
structure determined by the solution of a linear program is consistent
with the incomes and budgets that result from its dual solution. Indeed,
if factor prices have any impact on the structure of demand, the quan-
tities supplied that are the outcome of the primal solution will in general
not equal the quantities demanded that are implied by the dual solution.

In this chapter we introduce a class of models, which we call com-
putable general equilibrium (CGE) models, that incorporate the fun-

For examples of flexible linear models in particular applications, see Bruno
(1966); Stone (1970); Chenery (1971); Evans (1972); and Goreux (1977).
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damental general equilibrium links among production structure,
incomes of various groups and the pattern of demand. Section 5.2 illus-
trates the "budget constraint problem" within the basic linear program-
ming framework familiar from Part I. Section 5.3 describes the basic
structure of a one-period CGE model. Sections 5.4 and 5.5 relate the
CGE modeling methodology to social accounting by collecting the model
equations into a kind of statistical picture of the workings of an econ-
omy. The grouping of equations in Section 5.5 leads to a brief discussion
of the various solution strategies that can be used to obtain numerical
solutions to CGE models. In Section 5.6 we turn to the problem of
dynamic specification and the treatment of different time periods.
Throughout this chapter, we shall be abstracting from problems of for-
eign trade and treat the economy as closed in order to outline more easily
the basic nature of a CGE model. In Chapters 6 and 7 we discuss for-
eign trade in great detail and extend the model presented in this chapter
to include foreign trade and trade policy variables.

5.2 Optimal solutions and market solutions

In Chapter 3 we discussed in an informal and general way the differ-
ence between the solution of a linear programming problem and the
general equilibrium solution of a system of equations representing the
decentralized interaction of various agents in a market economy. In this
section we shall be more precise in describing the difference and ana-
lyzing the fundamental difficulty of obtaining a general equilibrium
solution in a LP framework.

It is convenient to discuss the problem using the basic material bal-
ance equations that form the core of any planning model. For simplicity
we consider the case of a closed economy. In equilibrium we must
always have

X,i aijX + Cj (5.2.1)

where Xi denotes gross sectoral output, C, represents final consumption,
and the a,, are the familiar input-output coefficients determining inter-
mediate demand. In a market economy the relative prices of commodi-
ties and factors will have a determining influence on the vector of out-
puts supplied X = [Xl, ... , X.], and final demands C = [Cl, ....
C.]. Assume for the moment that the productive sphere of the economy
is characterized by linear coefficients activities, and denote by Hj, (i =
1, . .. , m) the various resources, fixed in supply during the period con-
sidered, that limit productive capacity. The production activities are
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characterized by the usual commodity input coefficients aj, supple-
mented by resource input coefficients h,. Given an arbitrary commodity
price system P, (i = 1, . . . , n), it is clear that the problem for the
productive sphere of the economy is

Max: EPN,Xi

Subject to: E h,X, ' H (5.2.2)

X, O0

where PN, is the net price or per-unit value added, defined as

PN, = P- - a,P, (5.2.3)
J

Associating a "producer" or "firm" with each productive activity, the
solution of this program is consistent with what would be achieved by
a market process in which the n autonomous "firms" would attempt to
maximize profits bidding for the scarce factors that themselves must be
considered as mobile between activities and offering their services to the
highest bidder. The shadow prices that the dual solution of the pro-
gramming problem assigns to the scarce resources would in fact corre-
spond to the values the market would assign to them. If we denote these
resource prices by Wi, the duality theorem also guarantees that total
factor income equals total net product value; that is,

E WsHs = E PNX, (5.2.4)

Summarizing, we see that to each price vector (P,, . . , PJ) corre-
sponds a linear programming solution that associates outputs (XM,
. . . , XJ and factor prices (W1, .... , W.) with the price vector. We can
regard the relationship between the price vector and the elements of the
output vector as a vector supply function of the form

Xs = X(PI, . .. , Pn) (5.2.5)

Note that because the feasible set defined by the input use and non-
negativity constraints is bounded, any price vector will lead to a solution
of the linear program. It is true, however, that an arbitrary positive
price vector may lead to a value-added vector with negative components.
We must therefore assume that the only "allowable" price vectors will
be those such that P, - Ej a1,P3 : 0 for all i and return to the problem
later.
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Another problem relates to the uniqueness of the supply response.
When the price hyperplane is tangent to a facet of the feasible set, the
linear program will have a non-unique solution, and more than one
vector of output supplies will be consistent with a given price vector.
This does not create any fundamental problem: One simply has to
redefine the supply functions as supply correspondences. We shall occa-
sionally use the term "function" more loosely to include point-to-set
mappings.

Now consider the demand side of this simple market economy. We
shall assume that all resources and factors Ho, are owned by households
that use the income derived from letting firms use their resources to
demand the commodities produced for final consumption. Each category
of households, q, will have a system of expenditure equations that relate
quantities demanded CD, to household incomes and commodity prices.
Let us denote the income of household category or socioeconomic group
q by Yq. It is clear that no matter how resource ownership is distributed,
Yq will be a linear homogeneous function of resource rental prices (W ,
.. ., W.). The consumer demand functions are of the form

iq = g,q(P .. P., Yq) (5.2.6)

where C' is the amount of commodity i demanded by household cate-
gory q, giq expresses the form of the demand functions, and Yq is deter-
mined by exogenous ownership shares and resource rentals. Aggregat-
ing over groups, we obtain market demand functions of the form

C = Z C,q = E giq(P, . . , Pn, YI) (5.2.7)
q q

To consumer demand, we must add intermediate demand by firms:

V, = L X,' (5.2.8)

Together, consumer and intermediate demand constitute total
demand for the various products produced in the system:

I= I. (5.2.9)

But resource rentals (i.e., factor prices), and therefore incomes, are
themselves determined by the solution of the linear program, which of
course depends on the initial choice of commodity prices. The price vec-
tor (P,, . . . , P) is thus seen to lead to a supply solution (Xi, . . .

X') via the linear program and to a demand solution (XD,... , X.') via
the demand functions derived from the preferences and budget con-
straints of the various household categories. We have the vector
functions
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. I= X(PI, ... , P)

XD = D(P,,..., P.)

where the X and the D are the aggregate market supply and demand
functions, respectively, the former determined by the linear programs
and the latter representing the sum of consumption and intermediate
demands, taking account of the fact that consumer incomes are them-
selves functions of the initial price vector.

Our basic material balance equation requires that X:s = XI' for all
i. Clearly, it would be pure coincidence if this equality were satisfied
for an arbitrary price vector (P1, . . . , P). In general, we shall have
Xs = X%. Rewriting the equilibrium requirement in a form exactly
analogous to input-output analysis, we have

X, = CD + V" = X' (5.2.10)

where X, can be interpreted as gross supply functions associating pro-
duction levels with commodity prices, VD are the intermediate demand
functions derived from the gross supply functions, and CD are the final
demand functions. We now see how the solution problem reduces to
that of finding a set of commodity prices (weights in the objective func-
tion of the linear program) such that the supply decisions made by firms
exactly match the demand decisions made by households whose incomes
are determined by the shadow prices emerging from the linear program.

This general equilibrium or fixed-point problem is clearly a much
more subtle one than that faced by input-output analysis or standard
economy-wide programming models. In the former the solution is very
simple and we simply have the familiar input-output matrix equation:
X =(I - A) 1C.

For linear programming models the solution is a little more difficult
to obtain. Given certain exogenous preference weights in the objective
function, X is obtained by "solving" the productive sphere of the econ-
omy. But the final demand vector is not linked to the factor incomes
implicit in the solution, and there is therefore no feedback mechanism
that would require an adjustment in prices. The simple model outlined
above did, however, include such a feedback.

Generalizing, we shall define a computable general equilibrium
(CGE) model to be one that includes this basic feedback. These models
are also sometimes called price-endogenous models because all prices
must adjust until the decisions made in the productive sphere of the
economy are consistent with the final demand decisions made by house-
holds and other autonomous decision makers. General equilibrium feed-
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back mechanisms and autonomous decision making are the concepts that
must be stressed. This does not imply that the CGE framework insists
on perfectly competitive models and instantaneous market clearing, or
that it can handle only very limited government intervention. On the
contrary, imperfectly competitive behavior, quantity or price adjustment
lags, and widespread government intervention are compatible with the
CGE framework. But the CGE approach does stress horizontal inter-
action among economic agents, suboptimizing autonomous behavior,
and the workings of market-clearing processes. It is essentially applied
general equilibrium analysis and is much better suited to planning and
policy analysis in mixed-market economies than to planning in highly
centralized systems, be they whole economies or individual corporations.

Although the fundamental notion of general equilibrium we have
described goes back to Walras, the empirical implementation of general
equilibrium models really starts with Johansen's path-breaking model
of the Norwegian economy.2 Johansen linearized the general equilib-
rium model (in logarithms) and so was able to solve it by simple matrix
inversion, yielding growth rates of the endogenous variables. Since then,
there have been advances in solution methods that permit CGE models
to be solved directly for the levels of all the endogenous variables and so
permit model specifications that cannot easily be put into log-linear
form. As advances have been made in solution algorithms, computing
power, and data availability, there has been a proliferation of empirical
general equilibrium models in the last ten years.

The existing models fall into four general categories according to the
problems on which they focus. First, there are a number of models of
developing and developed countries that focus on issues of international
trade, growth, economic structure, and/or income distribution.' Second,
there are a number of models of developed countries that focus on issues
in the theory of public finance (see Shoven and Whalley, 1974; Fuller-
ton, King, Shoven, and Whalley, in press). Third, there are a few mul-
ticountry, international trade models that explore issues concerning the

2 See Johansen (1960). See also Chenery and Uzawa (1958), and Chenery
and Raduchel (1971), who present small, nonlinear demonstration models.
See Taylor and Black (1974) (Chile); Dervis (1975) (Turkey); de Melo
(1977) (Colombia); Dixon, Parmenter, Ryland, and Sutton (1977) (Aus-
tralia); Whalley (1977) (Great Britain); Adelman and Robinson (1978)
(Korea); Celasun (1978) (Indonesia); Dervis and Robinson (1978) (Tur-
key); Ahluwalia and Lysy (1979) (Malaysia); de Melo (1979) (Sri Lanka);
Eckaus, McCarthy, and Mohieldin (1979) (Egypt); de Melo and Robinson
(1980) (Colombia); Feltenstein (1980) (Argentina); Lysy and Taylor (1980)
(Brazil); and Dungan (1980) (Canada).
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volume and direction of trade and its impact on particular regions (see
Petri, 1976; Ginsburgh and Waelbroeck, 1978; Deardorff and Stern,
1979). Finally, there has been some work both with single-country and
multicountry models focusing on energy (see Hudson and Jorgenson,
1978; Manne, Kim, and Wilson, 1980). In this book, we focus on
models of developing countries and on issues of resource allocation,
growth, structural change, foreign trade strategies, and the impact of
different strategies on the distribution of income.

There are two remaining tasks for this chapter. The first is to provide
a more detailed presentation of a streamlined CGE model, emphasizing
the core equations and establishing the framework that will form the
basis of discussions of foreign trade and income distribution in following
chapters. This is done in Sections 5.3 to 5.5, and the presentation will
abstract from specific functional forms, with the exception of the
assumption of a Leontief technology for intermediate and capital goods,
which has been a basic assumption of the linear models of Chapters 2
and 3 and which has so far been maintained in most nonlinear CGE
models. The resulting model is quite neoclassical in spirit. It is also
static and leaves aside dynamic considerations and the whole problem
of imperfect adjustment. Consideration of these issues is the second task
for this chapter and will be covered in Section 5.6, where the problems
of equilibrium and intertemporal linkages will be reviewed in some
detail. We shall also consider some important non-neoclassical charac-
teristics of developing countries that must be incorporated into CGE
planning models if they are to be useful tools for policy analysis.

5.3 The basic structure of a CGE model

So far we have presented the fundamental "feedback" problem faced as
soon as one models the decentralized interaction of autonomous produc-
ers and consumers. A simple linear program was used to describe the
supply side of the economy, and we ignored government activity and
investment. The problem of overall equilibrium was posed but not
solved. In this section we shall discuss the basic structure and equations
of a somewhat more complete closed-economy CGE model, which can
be thought of as a core model underlying the whole family of models
that have been built using the same basic approach. A discussion of the
implicit accounting framework follows in Section 5.4, and a summary
of the complete model and alternative solution strategies are briefly dis-
cussed in Section 5.5.

A few notational rules will be generally observed in this and the fol-
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lowing chapters. Italic capital letters without bars are endogenous var-
iables. All other characters denote predetermined variables. There are
n sectors, m labor categories, and capital; the corresponding subscripts
are i, j for sectors and s for labor categories. Superscripts D and S are
used to distinguish quantities demanded from quantities supplied.

Factor markets and supply of commodities

In the typical CGE model, each commodity distinguished in the econ-
omy is associated with a production sector, very much in the tradition
of input-output analysis. Indeed, the sectors are usually defined by an
input-output table. In the linear models presented in Chapter 2, a
fixed-coefficients technology was specified for intermediate inputs, cap-
ital composition, and nonproduced primary factors. Although it is by no
means necessary, existing CGE models have often retained the assump-
tions of fixed.coefficients for intermediate technology and the composi-
tion of capital goods. In contrast, the production technology for primary
factors is described by a neoclassical production function that allows
smooth substitution among several factor inputs. The degree of substi-
tutability is governed by the elasticities of substitution specified. It
would be quite feasible and certainly compatible with the basic model-
ing approach to specify sets of alternative linear production activities
instead of neoclassical production functions. But production functions
have usually been preferred to activity analysis representations of the
technology because they require a much more moderate data-collection
effort. The really important question in this context relates to the degree
of substitutability one believes ought to be specified. For most purposes
in economy-wide modeling, it can reasonably be argued that the use of
CES production functions with realistic substitution elasticities will cap-
ture most of the interactions one wants to analyze. Given the necessity
of aggregating sectors in any applied economy-wide model into a rela-
tively small number, it should be made quite clear that the production
functions are only very rough representations of actual technical pro-
duction processes. But they constitute an extremely flexible and conve-
nient tool, and their careful use at the sectoral level is unlikely to distort
seriously the representation of the underlying technology. Rather than
using a linear programming specification, we shall therefore use neo-
classical production functions throughout remaining applications.

Sectoral gross outputs are related to inputs according to a two-level
production function that can be written generally as

Xi= f L(A, K,, iV) (5.3.1)
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where

X, = sectoral output

A, = a shift parameter that will dynamically reflect disembodied
technical progress

K, = the stock of the aggregate capital good assumed to be fixed
by sectors

L',= an aggregation of labor inputs
V, = an aggregation index of intermediate inputs

The parameter Aj is constant within a period and depends on the units
in which output and inputs are measured. The sectoral capital stock
K, is assumed fixed within each period. A unit of sectoral capital stock
is assumed to consist of fixed proportions of different investment goods
(construction, machinery, etc.), with the proportions varying among sec-
tors, exactly as in dynamic input-output models.

Because we choose to assume a Leontief input-output technology for
intermediate inputs, we need not specify a separate aggregation function
for an intermediate-goods aggregate. Given that both the shares among
different intermediate inputs in a sector and the ratios of intermediate
inputs to output are fixed, we can write the demands for intermediate
inputs directly:

V, = a,,Xj (5.3.2)

where aj are the input-output coefficients. We can then aggregate inter-
mediate demands to get total intermediate demand by sector of origin:

V: V, a,X, (5.3.3)
I J

The use of fixed coefficients obviates the need for a separate aggregation
function to define V: and, in this case, the variable is not required. If
we had wished to specify substitution possibilities among intermediate
goods or among aggregate intermediate goods and labor and capital,
then a separate aggregation function for intermediate goods would be
required.

The sectoral labor input is assumed to be an aggregation of labor of
different skill categories. The function will be represented by the equa-
tion (with m types of labor)

Lz = L,(Li,, . . , Lam) (5.3.4)

In all applications, this aggregation is given by either a CES or Cobb-
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Douglas function with a single elasticity of substitution among all labor
categories.

To summarize, the production technology exhibits a number of spe-
cial characteristics. It is a CES or Cobb-Douglas function of aggregate
capital and aggregate labor. Capital is a fixed-coefficient aggregation of
investment goods. Labor is a CES or Cobb-Douglas aggregation of
labor of different skill categories. The production function is thus a two-
level function. Intermediate goods are required according to fixed coef-
ficients and so can be treated separately.

In terms of modern neoclassical production functions, this specifica-
tion of production technology seems cumbersome and even raises some
problems in proving the existence of an equilibrium solution that are
considered in the next section. Mathematically, specifying Eq. (5.3.1)
as a generalized or multilevel CES function would have been more con-
sistent. There are, however, a number of advantages to this specifica-
tion. First, retaining a number of the assumptions underlying linear
models facilitates exposition and comparisons between the CGE and
earlier models. We have extended the earlier specification in those areas
where it is necessary for an adequate specification of a model designed
to capture price-sensitive general equilibrium market interactions. Sec-
ond, specifying more elaborate production functions leads to a prolif-
eration of parameters that must be estimated. Parameter estimation has
always been a difficult problem in economy-wide planning models, and
one must always consider the trade-offs between adequate econometric
estimation and adequate structural specification. This specification
requires a minimum of additional parameter estimation beyond that
already required for linear planning models. Finally, the particular sim-
plifications used here seem to be empirically reasonable for the levels of
aggregation, the types of issues, and time horizons usually considered.

The judgments underlying the model choices are all subject to revi-
sion as more information and experience are acquired. Given more data
and a higher level of disaggregation, one might well wish to use different
specifications of technology. One certainly need not be restricted to CES
functions. Given the data and the appropriate focus on problems, one
might specify activity analysis or translog functions, or estimate cost
functions directly. The CGE framework is flexible enough to incorpo-
rate a wide variety of specifications of production technology.

In addition to the specification of technology, the basic model also
incorporates important assumptions about factor mobility. Usually, it is
reasonable to assume that the amount of capital in each sector is fixed
at the beginning of the period being modeled. This implies that current
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investment will add to capacity only in future periods, which seems
realistic. For some purposes, however, it may be better to leave sectoral
capital stocks as endogenous variables. Assume, for instance, that one is
interested simply in finding an equilibrium configuration for some
future year without actually modeling the path leading to this configu-
ration. Then it is sensible to allow the model to determine sectoral cap-
ital stocks endogenously. It might be possible to find, with a separate
"transition path" model, a sequence of investment allocations that
would lead to the terminal capital configuration.

Most often, however, CGE models are run forward in time from
given initial conditions, and the most important of these initial condi-
tions is given by the capacity installed in the various sectors in the base
year. We shall therefore, unless otherwise specified, assume fixed sec-
toral capital stocks.

The specification of the production set of the economy is incomplete
without a set of factor availability constraints. Writing them in the form
of excess demand functions for labor, we have

L - Ts = 0 (5.3.5)

where L, denotes the fixed supplies of the various categories of labor.4

To distinguish the net production possibility set from the gross pro-
duction possibility set X = X(X,. ... , X.), denote the net production
of sector i by X'V = Xi- a,,X,. The resulting net production pos-
sibility set is strictly convex if the gross production possibility set is
strictly convex and the Hawkins-Simon conditions are satisfied.5 Con-
vexity is achieved if either capital stocks are fixed or capital stocks are
mobile and none of the sectors has the same factor intensity. The net
production possibility set will be "flatter" than the gross production pos-
sibility set and completely contained within it, except at the boundaries.
The degree of convexity is of course increased when the number of sec-
torally fixed factors increases, because this assumption amounts to spec-
ifying decreasing returns to scale to the variable factors of production.

The specification of the production possibility set is the first step in
specifying the supply side of the economy. It should be noted that the
"production possibility set" is a strictly technical description of attain-
able combinations of outputs. It should be distinguished from the
"transformation set," which includes, in addition, various assumptions

4 In principle, one could generalize to let the Ls include natural resources.
; See the appendix to Chapter 2 for further discussion of these conditions.
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about market behavior. The nature of these additional assumptions will
be considered later in this chapter and in the next.

If we were interested in specifying and maximizing a central objective
function, ignoring market behavior and the feedback from factor prices
to commodity demands, then we could treat the system as a nonlinear
program and maximize the objective function subject to the production
possibility set and the appropriate non-negativity restrictions. The prob-
lem is a nonlinear generalization of the linear programming maximi-
zation problem presented in Section 5.2. Exactly as in the linear pro-
gramming case, there will correspond to each net price vector (the
weights in the objective function) a solution on the boundary of the net
production set. Conversely, at each point on the boundary of the pro-
duction set, there exists a net price vector (i.e., a separating hyperplane)
that will make the point the solution to the maximization problem.

Rather than viewing the problem as a programming problem, one
can specify the behavior of firms in the economy and add an explicit
description of the workings of factor markets. Under the assumption of
perfect competition in both factor and commodity markets, the supply
response will be the same whether we treat the production side of the
economy as a programming problem or as a decentralized market. If we
drop the assumption of perfect competition, the supply functions will no
longer be the same and we must replace the production possibility fron-
tier with a transformation set.

Each sector in the economy is treated as made up of many similar
firms maximizing profits and bidding for the scarce factors. The
assumption of perfect competition in product markets amounts to
assuming that firms take commodity prices as given. Under these cir-
cumstances, one can treat each sector as one large price-taking firm. The
aggregate sectoral profit functions are given by

1li = Pi(l - tdi)Xi - Pa 2 iXi -E WsLi, (5.3.6)

where W, is the wage of labor of type s and td, is the indirect tax rate.
Although the primary concern in this simple model is not with policy
formulation, the inclusion of a government sector leads naturally to the
inclusion of indirect and direct taxes in the system.

The profit equation can be rewritten as

Hi = PNiXi- WsLi

where
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PN, = P(1 - td) Pa,, (5.3.7)
j=1

is the net price or value-added coefficient, this time net of indirect taxes.
Labor demands are given by

PN, d = WI (5.3.8)
aL', OL,,

These are the familiar conditions that wages equal the value of the mar-
ginal products of different labor types.6 These equations give the
demand functions for labor by sectors and may be written as

L,, = FJ( WI, .. . , W.,, PN1, KT) (5.3.9)

Depending on the production function used, these n - m equations (one
for each sector and each labor category) may be solved directly or by
numerical methods. Should a neoclassical specification requiring full
employment of all categories of labor be adopted, then the resource con-
straints will be binding and the wage for each labor category will adjust
until the sum of sectoral demands for each category equals the fixed
supply of that category.

In many applications, however, a specification where the supply of
labor of certain categories is a function of the wage rate is preferred. In
the extreme case, labor is in infinitely elastic supply at a fixed real wage
given by

W,.= WsP (5.3.10)

where the Q2' are weights in the price index that define the real wage
W,. This formulation creates no complication because with fixed capital
stocks the transformation set will still be strictly convex.7 If this for-
mulation is adopted for certain categories of labor, the resource con-
straints become side equations giving the total possible employment of
labor in the economy, and the wages in the labor demand equation
become a fixed argument along with capital stocks.

6 It is straightforward to introduce fixed distortions such that labor of the same
skill category is paid differently depending on its sector of employment. The
implications of such an extension are discussed in Chapter 6, and are in fact
used in most of the applications.
If capital stock were mobile across sectors, the transformation curve would
contain linear segments. We also rule out the unlikely case of equal factor
intensities across sectors.
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Whether a neoclassical or fixed-wage specification is adopted creates
no difficulty because capital - assumed to be fixed during the period
considered - plays the role of a constant, sector-specific factor. Given
the ensuing diminishing returns to labor and the general continuity
properties of neoclassical production functions, solving for a given set of
positive net prices and wages will never constitute a theoretical problem.
The payments to capital in each sector are defined residually after pay-
ments for labor and intermediate inputs. Total factor payments will
therefore, by definition, equal total value added generated.

Given an arbitrary vector of allowable commodity prices leading to
a non-negative vector of net prices, each sector will maximize profits
subject to its capital stock, its technology, and the wages of the various
types of labor. For neoclassical production functions, the marginal pro-
ductivity curves are strictly concave and the solution will in fact be
unique. Substituting the solution values of Li, into the labor aggregation
and production functions will yield a unique vector of outputs (XW,
... , X') that constitutes the supply vector associated with a given price
vector (PI, . . ., Pn).

In the case where wages are not fixed, we simply add the m factor
exhaustion equations to the system defining the supply response of the
economy. We then have n m + m equations to be solved for the

* m + m variables, Li, and WJ. Again, strict convexity guarantees
a unique solution so that we obtain a set of well-behaved numerical
supply functions of the form

Xs = X(PI, . . . , Po) (5.3.11)

that associate a vector of output supplies with each allowable price vec-
tor. It will usually not be possible to write them out explicitly, but they
can be obtained numerically.

As a by-product of computing sectoral supplies associated with a
given price vector by solving factor markets, we obtain factor incomes
including the residual value added accruing to capital. We are thus
ready to move on to the demand side of the system.

Income generation and demand for commodities

The decision-making units that determine the demand for commodities
are the various categories of households, which demand consumer goods;
the government, which also demands consumer goods; and the firms
themselves, which demand intermediate goods and capital goods. For
simplicity, we shall assume in this chapter that each household category
is characterized by a single type of factor that it owns and supplies.



146 A CGE model for a closed economy

Thus there will be m + 1 categories of households, the first m cate-
gories supplying the different kinds of labor distinguished in the dis-
cussion of factor markets and the last category being the owners of cap-
ital who receive the residual value added. Again for simplicity, assume
that the government does not own any capital and receives its income
only through direct and indirect taxes. Given these simplifying assump-
tions, one can write

Y, = WL,(l - tj) (5.3.12)

Y= (= PNiX, - E E W,Li))(1 - tk) (5.3.13)

Ye = t Y + _ Yk + Etd,PX, (5.3.14)
t, 1- tk 5.

where Y, (s 1, m), Y,, and Yg represent the net incomes of the
m + I household categories and the government, and t, and tk are the
direct average tax rates applying to the different groups and are
assumed to be independent of the level of income. Note that by defini-
tion we always have

/ Y, + YK + Yg Y P X - PaiX, (5.3.15)

so that total income generated in the system always equals total national
product at market prices.

The government and the capitalist and labor households must now
decide how to spend their incomes. Following a convenient if not theo-
retically very satisfying practice, assume that, prior to any consumption
decisions they make, the various household groups and the government
decide on the proportion of their income that will be saved. Total saving,
denoted by TS, is withdrawn from the system and may be written as
follows:

TS = E SSYs + Sk§Y + SgYg (5.3.16)

This leaves each spending group with a reduced amount of income
to be spent on consumer goods. We have

Cl = CJ [P,, v P., (1 - S)Y] (5.3.17)
CD = C:k[Pl, , P., (1 -S)Yk] (5.3.18)
C'g= C,g[P,, . . . , Pn (1 - Sg)Yg] (5.3.19)

where C', C*, and C,' are the amounts of consumer good i demanded
by labor of type s, capitalists and the government, respectively.
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This leads to the aggregate demand functions,

C = E CjPi, . , Pn, (1 -S,) Ys + CjA[Pi, ... I P, (1 - Sk) Yk

+ Cj[P1, . . ., P (1 - Sg) Yg] (5.3.20)

Note that one need not in practical applications insist that these
demand functions be derived from explicit utility functions. They are,
however, required to be homogeneous of degree zero in prices and
incomes. In most empirical applications, the estimated demand equa-
tions are usually derivable from additively separable utility functions.
This assumption simplifies the problem of parameter estimation, but is
limiting. For example, there can be no specific substitution effects and
no inferior goods.8 At this point, we shall simply require that the
demand functions be continuous and "well behaved" so that to each set
of prices and associated incomes we can associate a unique vector of
consumption demands. What cannot be ruled out when there is more
than one group of consumers is that the same vector of consumption
demands recurs for different sets of prices.

Because factor incomes are fully determined by the set of commodity
prices one initially gives to the system, one can write the consumption
function more simply as a vector function:

CD = C(p 1 . .. , Fp,) (5.3.21)

It is understood that behind the equation lies the solution of factor mar-
kets as well as the various equations defining disposable incomes. Fun-
damentally, however, there is a simple chain of causality leading from
the price vector to the vector of consumption demands, and it is this
chain that is represented by Eq. (5.3.21).

To close the model, it remains to discuss what happens to the total
savings withdrawn from the flow of funds. Assume that all savings are
spent on investment goods. Denoting by Hi the share of investment
going to sector i,

=U AK (5.3.22)
'TS

and therefore

AK, = UTS (5.3.23)

For a recent survey of empirical demand analysis, see Brown and Deaton
(1972). Note also that one could include the savings decision as not being
separable. See, for example, Lluch (1973).
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where bi denotes the price of capital and AK, is real investment in sector
i. The shares of H, will for the moment be assumed to be predeter-
mined. We shall discuss the problem of their determination extensively
in Section 5.6.

Because capital in each sector is again simply a fixed-proportions
composite commodity, the price of capital is, as in input-output models,
the weighted average of its components:

U, = E s,,P1 (5.3.24)
J

where sji are the shares in the capital composition matrix. The sectoral
capital accumulations AK, are therefore uniquely determined by the
price system, which uniquely determines the capital prices UL and total
savings TS. It remains to translate the sectoral pattern of capital accu-
mulation into demands for investment goods by sector of origin. This is
achieved by using the elements of the capital composition matrix. Let-
ting Z4 denote total investment demand by sector of origin, we have, just
as in a dynamic input-output model,

Z,= sg AK, (5.3.25)
J-1

It is again possible to write investment demands Z, as a function of
the initial price vector only, because a unique causal chain leads from
the P, to the Z,. One can therefore write the vector function,

Z = Z(P, .. . , PO) (5.3.26)

in similar fashion to the consumer demand equations.

Excess demand equations for commodities

We thus have the following situation, where Xs and XD are vector
equations:

(I J Xs = X(PI, ... P

XD = D(P, ... . Pj)

and the components of demand are given by

XD = C'D + Z, + V, (5.3.27)

The problem faced is almost exactly analogous to the simpler one
already discussed in the introductory section. A solution to the general
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equilibrium model is given by a price vector (P,, ... , Pj) such that
excess demands equal zero in all sectors:

EXi = XD- XS = 0 (5.3.28)

The excess demand functions have a number of important properties.
First, they are homogeneous of degree zero in all prices. To see the
homogeneity property, first consider the factor market equations. Dou-
bling all prices implies doubling all net prices. Thus, doubling all wages
W, in Eq. (5.3.8) and leaving the labor allocations Li, unchanged will
not affect the equalities, and thus the same factor allocation and factor
prices will remain a solution to the marginal productivity equations.
Because value added has doubled and wage incomes have doubled, the
residual capital incomes must also double. While incomes have doubled
in nominal terms, the sectoral supplies X' have remained constant after
the proportional increase in all prices; X(P 1, . . . , Pj) is unaffected by
price changes.

Turning to the demand side, D(P1, . . . , P.) will also remain unaf-
fected by a proportional change in all prices. As we have already noted,
all incomes will change proportionately with prices. Relative prices and
real incomes have remained constant, and therefore consumption
demands will remain unchanged. The price of composite capital goods
- Eq. (5.3.24) - also doubles, and hence the demand for real composite
capital goods by sector of destination - Eq. (5.3.23) - does not change,
because both the numerator and the denominator have doubled. Thus,
in Eq. (5.3.25), the demand for investment goods by sector of origin will
also remain unchanged. Finally, gross output remaining constant, the
intermediate demands by producers will also remain unchanged. Hence
neither X(P,, . . . , Pj) nor D(PI, . . . , P.) is affected by proportional
price changes, and the excess demand equations (5.3.28) are indeed
homogeneous of degree zero in all prices and wages. This means that
if a vector (P,, . .. , P.) constitutes a solution to the system of n excess
demand equations, any vector X(PI, . . ., P.) proportional to it (X > 0)
will also constitute a solution. There seems to be an infinite number of
solutions to a system of n equations in n unknowns.

In fact, the second important property of the excess demand equations
is that they are not independent. For any allowable price vector (P1,

P. , the following identity, known as Walras's law, holds:

Pi(XD - XS) 0 (5.3.29)

To see that Walras's law always holds, it is sufficient to remember
that ,i P,XD = Ei PXs, the total value of output, and Ei P,X' =
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E, PiCiD + E, PJV/ + E, PiZ,, the total value of expenditures. Noting
that V: = En=. apX, and subtracting '=, PiVJ from both D and X in
the excess demand equation, Walras's law reduces to the requirement
that

, PN,X, + , Ptd,X, PiC, + E PZ (5.3.30)

or

E Y + Yk + Y-E PC + EP,Z (5.3.31)

Because each spending unit's demands are subject to a budget con-
straint which says that outlays must equal income, it is clear that such
a budget constraint also holds in the aggregate and (5.3.31) will hold
not only at equilibrium, but for all allowable price vectors. There are
thus only (n - 1) independent excess demand equations to determine
(n - 1) relative price ratios.

Normalization, the price level, and macroeconomics

In pure general equilibrium theory, one can leave matters at this point.
In practice, a CGE model must usually arrive at some way of deter-
mining an absolute price level as well as relative prices. A wide variety
of price-normalization equations have been used. Johansen, in his path-
breaking (1960) study, fixed the wage of labor and thus expressed all
prices in terms of wages. One could alternatively fix the price of any
one commodity and express all prices in terms of this numeraire com-
modity. Indeed, one could normalize around virtually any nominal mag-
nitude in the model economy, because it will not affect any of the real
variables.

When using such models as tools of policy analysis and formulation,
it is best to use a price-normalization rule that provides a "no-inflation"
benchmark against which all price changes are relative price changes.
The equation used will be of the form

E P,Qi = P (5.3.32)

where the Q, are weights defining the index P that one wants to hold
constant. The index may be updated over time to reflect projected
changes in, for example, the wholesale price index or some other index
of aggregate prices.
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With the price normalization, the formal presentation of the core
equations of a CGE model is complete. However, the discussion of price
normalization focuses attention on macroeconomic aspects of the model
and raises what is perhaps the most controversial issue in the field of
general equilibrium modeling, the inclusion of monetary mechanisms.
Given the current state of theory in this area, essentially two options are
open to the model builder.

First, the normalization rule can be seen as no more than the choice
of a numeraire and the model remains a barter model, similar to the
theoretical models of real growth or real trade theory. This option is
consistent with the treatment in input-output and linear programming
models, which have never tried to incorporate money in any way. The
advantage of this option is that it is simple and preserves a close rela-
tionship between the new generation of CGE models and both the linear
models discussed in Part I and the theoretical models of growth and
trade theory. It precludes, however, any model-based policy analysis of
macro or monetary issues. We cannot, for example, use such a model
to analyze the causes of inflation or endogenously project the price level.

The second option is to add a macromonetary superstructure that
interacts with the multisector general equilibrium model. One can, for
example, attach monetary behavior equations to the model and attempt
to capture the demand for and supply of financial assets and the inter-
action between money and the real sphere of the economy. Such an
approach, in which the price level is determined endogenously, has the
great advantage of extending the field of application of CGE models
from the analysis of problems of industrial strategy, protection, and
trade policy to problems of inflation, "Keynesian" imbalances between
aggregate supply and demand, and short-run stabilization policy.

In this book, we have essentially chosen the first option and have not
attempted to extend the essentially microeconomic, general equilibrium
structure of the nonlinear CGE models to include money-holding and
macroeconomic behavior. With the exception of the application to Tur-
key in Part IV, money never appears explicitly, and even then it
remains quite "neutral," providing only a simple transfer mechanism
to close the flow-of-funds accounts. We have chosen to concentrate our
efforts on the resource allocation issues, with particular emphasis on the
problems of adequately modeling foreign trade. In all the models we
shall present, the aggregate price level is explicitly treated as exogenous
and, implicitly, problems relating to its determination are treated as sep-
arable from problems relating to the determination of relative prices and
incentives. We shall see that this separability is not always easy to pre-
serve and, ultimately, it will no doubt have to be abandoned.
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Our choice is based on our perception of the need to proceed in steps
and on our desire to make the models presented quite transparent by
remaining close to well-understood and established theory. The inter-
action between money and the real sphere of the economy is still a very
difficult area of theory - as the largely unresolved literature on includ-
ing money in a general equilibrium model and on the micro foundations
of Keynesian macroeconomics attests. We feel that interweaving a sim-
plistic and ad hoc macro money model with the microeconomic general
equilibrium model may often detract from the usefulness of the latter as
a planning tool focusing on multisector issues of growth, resource allo-
cation, and structural change. Such issues have traditionally been a cen-
tral focus of multisector planning, and we have maintained that focus
in our work. It should be emphasized, however, that we do not feel that
efforts to integrate a macro model with a multisector planning model
are ill advised or premature. On the contrary, there is a great challenge
in such work that must be met, and the rewards are potentially great.9

A case can be made for the realism of our implicit assumption that
there can be a certain "separation" between analysis of microeconomic
incentives, industrial strategy, and trade questions on the one hand and
macroeconomic stabilization problems on the other. For example, this
view has been eloquently argued by Krueger (1979). There are cer-
tainly many examples of CGE models that remain within the frame-
work of what are essentially barter models.'" There are also a few
examples of CGE models that have extended the basic general equilib-
rium model to include some specification of money-holding behavior
and/or macroeconomic relationships (see Adelman and Robinson, 1978;
Ahluwalia and Lysy, 1979; Lysy and Taylor, 1980). Lance Taylor is
probably the most persistent advocate of the importance of specifying
the impact of macroeconomic "closure" rules and inflation on micro-
economic variables and, in particular, on the distribution of income."1

Although part of these differences in emphasis and approach reflect real
differences in views on how economies work, part is also due simply to
different time horizons. Taylor, for example, is often concerned with
the very short run, and there is general agreement that money is much
less "neutral" and hence more important in the short run compared to
the medium-term horizon of most multisector planning models. Much
depends on the specific purpose of a particular model-building effort.

For a recent attempt at such an integration starting from an econometric
macroeconomic model of Canada, see Dungan (1980).

'° See, for example, Johansen and associates (1960,1968); Dervis (1975); Petri
(1976); Whalley (1977); de Melo (1978b); Ginsburgh and Waelbroeck
(1978).
See Taylor (1979). These "structuralist" issues are discussed in Chapter 12.
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At this point, the presentation of the model is complete. In the next
section we shall provide a summary listing of the model equations and
discuss how they incorporate the "circular flow" in an economy by tying
them into a social accounting matrix framework.

Before concluding this section, however, it is reasonable to ask if, in
fact, a solution exists and, if so, whether or not it is unique. Most
applied model builders, in contrast to theorists, have not worried too
much about general existence problems. After all, a solution is numer-
ically computed and an existence proof may appear unnecessary. The
models are always quite well behaved and, given that very genera!
existence proofs have been established for theoretical models of which
CGE models form a rather well-behaved subset, it is reasonable to
expect that nonexistence problems will not arise in practice. Neverthe-
less, it is worthwhile to examine briefly the existence problem for the
core model and sketch the basic reasoning of an existence proof. We
shall do this next, and use some set and matrix notation that are unique
to the next section and that deviate slightly from our standard notation
conventions. The reader who is either familiar with or not interested in
existence proofs can proceed to Section 5.4.

Sketch of an existence proof"2

Consider the set of "allowable" price vectors such that net prices are
non-negative. Define this set as Ps = {PI (P - PA) 2 0, P 2 0}.

Provided that the input-output matrix is productive, Ps is nonempty,
and it is clear that it is a convex cone. For if P E Ps, Xp E P' for all X
Ž 0 and if P1 E Ps and P

2 E P', XP' + (1 - X)P2 E Ps. Figure 5.1
describes the set Ps in a two-sector model. The two rays through the
origin, R, and R2, reflect the condition of non-negative net prices (value
added) in sectors 1 and 2. The Hawkins-Simon (or productiveness con-
ditions) guarantee that the slope of R, is greater than the slope of R2
and that both slopes are positive:

(1 -al)(l - a2 2)- a,2 a2 l > 0 >
a2 , 1-a 2 2

and

(1 -a,,) > 0 11 > 0
a2,

(1 -a 22 ) > 0 a12 > 0
1 - a2 2

12 The discussion of this section follows closely the treatment in Dorfman et al.
(1958).
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Figure 5.1. The cone of allowable prices in a two-sector model.

Each ray passes through the origin and therefore defines two half-spaces
that are convex cones. The intersection of the two half-spaces defined
by the inequalities is itself the convex cone of allowable prices. Note
finally that the boundaries of the allowable set (i.e., the two rays R, and
R2 ) are constituted by points for which either PN, or PN 2 equals zero.
For any non-negative net price vector PN, there exists a vector P =
PN(I -A)-' in the allowable set.

We must now add the restriction that prices satisfy the normalization
rule so that we define a new "normalized" allowable set 'Ps such that
.Ps = {PI(P - PA) 2 0, P > 0, E, P,Qj- P}. Clearly the set 'P'
is a closed interval of the form NN shown in Figure 5.1. The equilib-
rium price vector must be contained in that closed interval that itself
constitutes a closed, bounded, and convex set.

Let us now consider the following mapping from 'Ps into itself. Take
any price vector P E "P. Use it to solve for the production side of the
economy and obtain factor prices and household and government
incomes. Feeding these incomes into the demand side, obtain a net
demand vector XND = (XNf,, . . . , XN'D) by subtracting intermediate
demands from total gross demands. Scale this vector up or down by a
scale factor X, until it is situated on the boundary of the net production
set XV. There will exist a separating hyperplane at that point which
defines a non-negative vector of net prices PN = (PN, . . . , PNn) that
would lead profit-maximizing firms (or a central planner) to the scaled
point X, - XND. This vector of net prices is arbitrary up to a multipli-
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cative constant, so it is possible to scale PN with a second scaling factor
X2 such that P = PN(I - A)-' E 'P. These steps define a mapping
from "P' into itself. Using a theorem on the continuity properties of
optimal solutions (see Debreu, 1959, sec. 1.8k), one can establish that
the mapping satisfies the continuity properties required for fixed-point
theorems. In this case, characterized by strict convexity of the produc-
tion set, every step of the mapping constitutes a point-to-point mapping,
and the entire mapping is therefore a continuous point-to-point map-
ping of a compact convex set into itself. One can therefore appeal to
Brouwer's fixed-point theorem and claim that there exists at least one
vector Pe such that pe = M(pe), where M(P) defines the mapping of
"Ps into itself. By using Walras's law, one can then show that the two
scaling factors used in the mapping must equal unity at the fixed point
because the total value of net output must equal the sum of all incomes.
At that point, when P = P', XI = X2 = 1, and the supply decisions of
firms will be consistent with the demand decisions of households and of
the government. This argument establishes the general existence of an
overall equilibrium solution to the basic CGE model. The fixed point
discussed above cannot in the general case be show to be unique. If one
were to assume a single decision maker on the demand side, the con-
vexity of preferences leading to the weak axiom of revealed preference
would imply uniqueness of equilibrium.' 3 But the weak axiom need not
hold in the general case when there is more than one category of deman-
ders because as prices change, the distribution of income changes and
the weak axiom no longer follows from the assumption of well-behaved
individual utility functions: Equilibrium may therefore not be unique.
In practice, none of the CGE models built so far seems to suffer from
nonuniqueness.' 4 It appears that changes in the community indifference
map due to shifts in income distribution are never enough to create a
uniqueness problem.' 5 Whether this result will continue to hold for all
kinds of CGE models remains an open question.

5.4 CGE models and social accounts

In this section, we discuss the CGE model in terms of the kind of sta-
tistical "picture" it provides of the workings of an economy. As an

'3 Arrow and Hahn (1971) provide a thorough treatment of existence and
uniqueness in competitive general equilibrium analysis.
Indeed, even models that violate the homogeneity assumptions have been
solved empirically with no apparent problems.

'5 See Kehoe (1980) for a discussion of how to determine uniqueness properties
in a class of general equilibrium models. In unpublished work he has con-
structed an interesting example of a model with multiple equilibria.



Table 5. 1. Structure of a social accounting matrix for Turkey, 1973

Expenditures

Factors Institutions
Capital Rest of

Activities Commodities Labor Capital Households Government account world
Receipts (1) (2) (3) (4) (5) (6) (7) (8)

Activities (I) Domestic commodity Export subsidy Exports
supplies

Commodities (2) Intermediate Private Government Investment
inputs consumption consumption

Factors:
Labor (3) Wages
Capital (4) Rentals

Institutions:
Households (5) Labor income Capital income Transfers Capital

inflow
Government (6) Indirect Tariffs Direct taxes

taxes
Capital account (7) Private saving Government

saving
Rest of world (8) Imports Reserve

accumulation
Totals (9) Total costs Total absorption Factor income Factor income Household Government Investment Foreign

income expenditure exchange
inflow
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organizing framework, we use the device of a social accounting matrix
(SAM), which presents in one unified set of accounts a picture of the
"circular flow" of a market economy. The SAM provides a consistent
picture of the flow-of-funds accounts of the separate institutions or
"actors" in the economy that one may wish to distinguish. There are a
number of variations in the accounting conventions used in the construc-
tion of SAMs (see United Nations Statistical Office, 1975). Table 5.1
gives one such example, and Table 5.2 implements it with the same data
for Turkey that are given in the input-output table presented in Chap-
ter 2. In contrast to the input-output table, the SAM is a square matrix
and the corresponding row and column sums are equal. The defining
characteristic of a SAM is that each row and column reflects a separate
account for which expenditures and receipts must balance. The focus is
thus on the nominal flow of funds, with the rows representing receipt
accounts and the columns expenditure accounts.

The SAM given in Tables 5.1 and 5.2 is designed to reflect the
"view" of the economy that is embodied in the core CGE model we have
outlined. For completeness, we have added a rest-of-the-world column,
although the model presented in this chapter is that of a closed economy.
An understanding of the particular conventions we have used in the
SAM helps in understanding the structure of the core model, and its
extensions that will be discussed in later chapters.

First, note that there is a distinction made in the SAM between
"activities" and "commodities." The accounts of "activities" correspond
to the producing sectors in the input-output accounts. For example, the
interindustry flows in the input-output table have been aggregated into
a single entry (195.7 billion TL) in the SAM: row 2, column 1, or entry
(2, 1). The entries in column 1 of the SAM correspond to the aggre-
gation of the sector accounts in the input-output table (column 8 in
Table 2.1)16

The "commodity" accounts combine domestic supply with imports to
yield total supply to the domestic market, or absorption. From Table
2.1, total absorption can be defined as domestic supply plus imports
(including tariffs) minus exports: 489.8 + 33.7 + 11.7 - 26.0 =
509.2 billion TL, which is exactly the total of the "commodity" account
(row and column 2) in the SAM.'7

16 Total expenditure by activities in the SAM is 489.8 billion TL and equals
the sum of sectoral expenditure in the input-output table, entry (13, 8),
Table 2.1.

17 Note that the commodity account "pays" tariffs because all market prices
are defined as prices to the buyer.



Table 5.2. A social accounting matrix for 7urkey, 1973 (billion TL)

Expenditures

Factors Institutions
Capital Rest of Total

Activities Commodities Labor Capital Households Government account world receipts

Receipts (1) (2) (3) (4) (5) (6) (7) (8) (9)

Activities (1) 463.8 1.5 24.5 489.8
Commodities (2) 195.7 224.7 30.5 58.3 509.2

Factors:
Labor (3) 138.1 138.1

C'apital (4) 137.1 137. 1

Institutions:
Households (5) 138.1 137.1 19.7 294.9

Government (6) 18.9 11.7 23.5 54.1

Capital account (7) 46.7 11.6 58.3
Rest of world (8) 33.7 . 10.5 44.2
Total expenditures (9) 489.8 509.2 138.1 137.1 294.9 54.1 58.3 44.2
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The separation of the "activity" and "commodity" accounts is impor-
tant in a modeling framework because activities are assumed to consist
of producers who are behaviorally distinct in the models. The real coun-
terpart to the monetary flows in row 1 of the SAM is the delivery of
domestically produced goods to various demanders. The "commodity"
account corresponds to the domestic market for all products, with sup-
plies coming from producers and imports. Note that exports are not
included in the "commodity" accounts but are sold directly to the "rest
of the world" by producers ("activities")."8 Thus exports and imports
are not treated symmetrically, a distinction that will reappear in later
chapters.

The factor accounts indicate payments for factors of production (rows
3 and 4) and the distribution of factor income to the institutions we
chose to distinguish (columns 3 and 4). In the SAM presented here,
these accounts are very simple, with all of factor income (labor and cap-
ital) accruing to "households." The "households" are here the various
"categories" of labor and the "capitalists" that earn the difference
between value-added and labor income [see Eqs. (5.3.12-14)]. In the
core CGE model, there is therefore no real distinction between "factors"
and "institutions" except that the incomes of "households" differ from
the incomes of the corresponding factors because of transfers received
from, and taxes paid to, the government. Thus, the factor accounts act
as transfer accounts, channeling wages and rentals from producers to
"households." In models that focus on the distribution of income, the
mapping from factor incomes to "institutions" needs to be much better
developed to reflect the complexities of the distributional process. These
issues will be discussed in greater detail in Chapter 12.

Along with producers, the "institutions" (households and govern-
ment) represent the major economic actors in the system whose behavior
provide much of the focus of the models we shall develop. In the
accounts shown in this table, "enterprises" do not appear as a separate
institution because they are not treated as behaviorally distinct from
producers (activities). This simple treatment, which is reflected in the
model of Turkey discussed in Part IV, is reasonable given the issues on
which the model focuses, but should be expanded in models concerned
more with income distribution, savings mechanisms, and/or taxation.
Such an expanded treatment is given in Chapter 12.

"Households" and "government" accounts are treated separately,

'8 In the SAM, total exports in domestic prices include subsidies, entry (1, 7)
and so equal 24.5 + 1.5 = 26.0 billion TL. This is the total shown for the
export column in the input-output table, Table 2.1, entry (8, 11).
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Table 5.3. The structure of a macroeconomic SAM

Capital Rest of
Activities Institutions account world

Activities Domestic Domestic Domestic Exports
intermediates consumption investment

Institutions Value added
Capital account Domestic Net foreign

saving saving
Rest of world Intermediate Consumer Investment

imports imports imports

Column sum Total costs Value added Total saving Imports

reflecting their very different behavioral specification both in theory and
in the models we shall present. Government receives income from direct
and indirect taxes (including tariffs), purchases commodities directly,
and also saves. Households receive factor income, which they divide
between consumption and savings. The specification of the behavioral
rules for households and government provide, together with the behav-
ioral rules for producers, the core of the specification of the planning
models we shall discuss.

In our SAM, the "rest-of-the-world" account is set up to reflect the
sources of foreign exchange (column) and its disposition (row). Foreign
exchange receipts from exports and foreign borrowing are distributed
to various actors: producers (24.5 billion) and households (19.7). These
receipts are used to buy imports (33.7) or are held by the government
as increased reserves (10.5). Foreign saving is not treated separately, but
is included in the accounts of the three institutions. The foreign and
domestic components of the institutional accounts are thus not shown
directly in Tables 5.1 and 5.2.

The treatment of trade in the SAM is consistent with the approach
we shall develop in the next two chapters describing how we open the
core model behaviorally to include imports and exports. The approach
is somewhat different from that used in most macro models, so it is
helpful to compare the two. Tables 5.3 and 5.4 present a simpler, more
aggregated SAM that distinguishes foreign and domestic saving, pre-
senting the accounts in a form that is more familiar to those who work
with national income accounts. The factor and commodity accounts
have been eliminated, so activities are assumed to pay all of value added
to institutions and import demand by each account is entered separately.
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Table 5.4. A macroeconomic SAM for Turkey, 1973 (billion TL)

Capital Rest of Row
Activities Institutions account world sum

Activities 172.9 243.7 48.7 24.5 489.8
Institutions 294.1 294.1
Capital account 49.1 9.2 58.3
Rest of world 22.8 1.3 9.6 33.7
Column sum 489.8 294.1 58.3 33.7

The rest-of-the-world account is different from that in Table 5.2
because there is no payment from the rest of the world to the institu-
tional accounts. Instead, net foreign savings are entered as payment
from the rest of the world to the capital account, and the sum of the
rest-of-the-world account equals total imports (in border prices) rather
than total foreign exchange inflow (as in Table 5.2).19 Institutional
income thus does not include any receipts from the rest of the world.

Finally, the "capital" account can be thought of as an investment
bank. It collects all savings, domestic and foreign, and spends them on
investment goods. In the input-output accounts, as in the SAM, the
demand for investment goods (by sector of origin) is given. In addition,
the SAM distinguishes the various sources of savings. However, neither
account shows which sectors receive the increased capital (investment
by sector of destination). The treatment of investment is discussed in
more detail later.

The major usefulness of the SAM approach is that it brings together
the accounts of each of the various economic actors whose behavior is to
be modeled into a consistent framework. Such a data set, at least for a
base year, is required for the implementation of such a model. Like the
input-output accounts, the SAM provides a framework that requires
the expanded set of data to be consistent. This consistency property pro-
vides a useful check in reconciling data from disparate sources.20

The presentation of the SAM has been based on a number of con-
ventions that reflect the particular features of the models developed in

9 From Table 5.2, net foreign savings equals the balance of trade or foreign
capital inflow minus reserve accumulation; 33.7 - 24.5 = 19.7 - 10.5
= 9.2 billion TL.

20 See Methodological Appendix A for a description of how to construct a con-
sistent set of data using the SAM framework.
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Table 5.5. Factor market and product supply equations

Number of
equations

Production functions:
Xis = f(K,, L4, Vi,, Vji) n (5.5.1)

Intermediate goods demand:
V1< = a,fXj n n (5.5.2)

V= V~, n (5.5.3)

Labor aggregation:
Li. = L,(L,, . L) n (5.5.4)

Net prices:
PN. = P, - a, aP,- tdP n (5.5.5)

Labor demand equations:

PN,X' dLadL" = W 72Mni (5.5.6)
aL- 9L,,

Aggregate labor demands:
LD = E~ LUm (5.5.7)

Aggregate labor supply:
Ls = Ls m (5.5.8)

Excess demand for labor equations:
LD = Ls = 0 m (5.5.9)

Total: 4n + 3m + n m + n n

Endogenous variables Number

XS Sectoral production n
V,j Intermediate goods demand n n
Vi Aggregate intermediate goods demand n
L' Aggregate labor by sector n
PN, Net prices n
L,5 Labor demand by sector and type n m
L' Aggregate labor demand by type m
Lf Aggregate labor supply by type m
W, Wage of labor by type m

Total: 4n + 3m + n - m + n n

this book. It should be emphasized that there is as yet no such thing as
a "standard" SAM. The definition of the different accounts, the degree
of disaggregation, and the accounting conventions used should reflect
the particular model and set of issues that are being considered.
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5.5 Summary of the static CGE model

The complete set of equations

The complete set of equations for the model is collected together in
Tables 5.5 and 5.6. Table 5.5 gives the equations for the factor markets
that essentially underlie the aggregate supply or production transfor-
mation set considered earlier. The endogenous variables in these equa-
tions describe all the flows in the first column of the social accounting
matrix. In real terms, they give employment, intermediate demand, and
product supply. In terms of monetary flows, they give payments for
intermediate goods, labor, capital, and indirect taxes. Table 5.6 gives
the equations for the product markets in the model economy. The
endogenous variables describe the flows in the last four columns of the
social accounting matrix. They give the distribution of factor income to
"institutions" (households and government); its allocation among taxes,
consumption and saving; and finally the resulting demand for products.

The presentation in Tables 5.5 and 5.6 emphasizes the market-clear-
ing role of wages and prices in the core model. For any given set of
product prices Pi, there are as many equations in Table 5.5 as there are
endogenous variables. The heart of the problem is to find a set of aver-
age wages such that, given the labor demands from Eq. (5.5.6), there is
zero excess demand in the markets for labor of different skill categories.
The solution of the excess demand equations for labor for different sets
of product prices defines the summary numerical supply function given
in Eq. (5.3.11).21

The product market equations in Table 5.6 can, by simple substitu-
tion, be reduced to the set of excess demand equations. Note that the
number of equations is one greater than the number of variables. As we
have discussed, the equations are not independent, so that the n excess
demand equations can determine only n - 1 relative prices. The price
normalization equation (5.5.23) is required to set the absolute price

.
2 2

The product market equations, as we have noted, include the flow of
funds among the various institutions in the economy. They thus include

21 Note, as discussed earlier, that it is straightforward to assume that for some
categories of labor, the (real) wage is fixed. The labor supply function for
the skill category is simply dropped when the wage is set exogenously, and
the excess demand for labor equation serves only to determine total
employment.

22 The question of existence of at least one general equilibrium solution with
non-negative values of the endogenous variables was discussed earlier.



Table 5.6. Product market equations

Number of
equations

Household capitalist, and government income:
Ys = W'L.(1 - t) m (5.5.10)

( PMX,- L,)(l -tik) One (5.5.11)

Y g= Y, + tk Y ±+ tdP, X, One (5.5.12)

Total saving:

TS = , SJY + S§Y. + SgYg One (5.5.13)

Consumer demand:
= C[PI . P..,, p (1 - 91y, n m (5.5.14)

CDk= C'k[P , Pn, (I - Sk')Y] n (5.5.15)
= C,P. . Pn (1 - Sg)YgI n (5.5.16)

C, = ZcE ±c~±cA n (5.5.17)

Investment demand:

UL= >SJ,PJ n (5.5.18)

AK, = 7?z-T n (5.5.19)
U.

z,= s,jAKj n (5.5.20)

Aggregate excess demands:
X = Cz + Z, + V, n (5.5.21)
Xf1 X = 0 n (5.5.22)

Price normalization:
E PtQ, = P One (5.5.23)

Total: 8n + m + n m + 4

Endogenous variables Number

Y, Labor income by type m
Yk Capital income One

Government revenue One
TS Total saving One
CD Consumer demands by labor households n *rn
ECik) Consumer demands by capitalists n
CD Government consumption n
0D Aggregate consumption demand n
U, Capital goods price n
AK, Real investment by sector of destination n
Z, Investment goods demands by sector of origin n
X'D Aggregate demands by sector n
PI Prices n
Total: 8n + m + n - m + 3
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the flows that are the focus of demand-driven macro models. As we have
discussed, we are focusing on issues of sectoral structure, resource allo-
cation, and trade, and so are not attempting to determine endogenously
variables such as the price level. However, in any CGE model, the flow-
of-funds accounts must specify the entire circular flow in the system -
there are no leakages. Thus the macroeconomic problem of reconciling
aggregate savings and investment is also an inherent part of the model.
In the literature, this reconciliation is referred to as the "closure" prob-
lem because it involves closing the flow-of-funds accounts (see Adelman
and Robinson, 1978; Lluch, 1979).

The treatment of znvestment

There are two modeling issues related to investment that are not dealt
with in the social accounting framework: first, the determination of the
volume of investment and, second, its sectoral allocation. We shall treat
the second issue in our discussion of intertemporal linkages. In the
model equations_presented in Table 5.6, the sectoral share parameters
for investment (Hi) are simply assumed to be fixed. The level of total
investment, however, is determined endogenously. In the capital account
row in the SAM, total savings (and hence investment) are determined
by applying exogenous savings rates to the income of each institution in
the economy. Total investment is thus determined by savings behavior
and is thus also a function of the distribution of income among the dif-
ferent households and the government (assuming that their savings rates
differ). This model of total savings and investment is very classical in
spirit, except that we have added government to the usual capitalist and
labor classes.

The determination of aggregate investment is clearly a very impor-
tant part of any dynamic planning model, and the classical approach we
have presented is not the only reasonable way to treat investment in
such a model. There is no shortage of theories of investment in econom-
ics - the problem is more that there is no widespread agreement on
which theories are best. In a planning model such as our CGE model,
a number of different choices seems reasonable. We shall give two alter-
native examples. First, in a model intended for policy planning, one
might wish to specify the level of real investment exogenously. A plan-
ner might well wish to trace out the impact of alternative investment
scenarios on the model economy and simply assume that policies can be
chosen that will achieve the desired level of investment. The model can
be adapted to embody this approach. Instead of being endogenous, real
capital stock growth (usually measured in base-year prices) would be
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set exogenously. Some other parameters, such as the savings rates in Eq.
(5.5.13), would then have to be adjusted endogenously so that sufficient
savings are generated to finance the purchase of the capital goods. Alter-
natively, in "Kaldorian" fashion, one could argue that with fixed sav-
ings rates, the distribution of income will have to adjust to validate the
exogenously specified investment.23

Second, a different savings-determined approach has some appeal.
Instead of having savings be partly a function of the distribution of
income among institutions, one might assume that the society deter-
mines aggregate savings by setting aside a fixed portion of total national
income. The precise mechanism by which this fixed rate is determined
and applied is left purposely vague. One might appeal to a complex
interaction among government credit policy, the workings of the bank-
ing system, and inflation - all of which are not explicitly included in
the planning model. The essential view is that society as a whole deter-
mines the savings rate - a view that might well be labeled neoclassical.
Again, some parameters will have to adjust endogenously for the flow
of funds to remain consistent.

The three investment theories we have discussed -the one actually
modeled and the two alternatives - certainly do not represent an
exhaustive list of possible approaches. However, they do represent an
interesting range, and all have some appeal for inclusion in a planning
model intended to be used for policy analysis in the medium to long run.
In the next chapters, we shall have occasion to discuss some of the
implications of using these approaches to investment when the model is
extended to include international trade and the possibility of foreign
capital inflows. In most of the book, however, we shall take the classical
view and investment will be determined by the amount of savings gen-
erated by applying savings rates to the different institutions or income
categories. Note that this approach leaves the solution homogeneous of
degree zero in all prices.

Solution strategies

A number of different approaches have been used to solve CGE models
such as the one we have presented.2 4 As discussed in Methodological
Appendix B, it is useful to distinguish between a solution strategy and

23 For further discussion of such mechanisms, see Chapter 12.
24 See Methodological Appendix B for a brief survey of solution strategies and

a thorough discussion of the solution algorithms used to solve the CGE
models used in this book.
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a solution algorithm. A solution strategy refers to the way in which the
equations of the model are substituted and rearranged so as to reduce
the solution problem as much as possible before solving it on a com-
puter. A solution algorithm refers to the actual numerical algorithm
used to solve the reduced set of equations on the computer. In devising
a solution strategy for CGE models, it is important to take advantage
of our knowledge of the economic properties of the system of equations.
In this section, we describe our basic solution strategy and use it as a
framework for clarifying further the workings of the model.

Our basic solution strategy is, in fact, evident from the way in which
the model equations were presented. The entire model can be reduced
by substitution - either analytical or numerical - to sets of excess
demand equations for the factor and product markets. The solution
problem thus is reducedito that of finding a set of equilibrium wages
and prices - a fixed-point problem.

In choosing a solution strategy, two criteria are most important. First,
how hard is it to solve the reduced equations numerically? Second, how
hard is it to reduce the model equations to the chosen set, especially
when, as is often the case, one wants to be able to experiment with a
variety of analytic formulations? Reducing a CGE model to sets of mar-
ket excess demand equations is usually a straightforward procedure
requiring, with one exception, simply the evaluation of the equations of
the model in order. The only place where numerical techniques may
have to be used is in the derivation of labor demands by firms given
wages - the marginal revenue product equations. The resulting excess
demand equations are, of course, extremely nonlinear, and it is virtually
impossible even to write out their analytic representation. Numerically,
however, they can be handled.

Given our solution strategy, all solution algorithms will follow the
same general procedure. They will all start with some initial set of
wages and prices (which satisfy the normalization rule), calculate the
excess demands in both factor and product markets, and then revise
wages and prices iteratively based on calculated excess demands. The
iterations stop when equilibrium is reached; that is, a set of wages and
prices is found such that all excess demands are sufficiently close to zero.
Different algorithms use quite different techniques for revising wages
and prices given the excess demands from the last iteration, and there
are a variety of such algorithms from which to choose. A brief survey
plus a detailed description of our particular choice is given in Method-
ological Appendix B. Note, however, that for models using more-or-less
"standard" production functions and demand systems, the excess
demand equations are quite well behaved (after some scaling transfor-
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mations) and are solvable by the imaginative application of standard
numerical algorithms for solving systems of nonlinear simultaneous
equations.

Inherent in the general solution strategy described here is a "price-
adjustment" rather than a "quantity-adjustment" specification. The
problem is seen as that of adjusting prices and wages until equilibrium
is reached. One might instead use a quantity-adjustment approach. For
example, in the labor markets one might find it difficult or inconvenient
to invert the marginal revenue product equations to solve for labor
demands given fixed wages. One can use a quantity-adjustment solution
strategy that avoids the problem. Instead of assuming fixed wages and
solving for labor demands, one can start with a labor allocation and
solve for marginal revenue products by sectors. The equilibrium con-
dition for the labor markets is restated. Instead of being "demand equals
supply for each category of labor," it becomes "marginal revenue prod-
ucts are equal across all sectors for the same labor category." The solu-
tion problem is then to find a physical allocation of labor such that all
labor is employed and marginal revenue products are equal across sec-
tors for each category of labor.2 5

In discussing solution strategies, one must be careful not to confuse
properties of an algorithm with properties of an economy. For example,
the choice between a "price-adjustment" and a "quantity-adjustment"
solution strategy has nothing to do with how one views the behavior of
an actual economy out of equilibrium. In the literature on decomposi-
tion algorithms for solving linear programming models, there has been
some tendency to interpret the behavior of different algorithms as
reflecting differences in actual economies. Kornai (in Goreux and
Manne, 1973) has warned against making such interpretations, and his
warning is equally valid in interpreting solution strategies for CGE
models. The CGE model is formulated as an equilibrium model, and
one should place no significance on the actual path the model economy
follows during iterations designed to find the equilibrium.

In terms of solution strategy, it is convenient to separate the factor
and product markets and solve them seriatim. For example, for a given
set of product prices, it is possible to solve for a set of wages that will
clear the factor markets. This solution will yield product supplies and
factor incomes that are then used to determine excess demands in the
product markets and hence leads to a new guess at prices. Solving the
two markets separately reduces the number of endogenous variables that

25 This technique has in fact been used for some models [see Dervis (1975), de
Melo (1977), and de Melo and Dervis (1977)].
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have to be solved at any one time, although it means that one set of
markets must be solved more often (in this case, the factor market must
be solved for each price iteration). In general, reducing the number of
endogenous variables per iteration yields algorithmic improvements that
outweigh the disadvantages of having to solve the markets more often.

5.6 Equilibrium, time, and market clearing

The CGE model presented so far is purely static. Time did not enter
into its specification, and all endogenous variables are therefore viewed
as simultaneously determined. The solution constitutes a simultaneous
intersection of the sectoral supply and demand functions. In a very Wal-
rasian fashion, prices play a parametric role in the sense that decision
makers react passively to prices, and it is these reactions that determine
the demand and supply schedules. But, assuming that uniqueness con-
ditions hold, there is only one vector of prices at which all demand and
supply decisions of the various agents in the economy are mutually com-
patible, and it is that price vector that defines the general equilibrium
solution.

Such a description is extremely neoclassical in spirit, and the core
model is so close to the Walrasian ideal that one may rightly question
its relevance for the formulation of policy in economies where institu-
tional features and structuralist characteristics result in behavior far
removed from the idealized description given so far. The question then
arises of how far one can accommodate non-neoclassical features in the
CGE framework without giving up its basic characteristics and internal
consistency.

First, there may be elements of imperfect competition that need to be
included in the model. This will not fundamentally alter the character
of the solution: Prices will remain market-clearing prices, although
some of the supply functions will now reflect monopoly power. One
could also extend the model to incorporate monopoly power in the factor
or product markets. In either case, one needs to model the relevant per-
ceived demand elasticities in the factor and/or product demand equa-
tions. Monopoly-pricing rules could be replaced by mark-up pricing
rules, in which case the supply schedules will include profits as argu-
ments. It would, of course, be far more difficult to model imperfect com-
petition properly, because certain indeterminacies may occur. Aside
from such problems of indeterminacy, however, these model extensions
do not change the fundamental market-clearing nature of the model
solution.

Second, as was discussed in connection with labor markets, there may
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be some markets that will not be allowed to clear. The solution of such
an applied model can be characterized as a "constrained" general equi-
librium, close in spirit to the Walrasian construct but incorporating
quantity constraints. The question of which markets should be con-
strained in a CGE model is a difficult one. It is certainly far from evi-
dent that prices observed in the real world of developing countries are
in fact market-clearing prices. We shall discuss further below how the
solution prices should be interpreted, but it should be noted that the
problem is present not only in factor markets but also in product mar-
kets. This aspect of market adjustment has been recently emphasized in
the theoretical work on the micro foundations of macroeconomics. This
work emphasizes non-tatonnement processes and mixed quantity-cum-
price-adjustment mechanisms that may have consequences more impor-
tant than allowed for or foreseen by traditional Walrasian theory.

One would of course like to address these issues properly, incorpo-
rating disequilibrium and partial adjustment in the actual model for-
mulation. But given the medium to long-term planning purposes served
by CGE models, it would in our view be premature at the present time
to give up the basic notion of Walrasian equilibrium for a generalized
disequilibrium model. The reason that general equilibrium theory (and,
indeed, partial equilibrium theory) is of any use at all is that the equi-
librium solution does exert a certain "pull" on the economic system:
Although the economy may never actually be at equilibrium, it should
not be too far away from it. This is clearly our fundamental premise.
It does mean that one gives up short-term "tracking" as well as short-
term prediction. But this should not be upsetting. It is the equilibrium
shifts over time due to fundamental trends in technology, tastes, policies,
and other exogenous factors that one can analyze with an equilibrium
model. For these purposes, the assumption of market-clearing prices is
a valuable one to retain as the basic organizing principle in models
focusing on medium to long-run change.26

It remains true, however, that certain constraints on prices - partic-
ularly factor prices - are of a permanent and structural kind. In a sense,
they form part of the notion of equilibrium. Take, for instance, the
Lewis labor surplus model with its roots in classical political economy.
The fact that the real wage is fixed in the modern urban sector and that
the labor market is not allowed to clear does not reflect disequilibrium
in the usual sense. Instead, it reflects a long-run structural feature of
the economy that should be incorporated in a planning model. In fact,
taking real wage determination outside of the equilibrium model goes

26 We do, however, consider quantity-adjustment mechanisms in the market
for foreign exchange (see Chapter 9).
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back to the Marxian-Ricardian foundations of general equilibrium the-
ory as recently revived in England, most notably by Morishima (Mor-
ishima, 1973). Taking a more classical view, there is no real conflict
between letting product prices clear product markets (thus regulating
the supply and demand of commodities) and, at the same time, regard-
ing the real wage (and hence the average rate of profit) as more exog-
enous, strongly influenced by factors that are not explicitly modeled.

A second area in which the concept of equilibrium and the notion of
market clearing is not always clearly defined relates to investment and
the determination of capital asset prices. When capital is treated as a
stock of produced means of production that differs in composition
among sectors, the assumption of perfect capital mobility cannot very
well be maintained in a dynamic analysis. It is much better to assume
that, once installed, capital cannot move from one sector to another
within a given time period. As we saw earlier, this assumption leads to
upward-sloping short-run supply curves. The assumption of heteroge-
neous and sector-specific capital greatly increases the importance of
today's decisions on tomorrow's alternatives. Considering the question
of how sectoral supply curves shift over time, one realizes that they shift
essentially because of technical progress, which is usually considered
exogenous, and because of sectoral capital accumulation, which is usu-
ally modeled endogenously. If labor supply constraints are binding,
demographic change will also affect the supply schedules. But capital
accumulation is the most important endogenous cause of change, and
traditionally constitutes one of the most important areas of concern for
the development planner.

What is meant by an equilibrium allocation of investment? Much
depends on how one views the workings of capital markets. In perfect
neoclassical intertemporal equilibrium, the market price and production
price of capital will always be the same, the profit rate will be the same
at any given moment of time in all sectors, and the economy will be
traveling along an intertemporally efficient path where prices are cor-
rectly foreseen and no mistakes are made. It is perfect foresight or the
intertemporal clearing of capital markets that is here the crucial
assumption about linkage. A giant intertemporal tatonnement process
that determines capital prices and equalizes profit rates is assumed, so
that if ever production costs were to exceed market prices, investment
would be cut back, and conversely. This would be the mechanism that
regulates capital accumulation.2 7

27 Note that fixed sectoral capital stocks need not prevent the equalization of
profit rates. They are equalized by an appropriate adjustment in the market
prices of capital, i.e., share prices on the stock market.
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Although it is perhaps possible to argue that intertemporally efficient
paths exert a certain pull on the economy, just as static equilibrium is
assumed to do, one is clearly here on much more slippery ground. First,
it is clear that even in the most developed economies, futures markets
operate only for a few commodities, and to assume some kind of giant
intertemporal tatonnement to reflect the actual workings of a market
economy requires more than usual abstraction from reality. Second,
even if one were willing to model such an intertemporal tatonnement,
the question of boundary conditions remains open.

An intertemporal equilibrium system can be reduced to a system of
2n difference equations in capital stocks and prices. Whereas one set of
boundary conditions is provided by the n initial capital stocks, the
remaining set of n boundary conditions constitutes a problem. If we
were to give the system the base-period set of prices as n initial condi-
tions, the resulting path can be shown to be highly unstable: The sys-
tem, trying to validate the initial conditions, would soon attempt to
achieve negative output values.28 One therefore has to give it either a
terminal capital stock vector or a terminal price vector to achieve a more
reasonable solution. Still another alternative may be to assume capital
mobility in the initial year so as to free the system from the necessity of
validating the historical capital stock and combine an initial price vector
with terminal growth requirement on the capital stocks. Whichever rea-
sonable alternative one chooses, however, the system becomes indecom-
posable over time whenever boundary conditions are split, and one ends
up with a very large system of intertemporal simultaneous equations.
Even such systems can be solved by taking advantage of their sparse
structure.2 8 Most often, however, the concept of intertemporal equilib-
rium is abandoned, and profit rates - defined as the return to capital
valued at production cost prices - remain unequal. This does reflect
what can be observed in real-world economies. Such a specification does
not necessarily reflect a belief that claims on existing capital stocks do
not get revalued, but the stock valuation process is not being modeled.
Given the extremely thin nature of equity markets in all developing
countries, there is good reason for this neglect.

There remains, however, the problem of determining the allocation
of investment by sector of destination. In an intertemporal equilibrium
model, this allocation is determined by the requirement that production

28 See Hahn (1966) for a discussion of this problem. Note the resemblance
with the discussion of stability in linear models in Chapter 2.

29 See Dervis (1975) for a model that achieves intertemporal efficiency and
must therefore be solved simultaneously for all time periods. The alternative
chosen there is to let capital be mobile in the initial period.



5.6 Equilibrium, time, and market clearing 173

costs must equal the discounted sum of future returns. In a model that
abandons the concept of intertemporal equilibrium, the allocation of
investment remains open and must be governed by an alternative
mechanism.

One way of solving this problem is to assume that the allocation of
investment by sector of destination in any given period is determined by
the prices, production costs, and profit rates of the previous period. One
gives up the notion of an intertemporal equilibrium and settles for a
time-recursive model where the only input needed to solve any one
period's model is the exogenous parameters and the past history of the
economy. It may be that investment is governed by expectations about
the future, but one assumes that these expectations are formed purely
on the basis of past experience, not on the basis of some kind of tatonne-
ment into the future where decision makers could test the consistency of
their expectations. Because we no longer insist on validating the initial
configuration by equalizing profit rates, the system is not necessarily
unstable. How stable it will in fact be will, of course, depend on how
the mechanism determining investment allocation is formulated
dynamically.

A general two-stage dynamic formulation

What is really proposed is a two-stage specification of the overall
dynamic model: In the first stage, all markets are assumed to clear sub-
ject to a number of restrictions on the ability of certain markets, such as
capital and labor markets, to adjust. In a second stage, the dynamic
adjustment of certain variables whose values were fixed in the first stage
is explicitly modeled. The overall dynamic model is thus partitioned into
a static within-period equilibrium model and a separate between-period
model that provides the necessary intertemporal linkages and shifts the
sectoral supply and demand functions. Both the problem of structural
disequilibrium in the labor market and the pattern of investment deter-
mination are thus "taken out" of the core equilibrium model and put
into a stage 2 dynamic adjustment model that links the sequence of years
considered during a given planning exercise into a consistent whole.30

This solution to the dynamic linkage problem, which gives up the
notion of intertemporal equilibrium, has been chosen by most general
equilibrium model builders. Although it is a practical solution, long
adopted by model builders in the advanced economies, it also represents

30 See Adelman and Robinson (19 78a, 1978b) for a formalization of this
approach.
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a retreat from the ambitious attempts of earlier planning models at
determining intertemporally efficient or optimal growth paths. Because
the "terminal conditions" problem has never really been satisfactorily
solved (and probably cannot be given the inherent open endedness of
the future), the paths proposed by optimizing models were never fully
convincing.3"

In a general, two-stage approach to dynamic formulation, the role of
the stage 2 dynamic adjustment model is to update all the exogenous
variables entering the static stage 1 model, which will then be solved for
the next period. In turn, when various variables are updated for the
following period, the dynamic adjustment model will take the solution
of past-period stage 1 models as given.

Not all the updating equations will be of a behavioral kind. Some
demographic and technological variables will be updated following some
separately calculated or projected trends. Others will simply remain the
same, as for instance is usually the case for input-output coefficients.
Only subsets of thse dynamic linkage equations will attempt to model
economic behavior or government policies. Table 5.7 summarizes a typ-
ical set of variables likely to be updated by the dynamic linkage equa-
tions of a between-period model.

Although the classification given in Table 5.7 encompasses a wide
range of variables, it is not meant to apply to all models. It provides
examples of variables that have typically been included in dynamic
CGE models, but other models have used different approaches. There
are, for instance, models in which demographic variables such as pop-
ulation growth and dependency ratios are treated as functions of eco-
nomic variables.3 2 Other models may endogenize technological change
(making it depend, for instance, on accumulated past investment) or
attempt to model government behavior as endogenously reacting to a set
of economic indicators determined by the equilibrium model. These
more ambitious models remain exceptions, however. In most cases
investment allocation and rural-urban migration are the only important
economic mechanisms modeled in stage 2.

One could of course take a lot "out" of stage I and put it "into" stage
2. Indeed, price formation could be modeled dynamically as a disequi-
librium adjustment process in the between-period model. This would
dramatically reduce the degree of simultaneity in the stage 1 model! But

3' See the discussion in Chapter 3 on terminal conditions in linear program-
ming models.

32 For example, the ILO Bachue models deseribed in Rodgers, Hopkins, and
Wery (1977).
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Table 5.7. The endogenous variables of a stage 2 dynamic model

Variables and parameters that most often remain unchanged
Share parameters in the sectoral production functions
Input-output coefficients
Capital composition coefficients

Variables and parameters that are usually updated according to simple trends
Technological shift parameters in sectoral production functions
Total labor supply, sometimes by skill categories
Some variables determined in the "rest of the world" in open-economy models
Engel elasticities in the consumer demand functions

Variables that are seen as determined largely by government policy or political
mechanisms
Money supply or the overall price index
Tax rates and government expenditure shares
Wages for some labor categories
Tariffs, quotas, and export subsidies in open-economy models

Variables that are updated by modeling economy behavior
Sector capital stocks
Labor supplies to subsets of sectors, in particular the rural-urban composition of the

labor force
Investment shares by sector of destination

we have already argued that for development planning purposes an
attempt to set up a general disequilibrium model that would be focused
on short-term adjustments and disequilibrium phenomena in the prod-
uct markets might well be counterproductive. For our purposes, and for
most empirical applications, what needs most to be included in the stage
2 between-period model are submodels of the sectoral allocation of
investment and of rural-urban migration.

We shall therefore discuss a simple set of dynamic equations that can
be used to describe investment allocation and rural-urban migration.
They form the core of the between-period model and, together with
trend equations and the updating of government policy variables, allow
the model to be run forward in time.

Investment allocatzon

After determining the volume of investment, a multisector model must
specify the structure of investment by sector of destination. In the pre-
sentation of the static model, we have so far treated these shares as pre-
determined. For some purposes, such as testing the feasibility, consis-
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tency, and/or desirability of otherwise formulated investment plans and
growth targets, it may be best to treat them as predetermined and ana-
lyze the consequences of a specified set of investment shares. But in most
cases one will want to model the determination of investment by sector
of destination endogenously and thereby attempt to capture the effects
of government policy on the structure of investment.

Theoretically, probably the most satisfying way to model sectoral
investment allocation would be to split the process into two parts. First,
determine the desired investment by each sector and, second, model the
allocation process by which the supply of investable funds is reconciled
with the demand. This explicit distinction of the demand and the supply
side underlies much of the recent work on investment theory in macro
models (see Jorgenson, 1963). In the multisector context, each sector
would determine its desired capital stock according to various rules -
such as accelerators, expected profitability, or expected sales. This
demand for capital stock must then be translated into a demand for a
flow of investment. Finally, this flow demand must be compared to the
supply of funds available for investment to the particular sector. If the
two do not match, the adjustment mechanism must be modeled. This
approach necessitates a realistic specification of both the demand and
supply relationships, including the explicit modeling of the loanable
funds market and the banking system. Adelman and Robinson (1978)
have used this general approach with a simple model of expectations
and investment demand linked to a fairly elaborate model of the supply
of loanable funds that distinguished among retained earnings, bank
credit, and unorganized money market loans.

The data base and effort required for such a full specification makes
it very difficult to achieve. For many purposes, a less ambitious
approach will be sufficient, and we shall describe a simple formulation
that can be regarded as a minimum core specification to be qualified
and expanded in planning applications. An extreme specification would
be to assume that money markets do not exist and allocate the investable
funds in proportion to each sector's share in aggregate capital income
(or profits). More realistically, one can adjust the proportions as a func-
tion of the relative profit rate of each sector compared to the average
profit rate for the economy as a whole. Sectors with a higher-than-
average profit rate would get a larger share of investible funds than their
share in aggregate profits. We shall use this formulation for our simple
dynamic model. The shares are given by33

3 Note that because Z, SP,, = 1, then it is true that Z, Hl, = I for any value
of the parameter ,, because the average profit rate is equal to the sum of the
sector profit rates weighted by the shares in total profits.
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Hit = SPi,- 1 + jASPi- Ri,1AR- A I1 (5.6.1)

where

SPi, = sectoral share in aggregate profits
= "mobility" of investable funds parameter

Ri= sectoral profit rate
AR, average profit rate

The profit rates are defined as returns to capital when the entire cap-
ital stock is valued in current prices and also includes capital gains. The
equation is

PNi,Xi, - ZW~L,,, ui - (I - i,-

RK + U (5.6.2)
Ui,~_, !,_, ,_

where

= the capital stock at the end of the last period
(and which is used in production in this period)
fixed sectoral depreciation rates

U, = the capital goods price in Eq. (5.3.24)

When the investment mobility parameter A is zero in Eq. (5.6.1),
there is no intersectoral mobility of investment funds. In essence, all
investment is financed by retained profits (ignoring savings from gov-
ernment and labor income). When ,u is positive, the sectoral. allocation
of investment will respond to profit-rate differentials and high-profit-
rate sectors will attract funds from low-profit-rate sectors. Thus Ai mea-
sures the intersectoral mobility of investment funds. It is not, however,
an index of the degree of perfection of capital markets. Even if A is zero,
the system may move toward equalizing profit rates over time, and, if
A is too large, it is easy to make sectoral profit rates oscillate. The
parameter ,u is rather an indicator of the responsiveness of capital mar-
kets to static market signals, namely, current profit rates in the various
sectors.

We have presented a lagged version of the simple investment model,
but we could have let current profit shares and profit rates determine
the investment shares. Not much would change, again on the assump-
tion that there are no serious oscillations resulting from the underlying
technological and taste parameters. Thus, once we abandon the concept
of an intertemporal tatonnement, we could in fact incorporate the deter-
mination of investment in the within-period model.
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It is not necessary to define the SP,, variables as sectoral shares in
aggregate profits. They could represent any measure of the "normal"
allocation of investable funds. For example, one might argue that, in the
absence of a money-market response to profit-rate differentials, invest-
able funds would be allocated according to current sectoral shares in the
capital stock. In practice, given the important role played by government
investment, the simple investment theory we have described may in any
case have to be seriously qualified in any specific application. Where
the government controls a substantial proportion of total investment
funds, the allocation of funds should reflect government policy objec-
tives. Although we would argue that the simple theory outlined here is
a good point of departure, it is clear that the realistic specification of
investment allocation, even in a purely descriptive model and quite
apart from problems or optimization, still represents a major challenge
for modelers.

Rural-urban migration

Capturing the essence of structural dualism characterizing many devel-
oping economies represents another major problem for the model
builder. Rapid urbanization, even in the face of urban unemployment
and poverty, has accompanied growth in most developing countries.
Efforts have been made to reconcile the observed simultaneous urban
unemployment and migration from rural to urban areas. The popular
model developed by Harris and Todaro (1970) explains migration from
rural areas to cities in terms of the relation between the wage in rural
areas, W,, and the expected urban wage, W,, which is the urban wage
weighted by the rate of employment in the urban sector.

Migration models have been included in CGE models and have
empirically turned out to be very important.3 4 It is also possible to treat
migration as a function of the differential between the rural and urban
wages without assuming that equilibrium is reached, that is, that the
rural wage equals the expected urban wage. In this approach, migration
is seen as a disequilibrium adjustment mechanism and is modeled as
part of stage 2.

Assume that labor category 1 is rural labor and that labor category

See Ahmed (1974), de Melo and Dervis (1977), and Adelman and Robinson
(1978a). Ahmed treated the distribution of the labor force such that the rural
wage equaled the expected urban wage. Migration was thus treated exactly
as in the Harris-Todaro model as the movement of labor required to bring
about the equality between the rural wage and the expected urban wage.
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2 is unskilled urban labor, the category that migrants will join. Alter-
natively, it is possible to spread the migrants among the different urban
labor categories, but this will not be done here. Let the two labor cate-
gories have natural rates of growth C1 and C2. Thus, the labor supply
equations for the two categories of labor become

Ls(t + 1) = (1 + G,) LS(t) - MIG(t) (5.6.3)

L2s(t + 1) = (1 + G2) L2(t) + MIG(t) (5.6.4)

MIG(t) = e ( W - 1 TLs(t) (5.6.5)

W2 = W2 (-'s )(5.6.6)

This formulation is exactly the Harris-Todaro formulation except
that there is no assumption that equilibrium is reached (i.e., W2 = W1).
As in the Harris-Todaro formulation, the definition of the expected
wage in Eq. (5.6.6) makes sense only if there is urban unemployment.
This implies that we are using the fixed-real-wage version for urban
unskilled labor, because otherwise L' = LP and W2 = W2. If, at the
fixed wage, L' > Ls, then one should switch to a full-employment
model in which the urban wage is determined endogenously and W2

=W2.
Because the migration equations are part of the stage 2 model, migra-

tion is seen as a quantity-adjustment process that need not achieve full
equilibrium. Harris and Todaro require that the urban wage W2 be
fixed and define migration by comparative statistics, imposing the con-
dition that W2 = W1. In the stage 2 model, however, it is not assumed
that We = W1 and, indeed, the model dynamics may be such that
equality is never achieved. In this disequilibrium adjustment model, the
definition of the expected wage is less important than in the Harris-
Todaro comparative statics formulation. However, the response elastic-
ity parameter (e) in Eq. (5.6.5) is correspondingly more important,
because it determines the magnitude of the migration response during
this period to a gap between the rural and expected urban wages.

Whether one wishes to model migration in stage 1 or stage 2 is partly
a question of empirical realism. If it is modeled as part of stage 1, then
there are assumed to be no constraints on the amount of migration that
can take place within the period. If it is modeled as part of stage 2, one
must specify a parameter such as e that gives the degree of responsive-
ness of the quantity-adjustment model. Although the Harris-Todaro
model might be useful for exploring comparative statics questions of
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"equilibrium" migration, an explicitly dynamic model must deal with
the adjustment process.

It should be clear from this discussion that there is considerable scope
for flexibility in the choice of which variables are to be determined in
each stage. Naturally, the outcome of this selection will determine how
close the overall CGE model remains to the core Walrasian model. The
specification of intertemporal linkages is a difficult but crucial element
in the formulation of any planning model, and we shall see in later
chapters how the outcome of specific policy experiments is profoundly
affected by alternative specifications of dynamic linkages.

5.7 Conclusion

We saw at the outset how traditional linear models do not incorporate
some of the important general equilibrium interactions present in any
economic system. We then proceeded to build step by step the general
equilibrium demand and supply curves of a simple core CGE model.
The presentation emphasized the links and points of departure from the
linear models of earlier chapters. We saw that the solution of the model
resulted in the selection of price and wage vectors equating all product
and factor market demands and supplies. We also examined briefly how
one might solve such a model numerically.

The simple model developed in the early sections of the chapter was
extremely Walrasian and neoclassical in spirit. With the exception of
taxes on factor incomes and a brief allusion to fixed wages for certain
labor categories, there was essentially no difference between the tech-
nologically feasible production possibility set and the resulting transfor-
mation set reflecting market behavior and institutional characteristics of
the economy. All markets cleared. Applied models, however, although
close in spirit to the Walrasian construct, can be characterized as reflect-
ing a "constrained" general equilibrium. For example, the discussion of
fragmented capital and labor markets in the two-stage formulation of
the dynamic model indicated that the extent of factor mobility between
time periods is affected by the degree of structural rigidities in the
economy.

It should be clear, however, that an applied CGE model cannot be
viewed as a short-run projections model and is not intended for that
purpose. It is better suited to explain medium- to long-term trends and
structural responses to changes in development policy. The analysis of
short-run cyclical variations around basic trends requires a quite differ-
ent approach. This is not to say that one is not entitled to expect good
predictive performance from CGE models. On the contrary, they should
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be able to predict, conditional upon policy variables, trends in sectoral
structure, intersectoral terms of trade, income distribution, trade perfor-
mance, and government revenue - and do so better and more consis-
tently than linear models or more informal methods. But the problems
facing development policy are inherently longer-run problems, and the
models thus naturally reflect an emphasis on the long run rather than
on the short run, on growth rather than stabilization, and on trends
rather than cyclical variation.



CHAPTER 6

Foreign trade and trade policy

6.1 Introduction

The general equilibrium model discussed so far deals with a closed
economy. All commodities are produced and used at home, and the only
income available in the community is derived from domestic production
and sales. In fact, of course, foreign trade and international capital flows
play a major role in all economies. In some countries exports constitute
as much as a third of domestic production, with imports claiming an
equivalent fraction of total expenditure. In only a few countries does the
share of foreign trade fall below 10 percent of domestic product.

In developing economies, trade and international capital flows play
perhaps an even more crucial role than in advanced industrial econo-
mies. Whereas in the latter the share of trade may often be higher,
developing economies are dependent on trade as an important mecha-
nism of real capital formation. Imported capital goods and the modern
technology they embody constitute a crucial input into the development
process.

More generally, problems of industrialization have almost always
been linked to problems of trade. The instruments of trade policy have
been used not only for purely trade-related goals, but also as tools of
overall development policy. Trade policy variables such as exchange
rates, tariffs, and quotas are relatively easily manipulated by govern-
ments and have the political advantage, for example, compared to tax
rates, of generating real and obvious benefits for some groups, while
imposing costs that are not as easily identifiable and the burdens of
which are spread more thinly across society. A good deal of development
policy is therefore trade policy. Any planning exercise that does not
incorporate foreign trade and trade policy in the model-building effort
in a way reflecting the instruments and trade-offs facing the policy
maker is bound to be seriously deficient. It is also clear that trade mech-
anisms should be modeled in such a way that they do clearly interact
with policy instruments that are in fact at the disposal of the policy
maker.

The aim of this and the next chapter is to introduce foreign trade into
the computable general equilibrium framework. We discuss how a gen-
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eral equilibrium model can be opened to trade and build up, step by
step, a specification that allows a realistic and flexible representation of
foreign trade and trade policy. A substantial part of the discussion is
devoted to a brief survey of the relevant knowledge and insights avail-
able from the theoretical literature. This review is important if one is
to relate numerical results obtained from empirical models to the qual-
itative results of theoretical reasoning. Computable general equilibrium
models extend our capacity to understand and analyze reality by allow-
ing us to escape from the restrictiveness of simple two-by-two or three-
by-two general equilibrium models or from the limitations of partial
equilibrium analysis. Unless we keep a firm grip on the causal mech-
anisms that determine particular numerical results, these models can
easily degenerate into magic black boxes that yield a mass of quantita-
tive results but do not really add to our understanding of the economic
mechanism or to our capacity to improve its performance.

With this requirement in mind, we survey relevant parts of the "trade
and welfare" literature and indicate in what sense alternative specifi-
cations in a planning model can be expected to lead to different results
and policy conclusions. The next two sections are devoted to a discussion
of exchange rate determination and trade policy instruments that con-
stitute the new elements brought into the model presented in Chapter
5 as a result of the introduction of foreign trade. Section 6.4 reviews the
role of trade policy and planning in the dynamic context of a growing
economy. Finally, Section 6.5 summarizes and concludes the chapter.

6.2 The exchange rate, balance of trade, and
normalization

The exchange rate with only traded commodities

When a general equilibrium model is opened to trade, the chain of caus-
ality it embodies usually changes dramatically. Whereas in a closed
economy the basic technological and demand variables determine the
price system, the situation is quite different in standard models of inter-
national trade. Whenever the domestic market is "small" in relation to
the world market, prices are determined in the international market and
the chain of causality runs from these world prices to domestic factor
prices and production patterns. When the home country is a "large"
country in the world market, domestic technological and taste parame-
ters will influence world market prices, and one can no longer talk of
a simple causal chain.

Many planning models that focus on foreign trade consider any one
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country taken on its own to be too small to affect the terms at which it
trades. When the "small-country assumption" is made, any individual
country becomes a price taker facing fixed exogenous world prices. The
general equilibrium model is then essentially turned on its head:
Whereas the relative price system was the final solution determined by
the equations of the closed-economy model, it becomes exogenous in
simple "small" open-economy models. The domestic economy must now
adjust to the given prices, producing only those commodities that can
earn a normal profit and exporting a fraction of them to pay for imports.
It is substantially correct to say that whereas supply and demand deter-
mine relative prices in a closed economy, they adjust to world prices in
a small open economy where transport costs and product differentiation
are assumed to be negligible. The small-country assumption is impor-
tant, and we shall return to a critical appraisal of it later. For the
moment we turn to an analysis of its implications for the structure of a
simple general equilibrium model.

Assume that there are n commodities, each associated with one sector
of the economy and each at least potentially tradable in the international
market. Any particular commodity has identical characteristics, whether
it is produced at home or abroad. There are no transport costs or trade
restrictions. Of course, not all commodities need to be produced at home,
but we shall assume that at all relevant price configurations, all com-
modities are demanded at home. Under these circumstances, we may
write

Pi = PW,ER (6.2.1)

where P, are domestic prices, PW, are world prices denoted in foreign
currency, and ER is the exchange rate.'

The first thing to note about this specification is that all domestic
prices are fixed in relative terms. We shall always have

P' = PW' for all i andj (6.2.2)

Note that by exchange rate we mean the price of a "dollar" in terms of the
local currency. This is standard in the trade-theory literature. It is not stan-
dard International Monetary Fund (IMF) practice, however: There the
exchange rate is defined as the dollar price of local currency.
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Consider the normalization rule adopted in Chapter 4, namely,

E t = P (6.2.3)

Clearly this implies that

E PWQiER = P (6.2.4)

and

p

ER = WQ (6.2.5)

The exchange rate in such a model is nothing but the domestic price
level divided by the value, in world prices, of a fixed bundle of com-
modities. Setting the exchange rate or setting the price level is equiva-
lent. In that sense the exchange rate is a purely macroeconomic phe-
nomenon and has no significance in terms of relative domestic prices or
structure of production.

At first glance one might worry that arbitrarily fixing the exchange
rate (or price level) could lead to disequilibrium in the balance of trade.
A moment's thought, however, will show that there cannot be an effec-
tive balance-of-trade disequilibrium in this model. To see this, consider
a very simple economy, with no investment and no intermediate goods,
in which all income is spent on consumer goods. We have

T = Xi - Ci (6.2.6)

where X, denotes domestic production, C, denotes domestic consump-
tion, and Ti denotes quantity traded.

If Xi > C,, T, > 0 and the good in question is exported. On the
contrary, if Xi < C,, Ti < 0 and some of the good in question is
imported. A balance-of-trade deficit would imply that

PWT, < o (6.2.7)

and therefore, multiplying both sides by ER,

E PIfl < 0 (6.2.8)
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But this could occur only if

E Pj(X, - C,) < 0 (6.2.9)

or

E P,X, < E PiC, (6.2.10)

violating the community's effective budget constraint. People would be
spending Ei PjC,, more than they earn, E, P,X,. Similarly, a balance-
of-trade surplus would imply that E, P,X, > E, PQC, and the commu-
nity would therefore be hoarding. In a monetary model E, P,C, could
temporarily be greater than E, P,X, if people were running down their
money balances and somebody (the central bank or the rest of the world)
was willing to accumulate them. But, as emphasized in Chapter 5, the
CGE models discussed here do not include the specification of money-
holding behavior, and although the price-normalization equation can be
viewed as a stable demand function for a monetary asset, we implicitly
assume full adjustment of the price level to any discrepancies between
desired and actual money balances, and the equality between income
and expenditure is therefore always preserved. In this framework,
hoarding is impossible and Walras's law implies balance-of-trade equi-
librium quite independently of the particular set of relative prices that
happens to rule in the world market.

What does all this imply for the domestic labor market? Assuming
sectoral capital stocks to be fixed and labor to be the only mobile factor
of production within the economy, sectoral demand functions for labor
under perfect competition are of the form

L = , (T, ,) (6.2.11)

where W is the nominal wage and hence W/P, is the real wage in terms
of sectoral output that the producer equates to the marginal physical
product of labor. Because all prices are constant and proportional to the
exchange rate, this function can be written as

L, = L,(W, ER, K,) (6.2.12)

with aL,/a W < 0 and dL,IaER > 0 for all i.
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Equilibrium in the labor market requires that the excess demand for
labor equal zero:

EL = ,Li(W, ER, K)-L = 0 (6.2.13)

With ER fixed, this equation can be solved for W. Fixing the exchange
rate or the general price level thus determines the nominal wage. Alter-
natively, we could fix the nominal wage (i.e., normalize around the
wage), which would determine the exchange rate and the general price
level. In either case, we would simply be solving for the equilibrium
real wage.

The exchange rate with nontraded commodities

The preceding discussion suggests that this model is really much too
simple and fails to capture important aspects of reality in which over-
valued exchange rates and distorted relative prices play an important
role. Observation of the real world suggests that relative prices are far
from equal across countries, and that domestic price systems have a
great deal of independence from world prices even when there is sub-
stantial trade.

A first step toward more realism has traditionally been taken by
introducing a class of "nontradable" commodities into open-economy
models. Nontradable commodities, also called "home goods," are com-
modities that are not subject to international trade, usually because
transportation costs would be prohibitive. Most services as well as hous-
ing and construction fit this category. Assume for the moment that all
such nontradables have been aggregated into one sector, and let this sec-
tor be denoted by subscript H. For simplicity, assume that the home-
goods sector is the last of our ;n sectors. The effective budget constraint
now becomes

PiXi + PHXH = E P +C + PHCH (6.2.14)

Therefore, from the budget constraint,
,n-1

Pi(Xi - Cj) < O PH(XH - Cll) > 0 (6.2.15)
i=1
,,-1

Z Ps(X, CJ) > 0O= PH(XFI - C11) <0O (6.2.16)
,=1
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Remembering that X, - C, = T and P, = PWJER for all i #A H,
it is clear that Walras's law no longer rules out balance-of-trade dise-
quilibria. Equations (6.2.15) and (6.2.16) may be rewritten, assuming
strictly positive prices, as

n-1

E PW T, < o XH > CH (6.2.17)
.=1

n,-1

EPW,T; > O XH < CH (6.2.18)
,=1

Given an arbitrary price system, an excess demand or supply of trad-
able commodities is offset by an excess supply or demand for home
goods. Thus, we can no longer expect the balance of trade to clear for
any relative price system. The relative price of nontradables in terms of
tradables now appears as a new significant variable. Note that income
continues to equal expenditure, and balance-of-payments disequilib-
rium manifests itself not as an overall (macroeconomic) excess demand
phenomenon but as an excess demand for tradables compensated by an
excess supply of nontradables. These real or microeconomic imbalances
may have been caused by macroeconomic imbalances such as an excess
of domestic inflation over world inflation leading to a relative price of
home goods that is too high, but the macroeconomic processes remain
exogenous to the model.

To gain a better understanding of the structure of models that include
nontradables, consider a simple economy with n - 1 tradable com-
modities, one nontradable, and labor as the only variable factor of pro-
duction. Sectoral output depends on the quantity of labor employed, and
labor is employed up to the point where its marginal value product
equals the wage. There is a fixed supply of labor. The domestic con-
sumption demand for each sector's output depends on total income and
commodity prices. As previously, sectoral capital stocks are fixed, and
W is the nominal wage.

The domestic output supply functions may therefore be written as

X! = X,(ER, W, K,) i = 1, ... , n- 1 (6.2.19)

ax, > ° ax, < °
aER aw

x,= X,,(P,. w, K,,) a >,, axH (6.2.20)
- __ >0 -w<C
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The effective demand functions are of the form

C, = Cj(ER, PH, W) i= 1, . . ., n- I
acj <0 a c, >0 ac, 0

aER ap ° w
(6.2.21)

and

CH = CH(ER, PH,W) dER dPH < ° dW < °

(6.2.22)

An increase in W will lead to a rise in the real wage, a fall in employ-
ment, a fall in output, and therefore a fall in effective income and effec-
tive demand. We also assume all goods to be gross substitutes in
demand. Note that the supply and demand functions are similar to those
described in Chapter 5. In particular, they are homogenous of degree
zero in ER, P 1,, and W. If (ER', Pe , We) is an equilibrium configu-
ration, any multiple will also constitute an equilibrium.

Let us for the moment normalize around the wage and thus measure
everything in wage units. This will ease the following discussion of the
relation between the exchange rate and the price of home goods. Equi-
librium in the market for foreign exchange requires that

n-I
EF - -E PW,(X - Ci) = 0 (6.2.23)

or

EF = E PWJC(ER, P) -Xi (ER)] = 0 (6.2.24)

where EF represents the value of excess demand for tradables, that is,
the trade deficit in world prices.

Equilibrium in the market for nontradables requires that

EH = (CH - X,) = 0 (6.2.25)

or

EH = [CH(ER, P,) - X1 (P,)] = 0 (6.2.26)

where EH is the excess demand for home goods.
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Finally, equilibrium in the labor market requires that the value of
excess demand for labor, EL, be zero; that is,

n-1

EL = L,(ER) + LH(PH)- L = 0 (6.2.27)

Consider the configuration of ER and PH that would yield equilib-
rium in the market for home goods. Totally differentiating (6.2.26), we
get

dEH = C dER + aC" - ax, dPH (6.2.28)
aER (3pH ap) 1

and therefore

dPH l (aCH/IER) > 0 (6.2.29)

dER dEH=O (OCHW/PH) - (aXH/aPH)

Expression (6.2.29) is positive, because the numerator and the denom-
inator are negative.

Note that the effective budget constraint implies that

E P,C- + PHCH = E P,X, + PHXH (6.2.30)

and therefore if EH = 0, we shall also have Zn=i I P(C - X) = 0
and therefore EF = 0.

Let us, however, consider the labor market. Totally differentiating
(6.2.27), we get

dEL = [ ]) dER+ (a) dPH (6.2.31)

and therefore

_ E (aL,IaER)
dPH = _' _ _ < 0 (6.2.32)
dER aL,IaPH

dEL=O

where OL,19ER > 0 and aLJI/aPH > 0. Because the numerator is
negative and the denominator is positive, the expression is negative.
Overall equilibrium can thus be depicted as the intersection of two
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pH, EH =EF= O

___________________________I ___________________________________

; ~~~~~EL =0

ER, ER

Figure 6.1. General equilibrium in a simple model with tradables, one home
good, and labor.

curves in (PH, ER) space as illustrated (with arbitrarily straight lines)
in Figure 6.1.

The simple story behind Figure 6.1 can be told as follows. Given that
W is our numeraire, there exist many combinations of ER and PH that
generate equilibrium in the markets for home goods and foreign
exchange. What really matters is the ratio of ER to PH, where ER
determines the level of tradable goods prices and PI, the level of home
goods prices. Balance-of-trade equilibrium is achieved when the value
of tradables stands in the right ratio to the value of nontradables. But
it is also clear that too high a combination of PH and ER along the
curve EH = EF = 0 wvill imply a very loW real wage and therefore
excess demand for labor. Similarly, too low a combination of PH and
ER implies too high a real wage and will lead to unemployment. There
will normally exist only one combination of PH and ER on EH = EF
= 0 consistent with the real wage necessary for labor market clearing.
This combination (P 1,, ER') constitutes the general equilibrium solu-
tion of the system.

An exogenous net foreign capital inflow can easily be introduced into
the model. Equation (6.2.24), giving the excess demand for foreign
exchange, would then become

E -F
ES X PW,[C,(ER, PH)- Xj(ER:)3 =O (6.2.24a)
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where F denotes the net flow of foreign resources in "dollars." Changes
in F would shift the EH = EF = 0 curve in Figure 6.1 with
ERe/Pi,, falling with increases in F.2

Normalization and definitions of the exchange rate

As already noted in Chapter 5, whereas normalizing around the wage
rate is often convenient for theoretical discussion, in actual model build-
ing and planning exercises it is much more convenient to normalize
around a price index. As long as no real relative price in the model is
fixed, the precise normalization is of little consequence and one could
conduct any experiment in terms of price ratios only. But as soon as one
wants to fix any relative price in the system, the normalization rule
takes on much greater significance. Thus one may want to fix the real
wage and give up labor market clearing. If the wage was at the same
time our num6raire, the fixing of the real wage would require the fixing
of some additional variable or sets of variables such as an aggregate
price index. Similarly, if one wanted to fix the exchange rate, it is not
clear that fixing the exchange rate in terms of the wage would be a very
meaningful way of modeling fixed exchange rates. If, on the other hand,
it had been the exchange rate itself that we had normalized around,
modeling fixed exchange rates would again require the fixing of some
additional variable or price index.

Because, as discussed in Chapter 5, it is convenient to use a no-infla-
tion benchmark, we normalize around an aggregate price index instead
of setting a variable such as a wage rate, the exchange rate, or the price
of any particular commodity equal to one. Returning to the normali-
zation equation used in Chapter 5,

Z P,Q, = P (6.2.33)

The choice of an overall price index instead of the wage as numeraire
does not at all affect the nature of the model discussed above and illus-
trated in Figure 6.1. Substituting PW,ER for P, in (6.2.33) yields

P Z Wi ER Q, + PIAIH=P (6.2.34)

2 Chapters 10, 1 1, and 13 explore the adjustment problems induced by exog-
enous changes in F in the framework of a more elaborate model.
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Now suppose that the equilibrium configuration PI, = Pi., ER
ER', and We = I (numeraire) depicted in Figure 6.1 violated the price
normalization (6.2.34). Suppose, for instance, that it yielded a price
level twice as high as P. We can divide PeH, ER', and We by 2 without
affecting equilibrium in the product and labor markets and thus easily
obtain a new equilibrium vector of product and factor prices that sat-
isfies the price-level normalization. Given such a normalization, if we
now set W', we are fixing the real wage rate and must expect disequi-
librium, notably in the labor market. If we set ER, we are fixing the
exchange rate and must expect disequilibrium, notably in the foreign
exchange market. We shall usually prefer (6.2.33) as the normalization
rule. The explicit introduction of money could also follow more natu-
rally from this kind of price-level normalization because it can be inter-
preted as an appropriate argument in a demand function for money.

It is worth noting once more that the normalization equation is noth-
ing more than a choice of numeraire. It does not affect the relative price
system or real quantity variables. It must be stressed, however, that any
particular applied model must be interpreted in light of the normali-
zation chosen. We shall illustrate this necessity by discussing at some
length the meaning of a change in the exchange rate.

From (6.2.34) we have

ER = P H, (6.2.35)

EPWzQi
,=1

It follows that the price of the home good is given by

.- l

p Z PWZQ
PH = - - ER (6.2.36)

so that

dER E < 0 (6.2.37)

Given our normalization rule, an increase in ER (i.e., a devaluation)
will lead to a fall in the absolute price of home goods. The relationship
between PH and ER is linear, with a slope equal to (E- 1' PW,jQj/
QH). Because the devaluation increases the price of all tradable com-
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modities, the price of nontradables must fall if the overall price index
is to remain at its predetermined value. The smaller the weight of home
goods in the commodity basket defining the price level, the larger must
be the decline in PH. It is also clear that, given our normalization rule,
an x percent devaluation will lead to a greater than x percent change
in the price of tradables relative to that of nontradables. This should be
noted because often in the literature on devaluation, the exchange rate
is defined to be the ratio of the value of a basket of tradables to the value
of a basket of home goods. In our notation, this would imply that

7 PQ, PWQ,ER

ER' : PHQH (6.2.38)

where ER' stands for what we call the "real" exchange rate. Setting
ER = ER' would itself be a normalization! Whatever the particular
value of ER' may be, for (6.2.38) to hold we must have

E PW,Q,
' = 1 (6.2.39)

PH H

which determines PH,

n-l PWZQ,
PH (6.2.40)

Therefore, defining the exchange rate as the ratio of the value of trad-
ables to the value of nontradables fixes the price of home goods. Alter-
natively, the exchange rate is often required only to be proportional to
the ratio of the value of tradables to the value of nontradables so that a
given percentage change in the exchange rate always reflects the same
percentage change in this ratio. Under those circumstances we would
have

E PW!Q
PH =X (6.2.41)

where X is an arbitrary but constant factor of proportionality. The par-
ticular value chosen for A determines PH, and, provided that it remained
constant, the exchange rate would always be proportional to the ratio
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of the value of tradables to the value of nontradables. It is therefore clear
that a given percentage change in the exchange rate, say, a 20 percent
devaluation, will represent a different degree of relative price adjust-
ment depending on whether we normalize by requiring the overall price
level to remain constant (in which case the price of home goods must
fall absolutely) or we normalize by fixing the price level of home goods
only. In order to interpret the results of a model correctly, it is important
to keep these distinctions in mind.

In applied models it is convenient to normalize around the overall
price level and project it exogenously. Changes in the overall price level
can be observed empirically, whereas changes in a home-goods price
index are much more difficult to quantify. Thus, if an inflation rate is
to be exogenously projected for a dynamic applied model, it is natural
to project an overall inflation rather than home-goods inflation only. It
is true that the exchange rate cannot in this case be defined both as the
conversion factor that translates "dollars" into domestic currency and
as the ratio of the value of a basket of tradables to the value of a basket
of home goods. But it is easy to check from (6.2.35) that the exchange
rate remains a linear monotonic function of the relative price of trada-
bles to nontradables when we chose the overall price level as numeraire.

To summarize and facilitate further discussion, let us introduce some
terminology. When we refer to the nominal exchange rate or simply the
exchange rate, we shall always mean the number by which world prices
(say, dollar prices) must be multiplied to obtain local prices net of all
taxes. The exchange rate is simply the actual parity that translates "dol-
lars" into local currency. The concept of the effective exchange rate,
often used in the literature (see Bhagwati, 1978; Krueger, 1978), refers
to the price of foreign currency inclusive of all taxes imposed on its pur-
chase. Thus, in the case of imports, the effective exchange rate equals
the exchange rate multiplied by one plus the rate of import duties.

The real exchange rate will be used to mean the relative price of a
basket of tradables with respect to a basket of nontradables. A real
devaluation will mean that tradables have become relatively more
expensive, whereas a nominal devaluation simply means that the
exchange rate has changed. A nominal devaluation will imply a greater,
equivalent, or smaller real devaluation, depending on whether the price
of home goods falls, remains constant, or increases.

A price-level-deflated exchange rate, also used in the literature, refers
to the exchange rate deflated by a price index with some arbitrary base
measuring domestic inflation. The purchasing-power parity or PPP
price-level-deflated exchange rate is the exchange rate deflated not by
a domestic price deflator, but by a deflator measuring the excess of
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domestic inflation over world inflation. Thus, if a country's exchange
rate is 20 units of local currency to the dollar and if, in the reference
period, the local price index has doubled with respect to the world price
index, the PPP price-level-deflated exchange rate would be 10. For an
identical choice of weights, changes in the real exchange rate are equiv-
alent to changes in the PPP-PLD (price-level-deflated) exchange rate.

Finally, there is the concept of the equilibrium exchange rate. This
is the exchange rate that equates the demand and supply of foreign
exchange in a given period and for a given set of trade taxes and sub-
sidies. The equilibrium exchange rate is not necessarily an optimal
exchange rate or the appropriate shadow price of foreign exchange
because there may be trade taxes and distortions and, even in their
absence, free trade may not be an intertemporally optimal policy. Fur-
thermore, it must be stressed that we implicitly assume equilibrium in
money markets, so that the equilibrium exchange rate always fully
adjusts to differential inflation rates as well as to changes in the real
sphere, such as differential rates of technical progress, changes in tastes,
and changes in real resource flows.

A good summary of some of the issues in exchange-rate analysis can
be provided by discussing what causes the equilibrium exchange rate to
change over time.3 For simplicity, assume that all tradables have been
aggregated both in the domestic country and in the rest of the world and
denote ER' simply by r. Let P, and PW, denote the domestic and
world price of tradables, respectively, and let P,, and PWH be the prices
of nontradables at home and in the rest of the world. General equilib-
rium in the domestic economy at any particular moment implies an
equilibrium price system and therefore an equilibrium real exchange
rate:

? ~72T (6.2.42)
PHQH

or

PrTT
pH = (6.2.43)

rQH

Substituting (6.2.43) into the price-level equation yields

P,QT + Pr = P (6.2.44)
r

3 The exposition in this section is based on and similar to that of Dornbusch
(1978).
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or

PT= k -P (6.2.45)

where k = 1/Q2T (1 + 1/r).
Similarly, in the rest of the world,

PWT = 1 . PW (6.2.46)

where PW is the rest-of-the-world price level and I is a parameter anal-
ogous to k for the rest of the world.

Therefore, letting e denote ER', the equilibrium exchange rate is

PT k p
e = P =kP (6.2.47)

PWT 1 IPW

and

e = (k-I) + (e-P1) (6.2.48)

where ( ) denotes percentage changes over time.
Changes in the equilibrium exchange rate can be decomposed into

changes due purely to real forces (k - 1), such as differential rates of
technical progress between tradables and nontradables, changes in
tastes, differential rates of factor accumulation, and so on, and changes
due to differential inflation (P - PM), caused by differences in domes-
tic and foreign supplies and demands for money.4 Changes in the
exchange rate reflect both real and monetary phenomena. The general
equilibrium models discussed in this book determine k endogenously.
Events in the rest of the world that determine I and PW and domestic
inflation P are treated as exogenous. The effects of changes in I (e.g.,
an OPEC oil price increase) and/or P and PW can and will be ana-
lyzed in the model framework.

6.3 Introducing trade policy

In the previous section we have seen how the introduction of the
exchange rate and of exogenous world prices affects the structure of a
general equilibrium model. The chain of causality is at least partly
reversed, with world prices having a determining influence on domestic
prices. Trade policy affects the domestic economy by entering this chain
at its very beginning. The imposition of a tariff on a category of imports
will raise not only the domestic price of the imports in question, but also

4 For an application of this decomposition formula, see Chapter 10.
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the price of the domestically produced import-competing commodities.
Thus, under the small-country assumption, the government is seen as
having direct control over the relative domestic prices of tradable com-
modities. This makes trade policy into a very powerful instrument
affecting economic structure, growth, and income distribution.

The purpose of this section is to examine briefly how the main prop-
ositions of the theory of international trade and commercial policy can
be carried over in the formulation of a CGE model. Particular emphasis
will be put on those effects of trade policy that can be usefully captured
in a CGE model and those that cannot. This will lead us to consider the
effects of trade policy on resource allocation with a comparison of the
results one would obtain with a partial equilibrium and with a general
equilibrium model. Finally, the effects of trade policy on potential wel-
fare are examined.

Tariffs, subsidies, and quantitati've restrictions

Denote the ad valorem tariff, subsidy, or export tax for sector i by tm,.
Then domestic prices in a tariff-ridden economy are linked to world
prices by

P, = PW,(l + tm,)ER i X T (6.3.1)

where T denotes the set of tradable sectors. For a small open economy,
world prices PWi are exogenously fixed, so that trade policy fully deter-
mines the relative domestic price of tradables. For any pair of sectors,

P, P>Vj(l + tm,)
P3 PWi(l + tm,) (6.3.2)

because the exchange rate cancels out. Trade taxes are therefore crucial
in a small, open-economy model. When sector i is an export sector, tm,
is an export subsidy (to be denoted as te,) if it is positive or a tax if it
is negative.

The effects of a tariff can be illustrated with Figure 6.2 for the case
of two traded sectors and a standard model with no distortions in factor
or commodity markets. Free-trade production takes place at A and con-
sumption takes place at C,. In free trade the world price ratio H =
PWI/PW, is equal to the domestic price ratio. A tariff on importables
(sector 2) lowers the relative domestic price below the world price, as
indicated by the lines labeled P. This tariff results in the following well-
known effects: (1) a production effect whereby producers shift toward
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H

[cc

H C,

x,

Figure 6.2. The effects of a tariff on production, consumption, and trade.

the production of importables (A - B); (2) a government revenue effect
GH, as the government now collects tariff revenue; (3) a reduction in
the volume of trade, indicated by the relative size of the two trade tri-
angles; (4) a welfare effect as the community moves onto a lower indif-
ference curve and ends up consuming at C3 . The movement from C, to
C3 can be determined with the help of the income consumption line
denoted by ICC; it is due to a substitution effect (Cl - C2) and an
income effect (C2 - C3 ).5 Similar effects would result from the protec-
tion of exportables.

Note that the loss in welfare can be decomposed into two effects: a
production effect indicating the costs to the community of producing
inefficiently and a consumption effect resulting from consumption at

It is assumed that the government has identical preferences with the private
sector or that it redistributes its revenues to the private sector.
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distorted prices. The production effect is indicated by the movement
from C, to C4, which is where the community would end up if a subsidy
were granted directly to producers, leaving consumer choice undistorted.
The consumption effect is indicated by the movement from C4 to C3 .

Trade policy, however, is not restricted entirely to the application of
tariffs, subsidies, and export taxes. There are many other instruments
used by governments to control the volume of trade.6 One of them is
import rationing, which is often used when a country faces an acute
foreign exchange shortage and when foreign exchange revenues are
allocated to importers according to some rule. We shall consider in
Chapter 9 how an economy is likely to adjust under such circumstances.

Quantity restrictions (QRs) or quotas are another instrument that
governments use to affect the allocation of resources. It is often noted in
the literature that there are conditions under which quantitative restric-
tions can be related to price-mechanism devices by defining "equiva-
lent" price devices that would result in the same effect on production.
Although this is strictly true for the CGE models in this book, in prac-
tice it will turn out that such equivalences cannot be easily established
either analytically or computationally because there are too many other
effects, particularly distributional ones, which result in various instru-
ments having a different impact on the economy.

Moreover, the analogy between different instruments is valid only
provided that competition prevails before and after the imposition of the
quota. In fact it assumes that import licenses are transferable between
firms and that there is a market in licenses. In practice it is likely that
the imposition of quotas will lead to the establishment of a monopolistic
market structure, because quotas are often confined to existing firms or
are distributed pro rata, that is, in proportion to existing production
levels, and the market for licenses may be very imperfect. In this case,
if the profit-maximizing level of imports is less than the quota level,
imports will fall below the quota-imposed level, and an indirect effect
of the imposition of the quota will be to raise profits above what they
would have been in the absence of the quota. The point here is that a
nonprohibitive tariff does not have the monopoly-creating effect of a
quota, although it shares with it the import-replacing effect. Thus, a
given reduction in imports when achieved by a tariff may be associated
with a greater rise in domestic output than when achieved by a quota.
It follows that there will be a smaller fall in consumption with a tariff

6 For a description of the variety of direct measures to control the volume and
composition of trade, see Bhagwati (1978, chap. 2). He also discusses the
conditions under which the equivalences mentioned later hold.
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than under a quota, so that the domestic price will rise less with a tariff.
Moreover, even in the simplest possible case, this equivalence will hold
only statically, because in a dynamic model a constant tariff through
time will give rise to an increase in the volume of imports, whereas a
constant quota will lead to higher premia (rents) to holders of licenses.
It is therefore substantially incorrect to argue, even in a fairly simple
multisector model, that the equivalence propositions referred to in the
literature will continue to hold.

As soon as the assumption of perfect competition is dropped, or at
least as soon as one recognizes that trade policy is likely to affect the
degree of competition in the economy, it becomes necessary to consider
the effects of trade policy in the presence of economies of scale, a phe-
nomenon that will be ignored here but that deserves to be investigated.
Changing market structures also give rise to the possibility that firms
become less efficient when trade policy restricts the degree of competi-
tion in the economy. This is often referred to as a decline in X-efficiency
(see Leibenstein, 1978). Finally, it is likely that in an environment
where trade restrictions give rise to large quota profits to the holders of
licenses, real resources will be expended to obtain these licenses. This
will lead to further inefficiencies, because real resources will be diverted
toward nonproductive activities, and the economy will become what
Krueger has called a "rent-seeking society."' We shall consider later on
how rent seeking can be incorporated into a CGE model.

Whether protection is achieved by the price mechanism or by quan-
titative restrictions, there are three areas of concern to the policy maker
for which a CGE model can provide useful insights. First, a CGE model
quantifies the effects of trade policy on resource allocation and economic
structure and provides some information about the sectors in which the
economy is likely to develop a comparative advantage. Second, it pro-
vides an estimate of the efficiency effects of alternative trade policy
regimes, thereby giving an estimate of the effects of trade policy on wel-
fare. Third, the choice of trade strategy is likely to affect the distribution
of income among socioeconomic groups as well as between the public
and the private sector.

At this point it is useful to discuss trade policy and resource allocation
and illustrate some of the crucial ways in which results generated by a
CGE model differ from those that one would obtain in a partial equi-
librium setting. This discussion will indicate both where the two
approaches differ and what are their data requirements.

7 See Krueger (1974b). A detailed discussion of the effects of trade policy on
market structure is provided by Corden (1974, chap. 8).
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Partial and general equilifbrium analysis

How, then, would one estimate the change in production pattern as the
economy moves from A to B in Figure 6.2? In partial equilibrium anal-
ysis, one would use information on the elasticity of supply e' for each
sector together with the rate of protection, which is measured by the
nominal rate of protection (NRP = tm). Letting ^ denote a percentage
change (e.g., X- dX/X), an expression for each sector's percentage
change in output is given by

X = E'NRP (6.3.3)

Resource pulls in any sector would therefore depend on its own supply
elasticity and on the nominal rate of protection. This way of reasoning
assumes that all trade takes place in final commodities or that only the
tariff changes. However, there are important interindustry linkages
embodied in a multisector model given the fact that commodities enter
into the production of other commodities. It is thus necessary to estimate
the protection accorded to a commodity at a given stage of production
because one can no longer simply use the nominal rate of protection
(NRP), which is the difference between a sector's domestic price and
the world market price. Taking Ricardo's famous example of trade in
cloth and wine between England and Portugal, one should not refer to
a country's comparative advantage in clothing, but indicate separately
its advantages and disadvantages in cotton growing, spinning, weaving,
and clothing manufacturing.

Accordingly, one needs to distinguish between nominal protection
and effective protection (protection to value added). The effective rate
of protection (ERP), which expresses the margin of protection on value
added (or net price) in the production process, recognizes the fact that
a tariff provides a subsidy to the activity producing the product to which
it applies, and imposes a tax on the product of other activities using that
product as an input. Denoting by superscripts zero and one the situa-
tions before and after the change in tariffs, the general equilibrium ERP
for sector j is defined as

EtRP, PN_ ' _. (6.3.4)
P-vo

where

PNj = [PWI (I + tm') - a,PW, (1 + tm,)]ERk
(6.3.5)

k 0, I



6.3 Introducing trade policy 203

under the assumption that intermediate inputs are purchased in fixed
proportions.

It should be clear that a CGE model provides full ERP estimates
together with the resulting reallocation of resources. However, the pop-
ularity of ERPs as indicators of resource pulls is based on the premise
that they can be calculated in a partial equilibrium framework by mak-
ing three important simplifying assumptions about (1) the treatment of
the exchange-rate adjustment following a change in trade taxes; (2) the
treatment of nontraded goods; and (3) factor price effects. We examine
in turn the implications of these assumptions for the calculation of
ERPs.

First, unless one has a general equilibrium model, it is difficult to
estimate by how much a change in protective structure affects the
exchange rate. Take the case of raising a tariff uniformly on all
imported goods. For simplicity, assume that the tariff proceeds are
redistributed to consumers via lump-sum subsidies and that the econ-
omy operates on its budget constraint. Then the tariff raises the domes-
tic relative price of importables in terms of exportables by the amount
of the tariff. At this point, if one can make the reasonable assumption
that home goods are substitutes for both exportables and importables,
there will be an excess demand for nontraded goods. As already shown
in Section 6.2, the budget constraint and Walras's law ensure that this
excess demand for home goods is exactly equal to the balance-of-trade
surplus valued at domestic, undistorted prices. For the moment, let sub-
scripts h, m, e denote the home goods, and import and export competing
sectors. The income and expenditure identities are

I XhP/ + PmXm + PeX, + tm PWER (6.3.6)
E 5 ChPh+ P± Cm + PeC, (6.3.7)

Equating income and expenditure and defining M _ Cm - Xm
(imports) and E - X - C, (exports), it follows that

ER(PWE . E - PW M) = PA(Ch - Xh) (6.3.8)

which equates the excess demand for home goods with the balance-of-
trade surplus valued at domestic prices. To attain equilibrium, home
goods have to appreciate in terms of both importables and exportables
or, equivalently - as was demonstrated in the discussion on normali-
zation - the price of both importables and exportables would have to
fall equiproportionately in terms of home goods. Because we shall
always use a normalization rule that maintains the aggregate price level
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constant [e.g., Eq. (6.2.3)], a tariff will appreciate (lower) the exchange
rate so as to satisfy the normalization rule.

Because appreciation affects equally the price of both the exportables
and importables, the ERP still correctly measures the protective margin
of the importable relative to the exportable. However, net effective rates
of protection (NERPs) are needed to take into account the appreciation
of tradables relative to nontradables. Therefore, we have the following
expression:

NERPP (I + ERP')ER 1 (6.3.9)
(1 ± ERP])ER 0 639

where the definition of ERP, no longer includes the exchange-rate
change, which has to be estimated independently. Provided that this net
rate is positive, resources will be attracted into the importable sector
from the exportable sector and the home-good sector. If some estimates
of sectoral supply elasticities are available, one can obtain an expression
for the percentage increase in output for sector j in an analogous way
to the simple case without intermediate inputs. The expression is

X,= E,NERP, (6.3.10)

The second simplification underlying the use of effective protection
measures to predict resource shifts is also related to the presence of non-
traded goods. The absence of nontraded goods, coupled with the
assumption that world prices are fixed, eliminates the impact of demand
considerations so that it is easy to measure the production and con-
sumption effects of a tariff separately. The former are given by (6.3.10)
and the latter by the NRP discussed earlier. However, as soon as the
presence of nontraded goods is recognized, this simple separation of pro-
duction and consumption effects breaks down, because the production
and consumption of each nontraded good has to be brought into equi-
librium by a relative price adjustment among these goods. Therefore, in
the presence of links among nontraded goods - through substitution
effects in production and/or consumption - production and consump-
tion effects may no longer be separated for the system as a whole. It
follows that one cannot predict the relative price adjustments among
nontraded goods resulting from a change in trade policy.

Finally, factor prices are assumed to be fixed. This simplification will
also lead to a bias in the estimates based on a partial equilibrium meth-
odology. To examine quantitative differences between the results
obtained in a partial equilibrium analysis and those obtained from the
model, suppose that sectoral technology is described by fixed interme-
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diate input coefficients as assumed in Chapter 5 (and in the ERP meth-
odology) and that output is described by a two-factor CES function of
capital and labor with returns to scale, Xi. A change in tariff structure
will alter relative net prices, which in turn will affect the firm's demand
for factors and hence output supplies. Totally differentiating the factor
demand and production function equations yields, after allowing for fac-
tor substitution,

=(1 - xi)- (PAZ, - ikW - OJ) (6.3.11)

where, as before, carets indicate percentage changes, and 6
ik and OiL are

the shares of total product (adding up to Xi) accruing to each factor.
Expression (6.3.11) provides a measure of comparative advantage in

the long run when capital is mobile across sectors. The short-run impact
effect of a change in trade policy assumes that sectoral capital stocks are
fixed so that they drop out in the process of differentiation. Assume for
simplicity that returns to scale are unity, so that factor payments
exhaust the value of total product (Ok + 0 iL = 1). Then the supply
response will be finite despite constant returns to scale, because in fact
there are decreasing returns to scale to the variable factor of production,
labor, and the expression corresponding to (6.3.11) is

Xi= Cix iL(PN- W) (6.3.12)
I ik

where <x is the elasticity of substitution between capital and labor.
Equation (6.3.12) is the supply response taking into account changes in
the wage rate that are omitted in a partial equilibrium estimation.

Sectoral output changes derived from (6.3.12) can be compared with
an ERP-based prediction as expressed in Eq. (6.3.10). The main dif-
ferences are the neglect of factor price changes in the partial equilibrium
measure and the treatment of nontraded goods. Thus, PN is the per-
centage change in value added, inclusive of changes in relative prices
among nontraded goods, which are not predicted correctly in the expres-
sion yielding NERPi. Moreover, it is unlikely that the estimate of the
exchange-rate adjustment calculated under partial equilibrium assump-
tions will correspond to that emerging from the CGE model. In general,
estimates based on partial equilibrium assumptions are fairly accurate
predictors of resource pulls for small changes in relative prices. As soon
as substantial changes take place, even the refined ERP methodology
(with data requirements close to those of CGE-based estimates) does
not fare well. Given that the data requirements for a sophisticated study
of protection and resource allocation are similar to the data require-
ments for a CGE model, it seems preferable to use the extended CGE
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model. Note also that the assumptions about how markets operate are
also similar.'

The distinction between partial and general equilibrium estimates
could also be highlighted by deriving an expression for consumption
changes similar to (6.3.11). Consumption response to a change in tariff
structure depends upon own-price, cross-price, and income elasticities
of demand. Again, the partial equilibrium expression will not include
the induced changes in relative prices among nontraded goods and
would have to be based on separately provided estimates of income and
exchange-rate changes.

Expressions (6.3.11) and (6.3.12) are also useful to highlight the dif-
ficulty of modeling a small open economy under perfect competition
when the technology exhibits constant returns to scale (CRS) and the
number of traded goods (n) is greater than the number of factors of
production (m).9 As long as the number of traded sectors and the num-
ber of commodities is the same, there is a simple correspondence
between product prices and factor prices. What happens if m < n?
Take as an example the case of three commodities and two factors.
From the first-order conditions for profit maximization, only two com-
modity prices are needed to determine factor prices. Therefore, for each
selected supply of commodity 3, a different supply pattern will result,
each consistent with the given prices and input coefficients. There exists
an infinity of possible supply patterns, all consistent with the same set
of commodity prices. The production possibility set will be convex, but
the surface will contain linear segments.'° The simplest example is pro-
vided by the Ricardian model with two commodities and one input,
labor. In the general case, the supply response to price changes will lead
to specialization, because with exogenously determined product prices,
at most m sectors will be able to cover costs.

In a multisector model, specialization will not occur, at least in the
short run, because each sector has a specific factor of production, capital.
The zero-profit conditions will always hold, because the rents accruing
to capital are determined residually, precisely so as to satisfy Euler's
equation. In the long run, however, the reallocation of capital across
sectors will tend to equalize rental rates, so that only those sectors that
cover costs will continue producing. The specialization problem, already

Comparisons of partial and general equilibrium estimates of resources pulls
are to be found in Taylor and Black (1974) and de Melo (1978a).

9 For a formal discussion, see Samuelson (1948).
10 Melvin (1968) provides a geometric exposition of the two-factor, three-good

case.
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discussed in Chapter 3 in a linear programming framework, remains an
issue as long as we assume constant returns to scale and have the
domestic price of tradables equal to exogenously fixed world prices.

6.4 Trade policy and efficiency

The most basic proposition in international trade is that free trade raises
the level of potential welfare for a country above the level reached in
autarchy. This increase in potential welfare can be further subdivided
into the gains from exchange resulting from obtaining goods at a lower
price from abroad, and the production gains from specialization in the
commodities in which the country has a comparative advantage.
Equally well known is the companion proposition that policy-induced
distortions in the product markets, in the form of tariffs and quotas, and
in the factor markets, in the form of wage distortions and imperfect
mobility, reduce the potential welfare gain from free trade. Because gov-
ernment policy in the foreign trade sector will be typically very active,
it is important to discuss in some detail how government policy affects
welfare.

For a perfectly competitive economy with no monopoly power in
trade and perfect factor mobility, laissez faire is Pareto optimal because
the economy will operate efficiently; that is, the transformation curve
coincides with the production possibilities frontier. Under these condi-
tions, the first-order conditions for an economic maximum will hold for
any pair of commodities: DRT = DRS = FR T (where DR T repre-
sents the marginal rate of transformation in domestic production, DRS
represents the marginal rate of substitution in consumption, and FRT
represents the marginal foreign rate of transformation). Perhaps the
simplest way to illustrate these marginal equivalences is to consider an
economy consisting of two sectors (1 and 2) and two factors, capital and
labor. Then the marginal equivalences can be obtained by totally dif-
ferentiating the production functions, substituting into the resulting
expressions the values for marginal products obtained from the first-
order conditions, and using the factor endowments constraints to obtain

dX7 P1 (r2 dK1 + W2 dL4 PW6
dX, P2,r 1 dK1 + W, dL, -PW 2 (6.4.1)

In the absence of tariffs, monopoly power in trade, and different rates
of return to capital or labor across sectors, the marginal equivalences
will hold because P,I/P2 = PWI/PW 2, and the expression in paren-
theses in (6.4.1) will equal one.
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Expression (6.4.1) can also be related to Figure 6.2. When there are
no distortions in the system (i.e., when the economy is producing at A
and consuming at C]), the marginal rate of transformation indicated by
the slope of the production possibility curve at A is equal to the marginal
rate of substitution in consumption at Cl and to the foreign marginal
rate of transformation given by the 1111 line.

Following are some of the more important cases giving rise to a
departure from the marginal equivalences described by (6.4.1). In
addition to trade taxes mentioned earlier, there are various imperfec-
tions in factor markets and the case of monopoly power in trade.

It is virtually always the case that manufacturing (sector 2) pays a
much higher wage than agriculture (sector 1). Then the term in paren-
theses in (6.4.1) will no longer be equal to unity and the economy will
no longer be operating on its production possibility frontier. It will be
operating on a contracted transformation curve reflecting the fact that
the private marginal cost of production in manufacturing exceeds the
social marginal cost of production.

The contribution of a CGE model with its emphasis on simulation
of market behavior is that it allows an assessment of the effect of these
distortions in a framework that is in close agreement with the theoretical
model. Indeed, all that needs to be done is to extend the basic model in
Chapter 5 and let the wage rates in each sector ( Wj") differ by constants
of proportionality (0j) reflecting the extent of distortion. Each sector
will have its own wage, which will be related to the endogenously deter-
mined economy-wide wage for that category of labor by

Wls = 0': W (6.4.2)

For policy analysis, what is important is the distinction between dif-
ferentials that are a cause of distortion and those that are not. Examples
of nondistortionary differentials include capital specificity and industrial
wages exceeding agricultural wages because of the higher costs of urban
living or costs of migration. Even if the quality of labor is identical,
which rules out higher urban wages as a result of returns on investment
in human capital, money wages may not be a correct indication of true
wages because there are nonmarket food supplies in agriculture. It is
sometimes argued that a rough indicator of the social opportunity cost
of labor in urban areas is the wage rate paid in the urban small-scale
sector, so that the excess of wages over the amount paid in the manu-
facturing sector represents a distortion.

It is generally the case, however, that manufacturing pays a wage in
excess of the opportunity cost of labor, thereby giving rise to a justifi-
cation of protection for the manufacturing sector as a way of offsetting
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the high wage." Similarly, cheaper capital for the modern large-scale
sector than for small-scale industry and agriculture may be due to the
greater risk from lending to small business or small farmers. Yet, on the
whole, capital market imperfections caused by government policies tend
to make credit to large-scale manufacturing unduly cheap. These dis-
tortions in the factor market call for policy intervention. It must never-
theless be stressed that before stating that the constants in Eq. (6.4.2)
can be set to one by policy intervention, one has to be fairly confident
that they do indeed represent removable distortions.2

An important cause of factor market distortions in some developing
countries is the tendency for labor in large-scale manufacturing to
secure a minimum wage well above the full-employment wage. In this
case, too, the market transformation frontier will lie inside the produc-
tion possibility frontier. A model specification with a fixed real wage
was presented in Chapter 5. In such an economy, the level of employ-
ment depends not only on the real wage, but also on relative product
prices. The relationship depends on the relative factor intensity of pro-
duction in the various sectors.'3

Because the total level of employment is variable, the welfare impli-
cations of this model will differ from those in the standard neoclassical
model in the following sense. If trade leads the country to export the
capital-intensive good, employment and welfare will decrease. Hence,
there would be an argument for restricting trade to increase aggregate
employment and output. On the other hand, if exports are labor inten-
sive, as is typically the case in developing countries, a reduction in trade
barriers leading to increased specialization will raise employment and
welfare.

Another important deviation from marginal conditions that is rele-
vant for developing countries occurs when the country has some monop-
oly power in trade, that is, when FRT #A DRT. This is (often) the case
on the export side, either because exports consist of highly differentiated
products for which the elasticity of demand is not infinite or, in the case

See Hagen (1958). Note that the first-best policy would be to subsidize the
use of labor in manufacturing. In the case where unemployment coexists
with a high wage in the manufacturing sector as in the Harris-Todaro
model, the policy prescriptions are reversed. See Bhagwati and Srinivasan
(1974) or Corden (1974, chap. 6).

12 For an example where these differentials are interpreted as distortionary,
see de Melo (1977).

'3 See Brecher (1974), who examines the relationships in a two-factor, two-
commodity model.
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of homogeneous primary products, because the country is a substantial
supplier of a product on world markets. Then, if foreign retaliation can
be ignored, it is optimal to restrict the volume of exports below the level
they would reach under free trade because, with a downward-sloping
demand curve, marginal revenue will fall short of marginal cost in free
trade. Also important to note is that an export subsidy would in this
case lead to a deterioration in the terms of trade and welfare.

The optimal export tax will be the tax rate that results in a volume
of exports such that the marginal revenue from an extra unit of exports
is equal to the marginal cost of supplying it. If the elasticity of demand
for exports is constant, then it can be shown that the optimal export tax
should be set equal to the inverse of that elasticity.' 4

To summarize: The central proposition of the theory of domestic dis-
tortions is that the optimal policy intervention involves making the
appropriate correction at the point of divergence (first-best). If there are
constraints in the choice of policies, one is compelled to move down the
hierarchy, adding at each step an additional distortion as one moves
down the sequence of policies away from first-best. Similarly, when dis-
tortions must be introduced into the economy because the values of cer-
tain variables are constrained, the optimal method of doing so is to
choose that policy intervention which creates the distortion affecting
directly the constrained variable."5

It would, however, be a serious mistake to construe these propositions
to imply that development policy consists solely of trying to attain a
distortion-free economy. On the contrary, the situation facing develop-
ing countries is often one that requires second-, third-, or fourth-best
choices. The functioning of markets is quite imperfect, income distri-
bution is of paramount importance, and government revenue is a bind-
ing constraint that cannot be ignored. Under those circumstances,
designing development policy no longer reduces to the pursuit of a first-
best policy, because there are too many factors that prevent the imple-
mentation of such a policy. Policy design becomes an exploration of

See Corden (1974, chap. 7). It is tempting to use a CGE model to determine
the optimal export tax, but one must keep in mind the possibility of foreign
retaliation, possible lags in the adjustment of foreign demand to changes in
taxes or subsidies, and the need to consider transport and market develop-
ment costs that would result from a drive to expand exports.

1 For a summary of the propositions underlying the theory of domestic dis-
tortions, see Bhagwati (1971). For a perceptive discussion of the assumptions
on which the theory is built, see Corden (1974). Corden uses many examples
relevant for policy making in a developing economy.
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alternatives over time, where the costs and benefits of each alternative
must be carefully weighed.

As a simple example, consider again the case of protection of the
manufacturing sector. According to the theory of domestic distortions,
it would be preferable to use a subsidy to producers rather than a tariff,
because the former avoids the consumption cost caused by distorting
consumer preferences. In terms of Figure 6.2, a subsidy to producers
instead of a tariff would allow the community to reach a higher level of
welfare (C4 instead of C3 ). But policy makers in developing countries
face budgetary constraints in the form of collection and disbursement
costs, which prevent them from having the option of choosing the better
policy. Their situation is a second-best one, and they operate in an
environment characterized by other distortions.

With limited options and many distortions there are no obvious policy
recommendations. Indeed, it is well known that reducing the degree of
one distortion in the presence of another may not be welfare increasing.
The point here is not to note that anything can happen; rather it is to
recognize the complexity of the policy environment and the need for
careful analysis. A CGE model allows comparison among various alter-
natives that may all reflect second- or third-best situations. Its strength
lies in the fact that the comparisons are not restricted to "small" policy
changes, and that a great deal of general equilibrium interaction can be
taken into account. Although precise quantification may be impossible,
the CGE framework can help in formulating the right questions and
can stimulate empirical work designed to increase our knowledge of the
relevant trade-offs.

6.5 Trade policy and planning in a dynamic
context

So far we have discussed the specification of trade and trade policy in
a static framework without introducing time. But some of the most
interesting aspects of the debate over the appropriate trade strategy for
developing countries are related to dynamic problems. For example, the
argument for protection in developing countries has relied primarily on
dynamic considerations based mostly on some variant of the "infant
industry" argument.

In Chapter 5 we discussed some of the difficulties of building truly
dynamic models. The essence of the problem relates to differential
speeds of adjustment of quantity and price variables, and the problem
only gets more difficult when we include foreign trade in the analysis.
It should be quite clear that the various trade-substitution and export-
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demand elasticities we have discussed are not "timeless" concepts. The
values they take should depend on whether one is engaged, say, in a
five-year planning exercise and constructs a model that attempts to trace
the behavior of the economy in each year of a five-year period, or
whether one is doing a comparative statics exercise for some target year
that may be five or ten years into the future. Quite apart from these
empirical issues relating to speeds of adjustment, the building of a
dynamic general equilibrium model including foreign trade raises some
issues that do not arise in a purely static context. The most important
of these relates to the determination of aggregate investment and the
extent to which trade policy can affect the pace of capital accumulation.

Recall the discussion of the alternative stylized versions of the deter-
minants of aggregate investment presented in Chapter 5. Let us now see
how trade policy can affect the rate of growth by considering each one
of these versions in turn. Suppose first that the rate of growth of capital
stock is somehow determined exogenously, perhaps by the government
always being ready to save just enough for a real-capital-accumulation
target to be fulfilled. In this case, there is interaction among trade policy,
aggregate investment, and growth, because the growth rate of the capital
stock is not affected by either the aggregate level of real income or by
the different saving propensities of the factors of production. The rate
of growth of the economy is independent of trade policy.

Alternatively, assume that a constant fraction of national income is
saved. Then real investment will rise and fall with real income, and any
change in trade policy that affects real income will affect the pace of
capital accumulation. Thus an increase in trade distortions lowers real
investment by lowering real income.

Moreover, trade policy can lead to a change in real investment not
only through this income effect but also through a relative price or sub-
stitution effect. When the proportion of expenditure on investment is
constant, a policy that leads to a change in the relative price of invest-
ment goods in terms of consumption goods will alter the real amount of
investment obtained from a given nominal amount of savings. A trade
policy that, for example, succeeds in cheapening imports of capital goods
will increase the real amount of investment and hence raise the rate of
capital formation. This cheapening is often one of the aims of trying to
keep an overvalued exchange rate. In this case a restrictive trade policy
would increase the rate of capital accumulation if the substitution effect
more than outweighed the loss in real income resulting from a restrictive
trade policy. Such a policy may be justified if the socially desired savings
propensity is higher than the private one and if, furthermore, first-best
policies for raising investment are not feasible. The opposite is of course
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true for a policy that tries to protect the domestic capital goods indus-
tries. By raising the relative price of capital goods, it will depress real
investment.

The substitution effect just described is further complicated by the
presence of home goods. Given that construction activities usually
account for between one-third and one-half of total investment, it is
important to consider what happens in a model where a portion of cap-
ital goods are nontraded. An attempt at depressing the price of imported
capital goods may well result in increasing the price of home goods. In
the typical CGE model there are no substitution possibilities among dif-
ferent types of investment goods, and hence the potentially positive effect
of restrictive trade policy just described will be weakened, because it is
likely to lead to a rise in the price of nontraded construction goods.

Finally, consider a third case where investment is determined by the
propensities to save out of labor and capital income. Then trade policy
may affect capital accumulation through redistribution effects; if capi-
talists and wage earners each have constant propensities to save out of
income, and provided that these propensities are different, a change in
trade policy will affect total savings and therefore capital accumulation.
If capitalists have a much higher propensity to save than wage earners,
and if investment goods are capital intensive, then a policy that lowers
the price of investment goods may reduce investment by reducing the
share of capitalist income. This distribution effect has to be added to the
income and substitution effects when we consider the effect of trade pol-
icy on capital accumulation and the rate of growth of the economy."6

Employment growth and capital accumulation jointly determine the
growth of total factor inputs in an economy. Trade policy may affect
the rate of growth, not only by affecting capital accumulation but also
by affecting total employment. Of course, this can be so only if total
employment is a variable responsive to changes in relative prices, which
is the case in models with fixed wages. We have already summarized,
in Section 6.4, the relationship between trade policy and employment.
In fixed-wage models with unemployment, it is possible for trade policy
to increase employment and output by stimulating more labor-intensive
production activities. Whether it is expansionary or restrictive trade pol-
icy that yields this effect depends on the relative factor intensities of
exportables and import substitutes. In a dynamic context, trade policy
in the form, for example, of gradual trade liberalization, may lead to an
increase in the rate of growth of total productive employment for a given

i6 For an application of these cases in a three-sector model, see de Melo and
Dervis (1977).
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path of the real wage. This establishes another link between overall
growth and trade policy.

Total factor accumulation is, however, only part of what determines
economic growth. As is by now well established, the total growth in at
least conventionally measured inputs falls substantially short of explain-
ing the growth in output over time. (see Solow, 1957; Denison, 1967;
Jorgenson and Nishimizu, 1978). The residual is usually attributed to
"technical progress."

The possible links between trade policy and technical progress
remain probably the most ardently debated topic in the development
literature. On the one hand, there is the belief that protection of industry
is a precondition for rapid industrialization and that technical progress
depends directly on the growth of industry through the spread of indus-
trial techniques and industrial attitudes. On the other hand, there is the
belief that protection stifles competitive innovation, prevents the intro-
duction of new products and methods, and reduces contact with the
world market and hence slows down the pace of technical progress in
an economy. Needless to say, we are as yet far from being able to incor-
porate these considerations formally in multisector planning models.

Some questions can be clarified by formal modeling and simulation
of alternatives. Consider, for example, the potential conflict between
static efficiency considerations and the kind of dynamic considerations
that are loosely referred to as "infant industry" arguments. The "infant
industry" argument is based on a divergence between static and
dynamic effects of trade policy and emphasizes dynamic considerations.
Although it is generally recognized that trade distortions have static
welfare costs, it is then argued that the dynamic benefits associated with
a protectionist trade policy are well worth the static costs. Thus invest-
ment should proceed, not according to static comparative advantage, but
according to long-run dynamic comparative advantage.

Assume that all factors including capital are perfectly homogeneous
and mobile across sectors. Suppose at the same time that the production
possibility curve of the country in question is shifting in such a way as
to lead to shifts in comparative advantage as a result of differential sec-
toral rates of technical progress and/or factor accumulation, For exam-
ple, the country in question may start with a comparative advantage in
cotton textiles, but as capital accumulation and technological progress
take place, it may enter a phase where its comparative advantage lies in
electrical machinery. Is the fact that a country will develop a compar-
ative advantage in electrical machinery ten years from now a reason to
shift present investment away from textiles into electrical machinery
and to produce more such machinery today? If capital and other factors
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are mobile, the answer is clearly no. When and if comparative advan-
tage changes, capital and production should be shifted to the machinery
sector, but there is no reason to do it or encourage it before the change
in comparative advantage occurs. Current prices still provide the best
allocation signals.

But now, in accordance with the basic CGE model presented in
Chapter 5, assume that capital once installed is immobile between sec-
tors for the period under consideration and that people have static
expectations and do not correctly predict the future, basing their invest-
ment decisions on current profit rates. If comparative advantage shifts
in an unforeseen fashion, a sequence of investment allocations based on
static comparative advantage will turn out to be intertemporally ineffi-
cient. Welfare would increase if capital could be shifted into the
machinery sector at an earlier stage in anticipation of the coming shift
in comparative advantage. The energy crisis may serve as a suggestive
and somewhat extreme example of the effects of unforeseen shifts in
price and cost structures. Clearly, if somebody had foreseen present oil
prices in the early 1960s, a lot more capital could have been shifted into
alternative sources of energy and, although this would not have been
justified at the "static" prices of the 1960s, it would have turned out to
be intertemporally efficient.

Although the suddenness of the change and the partly political mech-
anisms involved make oil and energy an extreme example, it helps to
underline the issue. When capital is heterogeneous and imperfectly
mobile and when the frictionless future markets of general equilibrium
theory are absent, market mechanisms cannot be expected to lead to
intertemporally efficient growth paths. In a dynamic context, efficiency
and comparative advantage must be redefined in dynamic terms. The
necessity of minimizing misallocations of investments will be an
extremely important policy task in an environment where change is
rapid and where structuralist constraints make it extremely difficult to
"undo" unforeseen errors. In our example relating to cotton textiles and
electrical machinery, one should give up utility today by shifting out of
textiles and into machinery until the marginal static cost of doing so
equals the marginal dynamic benefit of reallocating the capital stock in
anticipation of a new structure of comparative advantage. One may
learn a lot about just how and when to shift investment priorities by
exploring alternative growth paths with a CGE model.

The dynamic inefficiency of myopic markets has always provided one
major argument for central planning and government action. The exis-
tence of foreign trade does not, per se, add a new qualitative element to
the argument. It may, however, increase the degree of uncertainty that
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is likely to prevail and the extent of dynamic resource misallocation that
might occur. Whether government action is in fact likely to be less
myopic than the sum of the expectations of private entrepreneurs is of
course an open and often-debated question. In developing economies
with rudimentary capital markets, a very strong argument can be made
for the government to provide the long-run perspective that is essential
for dynamic efficiency. Even in countries with highly developed capital
markets, the limitations inherent in futures markets, and important dif-
ferences between the social and the private evaluation of risk, have led
many authors to rest the case for central indicative planning on argu-
ments of dynamic efficiency.

Thus, dynamic considerations do provide a strong justification for
policy intervention to stimulate investment in sectors expected to gain
comparative advantage in the future. Note that one does not need to
assume the existence of "learning" externalities as usually discussed in
the context of the "infant industry" argument. We have so far stressed
only the role of imperfect foresight, which is alone sufficient for an
allocation of investment based on the present structure of comparative
advantage to be intertemporally inefficient. "Learning" externalities
that would be hard to internalize even with perfect foresight constitute
an additional argument.

The most common learning externalities emphasized in the infant
industry argument relate first to labor training and the returns from
which accrue to the workers themselves while the costs are borne by
firms and, second, to accumulation of technical know-how that cannot
be internalized and kept by individual firms, as well as more general
notions of knowledge diffusion and the creation of "modern attitudes"
that are taken to benefit society. These effects are much more difficult
to quantify. They may, however, be very important, perhaps more
important than the more easily modeled effects of differential rates of
technical progress and factor accumulation. There is little doubt that
general considerations stressing the need for "modern" attitudes and
general diffusion of knowledge have often provided the single strongest
impetus for an interventionist trade policy.

It is very important to stress that "interventionism" need not imply
inward-looking, protectionist trade strategies. The dynamic infant
industry arguments apply as much or more to infant export industries
as they do to infant import-competing industries. In the case of export
industries, a very important "infant marketing" argument should in fact
be added to the traditional "learning-by-doing" arguments. The situa-
tion is quite symmetric - export promotion beyond the static limits of
comparative advantage definitely has the same kind of static resource
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allocation costs as import restrictions. It may also be expected to have
the same, or perhaps even more important, dynamic benefits if the sec-
tors emphasized are indeed those that will exhibit comparative advan-
tage in the longer run. Furthermore, the "learning" that takes place
through competition in international markets may have benefits that
have no counterpart in purely domestic economic activity. Finally, the
discipline and competition imposed by a more export- and world mar-
ket-oriented strategy may have beneficial effects not only on efficiency
but also on the distribution of domestic income.

6.6 Conclusion

The development of empirically realistic models tends to lead far away
from the simple models of trade theory. It is clear that it is very difficult
for some of the dynamic considerations we have discussed to be incor-
porated explicitly into multisector planning models. But a greater
degree of realism and flexibility than is common in pure theory models
can be achieved. In the next chapter we shall present a CGE model that
incorporates a number of extensions to the basic model presented in
Chapter 5 and is designed to capture more realistically the impact of
different trade policies on domestic prices and resource allocation. These
extensions will not alter the qualitative impact of policies that operate
through causal mechanisms highlighted by trade theory. For example,
one can still talk about the static consumption and production costs of
protection. Tariffs on relatively capital-intensive import-substituting
industries will still lower total employment in a fixed-wage setting and
will also alter income distribution. As we shall see in succeeding chap-
ters, the mechanisms that have been discussed in this chapter will still
operate but will be somewhat harder to trace and quantitatively weaker
than in the simpler and purer models of trade theory.

The discussion in this and later chapters focuses on models of a single
country. The terms-of-trade issue, so crucial in the long debate on global
trade and development, cannot, however, be analyzed properly with sin-
gle-country models. For this reason, little space has been devoted to the
optimum tariff argument, which is best examined in a multicountry set-
ting where the impact of multilateral trade negotiations and tariff agree-
ments can be. analyzed. Whereas one country's big export push may
lead to only a very moderate decline in the terms of trade, the same
strategy centered on the same kind of products adopted by a large num-
ber of countries may lead to a large deterioration in their terms of trade
and perhaps even a reduction in their collective welfare. Single-country
models thus are not the proper framework in which to discuss world-
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wide trade and development strategies. The best we can hope to achieve
with the kind of single-country models discussed in this book is to spec-
ify trade and particularly the determination of exports in a way that is
consistent with expected overall trends in the world economy. To do
more, in a formal way, would imply an attempt at modeling the world
economy as a whole, which is well beyond the scope of our effort. It is
important, however, to remember that what may be good policy for a
particular developing country may not be good policy for all developing
countries taken as a group. Recent developments in the world economy
have again demonstrated the potential gains and losses that may arise
from joint action undertaken by groups of countries. In focusing on a
single country, one should not forget the worldwide implications of par-
ticular strategies and the scope for international action.



CHAPTER 7

A CGE model for an open economy

7.1 Introduction

In Chapter 6 we followed the standard small-country assumption often
made in international trade theory. When the share of a country in the
world market is very small, and when users do not differentiate products
by country or region of origin, a country is like a small firm in a com-
petitive market: It is a price taker and cannot affect the terms at which
it trades. The small-country assumption is a useful point of departure
that allows a clear-cut analysis of the links between foreign trade and
the domestic economy. But it is very hard to reconcile it with observed
facts and to use it in its pure form in multisector planning efforts.

The discussion on supply functions has already stressed that the
small-country assumption coupled with an assumption of constant
returns to scale on the production side leads to a tendency toward
extreme specialization in production that does not fit the empirical evi-
dence. We also stressed in Section 6.3 that the assumption of perfect
substitutability in use between foreign and domestic goods rules out the
possibility of two-way trade if one abstracts from intercountry trans-
portation and storage costs. A good is either imported or exported but
never both. What was true for linear programming models remains true
for the simple model presented in Chapter 6.

In fact, two-way trade has been observed in trade statistics even when
products are classified in extremely disaggregated form.' Furthermore,
perfect substitutability implies "the law of one price" reflected in Eqs.
(6.2.1) and (6.2.2). World prices determine the domestic price of trad-
ables, and a given product has the same price whether it is imported or
produced domestically. Recent empirical evidence by Isard (1978), for
example, indicates that for the most narrowly defined domestic and for-
eign goods for which prices can be matched (four- and five-digit SITC
categories), disparities among the common currency prices of goods from

Grubel and Lloyd (1975) found significant two-way trade even at a seven-
digit standard industrial trade classification (SITC) level.
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different countries are systematically correlated with exchange rates
rather than randomly fluctuating over time.2

From the point of view of building applied multisector planning
models, the problem increases with the degree of aggregation. Most
applied planning models have to be fairly aggregated, distinguishing at
most among three-digit SITC categories. Aggregation errors are not too
serious as long as relative prices and relative shares remain fairly con-
stant. But in models focusing on trade policy and its effects, the respon-
siveness of the shares of domestic and foreign goods in various markets
to changes in relative prices is the heart of the problem. Assuming per-
fect substitutability within a particular sector - say, textiles - implies
that there is no product differentiation between imports and domestic
products, that textiles will either be exported or imported but never
both, and that changes in world prices, exchange rates, and tariffs are
fully translated into changes in domestic prices. Thus, in a country
where textile imports consist largely of synthetic fiber and domestic pro-
duction consists of cotton cloth, the small-country assumption implies
that a 50 percent increase in the import price of synthetic fiber will lead
to a 50 percent increase in the price of domestic cotton cloth.

The perfect-substitutability assumption greatly exaggerates the
power that trade policy has over the domestic price system and domestic
economic structure and is quite untenable as a workable approximation,
particularly in the context of building applied, fairly aggregated, mul-
tisector planning models. Note that although disaggregation definitely
helps, it is quite impossible empirically to implement economy-wide
general equilibrium models distinguishing a few hundred sectors with,
for example, cotton cloth and synthetic fibers or tractors and wood-
working machinery appearing as individual items. And even at that
level of disaggregation, perfect substitutability would be only a rough
approximation. 3

The opposite assumption has often been made in the development
planning literature, particularly in "two-gap" models. In "structuralist"
models, imports are treated as "noncompetitive," and the degree of sub-
stitutability between domestic and foreign goods is assumed to be zero.
Instead of perfect substitutes, imports become perfect complements of

2 Even for a specific primary commodity such as wheat, prices at a common
import point at a given point in time vary by supplier.
For sectors such as machinery, it is unreasonable to assume perfect substi-
tutability even at the commodity level. The problem is not only one of aggre-
gation but also depends on the characteristics of the commodities produced
in each sector. See Lancaster (1966).
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domestic products. This introduces a great deal of rigidity into these
models. In particular, trade policy-induced changes in relative prices
such as the exchange rate can have no, or only very indirect, effect on
the structure of the domestic economy. This rigidity leads to foreign
exchange "gaps" that cannot be alleviated by trade and exchange rate
policy.

Reality is obviously somewhere in between. For any given level of
aggregation, foreign and domestic goods in a given SITC category are
not identical, may have different prices, and may be characterized by a
degree of substitutability that varies across sectors. To capture these fea-
tures, we shall formally introduce product differentiation by country of
origin into the structure of demand for commodities in any given coun-
try. This allows a flexible and intermediate specification representing
a useful compromise between the extreme assumptions of perfect sub-
stitution and perfect complementarity.

In Section 7.2 we discuss the treatment of imports as imperfect sub-
stitutes of domestically produced commodities. In Section 7.3 we turn
to exports and the implications of aggregation and product differentia-
tion. Section 7.4 draws together the discussion on imports and exports
and shows how the change in specification affects the general equilib-
rium solution. In Section 7.5 we analyze the role of trade policy in the
presence of product differentiation. Finally, before concluding in Section
7.7, Section 7.6 describes a decomposition methodology that allows anal-
ysis and measurement of real income changes resulting from changes in
trade policy within the framework of a multisector general equilibrium
model.

7.2 Product differentiation and the treatment of
imports

A formulation that allows one to keep aggregative commodity categories
across countries but specifies product differentiation by country of origin
into the structure of demand was proposed in a partial equilibrium
framework by Armington (1969). It is based on a two-level CES for-
mulation that has been extremely useful in much of the empirical lit-
erature on estimating import demand functions.4 It is also a very useful
specification for building trade-oriented applied general equilibrium
models for single economies.

See, for instance, Leamer and Stern (1970). For applications in multisector
planning models, see, among others, Dixon et al. (1977), Petri (1976), and
Whalley (1977).
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Let us define for each tradable commodity category an aggregate or
composite commodity Q, which is a CES function of commodities pro-
duced abroad (imports, M,) and commodities produced domestically, D,.
The aggregation is given by

Qi = B, [6iMt x + (1 - 6i)Di7]-'/1p = f(M,, Di) (7.2.1)

where Bi, 6,, and pi are parameters and M, and D, are like inputs "pro-
ducing" the aggregate output. The demands for imports and domesti-
cally produced commodities become derived demands, in just the same
way as the demand for factor inputs is a derived demand in a traditional
production model.

Given the specified prices for the imported and domestic goods, the
problem facing the user or buyer is mathematically equivalent to that
facing the firm wishing to produce a specified level of output at mini-
mum cost. The solution is to find a ratio of "inputs" (M, to DI) so that
the marginal rate of substitution (the slope of the iso-output curve for
the composite good) equals the ratio of the price of the domestically
produced commodity to the price of the imported commodity. Letting
PD, denote the domestic good price and PM, the domestic currency
price of imports, the familiar first-order conditions for cost minimization
yield

mi =t Mi PMi 1i- (7.2.2)

where a, = 1/(1 + pi) is the "trade-substitution" elasticity.
Let us denote by 0,m and 0

id the "value shares" of imports and domes-
tically produced goods in total domestic expenditure. We have

m = PDMi = (1 o )(PM)i (7.2.3)

If and only if the trade substitution elasticities ui equal unity, the last
term in (7.2.3) disappears and the value shares remain constant irre-
spective of relative prices. In that case the CES aggregation reduces to
a Cobb-Douglas function. The magnitude of a-, determines the respon-
siveness of domestic demand to changes in the relative price of imported
goods brought about by trade and exchange-rate policy or exogenous
events. If ur, is very high, the responsiveness of M,/D, to small changes
in PD,/PM, will be so great that PDi/PM, will never change much
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from its base value and we approximate the case where PMi = PDi.
If, on the other hand, oi is very low, very large changes in PMi/PDi
may take place. In the extreme case where ori = 0, Mi/Di would be
fixed and we would be back in the fixed-coefficients, two-gap models,
where relative price changes cannot directly affect the demand for
imports.

Rather than working with the import-to-domestic-goods ratio, it is
often convenient to work with the ratio of domestic goods in total com-
posite commodity use. We shall call this ratio the "domestic use ratio"
and denote it by di. Because the aggregation function is linearly homo-
geneous in Mi and Di, it can be rewritten as

Qi = f i(mi, I)Di (7.2.4)

where fi represents the function in (7.2.1). We then have

di = D (m 1, 1) (7.2.5)
Qi

With mi a function of PDi/PMi only, it is clear that d, will also depend
uniquely on PDi/PMi. The demand for the composite good Qi itself
will, of course, depend on the whole relative price system.

Using di, we can go from composite commodity demand to the
(derived) demand for the domestically produced commodity. If Vi, Ci,
and Zi denote, respectively, intermediate demand, consumption demand,
and investment demand for composite commodity i, then the demand
functions for the domestically produced components will be

Vi' = diVi
Cd= diCi (7.2.6)

Z' = diZi

These domestically produced goods combine with imports to produce
the aggregate good, Qi. Total demand for domestic production is
obtained by adding export demand.5

There are many places where further substitution could have been
introduced into the model formulation. For instance, one could allow
for different aggregation functions according to functional use, just as
one could allow for substitution among intermediate goods. However,
such extensions require many more estimated parameters and further

The domestic use ratio discussed here is analogous to the one discussed in
Chapter 2 on input-output models except that here we describe a theory of
how it is determined.
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complicate the linkage mechanisms in the model. It is not clear that the
gains offset the costs in a fairly aggregated model.

7.3 The small-country assumption and the
treatment of exports

Two things are ordinarily implicit in the small-country assumption:
fixed international terms of trade and domestic tradables prices rigidly
linked to import prices. Recognition of aggregation problems and prod-
uct differentiation leads us to drop the assumption of perfect substitut-
ability between imported and domestically produced commodities
which, in turn, leads to a domestic price system that is no longer rigidly
linked to world prices. Introducing product differentiation violates the
small-country assumption if the latter is interpreted as requiring equal-
ity between domestic and world prices of tradables adjusted for tariffs.
But if all we mean by the small-country assumption is that the terms
of trade of a country are fixed because the "dollar" prices of both its
imports and exports are fixed, this weaker form of the small-country
assumption need not be violated by introducing product differentiation
and differences between the price of imports and domestically produced
commodities. If world prices of imports remain fixed and exogenous and
if the dollar prices of exports also remain exogenous, the small-country
assumption holds in the sense that the terms of trade are fixed.

On the import side, the small-country assumption is a statement
about the rest of the world's supply curves. Being small on the import
side means constituting a small fraction of the market for commodities
produced in other countries. Product differentiation does not affect this
kind of "smallness," and the usual assumption of infinitely elastic for-
eign supply curves is a reasonable one. We shall therefore always main-
tain the assumption of exogenously fixed import prices. But when it
comes to maintaining the small-country assumption on the export side,
the situation is quite different. When a country is selling a differentiated
product, it may no longer be small in the market for that product. If we
treat the rest of the world symmetrically with a single country, we must
recognize that the demand for exports produced in a particular country
will be less than infinitely elastic. This implies that export prices are no
longer fixed, and the small-country assumption, even in its weak form
requiring only fixed terms of trade, may no longer hold.

If the small-country assumption were to hold, a country's export
prices would be fixed in the world market independently of the quan-
tities exported. Letting PE, denote domestic currency receipts of export-
ers per unit of exports from sector i and PWEi denote the world "dol-
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lar" price of exports, we would have Eq. (7.3.1), analogous to Eq.
(7.2.1), to determine PEi:

PEi = PWEi(l + tei)ER (7.3.1)

where tei is the rate of export subsidy. If PEi > PDi, no domestic sales
would take place and whatever is produced domestically would be
exported. This would clearly exert upward pressure on the domestic
price. Because no domestic sales would take place until PEi = PDi, the
domestic price would rise until at least the equality is satisfied and we
would never observe a situation in which PEi > PDi. It would, of
course, be conceivable that all domestic production is exported while
domestic demand is being satisfied by imports. We could, in principle,
have PEi > PDi and Di = 0 so that PDi would have no more function
in the model. Assuming that in practice, such extreme behavior can be
ruled out, the constraints implied by the model on the export side can
be summarized as follows:

If PE, = PDi, Ei 0 (7.3.2)
If PEi < PDi, Ei =

This treatment of exports would remain faithful to the small-country
assumption. But, as noted above, it is quite inconsistent with the view
that products are differentiated by country of origin and imperfect sub-
stitutes for one another. The assumption of product differentiation nat-
urally leads to less than infinitely elastic demand functions for a coun-
try's exports. These demand functions then take the general form

Ei = Ei (IHi, PWEi) (7.3.3)

where II, is an "aggregate" world price for products in category i and
reflects a weighted average of production costs and trade policies in all
countries. The fact that our country is small allows us to treat Hi as
exogenously fixed. But PWEi, which is the dollar price of a particular
country's exports, is endogenously determined by its domestic produc-
tion costs, export incentives, and exchange rate policy. We have

PWE, = PDi (7.3.4)
(1 + te)ER

An increase in domestic production costs increases PDi and leads to
an increase in the dollar price of exports, PWEi. An increase in export
subsidies or a devaluation of the exchange rate leads to a fall in PWEi.
Such a fall in PWEi, with constant Ili, leads to an increase in the
demand for exports from sector i. If a country wants to increase its mar-
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ket share in commodity category i, it must lower the dollar price of its
own product. Assuming that the world as a whole behaves in a manner
similar to the single country modeled and consumes products according
to the rules of cost-minimization subject to a generalized CES formu-
lation that specifies "composite" world commodities, the world demand
functions for a given country's product are of the following simple con-
stant elasticity form, similar to a single country's import demand
functions:

E , (PWEi (7.3.5)

where in, is the price elasticity of export demand and Eo is a constant
term reflecting total world demand for commodity category i and the
country's market share when Ili = PWEi. The fact that the country is
small means that we can neglect effects of changes in PWE, on Hi and
on world demand for aggregate commodity category i. But we cannot
always neglect the effect changes in PJVEi have on our country's market
share. For example, we can safely neglect the effect that an increase in
the price of Turkish ceramics has on the world demand for ceramics.
But Turkey's market share in the world market for ceramics is sensitive
to changes in Turkish prices relative to all other countries' prices. Tur-
key cannot, all other factors held constant, increase its market share sim-
ply by making more output available. It also has to lower price. Con-
versely, if Turkish prices increase, Turkey will not all of a sudden lose
its export market completely, but its market share will decline.

There are clearly many problems and qualifications that must be dis-
cussed in this context. For some very homogeneous products, where
style, quality, brand names, durability, and so on, do not count, the strict
small-country assumption may in fact hold. But there are not many such
products. In general, and even when market shares are quite small, it
is not reasonable to assume that export prices are fixed independently
of quantities exported. It may be better, instead, to recognize the exis-
tence of downward-sloping demand curves for a country's exports.

What determines the price elasticities along these demand curves?
Traditionally it has been argued that a country's market share is the
major determinant of the price elasticity of demand for its exports. The
model underlying the traditional argument is the one based on assump-
tions of product homogeneity and perfect substitutability. If, on the con-
trary, we treat the world's demand for a country's products symmetri-
cally with a single country's demand for the world's products, it is clear
that the export demand functions would be derived similarly to the
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import demand functions. If, in addition, we were to assume, following
Armington, that shares in the world market are governed by cost min-
imization subject to the same CES aggregation function on a world
scale, the price elasticities would be equal to the trade substitution elas-
ticities that appear in the CES aggregation functions. This would imply
that ni in Eq. (7.3.5) would be equal to vi in Eq. (7.2.1). It is not,
however, reasonable or practical to insist on this degree of symmetry.
The CES formulation on the import side is a convenient approximation,
and it is neither necessary nor useful to view it as derived from a gen-
eralized CES formulation governing behavior in the world market as a
whole. Substitution elasticities are not in fact constant over wide ranges
of factor or commodity ratios, and a CES formulation is probably a good
approximation over only a particular range. Thus, although the price
elasticities characterizing the export demand functions are themselves
derived from substitution elasticities, these need not be equal to the sub-
stitution elasticities between imported and domestic goods within one
country. Instead, they might be thought of as characterizing a different
region of a generalized variable elasticity of substitution aggregation
function that governs behavior in the world market. In particular, it is
reasonable to assume that the export demand elasticities qi have much
higher values than the trade substitution elasticities oi, on the presump-
tion that substitution elasticities vary inversely with the value shares in
total cost.6

Several further considerations are relevant to the specification of
exports. A country's market share may be affected by variables other
than relative prices. Thus, if a country wants to expand exports signif-
icantly, it may have to break into new markets, advertise its products,
and establish appropriate information and marketing channels. Trans-
portation costs are also relevant, because an increase in exports may
involve selling in more distant markets. These considerations may not
directly affect the price elasticity of demand for exports. But if we think
of PWEi as the export price net of marketing, information, and trans-
portation costs, the case for a significant inverse relationship between
PWE, and export volume is further strengthened.' Note that marketing
and transportation costs may imply an asymmetry in the relationship

6 In the applications, we do not explicitly link the values taken by oi to value
shares in total costs.
Moreover, the value taken by the price elasticity of demand for exports is
likely to depend significantly on the time period over which equilibrium is
defined.
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Figure 7.1. The export supply function.

between PWEi and E,: The average revenue curves may be less elastic
when exports expand than when they contract.

Turning from export demand to export supply, the supply of exports
from any sector is equal to total domestic production minus domestic
use. An increase in the domestic price PD, will normally lead to a rise
in exports from sector i, because domestic supply expands and domestic
use contracts. The price elasticity of export supply is determined, there-
fore, by the price elasticity of total domestic production and the price
elasticity of domestic demand.

As long as we consider domestically produced commodities belonging
to any category i as identical, whether they are exported or consumed
domestically, this is the only logically valid specification for export sup-
ply. It may lead to problems, however, if the exports in a large aggregate
sector are in fact quite distinct products from the domestically consumed
basket of goods. Consider, for example, mining. A country may export
copper, but copper may constitute a small fraction of total mining out-
put, which is dominated by coal. The assumption that the supply of
exports is simply the difference between total domestic production and
domestic absorption may in such a case greatly overestimate the possible
responsiveness of export supply to the "average" price in the mining
sector.

It is hard to deal with this problem without increasing the complexity
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of the model.8 A possible way out is to consider the following
specification:

Ei (PE, ) (7.3.6)

with PEi = PWEi (1 + tei) ER. The share of exports in total domestic
production is a function of the ratio of the per-unit receipts that a
domestic producer receives for exports, PEi, to the domestic price, PDi,
which now must be reinterpreted as applying to domestic sales only.
This extra constraint reflecting aggregation problems prevents the
model from providing overestimates of the export supply response to
trade policy measures. More specifically, the function form adopted for
the export function is an asymmetric logistic function as depicted in Fig-
ure 7.1.

Dropping subscripts, the equation of this function reduces to

E A, _
X 1 + exp[B1 (r - r)] (7.3.7)

E A2 +-

X 1 + exp [B2 (r- r)]

where r = PE/PD and A,B, and C are parameters of the function.
Given that we impose an upper asymptote of one and a lower asymp-

tote of zero, the only parameters to be chosen are B, and B2, which
determine the "rate of response" of the export ratio to a change in the
domestic price ratio. B, and B2 are determined together, so that given
B1, B2 is set and the slope of the curve at the inflection point (r, se) is
the same in both directions. The parameters Se and r are set from the
base-year data. The asymmetric specification has the flexibility of
allowing a different supply response depending on whether r falls or
rises. In general, however, we shall adopt a symmetric form for the
function.

When export demand functions [Eq. (7.3.5)] are combined with
export supply functions of this form [Eq. (7.3.6)], or indeed any kind
of separate export supply functions, the "clearing" of export markets in
sector i no longer takes place as part of market clearing in sector z. We
have in effect added as many markets to the CGE model as there are
exported products. The domestic price PDi will now clear the domestic
market for commodity i. The export price PE, (or PWE,) will have to

8 Ideally, one would resolve this problem with a highly disaggregated model.
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clear the export market and PD, =# PEi. In terms of Figure 7.1, PE
would be determined by the intersection of a demand curve for exports
expressed in domestic currency units (not drawn in the figure) and the
export supply function.

Thus, going over to a formulation that separately specifies supply
functions for exports is costly not only in terms of additional parameter
values to be estimated but also because of the increased size of the model
when it is used in conjunction with export demand functions. Never-
theless, in applied and fairly aggregated models an extra supply
restraint on exports may be required at least in some sectors. Otherwise,
the model will tend to overestimate the responsiveness of export supply
to trade policy measures.

To summarize, we propose the following treatment of exports. On
the demand side, the elasticity of demand for the export demand func-
tions will be of the constant-elasticity type. The magnitude of the export
demand elasticities will then depend both on the country's market share
and on the degree of product differentiation. If the products in a given
category are quite homogeneous and if the market share is small, it is
reasonable to make the small-country assumption and assume infinitely
elastic export demand. On the supply side, export supply is usually
derived residually by subtracting domestic demand from total domestic
production. But in some cases, when exports substantially differ from
domestic production in the same sector, a logistic supply function deter-
mining the ratio of exports to total supply as a function of relative prof-
itability of production will be added to the specification.'

7.4 The general equilibrium solution

It is now time to pull the various pieces of the discussion together and
summarize the structure of a computable general equilibrium model of
an open economy where domestic goods are imperfect substitutes for
imports. This section is comparable to Section 5.3. A complete list of
equations is given in the appendix to this chapter. The most compact
summary can be provided by writing down the excess demand equations
of the model as functions of the endogenous variables.

On the demand side, relative prices and incomes determine total
demands for each composite commodity. Part of this demand will be
satisfied by imports, part of it will be satisfied by domestic production.
The domestic use ratio d, in each sector is determined by the relative

An alternative is to assume that exports are simply exogenous. See the
application in Chapter 13.
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costs of imports and domestic goods [see (7.2.5)]. We can therefore write
down the demand functions for domestically produced commodities as
follows:'°

i = diV, + diC, + diZi + Ei (7.4.1)

where Vi, C,, Zi are, respectively, intermediate demands, consumption
demand, and investment demand for the composite commodities in each
commodity category. The domestic use ratio di transforms these
demands for composite commodities into demands for domestically pro-
duced commodities. Exports, Ei, are produced domestically and must be
added to intermediate, consumption, and investment demand to obtain
total demand for domestically produced commodities. Because each
component of demand and the domestic use ratio itself depend on
domestic prices, the exchange rate, and the exogenous values of world
prices and tariffs, we can rewrite the demand equation as a vector
function:

XD = D(PD,, ... , PD., ER) (7.4.2)

On the supply side, we assume as in Chapter 5 that for any com-
rnodity price vector we find the factor price vector that clears labor mar-
kets and substitute the result into the aggregate supply functions. We
then get, similar to equations in Chapter 5, vector supply functions of
the form

X' = X(PD,, ... , PD_, ER) (7.4.3)

and sectoral excess demands are given by

EXi = Xi - i= (7.4.4)

This gives us n equations in n + 1 variables: the n domestic com-
modity prices and the exchange rate. We also have the balance-of-pay-
ments constraint:

n n
EF 7ZP=4EIM,- PWEiEi- F=0 (7.4.5)

where M, and Ei are imports and exports, respectively, and F stands
for the exogenous value of the net foreign resource inflow. In all, there
are n + 1 equations in n + 1 variables. But again the excess demand
equations are not independent (by Walras's law), and we require a

10 Without using a superscript to distinguish domestically produced goods from
imports and composite goods.
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price-normalization equation to close the system. The normalization
equation will now take the form

,£2P,(PD,, ER) P (7.4.6)
,=1

where P, are the composite commodity prices that depend on PDi and
ER. Under the assumption of cost minimization by the users of imports
and domestic goods, the values of P, are given by the cost function cor-
responding to the CES aggregation function:

P, = - PAff') + (I - i (7.4.7)
B,

where PM, = PW, (1 + tm,)ER, so that the only endogenous varia-
bles that appear in (7.4.7) are again PDi and ER. The normalization
closes the system and, in principle, allows us to solve the model for n
domestic commodity prices and the exchange rate as a function of the
exogenous parameters and government policy variables. The standard
solution strategy is the same as for a closed-economy model. One can
start by guessing domestic prices, but must now add an initial guess at
the exchange rate. By first solving the labor markets (with or without
fixed wages) and substituting the result into the sectoral demand and
supply functions, numerical estimates of excess demands in each sector
can be obtained. The iteration then proceeds by revising the initial price
and exchange rate guesses until a general equilibrium is reached.

7.5 Trade policy and resource allocation in the
presence of product differentiation

Trade policy and domestic prices

We saw in Section 6.3 that the effect of trade policy on resource allo-
cation depends crucially on the elasticity of supply of the product and
the extent to which the change in trade policy affects the domestic price.
In particular, it was shown that if the country is small, then an x per-
cent increase in the import price resulted in an x percent increase in the
domestic price, so that the domestic price system was determined
entirely by trade policy. It was also seen that, in the presence of inter-
mediate products, the resource-pull effects of a change in the whole tar-
iff structure could be approximated, in partial equilibrium, by the struc-
ture of effective rates of protection across sectors.

A question that naturally arises when one introduces imperfect sub-
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stitution into the CGE model is the extent to which trade policy protects
domestic producers, that is, the extent to which the imposition of a tariff
raises the price of goods produced domestically. Now that the arguments
of the demand and supply functions of domestically produced goods
have been determined, it is possible to investigate the protective effect of
trade policies along the same partial equilibrium lines as in Chapter 6,
and to contrast the results obtained in the presence of product differ-
entiation and intraindustry trade with those resulting from the more
standard trade specification where domestically produced and foreign
produced goods are perfect substitutes.

The equilibrium condition in the market for the domestically pro-
duced good in sector i is

I= (7.5.1)

where, in a partial equilibrium setting,

Xi° = Di(PD,, PMi) + Ei(PWEi) (7.5.2)

and

Xi= X'i(PDi) (7.5.3)

The arguments in the demand and supply functions are those dis-
cussed in Sections 7.2 and 7.3, and the functional forms are also the
same. For exports, a downward-sloping demand curve is assumed along
the lines described in Section 7.3 [see Eq. (7.4.1 1)]. WVhat, then, are the
effects of a subsidy on exports of sector i, and what are the effects of a
tariff on import substitutes competing with domestically produced goods
in that sector?

A subsidy to exports shifts outward the supply curve for exports
expressed in foreign currency units." Whether foreign exchange earn-
ings rise or fall depends on whether the foreign elasticity of demand for
exports is greater than or less than unity. In domestic currency units,
the subsidy leads to windfall profits that accrue to domestic suppliers
who find it momentarily more profitable to sell their output abroad.
The resulting shortage in supply for domestic use leads to a rise in the
domestic price PD until it is equal to the export price PE [see Eq.
(7.3.1)]. The resulting rise in the domestic price leads to an increase in
total domestic supply, a fall in the demand for the domestically produced

The supply curve of exports is obtained as the difference between the total
domestic supply curve and the domestic demand curve. For convenience,
assume that PD = PE.
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good entering the aggregation function, and a substitution toward
imports. The net result is an outward shift of the supply curve for
exports expressed in foreign currency units, so that the equilibrium for-
eign exchange price of exports, PWEi, falls as a result of the subsidy.

Consider now the effect of raising a tariff, tm,, on imports and its
effect on the demand for the domestically produced good for domestic
use, that is, excluding exports. If the domestically produced good is a
substitute for the imported good, there will be an outward shift in the
demand curve for the domestically produced good. For a given supply
for domestic use, this leads to a rise in the domestic price, which has a
secondary repercussion on the demand for exports, which will fall as
the export price (expressed in foreign exchange units) rises. This leads
to an outward shift of the supply curve of the domestic good for domestic
use following the decline in demand for exports. As a result, the net
effect of a tariff on the domestic price will be less than it would have
been if there had been no feedback via the demand for exports.

Figure 7.2 provides a useful way of summarizing the effects of trade
policy on the equilibrium domestic price. Quadrant I depicts the
demand curve for the domestically produced good entering the aggre-
gation function for a given import price (reflected by a given tariff tm).
Quadrant II transforms the export price PE (which must be equal in
equilibrium to the domestic price PD) into foreign exchange units by
multiplying it by the exchange rate ER times one plus the ad valorem
subsidy rate te. In turn, quadrant III shows the foreign demand E for
domestic exports as a function of the foreign currency price of those
exports, PWE. With this apparatus we can trace out in quadrant IV
the locus of points depicting domestic and foreign demand for various
domestic prices. For instance, given a domestic price PDO, we can find
in the usual way the corresponding domestic demand Do and the cor-
responding export demand E,. The curve DEo in quadrant IV is the
locus of points describing combinations of domestic and foreign demand,
each point being consistent with a different domestic price.

To complete the diagram, we must introduce domestic supply, which
is an increasing function of the domestic price. A family of 450 lines,
each corresponding to a different domestic price, indicates how domestic
supply can be divided between domestic and export demand. Suppose
that domestic supply corresponding to domestic price PDo is OS,. Then
at that price there is an excess supply ES0, which will lower the domes-
tic price. As the domestic price falls and one moves to a 45° line closer
to the origin, total demand increases, which means a movement along
the DEo curve away from the origin. This adjustment process will con-
tinue until an equilibrium is reached. It is also clear that - given the
shapes of the demand curves - equilibrium will exist and be unique.
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PD = PE

PDDE:
0 I-

Eo

III \ /PDo IV

Figure 7.2. Export demand, domestic demand, and the equilibrium price for
a domestically produced good.

Now consider the effect of a subsidy. For simplicity, suppose that
OS* is the supply corresponding to domestic price PD. Then E* is an
equilibrium point. A subsidy shifts the Ote0 curve in quadrant II clock-
wise to Ote,. At the previously established equilibrium price, PD,, there
will be an increase in export demand indicated by E* E1 in quadrant
IV, because the export price in foreign exchange units is lowered as a
result of the subsidy. There is therefore an increase in demand at any
given domestic price, reflected in a downward shift of DE, to DE,. As
we have explained, there will be an increase in the domestic price until
excess demand is eliminated.
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The effects of a tariff can be likewise examined. If domestically pro-
duced goods are substitutes for imported ones, the domestic demand
curve in quadrant I will shift outward, which will result in an upward
shift of the DE, curve in quadrant IV, reflecting this time an increase
in domestic demand. Again there will be an excess demand leading to
a corresponding price adjustment. A similar outcome leading to an
excess demand for domestic goods will result if there is an outward shift
of the foreign demand curve due, for instance, to a fall in supply of
foreign producers competing with domestic exports or to an increase in
the average world price of goods falling in that sector's classification.

Finally, note that this diagram is useful in verifying the well-known
proposition that a devaluation (leading to a clockwise shift in quadrant
II and an outward shift in the demand curve for imports in quadrant
I) is equivalent to combining a tariff on imports with a subsidy on
exports at the same rate. Note, however, that although the subsidy and
the tariff are granted at the same rate, that rate will be different from
the percentage change in the exchange rate when domestic and foreign
goods are imperfect substitutes.

Although this graphical presentation is useful in indicating how trade
policy affects the demand for domestically produced goods and indicates
what are the major influences in determining how the domestic price is
affected by trade policy, a more formal analysis, using the functional
forms described in the previous sections, is necessary to determine more
precisely how trade policy affects resource allocation between sectors,
and within sectors, between exports and domestic use. Because the
effects of trade policy on sectoral resource allocation depend crucially on
how the domestic price is affected by the policy change, we confine our-
selves to determining how the domestic price changes as a result of a
change in trade policy.

Consider the change in the domestic price brought about by a change
in the export price. Totally differentiate (7.5.1), drop the sector sub-
script, and rearrange to obtain the ratio of the differentials:

dPD dE/dPWE
dPWE d X/daPD - aD/dPD (7 )

The term in the numerator is the change in export demand resulting
from the change in the foreign currency price, and is negative by
assumption. The first term in the denominator is the total supply
response, which is positive, whereas the second term is the change in
demand for domestic use holding the import price constant. It is nega-
tive, so the denominator is positive. Because the numerator and denom-
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inator are of opposite signs, a fall in the foreign currency price of exports
raises the domestic price.

A similar expression can be obtained for a change in the import price
PM. It is given by

dPD dD/dPM

dPM aX/dPD - dD/dPD - aE/lPWE (7)

which is slightly more complicated than the corresponding expression
for an export subsidy because of the feedback effect on the export side
noted earlier. The sign of this expression is ambiguous, and it is intui-
tively easy to understand why. Because we know that the denominator
will be positive, we need only consider the term in the numerator which
indicates the change in the demand for the domestic good for a change
in the import price, again holding the domestic price constant. Clearly,
if the foreign and the domestic goods are gross complements, this term
will be negative and the domestic price will fall.

How can this happen given our functional forms? Recall that domes-
tic and foreign goods substitute for one another with the same elasticity
in all uses, namely, a. The demand for the domestically produced good
is a derived demand, because it enters the CES aggregation function
[(Eq. 7.4.1)]. As a result of the rise in the import price, the price of the
composite good will increase. Suppose, then, that the price elasticity of
demand for the composite good, Ed, is large. Then the increase in the
composite good price will lead to a substantial fall in the demand for
that good, which in turn implies that the demand for the domestic good
will fall. If this price effect outweighs the substitution effect, the net
demand for the domestic good will fall and one can say that foreign and
domestic goods are complements.

A little algebra will provide a condition for the functional forms
described in the previous sections."2 Under cost minimization, the fol-
lowing conditions hold:

D = (1 - ()° t Q (7.5.6)

MT = te PM 2(7.5.7)

P = [YPM('-°) + (1 - 6)epD(1-)]11(1-o) (7.5.8)

where (7.5.6)-(7.5.7) are the first-order conditions and (7.5.8) is the
cost function derived from the CES aggregation function. Totally dif-

12 See de Melo and Robinson (1978) for the derivations.
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ferentiating the equilibrium condition yields (with a caret indicating a
log differential)

XXsX = DD + EE (7.5.9)

To obtain expressions in terms of elasticities and shares, define the
following:

A2s eSP?D Q_-dfP Ee -qPWE (7.5.10)
PM. M PM) (7.5.11)

PQ P

The import share 0,, can be expressed only as a function of prices and
the elasticity of substitution under conditions of cost minimization. It
will vary when relative prices change, but at times we shall take it to be
constant because we are restricting ourselves to small changes around
equilibrium, given partial equilibrium assumptions.

Now totally differentiate (7.5.6)-(7.5.8) to obtain

D = a(P - PD)- EdP (7.5.12)
M = cT(P - PM)j- EdP (7.5.13)

fi 6-PM +(I1- b( PD
(PM PD

= O,PM + (I - 6,)PD (7.5.14)

Substitution of (7.5.12)-(7.5.14) into (7.5.10) and use of (7.5.10) pro-
vides us with expressions for a change in the domestic price given
changes in tariffs and/or subsidies.

After some manipulation, the expressions for the percentage change
in the domestic price for a small change in the rate of subsidy, te, is

PD =Ate (7.5.15)
(eS + r/)/D + [ES + Ed(1 -O)J/E Xte

The corresponding expression for the case of a small change in the
tariff rate is

PD -e A. tmr (7.5.16)
(ES + 17)(E/D) + ES + ed + ( E Ed)' 

where

and X= (7.5.17)
1 + tm i + te (..7
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Note that the import share, O., defined in (7.5.11) is taken to be
constant.

What, then, can we learn from these expressions? First, the derived
nature of demand for the domestic good is shown by the presence of the
elasticity of supply in both expressions. Thus, other things being equal,
the higher the elasticity of supply, the smaller the adjustment in the
domestic price necessary to bring back equilibrium in the market. The
same can be said of the role of the price elasticity of demand for the
composite good, Ed.

Second, the role of the elasticity of demand for exports is important
in determining the extent to which a change in trade policy affects the
domestic price. In the case of an export subsidy, the dominating effect
of its value is quite obvious, because the higher its value, the larger will
be the corresponding domestic price change. Note, however, that it is
also important when there is a change in the tariff rate, especially when
the share of domestically produced goods being exported is large. The
higher the elasticity of demand for exports, the smaller will be the
domestic price change resulting from a change in tariff policy. What
this implies is that a tariff will lead to a fall in exports as domestic
output is taken away from foreign markets toward domestic use, and
the easier this substitution process, the smaller will be the price increase.

Third, from Eq. (7.5.16), it can be seen that for any elasticity of sub-
stitution, the responsiveness of domestic prices depends on the import
share. Thus, even if a sector is tradable in the sense that Om is not zero,
the response of the domestic price to a change in the import price will
be small if the import share is low.

Fourth, expression (7.5.16) provides a necessary condition for a rise
in the import price to lead to a fall in the domestic price. Because the
denominator is always positive (Ed > ed °m) and all elasticities are
defined as positive numbers), a necessary condition is that the elasticity
of substitution in use be less than the elasticity of demand for the com-
posite good. It is difficult to say when this will be the case, because in
general the elasticity of substitution tends to be low for sectors such as
intermediates with a fair degree of processing, which also tend to have
a low elasticity of demand because they enter into intermediate produc-
tion with a zero price elasticity of demand. For capital goods, however,
the situation depends on how responsive aggregate investment is to price
changes, because imported capital goods generally have a very low elas-
ticity of substitution with foreign produced substitutes."3

13 For an examination of limiting cases for various parameters, see de Melo
and Robinson (1978).
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A classification of sectors by degree of tradability

The implication of this specification in a multisector framework is that
it allows for a richer and more realistic description of sectors with
respect to their role in foreign trade. We are no longer faced with the
traditional specification where sectors are either traded, with their prices
entirely determined outside the model, or nontraded, with their prices
entirely determined endogenously. Instead there is a continuum of sec-
tors characterized by different degrees of "tradability." For most pur-
poses it is useful to distinguish four groups of sectors: nontradables,
exportables, import substitutes, and import complements.

A sector can be characterized as producing nontradables if the share
of exports in total production and the share of imports in domestic use
are very small. Construction and services provide the best examples.

A sector producing exportables is characterized by a high ratio of
exports in domestic production. Just how high the export ratio has to
be for the sector to behave as an exportables-producing sector remains
at this point an open question.

Commodities characterized by high shares of imports in total domes-
tic use can be divided into import substitutes and import complements
depending on the ease of substitution between domestic and foreign
goods as well as on the sectoral own-demand elasticities for the com-
posite good. This distinction between import substitutes and import
complements reflects the traditional distinction between competitive
imports and noncompetitive imports, but it allows for variations in the
degree of substitutability rather than the simple and extreme classifi-
cation that treats imports as either perfect substitutes or perfect comple-
ments for domestic goods. A good dividing line between import substi-
tutes and import complements is given by expression (7.5.5), with
sectors classified as import substitutes whenever dPD/dPM > 0 and
as import complements when dPD/dPM < 0. We have seen that the
sign of (o - ed) determines the sign of dPD/dPM, so that import sub-
stitutes are sectors for which the trade-substitution elasticity exceeds the
own-composite good demand elasticity. As o- gets very large, these sec-
tors behave as traditional perfect substitutes for competitive imports.

If, on the contrary, the elasticity of substitution in use between
domestic and foreign goods is lower than the own-demand elasticity, the
relevant sector will behave as if sectoral imports were noncompetitive.
In a traditional model distinguishing noncompetitive from competitive
imports, a tariff on noncompetitive imports would not protect any spe-
cific domestic sector. Similarly, imposing tariffs on imports character-
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ized by very low trade-substitution elasticities will not protect domestic
industry in the same sector. For example, in many developing countries,
imported and domestic machinery tend to be noncompetitive in this
sense. What is classified under machinery in the domestic economy and
what is included in machinery imports tends to be a set of quite different
goods with very little substitutability. Although some subsets may in fact
be competitive, the sectoral aggregate will be dominated by noncompet-
ing products.

Apart from the four-way classification into nontradables, exportables,
import substitutes, and import complements, a further useful character-
ization of sectors is to rank them by their degree of import dependence.
This distinction is necessary to capture interindustry linkages so far
neglected. Thus, a sector will be defined as very import dependent if its
production processes are characterized by a heavy use of imported inter-
mediate inputs. Thus, particular sectors may be very tradable (i.e., char-
acterized by high export or import shares), but this need not imply that
they are import dependent on the input side. For instance, food pro-
cessing may be characterized by a high export share and therefore be
quite tradable, but domestic production may show little need for
imported inputs and the sector would not be import dependent. Pro-
duction costs would not be directly affected by a devaluation, and import
rationing would not create major difficulties for continued production.
Sectors should therefore be distinguished not only by the degree of trad-
ability of their output but also by their dependence on imported inputs.

7.6 Trade policy, real income, and welfare

We have seen how changes in trade policy will affect prices, incentives,
and resource allocation in an economy represented by a computable gen-
eral equilibrium model. These changes will in turn affect real income
and welfare. Ultimately, we are interested in resource allocation and
incentives because they affect welfare. The models described in this book
are designed to help the policy maker analyze and quantify the effects
that various policies have on the economy and, in particular, on real
income in the community. It is therefore very important to compare the
welfare or real income of an economy in alternative situations, each
characterized by different policies and/or exogenous parameters. To the
extent that we can make such comparisons, the design of optimal policy
packages becomes possible and one set of policy measures can be said to
lead to a "better" outcome than another.
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Index numbers and welfare comparisons

Consider first an economy with only one consumer or, equivalently, an
economy with many identical consumers, where identical refers not only
to tastes but also to endowments. Consider situations 1 and 2, charac-
terized by consumption or "absorption" vectors Q' = (Q, .. . ,,)
and Q2 = (q, . . . , Qn). It is easiest at this stage to think of these as
consumption bundles, although thev may in fact include investment.
Situation 1 represents the initial or base solution, whereas situation 2

.reflects a particular policy change. We want to be able to compare Q'
and Q2 and assess whether one is an improvement on the other.

If Q i> Q*, for i = 1, n, there is more of every single commodity in
situation 2 and, if there is only a single representative consumer, Q2 is
an unambiguous improvement on Q. But even in that simple case it is
not clear how much of an improvement Q2 is over Q1. If, moreover,
Q2 > Qt for some i but Ql2 < Ql for others, we cannot immediately
rank the two vectors.

Assume that the price vectors P' = (P', . . ., P.) and P2 =
( P2, ., p2n) ruled in a competitive market when Q1 and Q2 turned out
to be the commodity bundles chosen by the representative consumer.
Then these prices contain information that can help us compare phys-
ical commodity bundles. Suppose, for example, that we have

>:p Q2 > Ep2Q (7.6.1)

The equation states that a Paasche index of quantities increased when
we moved from Ql to Q2. We can infer from such an increase that Q2
is preferred to QI using the theory of revealed preference. The inequal-
ity indicates that at prices P2, Q' was less expensive than Q2 and there-
fore could have been chosen. The fact that it was not chosen implies
that Q2 must be preferred to Q. An increase in a Paasche index of real
income is therefore a sufficient condition for welfare to have increased.

Now suppose that the inequality was reversed, using a Laspeyres
index (with base prices P'):

p1Q2 > pjQI (7.6.2)

This indicates that commodity bundle Q2 and something more could
have been purchased in situation 1 (with prices P'). The fact that it was
not implies that the movement from Q' to Q2 represents a definite loss
of welfare. Therefore, a necessary condition for welfare to have
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improved is that a Laspeyres index of real income increases between
situations I and 2:

I PI > I PIt (7.6.3)
z=I

Note that it is quite possible, as illustrated in Figure 7.3C, that a
Laspeyres index increases while a Paasche index decreases. In such
cases we cannot reach a conclusion about the direction of change in wel-
fare. On the other hand, with a single representative consumer it is not
possible to have a Paasche index increase and a Laspeyres index
decrease. The situation depicted in Figure 7.3D cannot arise.

In all cases depicted in Figure 7.3, there is more of one commodity
and less of another, so that it is only by using price weights that we can
attempt to rank different bundles. Consider the situation described in
Figure 7.3A. Commodity bundle Q2 is definitely preferred to commodity
bundle Q'. But by how much? The Laspeyres index of real income has
almost doubled, but the Paasche index has increased by much less.

Depending on the particular shape of the underlying utility or wel-
fare function, either the Paasche or the Laspeyres index may be a better
approximation to the "true" change in welfare. In general, the Paasche
index will constitute a "lower bound" and the Laspeyres index will con-
stitute an "upper bound" to the underlying change in welfare."4 It may
therefore be reasonable to take some average of the two indices to mea-
sure the change in welfare. Although this averaging hides some infor-
mation, it is often a convenient way of reporting results, particularly
when there is no major disagreement between the Paasche and Las-
peyres indices. Some information is clearly lost, but we shall in general
use the arithmetic average of the Paasche and Laspeyres indices or an
indicator of real income or absorption. Unless the two indices conflict,
this is a reasonable compromise and allows a more compact presentation
of results.

In the presence of more than one consumer, the problem of ranking
alternative consumption or "absorption" vectors becomes much more
difficult. Suffice it here to note that as soon as there is more than one
consumer, changes in prices alter, through their income effects, the dis-
tribution of income. This implies that observed economy-wide con-
sumption choices need no longer be consistent with any particular ratio-

14 A sufficient condition for this to be true is that the utility function be homo-
thetic. See Samuelson and Swamy (1974) for a good comprehensive discus-
sion. They also discuss various averages of the two indices.
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Q2 ~~~A B2
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Ql Q,

Figure 7.3. The problem of ranking commodity bundles. A. The Paasche
and Laspeyres indexes both increase. Q2 is preferred to Q'. B. The Paasche
and Laspeyres indexes both. decrease. Q' is inferior to Q'. C. The Laspeyres
index increases, but the Paasche index decreases: We cannot rank Q' and
Q2. D. The Laspeyres index decreases, but the Paasche index increases.
This situation cannot arise with consistent maximizing behavior.

nal preference ordering. Unless very stringent conditions are satisfied by
the preferences of all individuals and groups (see Samuelson and
Swamy, 1974), an increase in the Paasche index is no longer a sufficient
condition, and an increase in the Laspeyres index is no longer a neces-
sary condition for an improvement in welfare. We shall follow much of
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traditional trade theory in assuming a representative consumer, or, what
is equivalent, a community indifference map."

Decomposing changes in real income

Real income changes between periods and/or across situations as a
result of various underlying economic mechanisms. Consider, for
instance, the effect of imposing tariffs on an economy with variable
terms of trade. An improvement in the terms of trade will tend to
increase real income. But the wedge driven by tariffs between domestic
and international rates of transformation will tend to reduce real
income. When comparing two situations, say, one with and the other
without tariffs, we would like not only to rank the two situations but
also to decompose the total change in real income into the component
changes due to, for example, changes in the terms of trade and changes
in the efficiency of consumption and production. Such a decomposition
methodology based on revealed preference and index number theory has
been developed by M. Ohyama (Ohyama, 1972; Caves and Jones,
1977). We summarize it here, adapting it to the general equilibrium
model with differentiated commodities.

Consider two solutions characterized by superscripts 1 and 2, where
1 denotes the initial or base solution and 2 denotes a particular policy
experiment. We shall not make a distinction between consumption and
investment and define real income as total domestic absorption, that is,
as the sum of consumption and investment. Real income is thus equal
to domestic production plus imports minus intermediate use minus
exports. A sufficient condition for solution 2 to constitute an increase in
welfare over solution I is that the Paasche index of income has
increased. In vector notation, we must have

PM2 (M 2 M - M) + PD2 (X2
X l _ E2 )

> PM2 (M1
- M') + PD2 (X' - - El) (7.6.4)

where M and M, denote total and intermediate import vectors and X,
X,, and E denote total domestic production, domestic intermediate
input, and export vectors, respectively. Rearranging, we get

PM 2(M 2
- M l) -_PpA(M2- M_ ) - PD2 (E 2 - El)

+ pD 2 (X 2 X') - PD 2(X2 -_ ) > 0 (7.6.5)

as a sufficient condition for an improvement in welfare. Furthermore,

In the empirical examples presented in the next chapter, there is only one
aggregate private consumer. The distribution-focused model of Chapter 13,
however, specifies a number of consumers.
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assuming that the expression on the left-hand side can itself be taken as
a "measure" of the change in real income between solutions l and 2, it
is instructive to decompose it further by using the fact that

pM 2 (I - j)pW 2ER 2 (7.6.6)

and

PE2
= PD2

= (I + le)PWE2ER2 (7.6.7)

where T2 and te2 are diagonal matrices of differences between the
world prices of imports and exports and their domestic prices. When
there are no quantitative restrictions, T and Te simply reflect tariffs
and export subsidies. Substituting (7.6.6) and (7.6.7) into (7.6.5) and
rearranging terms, we get

(pW 2 M 2 _ PWE 2E 2)ER 2
- PW 2 M'ER 2

P PWE2 E'ER2 + t2pW 2 ER 2[(M 2
- MI) - (M

-M')] - te2pWE2(E 2- E')ER 2 + pD 2(X 2
- XI)

-PD
2 (X2 - X)2- P (M - M)ER 2 > 0 (7.6.8)

The first term in expression (7.6.8), (PW 2 M 2
-PWE

2 E2 )ER 2 , is sim-
ply equal to the balance-of-trade deficit in domestic currency prices and
can be replaced by F2 ER 2 , the value of net resource transfers, because
by the balance-of-payments constraint characterizing solution 2, it must
be true that

PW 2M2 - PWE 2E2
-F

2 = 0 (7.6.9)

Similarly, we must have

PW'M' -PWE'E' -F = 0 (7.6.10)

and therefore

(PW'M -PWE'E'-F
1)ER2 = 0 (7.6.11)

Given that (7.6.11) equals zero, we can add it to expression (7.6.8)
without affecting its value. Rearranging terms, we obtain the following
decomposition of the change in real income, ARp, expressed as the
change in a Paasche quantity index:

AR = (Fr2 - F)ER 2 foreign resource effect

+ (pW 2
- PW')M'ER 2 + (PWE 2 - PWE')E'ER 2

terms-of-trade effect
+ t2PW2 [(M2 - MI) - (M - M)] ER2

tariff distortion effect
- te2PWE2(E2 - E')ER2 export subsidy distortion effect
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+ PD 2(X 2
- XI) - PD 2 (X2' - X')

- PW2(M2 - M1)ER2 net production effect (7.6.12)

Consider each element of the decomposition given in (7.6.12). The for-
eign resource effect reflects the direct impact that a change in the avail-
ability of net foreign resources has on domestic absorption. The terms-
of-trade effect has two components reflecting import prices and export
prices. We shall always make the small-country assumption on the
import side, so PW 2 - PW' will always be zero. But when the small-
country assumption is dropped on the export side, we can get nonzero
terms-of-trade effects whenever PWVE2 # PWE 1 .

The tariff distortion effect arises because, with positive tariffs, the
benefit derived by domestic consumers from incremental imports
exceeds their social cost given by world prices not inclusive of tariffs.
Similarly, the export subsidy distortion effect reflects the fact that
exports are more costly to society than to exporters when there are pos-
itive export subsidies. Jointly the tariff and export subsidy effects con-
stitute a consumption distortion effect that captures changes in real
income due to changes in the degree and pattern of distortions affecting
the final use of commodities.

The last term in (7.6.12) is the net production effect itself, obtained
by subtracting changes in domestic and imported intermediate inputs
from changes in total domestic production.

This decomposition has many advantages. It does not depend on the
two situations being in any sense "close." It applies to large as well as
small changes, and is close to traditional national income accounts.
When the economy can be viewed as maximizing utility subject only to
its budget constraint and technological parameters, AR, > 0 is a suf-
ficient condition for welfare to have improved. The terms that make up
AR, are additive and each, taken separately, isolates an interesting
aspect of trade policy.

The decomposition methodology also has important weaknesses and
disadvantages. It cannot be treated as a quantity index of real income
or welfare. We have the usual index number problem, and there is noth-
ing ideal about a Paasche index. We can, of course, compute the Las-
peyres version of the decomposition. Denoting it by ARL, we get

AR, = (F2 - P)ER' + (PW2 - PW')M2 ER'
+ (PWE- PWE')E 2 ER' + T'PW' [(A 2 - M')
- (MV - Mi)] ER 1 - Te'PWE'(E 2 - E)ER'
- pW1 (X2 - XI) - (X2 _ X( )

-PW2(A,- M')ER' (7.6.13)
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There is nothing ideal about a Laspeyres index either, except that,
as we argued before, ARL > 0 does normally constitute a necessary
condition for welfare to have increased. If we impose further restrictions
and assume a homothetic utility function, then it is also true that the
"unobservable" true percentage change in welfare lies between AR,
(the lower bound) and ARL (the upper bound). In this case, taking some
kind of average is reasonable. We shall usually take the arithmetic
average, because it preserves additivity of the decomposition. Although
this may be reasonable, it must be admitted that there is no hard justi-
fication for it. Thus, although the Paasche and Laspeyres indices do
allow us to rank some situations and help us get a feel for the quanti-
tative importance of individual elements underlying a change in real
income, the methodology must be used with care, keeping in mind its
limitations. It is nevertheless very useful, and in development planning
where GDP calculations and their unqualified use have dominated dis-
cussion and policy applications, one should not, perhaps, be too much
of a purist.

Before concluding this section, it is important to stress that, for some
applications and some policy experiments, it may be desirable to use a
particular utility function or social welfare function. One can, for exam-
ple, assume that

Welfare = U(CI ... , C. )

with the particular intertemporal form

Welfare = > (1 + U(C1, ... I C.) (7.6.14)

Provided that one agrees on an origin such as U = 0 when
(C,, . .. ,C) 0, the explicit use of a utility or welfare function allows
a complete ranking of all possible situations and policy packages and a
quantitative comparison between any two alternatives. The practice is
well established in the linear programming and optimizing literature
(where most welfare functions are linear!)

7.7 Conclusion

In this chapter we have outlined a specification that represents a sub-
stantial step forward in the building of applied multisector general equi-
librium models of open economies. Instead of restricting choice to either
a fixed-coefficients specification treating traded goods as rigid comple-
ments to domestic goods or a specification that rules out two-way trade
by treating domestic and foreign goods as perfect substitutes, the intro-
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duction of trade-substitution and export-demand elasticities allows an
intermediate position between these two extremes. This in turn allows
distinction between sectors such as machinery, characterized by low
substitution elasticities, and sectors such as paper or petroleum, where
substitutability in use is high. More realistic behavior of quantities and
prices can also be expected, with the tendency to specialization much
diminished and the domestic price system more autonomous than in
neoclassical theory but less isolated from world prices than in fixed-coef-
ficients models. On the export side, specifying very high demand elas-
ticities will approximate the small-country assumption. But one is no
longer forced to make this assumption, and for many categories of prod-
ucts, it is more realistic to assume moderate export demand elasticities
and thus have the country face downward-sloping demand curves for its
exports. All this is, of course, made possible and easy by the nonlinear
nature of the general equilibrium model. Although piecewise lineari-
zation can often achieve the same results, it is much easier to formulate
the model in nonlinear form to start, provided that a solution can be
obtained numerically at reasonable cost.

There remain, however, the problems of parameter estimation and
validation. Although it may be much better to set trade-substitution
elasticities at values between zero and infinity than at these extreme
boundary values, there may be strong disagreement as to their exact
magnitude. This disagreement was never allowed to surface in the tra-
ditional models except in the form of wholesale rejection of "neoclassi-
cal" models by "structuralists" and vice versa. Introducing the new set
of elasticities explicitly raises the empirical question of their magnitude
for particular kinds of commodities and countries of particular size and
levels of development. It thus has the virtue of creating the need for
better data and econometric work. In the meantime, as the data and
econometric evidence are not yet available,"6 it is important to develop
a feel for the range of magnitudes involved and for the sensitivity of the
results to parameter values. We turn to such an investigation in Chap-
ters 8 and 9.

7.A Appendix: Equations of the flexible exchange
rate model

This appendix presents the flexible exchange rate version of the model
in complete equation form. Endogenous variables are denoted by capital

16 Some studies do, of course, exist, but they refer mostly to trade between
industrialized countries. See, for example, Leamer and Stern (1970), as well
as Dixon (1975) and the studies cited therein.
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letters. Lowercase letters, Greek letters, and letters with bars () are
exogenous variables or parameters (with the exception of di).

Import price equations

PMi = PW1(I + tmi)ER n

where PW1 is the world price of imports in "dollars," tmi is the tariff
rate, and ER is the exchange rate.

Export price equations

PWE PD= n
(1 + te,)ER

where PD, is the domestic price (in local currency) and te, is the export
subsidy rate.

Composite price equations

p = PD, + PM, * MlID,

f(M,/D,, 1)

where M, is imports, Di is domestic demand for domestic production,
PD, is the price of domestically produced commodities, and f (-) is the
CES trade aggregation function for aggregating domestic and imported
goods. This equation is an alternative to Eq. (7.4.7).

ANet price equations

PN, = PD , Pa,, - td,PD, n

where aj, are the fixed input-output coefficients and tdi is the indirect
tax rate.

Price-level equation

Q, uip= P One

where Qi are the weights for the price index (EiQ, = 1) and P is the
price level.
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Production functions

Xs= Ag(K, L) n

where X' is total domestic production (supply), A is the productivity
parameter, Ki and Li are (aggregate) sectoral capital and labor, and
gi (-) is the CES production function.

Labor aggregation functions

Li = A,(L Li)

where L,i is labor of category k in sector i and Xi (-) is the CES labor
aggregation function.

Labor market equilibrium

PN, W= 4k m n

aLi
OLkD k 

Lk T s = ° m

where L' and Ls are the demand and supply of labor of category k,
and W, are equilibrium wages, k = 1, m. Wage distortions can be
specified as discussed in Chapter 6, Eq. (6.4.2).

Export demand functions

E i -E( 1 E=,PWEi)

where PWEi is the supply price of domestic exports in dollars and II
is an average world price for that market.

Import demandfunctions

MT = 1 - bi PM, D n

where o-, is the trade-substitution elasticity and &i is the share parameter
in the CES trade aggregation function.
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Balance-of-payments equilibrium

FT M:-E PWE E-F = 0 One

where F is the exogenous value of net foreign capital inflow.

Income equations

Net labor income is given by

RL = ZE E tk) One
*k

where tk is the direct tax rate on labor income category k.
Net nonlabor factor income is given by

RK = Z (PNIX,-, W*L,,) (I - tk,) One

where tk, is the direct tax rate on sectoral nonlabor income.
Government income is given by

RG= tk WkLki + E tk,* (PVX, - E WJL,,)
, k . k

+ tm,PWER M, One

- Z te,PWEjER E: + g td,X"PD, + E ER

Alternative treatments of F are easily specified (see Chapter 5), and
various specifications are used in the application.

Investment equations

TINV = SLRL + SK RK + SGRG One

where TINV is the value of total investment and SL, SK, , and SG are
the savings rates out of labor income, capital income, and government
income.

Y, = 0,- TINV n

where 0, are exogenous sectoral investment shares and Yi is investment
by sector of destination.
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Investment by sector of destination is then translated into investment
by sector of origin by the capital composition coefficients, sij:

zi = sijYj n

Consumption demand equations

Ci = CiL + CiK + CiG n

C, = qij(l - Sj)j j L, K, G 3n

where Ci is total consumer demand for composite commodity i, equal
to the sum of the demands coming from wage earners, capitalists, and
the government. Each of these groups spends their income net of savings
according to a set of constant expenditure shares qij. In the application
in Chapter 13, the linear expenditure system is used instead.

Intermediate demand equations

V, = Z a,Xj. n

where Vi is the demand for composite intermediate inputs derived from
sectoral production levels and the input-output coefficients.

Product market equilibrium

Di = di -(Yi + Ci + Vi) n

where di, the domestic use ratio, is given by

I

i fi(Mi/Di, 1) n

where f is the CES trade aggregation function.
Total demand for domestically produced goods is therefore

XI = Di + Ei n

Product market equilibrium is defined by

i- =0 n
Total: 19n + m n + 2m + 6
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Of these equations, only 19n + m * n + 2m + 5 are, however,
independent. There are thus as many endogenous variables as indepen-
dent equations.

Endogenous variables

PM, n Import prices
PWEi n Export prices
ER one The exchange rate
PDi n Domestic prices
Pi n Composite commodity prices
PN, n Net or value-added prices
xis n Domestic production by sector
Li n Aggregate labor by sector
Li, m n Labor by category and sector
W, m Wages by category

Lk m Total employment by labor category
Ez n Exports
Mz n Imports
RL one Labor income
RK one Capital income
RG one Government income
TINV one Total investment
Yi n Investment by sector of destination
Zj n Investment by sector of origin
Cq n Total sectoral consumption
Cii 3n Consumption by category of consumer
V, n Intermediate demand
D, n Total demand for domestic use
d, n Domestic use ratio

n Total demand
19n + m * n + 2m + 5



PART III

Trade policy and resource
allocation: a quantitative analysis





CHAPTER 8

Protection, prices, and resource pulls

8.1 Introduction

Chapter 6 discussed in qualitative terms how to introduce foreign trade
and trade policy into a CGE model. Chapter 7 presented a specific
model with product differentiation between imported and domestically
produced goods and argued that this approach is the best way of han-
dling foreign trade within the framework of fairly aggregated multisec-
tor planning models. The purpose of this and the next chapter is to
provide both examples of foreign trade issues that can be usefully inves-
tigated with a CGE model and an examination of the sensitivity of the
rnodel to systematic variation in key trade elasticities. Both chapters are
applications of the material presented in Chapters 6 and 7 and are
intended to prepare the ground for the more detailed policy applications
presented in Chapter 10 and 11.

The focus in Chapter 9 is on the macroeconomic impact of alternative
policies. This chapter emphasizes microeconomic effects by providing a
detailed quantitative examination of the price and quantity linkages
captured by a CGE model featuring product differentiation. These link-
ages are examined by exploring the quantitative effects on resource
allocation of varying tariffs, subsidies, and the exchange rate. It is par-
ticularly important to stress the importance of carrying out an exercise
where trade taxes are varied systematically because, as we saw in Chap-
ter 7, product differentiation modifies the nature of the mechanism and
the linkages that lead from trade policy variables to prices, incentives,
and resource allocation. Also, a systematic examination of how the var-
ious elasticities in the models determine the magnitude of relative price
changes is crucial in order to understand and interpret the policy results
in Chapters 10, 11, and 13.

The investigation proceeds with the use of a "stylized" nineteen-sec-
tor model of a semi-industrialized economy. In manufacturing, the level
of disaggregation corresponds closely to the standard two-digit SITC
breakdown. The nonmanufacturing sectors are more aggregated (five
sectors in all). The focus is therefore clearly on the industrial sector.
Although a much finer sectoral detail would be necessary for an in-
depth investigation of trade policy on resource allocation at the micro
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level, the two-digit breakdown provides useful insights and provides a
basis for a dialogue between the macro planner and the sector specialist.

The data for the application are based on Turkish statistics, and
Chapters 8 and 9 set the stage for the more specific, policy-oriented
discussion of Turkish foreign trade and industrialization in Chapters 10
and 11. In order to focus on the essential linkages in a core CGE model,
we here simplify the model, abstracting from some of the institutional
characteristics of the Turkish economy in order to bring out more
clearly the mechanisms at work. This "stylized" version is also useful
in helping to explore the sensitivity of the model to the values assumed
by some of its key parameters. At the present stage of data availability,
formal econometric estimation of many model parameters is largely
beyond reach, and one must often make educated guesses of the values
of important parameters in any given application. It is therefore impor-
tant to investigate the sensitivity of modeled behavior and policy pre-
scriptions to different assumptions about key parameter values.
Although we have to be selective and cannot present an exhaustive set
of sensitivity experiments, Chapters 8 and 9 provide information on the
mechanisms at work in different policy simulations and the sensitivity
of results to parameter specification. In the process, we hope to clarify
the debate between "elasticity pessimists" and "elasticity optimists" by
quantifying the impact of different parameter assumptions in the con-
text of selected policy experiments.

The chapter is divided into three parts. Section 8.2 is devoted to an
examination of how the constellation of elasticities reflecting the char-
acteristics of different sectors accounts for the differential impact on
domestic prices and resource allocation of equal percentage changes in
single tariffs and subsidies. The question to be answered is the follow-
ing: Why does a 50 percent tariff on, for example, petroleum imports
raise the price of domestically produced petroleum products more than
a 50 percent tariff on clothing raises the price of domestically produced
clothing? Although the analysis rests on the full solution of the model,
the fact that trade taxes are altered one at a time gives the analysis a
partial equilibrium flavor, which allows us to take full advantage of the
discussion on trade policy and resource allocation presented in Chap-
ter 7.

Section 8.3 defines and contrasts effective rates of protection (ERPs)
and domestic resource costs (DRCs) in a model with product differen-
tiation. The relationship that is known to hold between these two mea-
sures is shown not to be affected by the presence of product differentia-
tion. Finally, Section 8.4 extends the analysis of Section 8.2 by
examining quantitatively the impact on resource allocation of across-
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the-board changes in trade taxes. Throughout, experiments are chosen
so as to make the interpretation of results easier to understand rather
than to attempt to replicate trade tax reforms that are likely to take
place in a semi-industrial country. Indeed, it is this tailored selection of
experiments that makes it possible to discuss meaningfully in Section
8.4 how partial equilibrium estimates of the impact of trade taxes on
resource allocation are likely to differ from estimates obtained with a
general equilibrium model.

8.2 The price mechanism and resource allocation

We saw in Section 7.5 that, even when viewed in partial equilibrium,
a sector's response to a change in trade policy incentives is the result of
many factors involving supply, demand, and trade substitution elastici-
ties. The analysis pointed in particular to the need for an examination
of the model's sensitivity to a systematic variation in the elasticities that
determine the behavior of the foreign trade sector. To explore how trade
policy affects resource allocation and the composition of imports and
exports in the manufacturing sector, we examine sector by sector the
impact of changes in single sectoral tariff and subsidy rates. These
experiments are carried out under a range of values for the export
demand and trade substitution elasticities.

Model outline and reference run

The benchmark year for the experiments is 1973, a year during which
trade restrictions were minimal in Turkey. It is thus reasonable to
associate the parameters of the model calibrated to the benchmark year
with those representing an "equilibrium" in the economy. In fact, this
section uses a "free-trade" reference solution. This is largely a matter
of convenience, and has the distinct advantage of providing an easier
way of comparing our results with other estimates of the effects of pro-
tection, most of which select free trade as the norm against which inter-
ferences in the foreign trade sector are evaluated. The basic structure of
the model used in this chapter and in Chapter 9 follows closely the spec-
ification of the core CGE model extended to include product differen-
tiation and export demand functions as described in Chapter 7. The
following description sketches only the particular characteristics of the
rnodel not already discussed.

On the demand side, sectoral consumption and investment demands
are given by constant expenditure proportions. For consumption
demand, this specification implies that the uncompensated own-price
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elasticity of demand for sectoral composite outputs is unity. This spec-
ification has the advantage of simplifying the interpretation of results in
two ways: First, the elasticity of the response of private final demand to
a change in sectoral price, itself due to a change in trade policy, is the
same across the economy; and second, the effects of trade policy on the
factoral distribution of income, which are quite substantial in some
experiments, are not permitted to feed back through the demand system,
because all consumers share the same representative demand system.
For investment demand there will be a zero (unitary) own-price elas-
ticity of demand for each of the sectors producing investment goods if
aggregate investment is held fixed in real (nominal) terms. Because
investment goods are distinguished both by sector of origin and by sector
of destination, capital is heterogeneous in the sense that the composition
of a unit of capital differs across sectors, so that the price of capital in
each sector is the weighted sum of the prices of its components.

Following the formulation in Chapter 5, capital stocks are sectorally
fixed within periods, reflecting the fact that capital is less mobile than
labor in the short run. In the comparative static experiments reported
here, the results may therefore be interpreted as a relatively short-run
response of the economy to a policy change. In a trade-oriented and
industry-focused model, it is sensible to view agriculture as an exoge-
nous sector, because no attempts are made at modeling its behavior. To
reflect this exogeneity, which may be interpreted as a form of dualism,
the labor supply in agriculture is fixed within periods so that the short-
run supply response in agriculture to a change in price is zero,

The urban labor force, which cannot be employed in agriculture, is
perfectly mobile across urban sectors and is composed of two labor cat-
egories: organized and unorganized (or skilled and unskilled). The sup-
ply of both categories of labor is assumed fixed, so their respective wages
adjust to equate total demand with total supply for each category. There
are no wage differentials for the same category of labor across sectors,
so labor in each category moves across sectors until the value of its mar-
ginal product is everywhere the same.' Such a specification of factor
markets, while unrealistic for policy analysis, is convenient for exploring
the efficiency aspects of resource movements captured by the model
because the resulting free-trade reference solution has well-understood

This specification eases the welfare interpretation of some of the experiments
in Chapter 9, because it precludes the possibility of interpreting the reference
solution as a second-best solution due to a distortion in the labor market
caused by wage differentials.
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efficiency characteristics that would not hold in the presence of a more
elaborate specification of labor markets.

Finally, production technology is given by a two-level CES produc-
tion function. Aggregate labor and capital substitute for one another
with a constant elasticity of substitution, whereas at a lower level aggre-
gate labor is itself a CES aggregation function of the two categories of
labor.2

Labor and capitalists save a constant fraction of their aftertax income,
so the model is savings driven. Given the fixed sectoral composition of
aggregate capital, the own-price elasticities of demand for investment
goods are determined by their value shares in total investment. Also, to
abstract from any policy-induced redistribution of income between the
private and public sectors, the government's budgetary revenues are
maintained at their base-year level. To maintain a fixed level of reve-
nues in real terms, the government performs a set of transfers to and
from the private sector according to whether a change in policy gives
rise to a net receipt from or a net disbursement to the private sector.
Because each factor of production is assumed to have a fixed propensity
to save, government consumption is determined residually. This infor-
mation allows us to focus on the price mechanism and resource alloca-
tion and ignore the distributional aspects of trade policies (which are
discussed in later chapters).

The sectoral characteristics of the economy in the "free-trade" ref-
erence run are given in Table 8.1. The solution is the one corresponding
to the set of high trade elasticities given in Table 8.2.3 Of the nineteen
sectors in the model, fourteen are in manufacturing. These manufac-
turing sectors can be roughly divided into three categories: consumer
goods (food, textiles, clothing, wood, and paper); intermediates (chemi-
cals, rubber and plastics, petroleum products, nonmetallic mineral prod-
ucts, and basic metals); and capital goods (metal products, nonelectrical
machinery, electrical machinery, and transportation equipment).

The first three columns of Table 8.1 provide the essential production
characteristics for each sector. The gross outputs in column (1) reveal

2 In the experiments we describe, we assume the elasticity of substitution
between the two labor categories to be one, i.e., a Cobb-Douglas labor
aggregation function. Aggregate capital is a fixed-coefficients aggregation of
different capital goods.
Equilibrium solutions and the structure of the economy are slightly different
under the two sets of trade elasticities. We use the term "trade elasticities"
to refer collectively to both the trade-substitution and export-demand
elasticities.
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Table 8.1. Structure of the manufacturing sector in the reference solution

(1) (2) (3) (4) (5) (6)
X PN/PD K/L E/X RMQ IMD

1. Agriculture 103.2 71.7 15.2 2.2 2.6 7.6
2. Mining 3.8 67.7 85.6 3.8 7.0 19.6
3. Food 44.9 20.5 79.5 9.7 1.4 1.5
4. Textiles 24.7 21.8 81.4 18.6 4.2 7.2
5. Clothing 7.6 49.1 16.8 1.9 2.5 3.5
6. Wood and wood products 6.6 31.7 32.7 0.2 0.5 3.0
7. Paper and printing 5.2 32.7 190.5 0.4 10.9 9.4
8. Chemicals 10.7 37.9 245.0 2.5 48.0 28.3
9. Rubber and plastics 5.2 27.1 98.1 1.5 19.0 20.2

10. Petroleum and petroleum
products 16.1 41.3 2,526.0 4.4 58.3 20.3

11. Nonmetallic mineral
products 6.7 38.6 179.5 3.4 7.7 9.8

12. Basic metals 14.5 23.9 638.2 2.8 24.2 15.4
13. Metal products 6.3 37.8 32.4 1.2 16.0 17.1
14. Nonelectrical machinery 9.4 43.0 108.0 1.1 55.6 39.8
15. Electrical machinery 5.0 40.8 60.5 0.3 38.5 22.5
16. Transportation equipment 11.9 37.3 60.5 0.1 28.6 19.0
17. Construction 28.9 57.9 24.9 - - 13.8
18. Infrastructure 59.7 71.4 694.7 7.2 1.6 15.8
19. Services 109.9 81.7 33.0 5.6 1.4 3.9

Notes: This solution corresponds to the set of trade elasticities denoted as "high" in Table 8.2.
Column (1): Gross output: billions of 1973 TL.
Column (2): Sectoral value-added as a percent of domestic price.
Column (3): Capital to aggregate labor ratio: (million TL/man-year).
Column (4): Ratio of exports to domestic output (%).
Column (5): Ratio of imports to total domestic demand (%).
Column (6): Share of imported intermediate inputs in total intermediate inputs.
Classification of sectors: consumer goods: sectors 3-7; intermediate goods: sectors 8-12; capital

goods: sectors 13-16.

a typical composition of output found in a semi-industrial country
where agriculture and services provide more than 40 percent of gross
domestic production. Within the manufacturing sector, the traditional
nondurable food and textile industries dominate, but a few key inter-
mediate and capital goods sectors such as chemical, petroleum products,
basic metals, and transportation equipment are significant and indicate
that the economy is indeed in the "semi-industrial" category. The
importance of intermediate inputs for each sector is indicated by the
per-unit ratio of net price to gross domestic price in column (2). Column
(3) gives the capital-labor ratio in each sector. Consumer goods are
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Table 8.2. Trade substitution and price elasticities (%)

Trade Export Output Composite
substitution demand supply demand

(1) (2) (3) (4) (5) (6)
Low High Low High ,s ed

1. Agriculture 2.00 6.00 2.0 4.0 1.57 0.55
2. Mining 0.33 1.00 2.0 4.0 2.59 0.17
3. Food 0.75 2.25 2.0 4.0 0.63 0.74
4. Textiles 0.75 2.25 2.0 4.0 2.12 0.61
5. Clothing 0.75 2.25 3.0 6.0 1.88 0.79
6. Wood and wood products 0.75 2.25 3.0 6.0 1.87 0.38
7. Paper and printing 0.33 1.00 3.0 6.0 0.81 0.38
8. Chemicals 0.33 1.00 3.0 6.0 0.24 0.43
9. Rubber and plastics 0.33 1.00 3.0 6.0 0.69 0.50

10. Petroleum and petroleum products 1.50 4.50 3.0 6.0 0.02 0.15
11. Nonmetallic mineral products 0.33 1.00 3.0 6.0 0.66 0.43
12. Basic metals 0.33 1.00 3.0 6.0 0.36 0.00
13. Metal products 0.33 1.00 3.0 6.0 1.59 0.68
14. Nonelectrical machinery 0.25 0.75 3.0 6.0 0.34 0.36
15. Electrical machinery 0.25 0.75 3.0 6.0 0.57 0.46
16. Transportation equipment 0.25 0.75 3.0 6.0 0.70 0.25
17. Construction - - - - 1.40 -
18. Infrastructure 0.25 0.75 2.0 4.0 0.23 0.69
19. Services 0.25 0.75 2.0 4.0 1.37 0.50

Notes: Columns (1) and (2): or, trade substitution elasticities [defined in Eq. (7.2.1)].
Columns (3) and (4): ,1, price elasticity of export demand [defined in Eq. (7.3.5)].
Column (5): e', price elasticity of output supply [defined in Eq. (8.2.1)].
Column (6): Ed, own-price elasticity of composite demand [defined in Eq. (8.2.2)].

labor intensive, and intermediate goods as a whole are the most capital
intensive, with capital goods industries somewhere in between.4

The next three columns in Table 8.1 provide information about each
sector's trade orientation. Column (4) indicates that only four sectors in
the economy export more than 5 percent of their production, with food
and textiles, being the most export-oriented sectors in the economy.
These export ratios are quite low by international standards, and reflect
3 country that has followed an inward-looking development strategy.5

On the import side, the typical picture emerges when one considers both
the share of imports in aggregate composite expenditures [column (5)]

4 Because these are direct capital-labor ratios, they provide only a rough
indication of sectoral capital intensity.
A comparison of the extent of openness for a set of semi-industrial countries
is provided in Balassa and Associates (1980b, chap. 3).
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and the share of imported intermediates in total intermediate inputs
[column (6)]. With the exception of nonmetallic products, intermediates
and capital goods are both import oriented (in the sense of a large share
of imports) and import dependent (in the sense of a large share of
imported intermediate inputs). It should be noted, however, that
although it is generally the case that import-dependent sectors are also
import oriented, there are some notable exceptions. Chemicals, petro-
leum products, transportation equipment, and the machinery sectors all
have much higher import shares in final demand than in intermediate
inputs. The opposite is the case for mining and infrastructure, which
are fairly intensive in their use of imported intermediate inputs but
show a small import share in final use. Construction also falls in the
same category as mining and infrastructure. It is the only "pure" non-
traded sector in the economy, yet 17 percent of its intermediate inputs
are imported.

The range of elasticities chosen to explore the sensitivity of the model
to key parameter values is shown in Table 8.2. On the import side, the
high substitution elasticities are three times the low set. On the export
side, the high export demand elasticities are twice the low set. Given the
paucity of econometric estimates, we attempt to establish "bounds" by
exploring the range of variation in the response of endogenous variables
to changes in exogenous variables conditional on the parameters in
Table 8.2. In particular, the sectoral variation in the elasticities of sub-
stitution between domestic and imported goods is a rough estimate of
the extent of product differentiation due to differences in quality and
degree of product homogeneity. Thus, agricultural and petroleum prod-
ucts are viewed as the most homogeneous products, together with the
more traditional nondurable consumer goods (which are assumed to be
more substitutable in use than other manufactures). Similarly, on the
export side, it is assumed that the price elasticity of export demand for
primary products and services is lower than for manufactured products.

Finally, because they are important in determining the ultimate
impact of changes in tariffs and subsidies, estimates of partial equilib-
rium sectoral elasticities of supply and elasticities of composite demand
are reported in columns (5) and (6). Sectoral price elasticities of supply
are defined as

s- X OiL (8.2.1)

where a' is the elasticity of substitution in production between capital
and labor and 0,(j = K, L) are the factor shares for capital and labor.
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Thus, supply elasticities are greatest in labor intensive sectors with high
substitution elasticities between capital and labor.

Given the model specification, the demand for intermediate goods is
given by fixed input-output coefficients and hence is not price sensitive.
Consumer demand functions are specified with constant expenditure
shares, which implies an uncompensated own-price elasticity of one for
every commodity. Aggregate investment demand is fixed nominally, but
the sectoral composition of aggregate real investment is given by fixed
coefficients. The demand for the aggregate capital good has an own
(aggregate) price elasticity of one, but the price elasticity of demand for
investment by sector of origin depends on the value shares in aggregate
nominal investment. Considering all the three sources of demand -
intermediate, consumption, and investment - the partial equilibrium
own-price elasticity of demand for the composite good in each sector is
given by

ed ' e± ; (8.2.2)

where

0= z p (8.2.3)
J ZjP'

These partial equilibrium estimates are given in column (6). Although
general equilibrium interactions are in fact empirically significant, we
report them to provide a feel for the pattern of responsiveness of com-
posite demands across sectors and as an approximation of the elasticity
of composite demand defined in Eq. (7.5.10).

The effects of single tariff and subsidy changes on
domestic prices

We are now in a position to investigate numerically the sensitivity of
the model to the range of elasticities given in Table 8.2 by considering
the range of domestic price responses to single changes in tariffs (Table
8.3) and in export subsidies (Table 8.4).

In analyzing the results, the discussion of protection and resource
allocation given in Chapter 7 is especially relevant given the partial
equilibrium assumptions made there. Starting with the effect of a
change in the tariff rate on imports, recall that the resulting percentage
change in domestic price is an increasing function of the cross-elasticity



Table 8.3. Resource pull effects of single 50% tariff changes under high and low trade elasticities (%)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
A A * ~~~~~~~~~~~~~ ~~~~ &A- AA~ r A

PDH PDL PH PL (PN/W)u (PN/W)L XAD XDL EMH EML

1. Agriculture 1.9 -0.2 2.3 0.3 0.0 -0.3 0.0 0.0 -88.4 -53.4
2. Mining 0.8 -0.1 3.6 2.9 1.2 -0.1 2.7 -0.2 -33.4 -12.7
3. Food 0.1 0.0 0.6 0.6 0.3 0.1 0.1 -0.1 -55.3 -26.0
4. Textiles 0.5 0.2 1.9 1.2 1.0 0.1 1.9 0.0 -57.7 -25.7
5. Clothing 0.7 0.1 1.5 1.0 0.5 0.0 1.0 0.3 -58.5 -26.4
6. Wood and wood products 0.2 0.1 0.3 0.2 0.1 0.2 0.3 0.1 -59.4 -26.2
7. Paper and printing 2.5 0.5 6.8 5.0 2.7 -1.8 2.1 -1.4 -32.6 -13.6
8. Chemicals 11.5 0.0 27.0 211.3 11.7 -12.0 2.6 -3.1 -22.8 -14.2
9. Rubber and plastics 2.3 -0.2 9.7 7.7 4.7 -2.5 3.1 -1.8 -31.9 -14.1

10. Petroleum and petroleum
products 18.6 20.4 31.9 28.6 13.0 15.1 0.2 0.2 -43.0 -20.9

11. Nonmetallic mineral products 1.2 0.2 4.3 3.1 2.2 0.4 1.4 -0.2 -33.6 -12.6
12. Basiemetals 14.4 9.1 11.3 18.7 19.7 4.0 6.4 1.4 -18.6 -7.6
13. Metal products 0.9 -0.7 7.4 0.6 1.3 -1.3 1.9 -2.4 -33.7 -14.8
14. Nonelectrical machinery 5.8 -2.8 26.4 21.7 4.1 -13.0 1.3 -4.6 -19.7 -13.4
15. Electrical machinery 4.2 -1.1 19.9 16.8 5.2 -5.7 2.8 -3.2 -21.0 -12.5
16. Transportation equipment 6.8 3.0 8.2 15.0 6.0 -1.7 4.2 -1.1 -18.3 -9.7
17. Construction - - - - - -

18. Infrastructure -0.2 -0.7 0.6 7.3 -0.1 -0.7 -0.1 -0.1 -18.3 -9.9
19. Services -0.3 -0.3 -0.3 -1.1 -0.2 -1.7 -0.4 -0.6 -18.5 -6.4

Notes: Subscripts H and L refer to "high" and "low" trade elasticity specification (see Table 8.2). PD = domestic price, W = wage, P = composite good price,
XD = domestic production, PN = net price (value added), EM = imports.



Table 8.4. Resource pull effects of single 50% subsidy changes under high and low trade elasticities (%)

(1) (2) (3) (4) (5) (6) (7) (8)

PDH PDL PL X^DH XDL EDH ED L

1. Agriculture 6.6 3.5 6.2 3.4 0.0 0.0 248.7 101.9

2. Mining 4.2 1.6 3.8 1.5 12.8 6.1 323.7 117.0

3. Food 7.1 3.6 7.0 3.6 17.9 8.9 191.1 86.6

4. Textiles 6.0 2.9 5.5 2.7 48.6 21.5 207.2 93.0

5. Clothing 5.2 2.8 4.9 2.6 13.6 7.0 186.7 203.3

6. Wood and wood products 0.8 0.4 0.8 0.3 2.8 0.9 966.1 234.5

7. Paper and printing 2.3 0.5 2.1 0.4 4.3 0.9 861.3 233.1

8. Chemicals 11.5 4.3 5.4 2.1 5.3 2.2 464.7 193.3

9. Rubber and plastics 5.0 1.0 3.9 0.8 10.3 2.4 736.5 226.7

10. Petroleum and petroleum products 35.1 23.6 9.8 13.4 0.7 0.5 89.7 81.8

11. Nonmetallic mineral products 11.0 4.2 10.0 3.9 14.9 5.9 470.4 192.7

12. Basic metals 14.7 7.0 10.7 5.0 11.9 6.6 380.0 170.7

13. Metal products 2.9 1.0 2.4 0.9 9.6 3.4 831.8 226.1

14. Nonelectrical machinery 6.5 2.3 2.5 0.9 4.5 1.6 656.2 214.7

15. Electrical machinery 1.9 0.3 1.2 0.2 2.0 0.4 912.0 234.9

16. Transportation equipment 0.9 0.0 0.7 0.0 1.2 0.0 963.4 238.0

17. Construction - - - - - -

18. Infrastructure 11.9 5.8 11.6 5.4 3.8 2.0 145.5 82.4

19. Services 5.3 2.3 5.1 2.2 2.8 1.2 166.5 87.3

Notes: Subscripts H and L refer to "high" and "low" trade elasticity specification (see Table 8.2). PD = domestic price, XD = domestic

production, P = composite good price, ED = exports.
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of demand for the domestic good, which in turn is associated with a
large spread between the elasticity of demand for the composite good
(ed) and the elasticity of substitution in use between the domestically
produced and foreign goods (ar). The imposition of a tariff on imports
will, other things being equal, lead to a large increase in demand for the
domestically produced good if it is easy to substitute it for the foreign-
produced good (a high value of u), if the sector has a large import share,
and/or if the demand for the composite good is relatively insensitive to
a change in its (composite) price. Given the model specification, sectors
with low elasticities of demand are those for which the ratio of con-
sumption and investment to total composite output [see Table 8.1, col-
umn (6)] is low. Finally, note that because the demand for the domestic
good is a derived demand, the extent of the increase in the domestic
price is a decreasing function of the elasticity of domestic supply (es).

It was also shown that the percentage change in the domestic price
for a given change in the tariff will be lower, the larger the ratio of
exports to domestic use (E/D) and the higher the foreign elasticity of
demand for exports (X7). Thus, as one increases a and 77 simultaneously,
there are two countervailing effects on the responsiveness of the domestic
price to a change in the tariff rate. However, one would expect the
influence of a to be dominant partly because the ratio E/D falls as a
increases.6

These are the main effects that were identified in Section 7.5 as the
determining influences of a small change in tariff on the domestic price.
The allocation consequences of this change in price would then be
linked directly to the sectoral elasticity of supply. When we move
toward an actual experiment with the model, however, we must be
aware of the simplifications made in this analysis.

Starting first with the general equilibrium effects of lesser magnitude,
note that the formula for the change in the domestic price [Eq. (7.5.16)]
neglects the effect of the exchange-rate adjustment on the final change
in the tariff rate. We shall consider the effect of a 50 percent change in
a single tariff, but the net change in import prices will be less than 50
percent by an amount equal to the resulting revaluation of the exchange
rate to maintain equilibrium in the balance of trade. This exchange-
rate adjustment depends on the share of total imports in the sector to
which the tariff is applied, but is usually negligible for a single tariff
change.7

6 The same countervailing effects are at work on the export side. In that case,
the dominant effect of it is obvious.
There will also be a change in the wage rate, which is also usually
insignificant.
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Second, we must take into account the presence of intermediate prod-
ucts, in particular intrasectoral flows, which are often significant.8 An
estimate of the resource-pull effects of a change in tariffs has to be based
on net prices PN rather than on gross prices PD. Sector i's net price
(ignoring indirect taxes) is given by

PNi = PDj - Z P (8.2.4)
"j

where Pi is the price of the composite good. Therefore, the percentage
change in the net price of a sector due to a change in the sectoral tariff
is given by

PNj = (PN, a PD- PN) Pi (8.2.5)

under the assumption that the prices of other composite goods are
unaffected; that is, Pj = 0 for j #& i. Recall that the change in the price
of the composite good is itself given by

Pi = Oi,PIMi + (1 - Oij)PDi (8.2.6)

where 0 i,, the share of imports in total composite expenditures, is again
assumed to remain constant for small changes. Therefore, the cost of
purchasing commodities from sectors with large import shares such as
intermediates and capital goods will rise substantially with the increase
in import prices.9 For sectors that have substantial intrasectoral pur-
chases, it may well turn out that net prices fall even if an increase in the
import price raises the gross price. This result is analogous to the case
where a sector has a negative effective rate of protection, because the
weighted sum of tariffs on intermediate goods exceeds the tariff rate on
the final commodity. We return in Section 8.4 to a discussion of the
notion of effective protection in the presence of product differentiation.

It is now easier to interpret the results of the one-by-one imposition
of a 50 percent tariff on domestic prices and resource allocation that are
reported in Table 8.3.10 Consider first the percentage change in the

Of the fourteen sectors experiencing changes, nine have own input-output
coefficients of 0.20 or more, with two sectors having coefficients of above
0.40; only two sectors have coefficients below 0.10.
Note that the change in the composite good price is always between the
change in the domestic price and the change in the import price.

10 Note that the convergence criterion of the solution algorithm is that the
excess demand in each sector be less than 1 percent. The "standard error"
of the reported number is probably around one percentage point, although
we did not try to investigate the issue empirically.
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domestic price, PD, corresponding to the set of high elasticities given in
column (2). Primary goods and consumer goods that have low import
shares and export a relatively large amount of their output show vir-
tually no price increase at all (less than 1 percent). This is so because
they behave either as nontradables (e.g., wood) or as exportables (e.g.,
textiles and food). Intermediates, as a rule, behave as import substitutes
because they generally have fairly large import shares. The exceptions
are rubber and plastics and nonmetallic mineral products, both of which
have low import shares so that their prices do not change much.

To see the mechanisms at work, trace out, for an example, the causes
behind the 18.6 percent increase in the domestic price of petroleum
products, which dominates the other figures in that column. From the
information provided in Tables 8.1 and 8.2, it is clear that the major
factors are a high import share in combination with a low elasticity of
final demand (because of the fact that petroleum products are used
mostly as intermediates and, of course, the fact that these products are
good substitutes in use regardless of origin). These factors, in conjunc-
tion with the extremely low elasticity of domestic supply, result in a
dramatic rise in the domestic price of petroleum products. This result
is to be expected, because it is difficult to find substitutes for these prod-
ucts on the demand side and it is difficult to increase their output, at
least in the short run. A similar but less dramatic combination of shares
and elasticities underlies the large price increases registered for chemi-
cals and basic metals.

Are the results substantially affected by the values of a-, and 7i?
Clearly, the rise in domestic prices is substantially less, and some sectors
become import complements when the elasticities are lowered. What is
important to note is that there is no simple rule of thumb that gives the
domestic price response as trade elasticities are uniformly and system-
atically varied. For instance, in the case of chemicals, the domestic price
increase falls from 11.5 percent to zero as one goes from high to low
trade elasticities, a result that stands out in contrast with the pattern in
other sectors. The reason is that when the trade-substitution elasticity
is low, it is close to the estimated value of the elasticity of final demand,
so that the two effects cancel each other out and the fact that chemicals
has a high import share becomes unimportant.

With the exception of transportation equipment, all capital goods sec-
tors become import complements when trade elasticities are lowered.
Thus, in a low-elasticity "structuralist" environment, tariff protection
may have an effect opposite to the one intended. If there are no close
substitutes for foreign goods and if investment demand is moderately
sensitive to the price of investment goods, then a capital-goods sector
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will not benefit from protection. Thus, quite apart from the political
economy arguments for tariff setting, these results provide a possible
explanation as to why many developing countries provide increasing
tariff protection to their industries or protect very selectively on the basis
of domestic availability. A possible scenario might be the following.
First, "modest" initial protection is granted to a sector or a group of
sectors. As it becomes apparent that these sectors are not protected, tar-
iffs are raised further, and so on. As we shall see in Chapter 9, under
such circumstances, only forced substitution toward domestically pro-
duced goods via protection by rationing can provide positive protection
to domestic industries - which may help explain the observed preference
for protection by quantity restrictions (QRs) in many semi-industrial-
ized countries.

The final impact on resource allocation of a tariff-induced change in
the import price depends on how the costs of intermediate inputs have
been affected. Recall that producers make their production decisions
based on net prices. Because producers cannot substitute among inter-
mediate inputs, the cost of higher input prices (reflected by a rise in the
own-composite price) is fully passed on to them. As indicated by Eq.
(8.2.4), the increase in the composite good price will be substantial for
intermediates and capital goods because these sectors have high import
shares. This is confirmed in columns (3) and (4) of Table 8.3, which
also verify that the increase in composite good prices falls between the
change in the price of the domestically produced goods and the domestic
currency price of import substitutes. Because of the rise in the cost of
intrasectoral purchases, it is generally the case that net price changes
are less than changes in gross prices."1

To summarize, the sectors that benefit most from tariff protection, in
the sense of a rise in net price, are the import-oriented sectors that have
already been identified when discussing changes in gross prices. How-
ever, it is worth reiterating that the final general equilibrium resource-
pull effect of an increase in the tariff is not necessarily reflected by the

There are some instances when this is not the case. Net prices may rise more
than gross prices because the normalization rule requires that a weighted
sum of changes in composite prices be zero [see Eq. (8.4.1)]. Therefore, if
a sector's composite price goes up substantially and that sector has a large
share in total aggregate expenditures, all other composite goods prices will
have to fall. Thus, for large sectors that do not have substantial intrasectoral
purchases, this general equilibrium effect via the normalization rule may be
the dominant factor in explaining the difference between changes in gross
prices and changes in net prices.
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size of the change in the net price because the two are jointly determined
and inversely related to one another. It is often the case that sectors
which have large increases in net prices do not expand much (e.g.,
petroleum products) because, other things being equal, a large domestic
price response to a tariff is associated with a low supply elasticity. As
can be seen from columns (7) and (8), the short-run allocational effects
are small, and no sector experiences more than a 5 percent change in
output. A comparison of output changes under both sets of trade elas-
ticities indicates that, although the range of domestic price response is
not very sensitive to a fairly wide range of elasticities, the behavior of
sectors is sensitive because they switch fairly easily from import substi-
tutes to import complements when trade elasticities are lowered.

It is interesting to relate the resource shifts with those that would
obtain under a more neoclassical trade specification where domestic and
foreign goods would be perfect substitutes. To do this, multiply the sup-
ply elasticities in Table 8.2 [column (5)] by one-half, because in that
case the domestic price would increase by the full amount of the tariff
and PD, = PM, = 0.5. This would provide a rough estimate of the
increase in sectoral outputs, which could then be compared with the
results in column (7).12 These resource pulls would still be larger than
those that would be obtained in the very long run with product differ-
entiation - but not by much. In that case, letting e' = co, the output
response to a change in tariffs would be given by Xi = (or, - E)O/mP
which turns out to be usually less than the short-run response with per-
fect substitution. 13

Finally, the effects on imports are reported in the last two columns
of Table 8.3. These will be later compared with the response on the
export side. As expected, this response is quite sensitive to the selected
values of o,, which in turn suggests that the extent of exchange-rate
adjustment necessary to maintain balance of trade in the face of across-
the-board changes in trade incentives is fairly sensitive to the values
selected for ai and ??,.

The effects of changes in tariffs on the domestic price system require
careful interpretation because of the indirect effects caused by imperfect
substitution. On the export side, however, the linkages are much easier
to follow: The effect of an export subsidy on the domestic price system
depends mostly on the sectoral elasticity of demand for exports. More-

12 This estimate neglects the increase in costs associated with intrasectoral pur-
chases, which, however, tends to be small.

13 The expression for X is obtained from Eqs. (7.5.9) and (7.5.14) after noting
that el = 00, PD O, and hence E = 0.
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over, this link is a direct one and, given that the pattern of export
demand elasticities is fairly similar across sectors (see Table 8.2), one
would expect the main determinant of the response of domestic prices
to a change in subsidies to be the sectoral share of production that is
exported. Thus, one would expect that the sectors whose prices rise the
most following the imposition of a 50 percent subsidy would be the
export-oriented sectors.

The results in Table 8.4 confirm this expectation. The sectors that
export a large share of domestic production show the largest increase in
prices [see column (1)].'4 Because the increases in domestic prices are
much greater than in the case of a similar change in tariff, the output
response is also greater [column (5)]. This is, of course, due to the fact
that in this case the links are direct, which also accounts for the fact that
the domestic price system is more sensitive to the elasticities of demand
on the export side than to the elasticities of substitution on the import
side.

The sensitivity of the domestic price system to the specified values of
i is also reflected in the sectoral export response to a 50 percent export
subsidy. Given that the elasticities of export demand are constant, the
percentage change in exports can be approximated by

Ei = ti(te, + ER - PD) (8.2.7)

Iherefore, for given values of m?i and t'e, an increase in the domestic
price raises the foreign currency price of exports, which in turn lowers
the quantity of exports demanded; a devaluation has the opposite effect.
Because the values of 71i and tei are the same for most sectors, those
sectors whose domestic prices increase the most experience the smallest
increase in exports. This result is apparent in comparing the export
response in columns (7) and (8) with the domestic price response in
columns (1) and (2).

The magnitude of the export response in columns (7) and (8) con-
firms the greater sensitivity of the model to the specification of export
demands than to the specification of import demands, again because the
effects are direct. The question then is whether such a difference
between the import demand and the export demand response to equal

4 Naturally, there are some minor exceptions that are revealed by a closer
scrutiny. For instance, clothing and basic metals have the same export
demand elasticities, and clothing exports a larger share of its output than
basic metals, yet basic metals register almost twice as large an increase in
price. Here the clue is to be found in the relative value of cE in both sectors.
[See Eq. (7.5.15) and Table 8.2.]
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changes in incentives is an adequate approximation of actual behavior.
We would argue that the export responses in Table 8.4 are overesti-
mates for the reasons given in Chapter 7, and we shall explore in the
next chapter the implications of introducing export supply constraints
in the model. We believe, however, and empirical evidence suggests, that
there is a greater response to incentives on the export side than on the
import side (see Balassa and Associates, 1980b, chap. 3).

8.3 Project evaluation and resource allocation:
DRCs and ERPs

Much effort during recent years has been devoted to answering the fol-
lowing questions: (1) How would the structure of the economy be
affected by a change in tariffs and/or export sudsidies; and (2) how can
one measure the welfare costs of distortions and construct criteria for
future resource allocation? We have discussed in Chapter 6 how effec-
tive rates of protection (ERPs) can be used as predictors of resource
pulls. Domestic resource costs (DRCs), on the other hand, are suggested
as criteria for project evaluation."5 The virtue of both measures, which
partly accounts for their popularity, is that their application does not
require the use of a general equilibrium model. Thus ERPs require
only sectoral supply elasticities together with an estimate of the
exchange-rate adjustment that would accompany the change in trade
policy, and DRCs would call for a set of shadow prices for domestic
primary factors and for foreign exchange.

Naturally, a general equilibrium model makes the use of ERPs com-
pletely redundant, because it accurately generates the impact on
resource allocation of any change in trade policy that can be handled
within the framework of the model. Similarly, DRCs lose much of their
appeal as criteria for estimating the cost of distortions, because these too
are computed within the model. Finally, a major advantage of a well-
specified CGE model is that it can simulate different policy alternatives
facing policy makers and provide the relevant second-best shadow prices
to serve as inputs into the evaluation of future projects. However,
because ERPs and DRCs are widely used by policy makers, it is impor-
tant to relate them to one another and to understand how they are usu-
ally computed. To clarify the similarities and distinctions between the

15 For a synthesis and review of work on the relative merits of DRCs and
ERPs, see Bhagwati and Srinivasan (1978) and references therein.
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two sets of measures, we examine them in the context of the CGE model
used in this chapter.

We start with domestic resource costs and examine how they emerge
from the model. Net prices per unit of output (inclusive of indirect.
taxes) are exhausted by total factor payments. Because domestic and
foreign goods are imperfect substitutes, the resulting marginal cost pric-
ing equations ensure that, in equilibrium, the vector of domestic prices
satisfies the following equality:

PD = (I - A Td)-'(zl + qk) + tdPD Partl

+ (I - ATd^)-I (A Td?i)pM Part2 (8.3.1)

where

I = identity matrix
T = superscript indicating a transpose

= a diagonal matrix
A = matrix of composite good input-output coefficients with

elements (aj,)
d = vector of domestic to composite good ratios with elements

Qi
m = the vector of import to domestic good ratios with elements

i Di

td = vector of indirect taxes on output
1, k = vectors of labor and capital to output ratios

From (8.3.1), the cost of producing a unit of output in each sector can
be broken down into two components: (1) a domestic component (Part
1) that reflects the direct and indirect labor and capital costs of produc-
ing the commodities that enter as intermediate inputs into the produc-
tion of a unit of output of that sector augmented by the indirect tax and
(2) a foreign component (Part 2) that reflects the direct and indirect
import-related costs associated with producing a unit of output of that
sector. This decomposition can be made even clearer if we further note
that ATd is the transpose matrix of domestic input-output coefficients,
ATdrm is the transpose matrix of import coefficients with elements (mji),
and RT = (I - ATd)-'. Then

PD = RT(Ol + qk) + tdPD + RTATd PM (8.3.2)
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For each sector i,

PD, = r3,wJl + E r2,qjk, + tdiPD,

+ (E rflmj i)PW/(1 + tmj)ER (8.3.3)

where r, and mi, are the elements of the matrices R and ATd'.
We can now state the equilibrium conditions that hold under cost

minimization. A producer in sector i must be indifferent between selling
a marginal unit on the domestic market or exporting it. As a buyer, the
producer must equate the marginal products of domestic and foreign
goods in producing composite commodities. If a unit produced in sector
i is exported, it will earn PW E, (1 + te,)ER in domestic currency units.
Equating the net return with the net cost of production yields

[PWVEi(l - td,)(1 + te,)

- Z r3Jim,,PWj(l + tm1)]ER = rji(wil, + qik,) (8.3.4)
3 I

Users of domestic and foreign commodities equate the marginal rates
of substitution to the price ratios, which implies that

dD - 6 (mY)' +P' = PM, (8.3.5)

Substituting the expression for PDi from (8.3.3) yields

[( p 6) M'('+P-FW,(1 + tmi)(1 - td,) - E rj1 mji'Wj(1 + tmi) EER

= > r1,(wili + q,ki) (8.3.6)

Of course, the marginal conditions required for the equilibrium to be
efficient are satisfied only if wages for identical categories of labor are
the same across sectors (i.e., there are no wage differentials) and there
are no trade or output taxes. 16

In the presence of distortions, there is a deviation between private and
social profitability. For project evaluation, one wishes to compare the
social opportunity costs of production with the social benefits from a
project. The issue then is to determine what are the prices that represent

16 See the discussion in Chapter 6.
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social costs and benefits. Suppose that we are considering future projects
in the economy and that the present set of tariffs, subsidies, indirect
tax rates, and differential factor rewards are to remain in effect. Then
the equilibrium (i.e., market-clearing) value of the exchange rate that
satisfies (8.3.4) and (8.3.6) represents the opportunity cost of foreign
exchange. The net social benefits from exporting or import substituting
are given by the net earnings or savings in terms of foreign exchange.
This approach leads to the DRC criterion, namely, that a project in
sector i should be accepted only if the domestic resource costs per unit
of foreign exchange earned (or saved) do not exceed the value of the
equilibrium exchange rate. For an import-substituting activity the cri-
terion is DRCi" < ER, and for an export activity it is DRCi < ER,
where

Zrji(w1Ij + qjkj)

DRC7 [(1 - &)/O] mi' + Pi) -E rjfmjiPWl (8.3.7)

and

Zrji(wjlj + qjk1)

DRCi -PWEi - jj rm 1PW (8.3.8)

Now, the condition for DRCQ = DRC, is that tei = tmi.17 Similarly,
for DRCs to be equated across sectors requires in addition that wages
and indirect taxes be equal across sectors, td, = tdj and wi = wj.

Expressions (8.3.7) and (8.3.8) can also be used to show the relation-
ship between ERPs and DRCs. Note that, as stated, DRC' and
DRC- are defined as the ratio of value added at domestic prices to value
added expressed in foreign currency prices. From the definition of the

7 To see this, note that the condition requires the first terms in the denomi-
nator to be equal. Because dMI/dD, = PDi/PMi and PDi = PEi, the con-
dition is

PWEj(O + tei)ER
PWEER = PWi(l + tmi)ER W

which holds only if tei = tmi. Note also that in the case of rationing dis-
cussed in Chapter 9, even if tei = tmi, DRCi ¢ DRC,2 because dm,/dD,
#, PDi/PMi. A similar situation occurs if there are export supply con-
straints, because PEi ¢ PDi.
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ERP, it is clear that, so long as the prices at which domestic resources
are valued are market prices, the two measures are related to each other,
and

ERPd = 1 + DRC7 ERPR = I + DRC, (8.3.9)

where superscripts d and e indicate that effective protection is for
domestic and export sales, respectively."8

8.4 Analyzing across-the-board changes in trade
taxes

Just as DRCs are the appropriate criteria for project evaluation because
they are based on shadow prices, ERPs are useful as indicators of
resource pulls resulting from changes in trade taxes because they rely
on market prices. In Section 8.2 we saw how trade policy affects
resource allocation when general equilibrium repercussions can be
safely neglected. It is natural to push the investigation one step further
and see how the economy responds to across-the-board changes in tariffs
and subsidies. Such an examination is useful for several reasons. First,
it brings out the importance of general equilibrium repercussions of pol-
icy packages. One can explore the extent to which estimates based on
partial equilibrium analysis are likely to be misleading when there are
substantial changes in trade policy. Second, simultaneous equal changes
in tariffs and/or subsidies across the board are similar to an adjustment
in the exchange rate, so we are preparing the ground for the analysis of
the effects of devaluation on resource allocation to follow in Chapter 9.

P'rice normalization, ERPs, and product
differentiation

The introduction of across-the-board changes in incentives forces us to
take into account the exchange-rate adjustment necessary to maintain
equilibrium in the balance of trade. As discussed in Chapter 6, the mag-
nitude of the exchange-rate adjustment is linked to the selection of the
normalization rule. The price-normalization rule is given by

Pi = P (8.4.1)

which amounts to fixing an aggregate price index of composite goods.

'8 We shall present an example of the use of DRCs in Chapter 10.
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This normalization implies that a weighted sum of changes in com-
posite good prices must always be zero. More precisely,

biiPi = 0 I (8.4.2)

where bi = (QiPi)/P and QIi are the weights in the aggregate price
index. An across-the-board tariff resulting in an increase in composite
good prices must lead to a fall in the price of domestic goods. The rea-
soning is parallel to that followed earlier when there was perfect sub-
stitution, except that we are now referring to domestic goods instead of
nontraded goods.

Start first with across-the-board subsidies, holding tariffs constant.
Combining (8.2.7) and (8.4.2) provides an expression for the relation-
ship that must hold between changes in domestic prices and the
exchange rate so as to satisfy the normalization rule:

E (1 - im)6iPD
ER = - (8.4.3)

Assuming that the share of domestic goods in total expenditures can be
approximately taken to be fixed, the larger the policy-induced change
in domestic prices, the larger will be the necessary adjustment in the
exchange rate. Thus, an across-the-board subsidy will raise domestic
prices, which in turn will lead to a fall in the value of the exchange rate.

For the case of an across-the-board change in tariffs, or in the case
of simultaneous changes in tariffs and subsidies, the normalization rule
requires that

Z 6i(l - Oi.)PDi + E bi(i.kim;ni

ER= z E iOim (8.4.4)

which states that a weighted sum of tariff changes must be equal to a
weighted combination of changes in domestic prices and the exchange
rate."9 Unless the change in export subsidies is much greater than the
change in import tariffs, the major effect on the exchange-rate adjust-

19 The role of exchange rate changes in shifting the relative price between
domestic goods on the one hand and imports and exports on the other, so as
to eliminate trade imbalances, is explained in Chapter 6. The parameter X
is defined by Eq. (7.5.17).
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Figure 8.1. Exchange-rate elasticity to tariff changes.

ment will be the second term in the numerator of (8.4.4), which is the
weighted sum of tariff changes. Again, the larger the increase in tariffs,
the greater the accompanying exchange-rate adjustment.

To get a sense of the magnitude of the exchange-rate adjustment to
a change in trade policy for the normalization rule adopted in the model,
Figure 8.1 plots the percentage revaluation that occurs for a set of
across-the-board tariff rates ranging from 25 to 150 percent. The two
lines correspond to the adjustment under the set of high and low trade
elasticities provided in Table 8.2.

Several points emerge from Figure 8.1. First, of course, it confirms
the prediction of Eq. (8.4.4), namely, that the elasticity of the exchange
rate with respect to changes in tariffs is positive. Second, it shows that
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the elasticity falls as the tariff increases, which is due to the convex
shape of the export demand curves and of the iso-level curves between
domestic and imported goods. In both cases, the quantity response to
price changes becomes small as one approaches the axes; that is, it
becomes more and more difficult to substitute domestic goods for
imported ones, and to increase exports.

In addition, Figure 8.1 shows that, for a given change in tariffs, the
exchange response is greater the lower are the trade elasticities. Thus,
for instance, the revaluation associated with a set of 50 percent across-
the-board tariffs, increases from 15 percent to 21 percent as one moves
from the high set to the low set of trade elasticities. This is so because
the rise in domestic prices needed to reduce exports (in order to elimi-
nate the balance-of-trade surplus) is greater the lower the export elas-
ticity of demand. Another way of looking at it is to note that as export-
demand and trade-substitution elasticities tend to infinity, the economy
becomes "small" both on the export side and on the import side. In this
case, as discussed in Chapter 6, in the absence of nontraded goods, Wal-
ras's law always implies balance-of-trade equilibrium independently of
relative prices in the world (and therefore domestic) markets. Thus the
exchange-rate adjustment tends to zero as trade elasticities increase.

In addition to the exchange-rate adjustment, with the simultaneous
change of incentives across sectors the domestic price change is no longer
a guide to the extent of protection accorded to a sector. To measure the
effects of changes in trade policy on resource allocation, it is necessary
to consider ERPs that express the protection to value added accorded by
a change in trade taxes. The effective rate of protection to a sector is
defined as

PNM
ERPi _ PN0 1 (8.4.5)

where PN' and PNO are the value added in that sector before and after
the change in trade policy. To simplify the notation, assume that units
are defined so that prices are equal to unity in the reference free-trade
solution. Then PN = 1 -Ej aj and the effective rate of protection
(ERP) is given by

PDi a, 

ERPi = 1 (8.4.6)
-1 - Aa,
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It is desirable to relate the ERP directly to the change in trade policy,
which can be done by substituting (8.2.6) into (8.4.6). Then the expres-
sion for the ERP reduces to

PDi - E a, [0j,X,,tm, + (1 - 06JAPD

ERPi= (8.4.7)

It is evident that, in the presence of product differentiation, an across-
the-board change in tariff structure will not lead to a proportional
change in value added across sectors unless changes in both tariff rates
and domestic prices are identical across sectors (tm, = PDj for all j).
But we know that, with a few notable exceptions, the changes in domes-
tic prices resulting from single changes in tariffs are not very large
(especially when they are weighted by the share of domestic goods).
Therefore, we may neglect the second term in brackets in Eq. (8.4.7).2°
It then becomes clear that the sectors that have a lower ERP when there
is an equal across-the-board change in tariffs are those sectors for which
the share of imported intermediate inputs (Ej aji0jOj is high. Those are
the sectors that are classified as import dependent [see Table 8.1, col-
umn (6)]. Therefore, other things being equal, the sectors that will suf-
fer most from a uniform across-the-board tariff are those sectors that
are most import dependent. In the spirit of the traditional measure of
effective protection, the presence of tariffs on imported intermediate
inputs lowers the ERP accorded to a sector.

Resource shifts: partial versus general equilibrium
analysis

What, then, are the differences in impact on resource allocation between
single tariff and subsidy changes and "equivalent" across-the-board
changes in tariffs and subsidies? Can one at least expect that the rank-

20 Note that if domestic and foreign goods were perfect substitutes, equal tariffs
would lead to equal ERPs because, given that tm, = tm, for all i and allj
and PM, = tm X,, it would always be true that

tmj - a1 ,tmj tmj- tmi (, a,j)

ERP, =tm,
1 -, a, 1 -a a,,

1 j

In this expression it is assumed that all goods are traded and that the small-
country assumption holds for both imports and exports.



8.4 Analyzing changes in trade taxes 283

ing of output changes in the one-by-one cases is maintained when all
sectors receive protection simultaneously? To answer this question, two
experiments have been selected for contrast with the one-by-one results
reported in Section 8.2. Both experiments are conducted with a set of
high trade elasticities. The first experiment (A-I) consists of providing
a set of uniform across-the-board tariffs that result in an increase in the
domestic currency price of imports of 50 percent. Given the accompa-
nying exchange-rate revaluation, this requires that tariffs be set equal
to 110 percent for all sectors. Therefore, this experiment results in the
same increase in the domestic currency price of imports as in the one-
by-one case discussed earlier when the tariff was set equal to 50 percent
and the exchange-rate adjustment was negligible. The other experiment
(A-2) consists of providing a set of 50 percent across-the-board subsidies
to exports. It, too, is designed to be compared with the corresponding
one-by-one export subsidy discussed earlier, although one cannot easily
design an experiment that results in the same effect on the foreign cur-
rency price of exports because this depends on the value of domestic
prices, which cannot be determined before the experiment.

Start with Experiment A-1. It increases the domestic currency price
of imports by 50 percent, which leads to a fall in the aggregate volume
of imports. On the export side, matters are somewhat more complicated
because the foreign currency price of exports - unlike that of imports
- is not fixed. Indeed, the percentage change in the foreign currency
price for sector i's exports is given by

PWE, = -X tei - ER + PDi (8.4.8)

Therefore, the foreign currency price of exports will rise by the extent
of exchange-rate revaluation adjusted for any change in domestic prices.
Thus, the foreign terms of trade, which is an export-share weighted-
average change in sectoral foreign currency prices, rises by 16 percent
in Experiment A-1.

Whereas an across-the-board tariff improves the terms of trade
because exports are restricted, an across-the-board subsidy that encour-
ages exports worsens the terms of trade. Thus, a 50 percent subsidy to
exports leads to a 13 percent worsening in the terms of trade in spite of
a 12 percent revaluation. This is due to the depressing effect of the sub-
sidy on the export price represented by the first terms on the right-hand
side of (8.4.8), which states that a 50 percent subsidy lowers the export
price by roughly 33 percent. These results, which indicate that the
export response to a change in export subsidies is greater than the
import response to a change in tariffs, confirm the one-by-one results
reported in Section 8.2.
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The macroeconomic effects just described are substantial. Indeed,
they may be expected to have an impact on economic structure. It is
precisely because these effects are quantitatively significant that the
model was kept as simple as possible so as to make the task of comparing
single changes in trade policy with across-the-board changes easier.
What, then, are the new dimensions resulting from moving from a pol-
icy that raises the domestic currency price of imports of, say, transpor-
tation equipment by 50 percent to a policy that raises the domestic cur-
rency price of imports in all sectors by 50 percent?

On aggregation grounds alone, one would expect that the resource
shifts would be smaller when there is an across-the-board change in
trade policy because of the dampening impact of cross-effects in pro-
duction and demand (see Jones and Berglas, 1977). For instance, we
saw in the one-by-one subsidy case that all sectors would expand.
Clearly this cannot be the case when all sectors receive export subsidies
simultaneously. Indeed, some sectors have to contract to release
resources to be used in the expanding sectors, and it is even possible that
some other sectors will expand more when there is an across-the-board
change in tariffs or subsidies.

Table 8.5 ranks sectors for single changes in trade policy and for
across-the-board changes in trade policy. In each column, the sectors are
ranked by the percentage change in sectoral output from the level
reached in the base solution. For example, domestic output in the trans-
portation equipment sector expands by 4.2 percent when the domestic
currency price of imports of transportation equipment increases by 50
percent, the domestic currency price of all other imports being held con-
stant. When the domestic currency price of all imports rises by 50 per-
cent (i.e., when there is a 110 percent tariff across the board), the output
expansion in the transportation equipment sector is only 2.0 percent.

In the across-the-board tariff experiment, despite cross-substitution
effects in supply and demand, the four or five sectors that expand the
most gain almost as much as in the case of single tariff changes. This
is so because the economy-wide change in tariff structure improves the
terms of trade by 16 percent. On the other hand, an across-the-board
change in export subsidies leads to a deterioration in the terms of trade
of 13 percent. The resulting decline in disposable income accounts for
the fact that in this case the sectors that expand the most expand much
less than when subsidies are granted on a one-by-one basis. However,
such income effects cannot explain why there is a substantial change in
the rankings among sectors (indicated by the criss-crossing of lines join-
ing sectors in the two sets of experiments) because income elasticities of
demand are unity for all sectors. Moreover, the change in rankings is



Table 8.5. Comparison of rankings of output responses to changes in tariffs and subsidies

50% tariff (one- 110% tariff 50% subsidy (one- 110% subsidy

by-one) (across-the-board) by-one) (across-the-board)

Output Sector Sector Output Output Sector Sector Output
Sector change (%) no. no. change (%) Sector change (%) no. no. change (%)

Basic metals 6.4 12- 12 6.4 Textiles 48.6 4 4 23.6

Transportation equipment 4.2 16 7 3.4 Food 17.9 3- 3 9.5

Rubber and plastics 3.1 9 19 3.4 Nonmetallic mineral products 14.9 11 11 3.2

Electrical machinery 2.8 195 16 2.0 Clothing 13.6 5 5 2.2

Mining 2.7 2 8 1.7 Mining 12.8 2 13 2.2

Chemicals 2.6 8 tO 0.2 Basic metals 11.9 12 9 1.4

Paper and prinitinig 2.1 7 1 0.0 Rubber and plastic 10.3 9 18 1.4

Textiles 1.9 4 6 -0.5 Metal products 9.6 13 12 (.9
Metal products 1.9 13 2 -0.7 Chemicals 5.3 8 6 0.5

Nonmetallic mineral products 1.4 11 14 -0.9 Nonelectrical machinery 4.5 14 2 0.4

Construction -17 -1.0 Paper and printing 4.3 7 8 0.2

Nonelectrical machinery 1.3 14 9 -2.7 Infrastructure 3.8 18 1 0.0

Clothing 1.0 5 15 -2.8 Wood products 2.8 6 10 -0.6

Wood products 0.3 6 18 -3.4 Services 2.8 19 14 -1.5

Petroleum products 0.2 10 11 -4.5 Electrical machinery 2.0 15 7 -2.0

Food 0.1 3 7 3 -4.9 Transportation equipment 1.2 16 15 -2.4

Agriculture 0.0 1 \5 -5.1 Petroleum products 0.7 10 19 -2.5

Infrastructure -0.1 18 13 -7.8 Construction / \-17 -4.0

Services -0.4 19 4 -14.8 Agriculture 0.0 1 16 -4.3

Notes: Sectors are ranked by the percentage change in output from the base solution.
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not due to a redistribution of income between the private and public
sectors caused by the collection and disbursement of trade taxes, because
these have been carefully neutralized by lump-sum transfers.

Consider the comparison of rankings for the case of tariff changes.
Agriculture (sector 1) is not included because it has by assumption a
zero elasticity of supply to net price changes, because both capital stock
and labor are fixed. Also note that construction (sector 17), which is a
pure nontraded sector, does not figure in the one-by-one experiments
because there cannot be a direct tariff or subsidy on a nontraded sector.
It appears in the across-the-board experiments and with a contraction
in output as one would expect, because across-the-board tariffs raise the
price of traded sectors vis-a-vis nontraded ones and result in shifts of
resources toward the more tradable sectors. However, this is not the case
for some of the other less tradable sectors such as clothing, wood, and
services (sectors 5, 6, and 19). All three of these sectors not only improve
their ranking but also expand absolutely more when there is an across-
the-board tariff. The reason is that all of them are among the least
import-dependent sectors in the economy, which means that they enjoy
relatively high ERPs. Import-dependent sectors such as rubber, metal
products, and electrical machinery (sectors 9, 13, and 15) suffer from
the increased purchasing costs of imported inputs. As a consequence,
they have low ERPs, and their relative ranking deteriorates. Finally,
some of the more export-oriented sectors such as textiles (sector 4)
experience a large decrease in output because of the revaluation, which
lowers export demand. The same applies for food (sector 3), although
its ranking does not change.2"

Similar effects are evident in a comparison of the rankings of single
export subsidies with those of across-the-board export subsidies. How-
ever, the change in rankings is less pronounced because the effects on
the export side are more direct than on the import side. The correlation
coefficient for the tariff experiments is 0.28 compared to 0.95 for the
export subsidy experiments. The cross-effects are not so strong on the
export side because the pattern of increase in composite good prices
shows much less variation than in the case of changes in tariffs [see
Table 8.4, columns (3) and (4)].

21 One could, of course, compare the predictive ability of ERP-based partial
equilibrium estimates with those obtained from the full general equilibrium
model. For such a comparison in a more disaggregated model where domes-
tic and foreign goods are perfect substitutes, see de Melo (1980).
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8.5 Conclusion

The mechanisms whereby a change in policy ultimately affects resource
allocation are complicated. In particular, the extent to which policy
makers can expect to confer protection to domestic production by means
of traditional instruments such as tariffs and subsidies is likely to
depend crucially on certain characteristics such as export-demand and
trade-substitution elasticities, market shares of imported goods and
exports, as well as the more conventional sectoral elasticities of supply
and demand.

In addition to its usefulness as a tool for quantifying the effects of
changes in policy on resource allocation, a CGE model can also provide
a framework for dialogue between macro planners and sector specialists.
Here its strength is twofold: First, it provides a set of shadow prices for
domestic inputs and foreign exchange; second, and more important, it
is particularly well suited for investment analysis in the second-best
environment characteristic of virtually all developing countries. It
should be clear that the practical relevance of shadow prices for project
evaluation is closely linked to the characteristics of the model that gen-
erates them, in particular, its ability to capture the institutional con-
straints facing policy makers in product and factor markets.



CHAPTER 9

Foreign exchange shortages and adjustment
policies

9.1 Introduction

The thrust of Chapter 8 was an exploration of the effects of trade taxes
and subsidies on resource allocation. It was also made clear that to any
particular set of trade taxes corresponds an "equilibrium"exchange rate
such that the demand for foreign exchange equals the supply of foreign
exchange at that exchange rate. With this kind of flexible exchange rate,
a foreign payments imbalance cannot arise. Just as commodity prices
are allowed to clear commodity markets, the exchange rate is allowed
to clear the foreign exchange market. In a flexible exchange-rate model,
it is not really possible to consider a "foreign exchange gap" or a "bind-
ing" foreign exchange constraint. Foreign exchange is a resource like
any other, and it is, of course, better to have more of it rather than less.
In that sense, there is always a foreign exchange "constraint." But with
a flexible exchange rate the demand for foreign exchange always equals
its supply.

However, acute foreign exchange shortages have been a recurring
problem for many developing countries. In the development planning
literature, the problem has been discussed within the framework of the
"ctwo-gap" or "multigap" models developed and elaborated during the
1960s. These models assume fixed import-output coefficients and lim-
ited possibilities for export expansion. As a result, a foreign exchange
shortage becomes an almost absolute constraint on growth in the sense
that even if domestic savings were available in sufficient amounts to
allow an increase in investment, the absence of the required comple-
mentary foreign exchange makes such an increase impossible. The neo-
classical answer to this "structuralist" view has always been to stress
the role of relative prices and, in particular, exchange-rate adjustment
as a means of overcoming any foreign exchange shortage. Stated simply,
this view amounts to treating the alleged foreign exchange gap as
reflecting an overvalued real exchange rate. If the exchange rate were
allowed to clear the foreign exchange market, there would be no foreign
exchange gap.

The experience of developing countries, however, indicates that it is
extremely difficult to achieve the necessary rise in the effective exchange

288
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rate to restore equilibrium in the foreign exchange market. As Krueger
(1978) has documented for a group of developing countries, the typical
pattern of adjustment policies often involves an unsuccessful devaluation
followed by a return to various forms of foreign exchange rationing.
The reasons why devaluations are often unsuccessful are myriad and
much discussed in the literature (see Krueger, 1978; Bruno, 1979; Diaz-
Alejandro et al., 1979), but the main point we wish to pursue in this
chapter is that countries often rely on other policies whose quantitative
impacts need to be systematically explored. In understanding different
adjustment mechanisms, all students of trade and exchange-rate policy
in developing countries agree that the elimination of persistent foreign
exchange imbalances requires substantial adjustments in the real sphere
of the economy. Macroeconomic phenomena may be important, but
there must also be a reallocation of resources toward sectors where there
is scope for import substitution and/or where exports can be expanded.
The relationship between different policy regimes and these necessary
structural adjustments provides the major focus of our analysis.

The policy regimes or adjustment mechanisms we consider include
import rationing and exchange-rate adjustment. These are explained
and contrasted with one another in Section 9.2, with numerical results
reported in Section 9.3. The model and data base used are the same as
those described in Chapter 8, although the reference solutions are
slightly different. To provide continuity with the analysis carried out in
the last chapter, the same set of trade elasticities are carried over to the
quantitative analysis in this chapter. This selection of elasticities allows
us to reexamine the issue of the foreign exchange gap and to bring out
the adjustment implications of foreign exchange shortages under both
"structuralist" and "neoclassical" views of the world.

Whereas Chapter 8 focused mostly on microeconomic aspects, this
chapter is oriented more toward the macroeconomic implications and
welfare effects of different adjustment mechanisms or policies. There-
fore the effects on economic structure of the different adjustment mech-
anisms are reported at a more aggregated level, with the manufacturing
sector broken down into consumer goods, intermediate goods, and cap-
ital goods.

In Section 9.2 we describe the simplest forms of the various adjust-
ment mechanisms, including two import-rationing schemes. Realisti-
cally, such policies are likely to have various side effects that should also
be considered. For example, in an economy characterized by acute
rationing, resources are likely to be diverted away from productive uses
toward activities pursuing the rents associated with rationing. Section
9.4 discusses an approach to incorporating such effects in a CGE model.
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We have also argued in Chapter 7 that the standard treatment of
exports, where the supply of exports is defined as the difference between
sectoral production and domestic use, is likely to lead to an overesti-
mation of export response to export price changes in a fairly aggregated
model. This was confirmed by the experiments reported in Chapter 8.
Accordingly, in Section 9.5 we consider the alternative specification pro-
posed in Chapter 7, namely, to use a logistic function for export supply
to provide a more realistic specification of the export supply response to
trade policy measures.

Finally, Section 9.6 goes into a detailed examination of the welfare
implications of the different adjustment mechanisms considered in the
chapter. That section brings together in a summary fashion the welfare
loss caused by the shortfall of foreign exchange under each of the adjust-
ment mechanisms. These losses are further decomposed by considering
the share of each of the components (foreign resource, terms of trade,
trade distortions, and net production) that account for the total loss in
welfare. This procedure is an application of the decomposition meth-
odology developed in Chapter 7. Conclusions about the policy implica-
tions of foreign exchange shortages in a developing economy close the
chapter.

9.2 Exchange-rate flexibility and import rationing

Until recently, most developing (as well as developed) countries kept
fixed exchange rates that were periodically adjusted only in the face of
major imbalances. Despite a widespread movement toward a regime of
more continuous adjustments in exchange rates, many countries still
keep fixed exchange rates. We shall therefore discuss the role of differ-
ent exchange-rate regimes in a general equilibrium model and, in par-
ticular, the different ways the economy can adjust to foreign exchange
imbalances when the exchange rate is fixed.

To explore the role of exchange-rate policy and other adjustment
mechanisms and to relate our discussion to the literature on foreign
exchange "gaps" in development, it is useful to assume a sudden short-
fall in the "normal" flow of foreign resources to which a country is
accustomed. Let us, for example, assume that, as a result of a political
realignment, a country no longer receives a flow of grant aid to which
it was accustomed. If prices were to remain constant, there would be an
excess demand for foreign exchange, because at given prices and
exchange rates, the supply of foreign exchange inclusive of foreign aid
was just equal to demand. Eliminating aid will disturb this equality and
create a need for adjustment. Note that there are many other reasons
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why a country may find itself facing a foreign exchange "crisis." It may
have pursued inflationary fiscal and monetary policies resulting in
domestic price rises well above world inflation, which will result in an
appreciation of the real exchange rate leading to excess demand for for-
eign exchange. The resulting balance-of-payments deficit may be tem-
porarily financed by running down reserves or borrowing on interna-
tional money markets. When these sources are exhausted, the country
faces a foreign exchange crisis and will, in one way or another, have to
adjust to it.

Alternatively, the sudden shortage of foreign exchange may be caused
by exogenous changes in the country's terms of trade: declines in its
export prices or increases in its import prices as a result of changed
conditions on international markets. But a crisis induced by a price
change - such as OPEC's oil price increase - is different from one that
appears in the form of an exogenous shortfall of net foreign resources.
In the latter case, the process of adjustment involves changes in the
structure of relative prices as a consequence of the foreign exchange cri-
sis, whereas in the former, it is relative price changes that are the cause
rather than the consequence of the crisis. We shall therefore concentrate
on analyzing a foreign exchange shortage caused by an exogenous
decline in the "norrnal" flow of foreign resources. Changes in relative
domestic prices and/or the terms of trade will be induced changes that
are part of the adjustment mechanism.

Faced with a sudden shortage of foreign exchange, a country may let
its exchange rate float until the excess demand for foreign exchange dis-
appears. This is what would happen if we exogenously changed F in
the open-economy model discussed in Chapter 6. The nominal exchange
rate ER would rise endogenously until equilibrium is restored. Given
our normalization requiring a constant overall price level, the prices of
the less tradable commodities would have to fall, allowing the real
exchange rate to change and inducing a new structure of production and
consumption that corresponds to the new, diminished, availability of
foreign resources.

A country may not, in fact, allow this exchange-rate adjustment to
proceed. It may instead keep its exchange rate fixed and attempt to
adjust in different ways. If the country can borrow on international
money markets, it can replace the lost flow of foreign resources by bor-
rowed funds and, at least in the short run, the need for adjustment
would disappear. Let us therefore rule out this possibility. Not being
able to borrow and not willing to devalue, a country may decide to
ration foreign exchange expenditures. Rationing is a very common
reaction to a shortage and has characterized many crisis situations. It
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thus deserves careful analysis as an alternative to exchange-rate adjust-
ment. Why have many countries preferred massive import rationing to
exchange-rate adjustment? How can one model import rationing at
fixed exchange rates in a CGE model? These issues will be explored.

Although less prevalent than in the 1960s, trade regimes based on
exchange control and some degree of overall import rationing charac-
terize many developing countries. We are not referring here to specific
quotas designed for specific sectors, although these also abound, but to
restrictive licensing and general import rationing as a mechanism to
manage the balance of payments. Although there was a movement away
from extremely restrictive import regimes in the 1970s, it is interesting
to note that even a country as "outward looking" as Brazil used a com-
prehensive system of "import denials" as part of its response to the oil
price increase and ensuing trade imbalance.

What happens when imports are rationed? There is no general
answer to this question, because what happens to prices, incentives, and
resource allocation under rationing depends crucially on the exact form
of the rationing scheme and on the legal and/or extralegal methods of
adjusting to rationing. We shall distinguish two extreme cases: fixprice
rationing and premium rationing. Let us first define fixprice rationing.

Recall the demand for import equations when imports and domestic
goods are treated as imperfect substitutes. Consumers and producers
demand the composite commodity Q, that is a CES aggregation of
imports and domestically produced goods. In the absence of rationing,
the first-order conditions yield import demand functions of the form

M ' = y) (9.2.1)

where P, is the price of the composite commodity and M* denotes
desired imports. The sum of desired imports in dollars is given by

z P1 -M* (9.2.2)

With a fixed exchange rate, there is nothing that guarantees that this
sum is equal to the sum of export earnings and net foreign resource
inflows. Usually what is assumed in fixed-exchange-rate models is that
changes in foreign exchange reserves or additional short-term borrowing
make up any excess of desired expenditure over foreign exchange earn-
ings. But we assume that the country can no longer find additional funds
and has run out of reserves. Therefore, the trade balance in dollars
remains fixed across experiments. For simplicity, assume that it is zero.
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Actual realized imports then amount to whatever is allowed by available
export revenues. Desired imports, as determined by the customs clear-
ance price (c.i.f. + tariffs) and the usual cost-minimization procedure,
may add up to a much larger magnitude than export earnings. A ration-
ing mechanism is then introduced to bring about an ex post equality
between receipts and expenditures of foreign exchange.

Let RM denote the ratio of total available foreign exchange, TFEX,
to total desired imports:

TFEX
RM = , (9.2.3)

EPWi * M*
i=

1

A simple rationing rule is to allocate foreign exchange to the various
sectors in proportion to desired imports M*. Actual realized imports
are then obtained by multiplying desired imports in each sector by the
overall excess demand parameter RM:

Mi = M* RM (9.2.4)

The quantity adjustment mechanism we have outlined is clearly a
stylized and simplified story. We shall refer to it as "fixprice" rationing
to underline the fact that the user price of imports remains fixed in spite
of an overall shortage. It is appropriate for countries where imports of
producer goods are tied to user specific quotas and licenses, where resale
is prohibited, and where consumer goods imports are insignificant. In
such countries there is some justification for adopting a stylized model
that specifies that realized sectoral imports are proportional to desired
sectoral imports and that desired sectoral imports are based on the cus-
toms clearance price with the rents due to the restrictive import regime
accruing directly to the users of the imported producer goods. What is
crucial here is the assumption that the users of imports do not have to
pay more than the tariff-inclusive c.i.f. price, so quantity allocations are
channeled directly to users without going through some kind of auction
or market system. The exchange rate is truly fixed: Except for (fixed)
tariffs and export subsidies, both exporters and importers pay ER units
of domestic currency for one dollar's worth of imports. They do not get
the amount of imports they would like to get. But, for the imports that
they do get, they pay only the official exchange rate.

In the fixprice rationing scheme, consumers are forced off their
demand curves for imports. It is also true that the price of the composite
good in each sector, which reflects the rationed price of imports, will no
longer equal the marginal cost of acquiring the composite good. Behav-
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iorally, each demander should solve his or her particular constrained
maximization problem, and we can no longer maintain the simple two-
stage formulation. In the empirical experiments reported later, we in
fact retain the two-stage formulation and assume that consumers remain
on their demand function for the composite good given the actual
rationed composite good price, even though they are off their demand
function for imports. This specification is much simpler and does little
damage because empirically the sectors with large import ratios (inter-
mediate and capital goods) are largely demanded in fixed proportions
and hence there is little scope for changing demand proportions in
response to changes in relative composite prices. If there were major
imports of consumer goods, this simplification would be much less
justifiable.'

Alternatively, it is possible that under rationing a legal or semilegal
parallel "green" market develops for the scarce imports, or, more
directly, for the scarce foreign exchange. Let us define such a system as
rationing by premium. Assume again that the demand for imports
exceeds the supply of foreign exchange necessary to buy those imports
at a given fixed exchange rate. But, contrary to the case of fixprice
rationing, assume that the government tolerates the emergence of a par-
allel or "free" market for foreign exchange allocations. In that case,
those who demand foreign exchange will bid up its price until at the
new price demand again equals supply. If PR is the premium rate that
emerges in this parallel market and ER is the official exchange rate, the
user cost of imports will now be

PM,= PW - ER + PWjER * tm, + PW:ER - PR (9.2.5)

Price Value Value of
of im- of the the premium
ports in tariff due to
domestic rationing
currency

or, collecting terms,

PM, = PW,(1 + tmz + PR)ER (9.2.6)

Viewed in this way, the premium acts as a variable, but sectorally
uniform, import surcharge. Under rationing with premium, producers

We wish to thank Jean Waelbroeck for helpful discussions on this issue. For
further analysis of price rationing, see also Dervis (1979).
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adjust by cost minimizing given domestic prices and premium-inclusive
import prices. Neglecting distribution effects between the government
and the private sector, such a mechanism works as if the exchange rate
were flexible on the import side. Desired imports are again equal to
actual imports, because the price mechanism has been allowed to adjust
the demand of imports to the supply of foreign exchange.

Fixprice rationing and rationing with a uniform premium are two
simple, easy-to-understand, but somewhat extreme cases. Reality will
usually contain elements of both. Often, for example, the public sector
is subject to fixprice rationing while the private sector bids for a residual
allocation of foreign exchange. On the whole, fixprice rationing is com-
monly observed for bulky investment goods imported under user-specific
licenses, whereas import premia are the rule for light consumer goods
and intermediates. Note that sometimes the state has an import monop-
oly. The extent to which premia emerge may then depend on the state's
distribution network and its capacity to deliver the goods to final users.
Finally, it is clear that premia may also emerge on the export side if
exporters are allowed to keep part of the foreign exchange they earn.
For the moment we assume that this is not the case and that the foreign
exchange authorities are successful in preventing exporters from holding
on to the dollar revenues of their exports.2

9.3 An empirical comparison of devaluation and
import rationing

Let us now compare a policy of allowing the exchange rate to adjust to
import rationing of the two kinds described earlier as alternative adjust-
ment mechanisms to a foreign exchange crisis taking the form of a short-
fall in the flow of foreign resources. In all cases, we continue to assume
that the monetary authorities keep the overall price level at an exoge-
nously specified value.

A devaluation or flexible exchange-rate policy simply consists of
allowing the exchange rate (i.e., the price of foreign exchange) to float
up until equilibrium is restored. Because the overall price level is fixed,
this implies that domestic prices must in general fall, behaving in the
aggregate like the nontradables of the standard model. In fact, there are
no "pure" tradables or nontradables. Instead, as we have discussed, the
sectors distinguished in the model can be ranked by degrees of tradabil-
ity, depending basically on their import shares and the magnitude of
some key elasticities. Starting from a position of equilibrium, a deval-

2 In Chapters 10 and 11 we discuss the effects of letting export premia emerge
alongside import premia.
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uation induced by a shortfall of foreign exchange will tend to raise the
relative price of close import substitutes and exportables and lower the
price of essentially nontraded commodities or commodities that behave
as import complements. The resulting reallocation of resources will lead
to an expansion in the production of exports and import substitutes and
a contraction in the production of nontradables and import comple-
ments. This reallocation of resources will combine with expenditure
switching on the demand side to reestablish equilibrium. Unless one
makes the small-country assumption on the export side, there will also
be a terms-of-trade effect: For exports to expand, their dollar price must
decline. With fixed import prices, this decline leads to a deterioration in
the country's foreign terms of trade.

To sum up, the shortfall leads to a "neutral" contraction of the coun-
try's consumption and investment possibility frontier due directly to the
decline in net foreign resources and to devaluation-induced changes in
relative prices leading to a new pattern of production and consumption
and a further terms-of-trade-induced reduction in domestic real income.
The same result could be achieved by domestic price deflation with a
fixed nominal exchange rate. For equilibrium to be restored, the real
exchange rate (i.e., the relative price of an aggregate of domestic goods
to an aggregate of foreign goods) must fall. Whatever the necessary rate
of real devaluation, it can be achieved by many different combinations
of changes in the nominal exchange rate and the overall price level. The
disequilibrium dynamics may, of course, be very different in each case
but, as noted before, such problems are beyond the scope of our
discussion.

Consider now the effect of import rationing. Whether premia appear
or not, the whole burden of adjustment falls on the import side. Exports
do not expand directly as part of the adjustment mechanism. There is
therefore no terms-of-trade effect. Dramatic adjustments happen, how-
ever, on the import side. First, consider the case with a premium.
Because the entire burden of adjustment is on imports, and because
trade-substitution elasticities are much lower than export demand elas-
ticities, the magnitude of the premium required to equate the demand
and supply of foreign exchange will be much larger than the exchange-
rate adjustment required in the flexible exchange-rate case. Premia of
100 percent or more can often emerge. The resource-allocation effects
of such premia are similar to the effects of very high uniform tariffs, of
the form discussed in Chapter 8. Import substitutes and nontradables
benefit at the expense of exportables and import complements. Fur-
thermore, sectors that are very import dependent in their intermediate
input requirements suffer from the very high premia.

In contrast with adjustment by devaluation or by premia, adjustment
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by fixprice rationing falls entirely on domestic prices, because both the
exchange rate and the user price of imports are held fixed. With fixprice
rationing, the ratio of actual to desired imports falls substantially below
unity and, as a consequence, producers are forced into using domestic
goods. Because rationing forces users to increase their purchases of
domestic goods, the situation is quite different from one where adjust-
ment takes place via premia. In that case, for sectors that are poor sub-
stitutes for imports, the increasing premium-inclusive price of imports
will not significantly affect import demand and the imports-to-domestic
goods ratio in such sectors will fall much less than in sectors with high
trade-substitution elasticities. Although demand for the now much more
expensive composite commodity may fall, the composition of demand
will not change much. There is therefore no great increase in the
demand for the imperfect domestic substitutes. On the contrary, the pro-
tective effect of fixprice rationing is stronger in sectors with low trade-
substitution elasticities. These sectors will expand and will be forced to
move up their increasingly steeper supply curves. The large producer
surplus so created is equivalent to the premium created in the alterna-
tive case, but its sectoral distributional impact is different.

We now turn to a quantitative illustration of the alternative adjust-
ment policies described earlier. Start from an equilibrium position
where expenditures on imports are equal to $2,600 million while for-
eign exchange earnings from exports are $1,400 million so that the for-
eign resource inflow is $1,200 million. To illustrate the differential
impact of alternative adjustment mechanisms, we have carried out the
following six experiments, assuming for each experiment an exogenous
$600 million decline in net foreign resources:

E-1: Devaluation, low trade elasticities
E-2: Premium rationing, low trade elasticities
E-3: Fixprice rationing, low trade elasticities
E-4: Devaluation, high trade elasticities
E-5: Premium rationing, high trade elasticities
E-6: Fixprice rationing, high trade elasticities

This 50 percent decline in net foreign resource inflow corresponds to 3
percent of GDP. Thus we are dealing with a sizable foreign exchange
"crisis."

Macroeconomic effects of alternative adjustment
mechanisms

Consider first the basic macroeconomic results reported in Table 9.1.
There is a 21.5 percent devaluation when we assume low trade elastic-
ities and a much smaller 8.7 percent devaluation with high trade elas-
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Table 9.1. The macroeconomic impact of alternative adjustment mechanisms (%
changesfrom base run)

Premium Fixprice
Devaluation rationing rationing

Low High Low High Low High
Experimenta (E-1) (E-4) (E-2) (E-4) (E-3) (E-5)

Exchange rate 21.5 8.7 0.0 0.0 0.0 0.0
User price of importsb 21.5 8.7 71.6 32.0 0.0 0.0
Dollar price of exports' -17.1 -6.6 -2.7 -1.2 -0.7 -0.4
Imports (volume and $

value) -9.3 -8.2 -19.6 -20.4 -21.5 -22.4
Export (volume) 44.6 37.0 5.6 4.8 0.7 0.9
Exports ($ value) 21.5 27.1 2.7 3.8 0.2 1.0
Nonagricultural wage -1.1 -0.5 -9.7 -5.0 -2.3 -1.2
GDP -0.4 -0.3 -1.3 -1.0 -2.4 -1.3

"'Low" and "high" refer to the two sets of trade elasticities.
'Weighted average, where the weights are the volumes traded.

ticities. Because the values of the high set of elasticities are about three
times the values of the low set, the rate of exchange-rate adjustment
responds nonlinearly to changes in the values of these parameters in the
same way that it does to across-the-board changes in tariffs (see Figure
8.1). Thus, if the response were linear, a tripling of trade elasticities
would reduce the extent of devaluation to 7.1 percent instead of the
observed 8.7 percent. In a sense there are "diminishing returns" to
increases in the values of the trade elasticities. The reduced need for
relative price adjustment when elasticities are high is also reflected in
the smaller change in import and export prices.

Under either kind of rationing the official exchange rate remains
fixed. However, under rationing with premium, the user price of
imports rises by 71.6 and 32 percent, respectively, with low and high
elasticities. This rise is between three and four times greater than the
rise in import prices that occurs with devaluation, reflecting the fact that
the entire burden of adjustment has shifted to the import side. Thus
imports become much more expensive to domestic users when there is
rationing with premium than with devaluation, a fact that is not always
appreciated. What this also illustrates is that the "black market" (i.e.,
the official rate plus the premium) exchange rate should not be taken
to be equal to the underlying equilibrium exchange rate. Quite apart
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from considerations of risk that may stem from the extralegal nature of
the black (or parallel) market, the fact that exports do not usually ben-
efit from the parallel market premium implies that the equilibrium
exchange rate that would rule if adjustment were permitted on both the
import and the export sides must be significantly below the parallel
market rate that rules for imports when there is premium rationing.

In the case of fixprice rationing, the user cost of imports is kept con-
stant by forcing users off their demand curves. The necessary reduction
in the volume of imports is reached solely by an adjustment in relative
domestic prices, leading to a substantial reallocation of resources that
will be discussed shortly. From the point of view of the user price of
imports, fixprice rationing and premium rationing represent the two
extreme cases, with devaluation in between. Fixprice rationing does, in
fact, often reflect a desire to avoid any rise in import prices. For
instance, public enterprises that may already be in a precarious finan-
cial situation may press for some form of fixprice rationing. Who
exactly is forced off his demand curve and to what extent may, of course,
vary widely from case to case. Our experiments reflect only one possible
formula to distribute the burden of adjustment.

The change in the terms of trade is determined entirely by the change
in the dollar price of exports. Because the average domestic price level
of exports (not reported in Table 9.1) does not change much, changes
in the terms of trade are determined almost entirely by changes in the
exchange rate. Thus, the decline in the terms of trade is 6.6 percent for
devaluation with high elasticities and 17.1 percent with low elasticities,
and there is a sizable income effect associated with adjustment by
devaluation.

Corresponding to the average change in the user price of imports,
there is a change in the volume of imports and exports that is shown in
Table 9.1. Not surprisingly, the reduction in the volume of imports is
greater when there is no expansion of exports, and it reaches more than
20 percent under fixprice rationing. It is also interesting to note the wide
range in the implied aggregate import and export demand elasticities
(with respect to the average user price of imports and the average dollar
price of exports) under each of the adjustment mechanisms. In the case
of a devaluation, the import demand elasticity varies between 0.4 and
0.9, whereas the export demand elasticity varies between 2.6 and 5.6.
In the case of premium rationing, the import demand elasticity varies
between 0.3 and 0.6, whereas the export demand elasticity varies
between 2.1 and 3.9. Finally, in the case of fixprice rationing, the
adjustment is due entirely to the changes in domestic prices. Cross-sec-
tion regression estimates of import and export responses to trade incen-
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Table 9.2. Aggregation scheme

1. Agriculture 1. Agriculture
2. Consumer goods 3. Food

4. Textiles
5. Clothing
6. Wood and wood products
7. Paper and printing

3. Intermediate goods 3. Mining
8. Chemicals
9. Rubber and plastics

10. Petroleum and petroleum products
11. Nonmetallic mineral products
12. Basic metals
13. Metal products

4. Capital goods 14. Nonelectrical machinery
15. Electrical machinery
16. Transportation equipment

5. Construction 17. Construction
6. Infrastructure and services 18. Infrastructure

19. Services

tives combining tariffs, subsidies, and exchange-rate adjustments indi-
cate import elasticities of 0.4 and export elasticities of 1.3.3 It is
noteworthy that these estimates stand roughly in the same ratio to each
other as our analysis suggests. Indeed, our results indicate that one must
be careful when speaking of such aggregate elasticities, because their
values are likely to vary widely depending on what is held fixed (and
it is not always clear from these statistical estimates which variables are
held fixed).

The relative labor intensity of the expanding nonagricultural sectors
is indicated by the change in the nonagricultural average wage. In all
cases there is a fall in the wage. It is most significant in the case of
adjustment by premia, indicating that the import-substituting sectors
that are protected by premia are relatively capital intensive.

Finally, note that GDP declines in all three cases. The decline is
always greater when elasticities are low (i.e., the economy has more
difficulty adapting to a shortfall of foreign exchange). In terms of min-
imizing GDP changes, devaluation is the best and fixprice rationing the
worst adjustment policy. This result reflects the increasing violation of
marginal efficiency conditions as we move from devaluation to fixprice

3 See Balassa and Associates (1981b, chap. 3) for a summary of the evidence.
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Table 9.3. Structure of the economy in the base run (solution with high elasticities)

Ratio of
Sectoral imports Ratio of Ratio of
shares to imports to exports Trade Export
in total domestic total to total substitution demand
output goods intermediate output elasticities elasticities
(%) (%) inputs (%) (%) (high) (high)
(1) (2) (3) (4) (5) (6)

Agriculture 21.5 1.6 8.4 1.6 6.0 4.0
Consumer

goods 17.2 1.5 3.8 10.9 2.0 4.0
Intermediate

goods 14.4 26.5 19.5 3.8 1.5 6.0
Capital goods 5.5 56.7 29.6 0.8 0.75 6.0
Construction 6.1 - 15.3 - - -
Infrastructure

and
services 35.3 1.6 8.4 5.0 0.5 4.0

rationing. Premium rationing introduces a gap between the domestic
resource costs of exports and import substitutes, whereas fixprice ration-
ing goes further by interfering with the equalization of the marginal
productivity of imports across sectors. We shall see in Section 9.6 how
one can decompose the welfare losses associated with the declines in
GDP reported in Table 9.1.

Structural impact of alternative adjustment
mechanisms

We turn now to an examination of how the sectoral composition of out-
put is affected by the different adjustment policies to a foreign exchange
crisis. The mechanisms by which sectoral structure is affected are those
described at length in Chapter 8, namely, relative gross and net prices.
It is therefore possible to simplify the presentation of the results by
aggregating the nineteen sectors distinguished so far into six sectors.
Table 9.2 indicates the aggregation scheme whereby the nineteen sectors
are collapsed into six sectors.

The structure of the economy in the base run prior to the $600 mil-
lion decline in net foreign resources is given in Table 9.3. That table is
an aggregation of the information already provided in Tables 8.1 and
8.2, except that the base-run solution in this chapter is not identical to
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the base-run solution in Chapter 8 because here we are starting from
the trade tax structure that was actually observed in 1973, rather than
from a solution without those trade taxes. However, the tax rates were
quite low in 1973, so the two base runs are quite similar.

To understand how the structure of the economy is affected by the
various adjustment mechanisms, one must keep in mind that, on the one
hand, an adjustment via devaluation is neutral in the sense that it affects
both exports and imports in each sector, whereas, on the other hand,
adjustments via premium and fixprice rationing are asymmetric because
the foreign currency price of exports is not affected directly as it is by
a devaluation. It is therefore important to note the trade orientation of
the sectors in the economy as described in Table 9.3.

Consumer goods and, to a lesser extent, services are exportables (i.e.,
they have a high ratio of exports to domestic supply). Construction is
the most nontradable sector, followed by services. Intermediate goods,
capital goods, and construction are all import dependent in that they
have a high ratio of imported to total intermediate inputs. Sectors char-
acterized by significant shares of imports in total domestic demand can
be divided into import substitutes and import complements, depending
on the trade-substitution elasticity (see Chapter 8). A sector that will be
most strongly protected by a devaluation or premium on imports is one
that is an import substitute and is not import dependent. Protection will
always attract resources into such a sector. In the six-sector aggregation,
the two sectors that have the highest import shares (intermediate and
capital goods) are also the most import dependent. Intermediate goods
have a higher trade-substitution elasticity and are less import dependent
than capital goods, and so should be more protected by a devaluation or
import premium. Construction, which is import dependent but non-
tradable, will be adversely affected by any policy that raises import
prices.

Table 9.4 indicates the effects on relative domestic prices and net
prices of the three adjustment mechanisms. Adjustment by devaluation
raises the relative price of close import substitutes and exportables at
the expense of import complements and less tradable sectors. The extent
of relative price changes is greater the lower are the set of trade elastic-
ities because, as seen earlier, the exchange-rate adjustment is greater.
This is confirmed in columns (1) and (2) of Table 9.4, which indicate
that intermediate and consumer goods show the largest relative price
increase. What happens to sectoral output is of course determined by
the change in relative net prices. The pattern of changes in net prices
is in turn determined by the degree of each sector's dependence on
imported intermediate inputs. Thus the most import dependent sect6rs



Table 9.4. The impact of adjustment mechanisms on gross and net prices (% changes from base solution)

Devaluation Premium rationing Fixprice rationing

Domestic prices Net prices Domestic prices Net prices Domestic prices Net prices

Low High Low High Low High Low High Low High Low High

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Agriculture 0.2 -0.1 -0.7 -0.6 -1.6 -1.1 -3.0 -1.9 -4.1 -2.6 -5.5 -3.5

Consumer goods 1.5 0.6 1.2 0.4 -2.9 -1.7 -9.3 -5.0 -2.2 -1.5 -3.3 -2.1

Intermediate goods 5.5 3.4 2.0 2.8 5.0 5.1 -7.2 1.9 12.1 7.5 17.8 12.2

Capital goods 0.7 1.2 -8.2 -2.0 0.1 2.8 -21.9 -5.4 15.9 12.8 21.4 21.2

Construction 0.1 -0.1 -3.2 -1.g -3.7 -1.9 -11.7 -6.5 -1.0 -0.4 -6.3 -3.4

Infrastructure and
services 0.2 0.0 -1.2 -0.7 -6.9 -3.8 -10.0 -5.6 -2.6 -1.7 -4.1 -2.5
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(capital goods, intermediate goods, and construction) are the sectors
whose relative position deteriorates the most because they are adversely
affected by the increase in intermediate input costs caused by the deval-
uation-induced increase in import costs. Again, the effect is greater for
the set of low trade elasticities because of the necessary devaluation to
restore equilibrium in the foreign exchange market. Thus, in the end,
devaluation draws resources toward the consumer goods and the inter-
mediate goods sectors and away from the rest of the economy.

With adjustment by premium rationing, one would expect the more
export-oriented sectors not to fare as well as under adjustment by deval-
uation, because they do not benefit directly from a lowering of their
price expressed in foreign currency units. This is indeed the case, as
consumer goods and infrastructure and services, the two most export-
oriented sectors, experience a fall in both relative gross and net prices.
Because the whole burden of adjustment is borne on the import side
when trade elasticities are low, the increase in the user price of imports
is so great (71.6 percent in Table 9.1) that net prices fall in all sectors
[Table 9.4, column (7)]. However, there is also a 9.7 percent fall in
nonagricultural wage costs as a result of the fact that construction is
both a large labor-intensive sector and an import-dependent sector.
Thus, as the cost of its imported intermediate inputs rise, it releases
labor and leads to a fall in the wage rate. Thus, in the final analysis,
adjustment by premium rationing leads to a shift of resources toward
the more labor-intensive sectors.

We now come to the more difficult case of adjustment by fixprice
rationing, which amounts to forcing domestic users to increase their use
of domestic goods. The question then is to determine which are the sec-
tors that experience the greatest increase in demand, that is, which are
the sectors whose domestic prices increase the most. A useful way of
visualizing the resulting adjustment mechanism is to return to the
graphical presentation of the determination of the equilibrium domestic
price in Section 7.5. In terms of Figure 7.2, fixprice rationing is equiv-
alent to an outward shift of the domestic demand curve in quadrant 1,
because it forces users to increase their demand for domestic goods. Note
two things about the outward shift of the demand curve. First, the extent
of the shift is greater the larger the ratio of imports to domestic goods.
From Table 9.3, column (2), it is clear that the dominating shifts are
those of the capital goods and the intermediate goods sectors, which have
respectively import-to-domestic use ratios of 57 and 27 percent. Second,
the slope of the demand curve depends on the trade-substitution elastic-
ity, and the more substitutable domestic goods are for imports the flatter
is the demand curve, and, therefore, the smaller the rise in the equilib-
rium domestic price for a given outward shift of the demand curve.
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Figure 9.1. Output changes under alternative adjustment mechanisms.

Working through the effects of an outward shift of the demand curve
on the equilibrium price (and hence domestic supply), it becomes clear
that intermediate goods and especially capital goods are the sectors
toward which resources are drawn from the rest of the economy. More-
over, the extent of the increase in the relative price of these two sectors
will be greater when trade elasticities are low. Indeed, looking at col-
umns (9) and (10) of Table 9.4 not only confirms this, but also reveals
the strikingly strong effect of adjustment by fixprice rationing on the
structure of the economy. Thus, for the low (high) elasticity case, the
relative price of intermediate goods rises by 12.1 percent (7.5 percent)
and the relative price of the capital goods sector by 15.9 percent (12.8
percent).

Perhaps the best way to summarize the impact the different adjust-
ment mechanisms have on sectoral structure is to consider them side by
side as in Figure 9.1, which shows the percentage change in each sec-
tor's output under each of the adjustment mechanisms. Scanning that
figure confirms our result, namely, that premium rationing is a mag-
nification of devaluation as the import-dependent sectors (intermediates,
capital goods, and to a lesser extent construction) contract more as a
result of the greater increase of imported input prices. Fixprice ration-
ing leads to strong protection of intermediates and capital goods at the
expense of the less tradable sectors of the economy.

9.4 Rationing with rent seeking

So far we have analyzed rationing as an adjustment mechanism that
works without diverting resources from their normal productive use.
Labor and capital in each sector produce output, and the rationing
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mechanism as such affects output only by the impact it has on relative
prices and hence on the economy-wide allocation of resources.

But, as first formally argued by Anne Krueger (1974b) and elabo-
rated by Bhagwati and Srinivasan (1979), rationing is likely to divert
resources from their normal productive use into activities necessitated or
made profitable by the existence of rationing. Rationing gives rise to
special rents, explicitly, as in the case of premium rationing, or implic-
itly, with fixprice rationing. When there is rationing, it becomes worth-
while to spend real resources in the pursuit of these rents. Labor that
might otherwise be used to produce commodities may nbw be used in
activities such as lobbying for quantity allocations, negotiating with gov-
ernment officials, and so on. Part of the existing capital stock may also
be used for such activities. Less resources are devoted to the production
of commodities and services, and the net production possibility set of the
economy will contract as a consequence of this diversion of resources
into what Krueger calls "rent seeking." Note that resource diversion
may occur as a result of rationing not only because of rent seeking A la
Krueger but also because rationing as an allocation mechanism may
simply impose unavoidable resource costs. Thus, waiting in gasoline
lines is not really a rent-seeking activity but leads to much the same
resource diversion as rent seeking. We shall therefore define all such
diversions resulting from rationing as rent-seeking activities. The
resources diverted from production by rent seeking constitute an addi-
tional burden of adjustment through rationing that one should take into
account when analyzing alternative adjustment mechanisms.

How much resources will be devoted to rent seeking in any particular
situation? One possible answer to this important question is to say that
in equilibrium the total value of rents resulting from rationing must
equal the total value of resources devoted to rent seeking. This is the
position taken by Krueger and elaborated by Bhagwati and Srinivasan
(1979). But it is probably an extreme position. It is possible that equi-
librium under certain kinds of rationing would not yield large "wind-
fall" rents to anybody. At most, factors "specialized" in rent-seeking
activities would see their incomes increase at the expense of other fac-
tors. However, when one observes rationed systems in the real world,
it is striking how much pure rent appears to be created and how effort-
lessly some profits seem to be achieved. It is reasonable, therefore, to
argue that whereas the magnitude of resource diversion to rent seeking
depends on the magnitude of rationing rents, the value of rent-seeking
resources is less than the value of these rents. In other words, a certain
part of the rents arising from rationing are "pure" rents with no
resource costs.
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Modeling rent-seeking activities is obviously a very difficult under-
taking. What is really needed is some knowledge about the "technology"
of rent seeking. Given the absence of such knowledge, we shall use a
simplified specification and measure the resource diversion resulting
from rent seeking in units of output from each sector. This amounts to
assuming that each sector combines factors of production in rent-seeking
activities in the same way as it combines them in production. Let PRMi
be the total value of rationing rents in sector i. Let ri be the ratio of pure
rents (i.e., rents that do not require resource diversion) to total rents.
Finally, let VRi be the value of resources diverted to rent seeking in
sector i. We postulate the following:

VRi = (1 - ri)PRMi (9.4.1)

Assuming some particular value for ri, we can calculate the loss of
output resulting from rationing in each sector provided that we can cal-
culate PRMo, the rationing rents in that sector. When ri = 1, we get
the Krueger-Bhagwati-Srinivasan rule that equates the value of rents
to the value of resources diverted to rent seeking. With ri = 0, there is
no resource cost arising from rent seeking and we are back to where we
were before; with 0 < r, < 1, we have partial rent seeking as the gen-
eral case.

Calculating PRMi is straightforward in the case of rationing with
premium. We simply calculate the value of import premia in each
import-purchasing sector. Imports purchased by sector i are the sum of
consumer goods imports of category i, investment goods imports
required in the particular proportions required for aggregate capital,
and intermediate goods imports governed by input-output coefficients.
Once the volume of imports is calculated, the total "rent" attached to
the imports is obtained by multiplying the local currency value of these
imports at the official exchange rate by the import premium rate result-
ing from rationing. This gives us PRMi. Multiplying it by r, gives us
VRi, the value of rent-seeking resources or the value of output lost
because of rent seeking. Letting Ui denote the ratio of the value of out-
put lost because of rent seeking to the total value of sectoral production,
we can rewrite the sectoral production functions in the form

Xi= (1 - Uj)fj(Ki,Li) (9.4.2)

where Ui = VRi/PD,Xi. Note again that if ri = 0, VRi = 0 and U,
= 0, so that we are back to the more traditional formulation. For a
given ri, the more the official exchange rate is overvalued, the greater
will be the import premium, the greater will be the value of rents, and
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the greater will be the value of output lost as a result of rent-seeking
activities.

The situation is more complicated when there is fixprice rationing.
The value of sectoral rents is given by the difference between total
expenditure on imports at fixed prices and total expenditure on the same
imports priced at their marginal value to users. Given knowledge of the
trade aggregation functions, one can compute the marginal value of
imports at the rationed solution. The procedure is analogous to com-
puting the value of rents under premium rationing. Given that nothing
fundamentally different is involved, we restrict our empirical discussion
of rent seeking to the case of premium rationing where the rents are an
explicit part of the model solution.

Rent seeking in one form or another does form an integral part of the
functioning of rationed markets. Its inclusion in theoretical or applied
models is still very new, and little empirical work has been done on
understanding the "technology" of rent seeking. On the other hand, it
is a very important phenomenon, and an analysis of adjustment with
rationing that does not include rent seeking is likely to be misleading.

What, then, are the effects of taking into account rent-seeking activ-
ities in the case of adjustment with premium rationing? The macroeco-
nomic impact is mostly reflected in a further fall in GDP resulting from
the diversion of resources away from productive uses. Thus, for low
trade elasticities, whereas without rent seeking the decline in GDP is
1.3 percent, with rent seeking the decline in GDP becomes 2.9 percent.
This of course is a sizable decline if one recalls that the original decline
in net foreign resources itself amounted to about 3.0 percent of GDP.
For high trade elasticities, adding rent seeking raises the adjustment cost
in terms of GDP from 1.0 to 1.8 percent.

In addition to this extra burden of adjustment, rent seeking results in
a slightly lower increase in the user price of imports, especially in the
case of low trade clasticities. In that case, with rent seeking the user
price of imports rises by 61.4 percent instead of 71.6 percent when there
is no rent seeking. This a result of the fact that the contractionary effect
on output of rent seeking lowers the demand for imports and hence for
foreign exchange so that the adjustment of the effective exchange rate
is smaller.

Table 9.5 summarizes the net average effect of rent seeking, as well
as the distribution of its effects across the economy. For the economy as
a whole, for low (high) trade elasticities, premia payments amount to
7.0 percent (3.6 percent) of value added and 4.1 percent (2.1 percent)
of total cost. Premia payments as a share of both total cost and value
added are highest for the import-dependent sectors, intermediates, and
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Table 9.5. The effect of rent seeking on resource use and production

Premia Premia
payments as payments as Output loss
percent of percent of due to rent
value added total cost seeking

Low High Low High Low High

Agriculture 3.0 1.4 2.1 1.0 1.0 0.5
Consumer goods 9.0 4.8 2.1 1.0 1.1 0.5
Intermediate goods 31.8 15.0 10.5 5.2 5.3 2.6
Capital goods 46.0 22.0 16.4 8.3 8.2 4.1
Construction goods 7.0 3.5 3.8 1.9 1.9 0.9
Infrastructure and services 3.2 1.6 2.4 1.2 1.2 0.6
Total 7.0 3.6 4.1 2.1 2.1 1.1

capital goods. Correspondingly, these are the sectors that suffer the
greatest output loss. Whereas the average output loss for the economy
varies between 1.1 and 2.1 percent depending on trade elasticities, out-
put losses in the capital goods sector ranges between 4.1 and 8.2 percent
and for intermediate goods, between 2.6 and 5.3 percent.

To summarize, rent seeking results in output loss for all sectors in
the economy and also leads to an exaggeration of the effect of adjustment
to foreign exchange shortages on the composition of sectoral output.
Thus capital goods, which is already the sector that suffers most from
adjustment by premium rationing, is also the sector that is most
adversely affected by rent seeking.

9.5 Export supply constraints

In the experiments discussed earlier, the supply of exports in any sector
is determined by subtracting domestic use (consumption + investment
demand) from total sectoral production. The sensitivity of export supply
to export price changes, therefore, varies directly with the sensitivity of
domestic production levels and the sensitivity of domestic demand to
price changes. When the domestic price in a sector goes up, total supply
expands and domestic demand contracts, leaving a greater exportable
surplus. As discussed in Chapter 7, this treatment of export supply may
encounter problems in fairly aggregated applied models where exports
in any particular sector will tend to be quite distinct products from the
domestically consumed basket of goods. In cases like this, we proposed
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Table 9.6. Devaluation with and without export supply constraints (% changes from
base solution)

Devaluation: no Devaluation: with
export supply export supply
constraints constraints

Low High Low High

Exchange rate 21.5 8.7 30.0 10.7
Domestic price of exports 1.7 0.9 11.0 4.6
Dollar price of exports -17.6 -6.6 -13.2 -5.4
Imports (volume and $ value) -9.3 -8.2 -11.2 -10.2
Export (volume) 44.6 37.0 35.1 30.7
Exports ($ value) 21.5 27.1 17.3 23.8
GDP -0.4 -0.3 -0.7 -0.4

to specify separate sectoral export supply functions to prevent the
models from overestimating the export supply response to trade policy
measures. To illustrate the effect of such constraints, we have rerun the
devaluation experiments with logistic export supply functions in every
sector. This specification probably overestimates export supply rigidity,
but it is interesting to test the effect of imposing the additional supply
constraints.

The effects of imposing additional export supply constraints are easy
to understand. For a given percent devaluation, the increase in the sup-
ply of exports diminishes substantially. At given domestic export prices,
foreign demand has increased by the same amount that it did without
the extra supply constraints. Two forces are therefore operating. On the
one hand, there is further pressure on the exchange rate because of the
lack of sufficient export response. On the other hand, there is upward
pressure on export prices as foreign demand exceeds domestic supply.

The macroeconomic results of devaluation with export supply con-
straints are contrasted with devaluation without export supply con-
straints in Table 9.6. The result is a greater exchange-rate adjustment
and a significant increase in the domestic price of exports. This increase
in the domestic price of exports stands out in contrast to all the other
adjustment mechanisms, including the case of devaluation, where the
domestic price of exports remains largely unaffected. It is also interest-
ing to note that the dollar price of exports falls less with the export
supply constraints despite the greater devaluation. This is of course due
to the countervailing and dominating effect of the increase in the domes-
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T able 9.7. The effects of export supply constraints on export volumes (% changes
from base run)

Devaluation: no Devaluation: with
export supply export supply
constraints constraints

Low High Low High

Agriculture 47.3 40.4 36.2 31.5
Consumer goods 43.9 36.0 38.2 37.1
Intermediate goods 44.2 29.7 8.2 -3.7
Capital goods 80.9 52.7 -2.9 -30.0
Construction 0.0 0.0 0.0 0.0
Infrastructure and services 46.8 39.8 40.7 37.0

tic price of exports. As a consequence, both the volume and the value of
exports rise less when there are export supply constraints. Imports,
therefore, decline by a greater percentage than in the absence of export
constraints.

Adjustment is also more costly in terms of GDP. GDP loss is greater
because the economy has greater difficulty adjusting, necessitating a
greater change in the relative price system including the exchange rate.
Thus, with low trade elasticities, the fall in GDP increases from 0.4 to
0.7 percent when there are export supply constraints. It is precisely sit-
uations such as these that are espoused by structuralists when they char-
acterize the productive sphere of the economy as unbalanced or as rid-
(len by bottlenecks.4

The pattern of sectoral export response to devaluation with and with-
out export supply constraints is reported in Table 9.7. The pattern is
easy to understand in the case of no export supply consfraints, because
the same forces are at work here as those described in Chapter 8. Export
expansion is greater the larger the value of the export demand elastici-
ties and the greater the extent of devaluation. These effects work in
opposite directions as trade elasticities are increased, and it can be seen
from the first two columns of Table 9.7 that it is the exchange-rate effect
that dominates, because sectoral export expansions are larger with low
trade elasticities.

When there are export supply constraints, the pattern of export

4 See Diamand (1978) for an extensive discussion of bottlenecks and what he
calls "unbalanced production structures" (UPS).
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responses is smaller and shows greater diversity across sectors even
though the parameters of the logistic function describing the supply con-
straints are the same for all sectors. In this case, the ratio of exports to
domestic supply is an increasing function of the ratio of the domestic
currency price of exports to the domestic price. The domestic currency
price of exports is determined so that, given the exchange rate and the
foreign currency price of exports, it clears the export market. It is clear
that because the pattern of export demand elasticities is fairly uniform
across sectors and changes in the exchange rate affect all sectors equally,
changes in domestic prices are now important. Thus sectors experienc-
ing the largest relative price increases, such as intermediates and capital
goods, are those sectors that have the lowest export supply ratios.
Indeed, it turns out that, for these sectors, the increase in domestic prices
is sufficient to direct goods away from the export market despite a sub-
stantial devaluation.

9.6 Welfare effects of different adjustment
mechanisms

In assessing the total effects of adjustment to a reduction in net foreign
resource inflow, we have so far referred only to changes in real GDP
measured in terms of base-year prices. Because that measure excludes
the initial shortfall of foreign exchange, it has the advantage of focusing
directly on the extra cost to the economy of having to restore equilibrium
after the shortfall in foreign exchange. Unfortunately, GDP is not an
altogether satisfactory measure of changes in potential welfare because,
as international economists have often pointed out, the opportunities
facing the economy should be considered at "world" or "foreign" cur-
rency prices.

However, in a model where traded goods are imperfect substitutes in
use, there is no easy way to evaluate GDP at "world" prices. As an
alternative, we proposed in Chapter 7 to use a welfare index. This
approach allows us to decompose the change in welfare into its various
components and thereby to measure the contribution of each component.
Yet, like other measures, it has some drawbacks. In particular, it cannot
be used for the case where adjustment takes place by fixprice rationing,
because then it is not possible to say if an observed consumption bundle
would have indeed been selected over another one at the prevailing
prices. We therefore cannot use the decomposition measure meaning-
fully in the case of fixprice rationing.

Table 9.8 provides a ranking in descending order of welfare losses in
terms of changes in both GDP and total absorption using an arithmetic
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Table 9.8. Ranking adjustment mechansims in terms of welfare losses

Percent decrease in absorption
Percent decrease in GDP (arithmetic average)

Low High Low High

Premium rationing Premium Premium Premium
with rent seeking rationing with rationing with rationing with
(2.9) rent seeking rent seeking rent seeking

(1.8) (5.5) (4.5)
Pure rationing (2.4) Pure rationing Devaluation Premium

(1.3) (4.3) rationing (3.7)
Premium rationing Premium Devaluation with Devaluation

(1.3) rationing (1.0) export supply (3.5)
constraints
(4.3)

Devaluation with Devaluation with Premium Devaluation with
export supply export supply rationing (4.0) export supply
constraints (0.7) constraints constraints

(0.4) (3.5)
Devaluation (0.3) Devaluation

(0.3)

average of the Laspeyre and Paasche indices. In comparing the two sets
of measures, there are several points that must be kept in mind. First,
the GDP measure yields significantly lower figures because it does not
include the foreign capital inflow decline as a loss, whereas the absorp-
tion measure does. Second, the absorption measure does not include fig-
ures for the case of fixprice rationing for the reasons stated above.
Finally, the absorption measure includes as a loss the deterioration in
the terms of trade, which is not directly taken into account in the GDP
measure. It is in fact the sensitivity of the magnitude of the contribution
of changes in the terms of trade that accounts for the changes in rank-
ings in the total absorption measure.

Comparing the two sets of measures yields a ranking of adjustment
mechanisms that conforms with expectations that would lead us to
believe premium rationing with rent seeking and fixprice rationing are
the most costly adjustment mechanisms. Indeed, in all cases, premium
rationing with rent seeking is the most costly adjustment mechanism
because of the extra loss inflicted by the diversion of resources away
from productive uses toward rent-seeking activities. It is followed by
fixprice rationing and, in the case of low trade elasticities, both these
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mechanisms are approximately twice as costly in terms of percentage
GDP loss as any of the other alternatives. Also, as expected, devaluation
is the least costly way to adjust in terms of GDP loss.

When we turn to the figures indicating the percent decrease in
absorption, we niust contend with the concomitant terms-of-trade-
induced decline in absorption caused by an increase in exports. This
means that devaluation, which is the policy that induces the greatest
increase in export volume, is accompanied by a decline in the foreign
currency price of exports. Moreover, the magnitude of that decline is
greater the lower are the values of the foreign demand elasticities. As a
result of the importance of this terms-of-trade-induced decline in
absorption, it turns out that devaluation both without and with export
supply constraints leads to a greater decline in total absorption than
adjustment by premium rationing when trade elasticities are low. How-
ever, as can be seen from Table 9.8, the situation is reversed when the
trade elasticities are high, in which case the rankings are similar to those
in terms of GDP.

To isolate further the factors that account for the decline in total
absorption, Table 9.9 identifies the contribution of each of the compo-
nents that add up to the total decline in absorption. The components
include the decline in net foreign capital inflow; the decline in the terms
of trade; the tariff and export subsidy effects; and finally, the net pro-
duction effect. As can be seen from column (7), the foreign resource
effect accounts for more than 60 percent of the total decline in absorp-
tion in all cases except adjustment with rent seeking under low elastic-
ities. The variation in the contribution of the resource effect when the
exchange rate is held fixed [column (2)] is due to the fact that with low
trade elasticities the equilibrium base exchange rate is 6.5 percent lower
than with high trade elasticities.

That the adjustment costs to foreign exchange imbalances are greater
when the economy is characterized by low trade elasticities has already
been noted when discussing the percentage decline in GDP under the
various adjustment mechanisms. It is quite clear from column (7) that
this is also true in terms of absorption. Thus, within each adjustment
mechanism, the share of the decline in absorption that is accounted for
by the foreign resource effect is always greater when elasticities are high
than when elasticities are low. Because the absolute contribution of the
foreign resource effect does not change much, this implies that there is
substantial variation in the contribution of the other effects depending
on the values taken by the trade elasticities.

A comparison of devaluation with premium rationing tends to indi-
cate that they have offsetting advantages and disadvantages. Devalua-



Table 9.9. Decomposition of the decline in absorption under selected adjustment mechanisms

Percent decline in absorption, of which:'

Percent Foreign Terms- Export Net
decline in resource of-trade Tariff subsidy production

Trade absorption effect effect effect effect effect (2) . (I)

Experiment elasticities (1) (2) (3) (4) (5) (6) (7)

Devaluation Low 4.3 2.6 1.3 0.3 0.2 0.0 0.60

High 3.5 2.6 0.5 0.2 0.1 0.1 0.74

Devaluation with export
constraint Low 4.3 2.6 1.1 0.3 0.1 0.1 0.60

High 3.5 2.6 0.4 0.2 0.1 0.2 0.74

Premium rationing Low 4.0 2.3 0.2 1.0 0.0 0.5 0.58

High 3.7 2.5 0.1 0.7 0.0 0.4 0.68

Premium rationing with rent
seeking Low 5.5 2.3 0.2 1.0 0.0 2.0 0.42

High 4.5 2.5 0.1 0.7 0.0 1.2 0.72

'Totals may not add up because of rounding.
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tion does not generate allocative inefficiency, as it allows the economy
to remain on its production possibility frontier. On the contrary, the
allocative inefficiency losses are notable when adjustment takes place by
premium rationing, particularly when there is rent seeking. In that case,
the allocative inefficiency loss reaches 2.0 percent with low trade elas-
ticities [column (6)]. There is also quite a difference in the consumption
distortion effect that results from the joint effect of tariffs and subsidies
that drive a wedge between the marginal benefits and the marginal costs
of consumption. Here, too, devaluation imposes less of a reduction in
real income than premium rationing. There is up to a 1 percent decline
in real absorption caused simply by adjustment via premia, which is
quite a substantial loss to the economy if one considers it in the context
of a 3 percent decline in GDP. There are therefore gains to adopting
adjustment policies that are neutral with respect to import substituting
and exporting activities. Note also that the small export subsidy effect
and the small tariff effect in the case of devaluation are due to the pres-
ence of the existing trade tax structure, which yields an average tariff
rate of 34 percent and an average subsidy rate of 7 percent.

However, the disadvantage in terms of a greater decline in absorption
caused by the consumption and production losses that accompany
adjustment by premium rationing are mostly offset by the reduction in
absorption due to a decline in the terms of trade that goes along with
adjustment by devaluation. With low trade elasticities, devaluation
causes a decline in absorption of 1.3 percent. Thus, when export
demand elasticities are low, a large devaluation is needed to correct even
moderate shortfalls in foreign resource flows, and real income will be
severely affected by adverse terms-of-trade movements that result in a
transfer of welfare out of the devaluing country to the rest of the world.
Indeed, the choice of rationing over devaluation as an adjustment mech-
anism has often been rationalized in these terms by economists and pol-
icy makers in developing countries. Our analysis suggests that there is
considerable support for this view, especially if one considers that even
with high export demand elasticities (around 5), there is still a reduction
in real income of 0.5 percent.

9.7 Conclusion

On the basis of the detailed analysis of alternative adjustment mecha-
nisms to a shortfall in foreign resource inflow, it is quite obvious that
policy choices are much more difficult to make than one would be led
to believe on the basis of simpler macroeconomic models, particularly
those in the tradition of two-gap analysis. Alternative adjustment mech-
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anisms have substantially different impacts on resource allocation
between sectors, which must be evaluated in the framework of devel-
opment plans that often focus on the structure of production. These
alternative mechanisms also have different welfare implications. Policy
makers choosing a particular approach must take into account as much
as possible information about the flexibility of the economy.

It is important to stress that when the economy has little flexibility,
it has more difficulty adjusting which, in turn, necessitates a greater
change in the relative price system (including the exchange rate if it is
allowed to adjust). Elasticity pessimism, whether on the demand side or
on the supply side, implies the need for a large change in relative prices
to achieve a small quantity adjustment. Statements declaring that deval-
uation "won't work" because of low elasticities often really reflect the
belief that the kind of relative price adjustment required is impossible
to achieve. Prices not only allocate resources, but also generate income,
and the change in the relative position of different income groups
implicit in a particular change in relative prices may be very difficult to
achieve if potential losers are able to protect their income shares. To
assume that relative prices can, in fact, change is to assume that relative
incomes can, in fact, change. We discuss these "structuralist" issues fur-
ther in Chapters 12 and 13.





PART IV

Trade policy, growth, and industrial
strategy: Turkey, 1973-1985





CHAPTER 10

The anatomy of a foreign exchange crisis:
1973-1977

10.1 Introduction

The next two chapters provide policy focused real-world applications of
the modeling methodology developed in Chapters 5 and 7. Their pur-
pose is to analyze the very serious foreign exchange crisis that emerged
in Turkey in 1977 and to explore the impact of alternative policies on
the growth path of the economy. The analysis of this chapter illustrates
how a multisector, general equilibrium growth model can be used as a
tool to help us understand past developments. Chapter 11 provides an
example of how such a model can be used as an instrument of planning
and policy choice for the medium term.

The model, which we call the TGT model (Turkey, growth, and
trade), is a nineteen-sector computable general equilibrium model
incorporating foreign trade in the manner described at length in pre-
ceding chapters. Imports and domestic commodities are imperfect sub-
stitutes. Export demand elasticities vary between 3, in sectors such as
food and tobacco products, and 6, in sectors such as clothing, wood prod-
ucts, and nonmetallic mineral products. In a few sectors, such as agri-
culture, mining, and nonfactor services, a separate logistic supply func-
tion limits the capactiy to expand the share of exports in total
production. (See the discussion in Section 7.3.)

Quantity restrictions and import rationing of the type discussed in
Chapter 9 have played a major role in Turkey. Throughout the postwar
period, Turkey followed a fixed exchange-rate policy, with import
rationing as the adjustment mechanism equating ex post demands and
supplies of foreign exchange. There were major devaluations but always
to a new, fixed parity. When the exchange rate is fixed, the TGT model
specifies economy-wide import rationing. Of course, rationing becomes
effective only when the demand for foreign exchange at a given
exchange rate exceeds its supply. From the mid-1960s until about 1978,
the sale of import licenses or the resale of imports was difficult in the
case of most producer goods. With producer goods constituting about 90
percent of total imports, it would have been reasonable to assume "fix-
price" rationing rather than explicit import premia as the basic adjust-
ment mechanism. Between 1978 and 1980, however, a large parallel
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market for foreign exchange finally emerged, and the government did
not seriously try to prevent, and even started to encourage, the resale of
imports and foreign exchange. The system thus changed in character to
one much closer to premium rationing.

The TGT model includes a set of macroeconomic and government
accounts that summarize and reproduce the aggregate flow of funds in
the economy. The government collects income taxes, indirect taxes, and
tariffs and spends revenue on consumption, investment, and transfers.
It then saves a certain proportion of its revenue, makes some transfers
to the private sector, and spends the rest on consumption according to
predetermined consumption shares. In the forward-looking experiments
described in Chapter 11, it is sometimes government consumption that
is set at exogenous target values, with government investment computed
as a residual after total government revenue is determined en-
dogenously.

In the factor markets we distinguish between rural and urban labor.
The latter category is further subdivided between "organized" or "mod-
ern" sector labor and "unorganized" or "traditional" sector labor. The
traditional sector absorbs all urban labor that is not employed by the
modern sector. Between periods, rural-urban migration a la Harris-
Todaro and natural population growth determine changes in the supply
of labor.

Capital accumulation is determined by savings behavior. As in Chap-
ters 8 and 9, private savings are governed by savings functions of the
simple proportional type. Four categories of private income are distin-
guished: rural wages, urban organized sector wages, urban unorganized
sector wages, and capital income. Each is characterized by a specific
savings rate, with the bulk of private savings coming from capital
income. The sum of private savings is then added to government savings
to determine the value of total economy-wide investment. The Turkey
model, is therefore, savings driven. It is a multisector growth and trade
model with a set of consistent macroeconomic accounts, designed to ana-
lyze trade policy, industrial structure, and the role and nature of the
foreign exchange constraint in Turkey's recent economic history.

All the essential features of this type of general equilibrium model
have been discussed at length in Chapters 5, 6, and 7, and the TGT
model is a real-world application of the core model developed in these
chapters. The numerical applications in Chapters 8 and 9 are based on
the same data, and the essential structure of the model is the same. For
a complete description of the specification and data base, the reader
should refer to Dervis and Robinson (1978).

The remainder of this chapter is devoted to a detailed analysis of the
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factors that led to the 1977 "crisis" and its immediate sectoral impact.
Section 10.2 provides a brief review of Turkey's recent economic per-
formance, particularly over the period immediately preceding the crisis,
that is, from 1973 to 1977. Having isolated the main factors that con-
tributed to the crisis, Section 10.3 shows how the TGT model can be
used to estimate an equilibrium exchange rate for that period and hence
to decompose the change in its value in terms of the major factors singled
out earlier. The welfare costs of postponing adjustment are examined
in Section 10.4, whereas Section 10.5 indicates the sectoral impact of
the rationing that took place during the crisis.

10.2 The making of a crisis: Turkey, 1973-1977

Historical background

Turkey's growth rate has been impressive throughout the postwar
period, averaging 6.2 percent over three decades (1947-77). This rela-
tively high growth rate was achieved without the availability of partic-
ularly valuable resources such as oil, and with only a moderate amount
of foreign aid. Finally, although income is quite unequally distributed
(with a very large rural-urban gap and a Gini coefficient above 0.5),
basic needs are reasonably well met and problems of malnutrition, basic
health care, basic education, and shelter are less acute than in many
countries with equal or even higher per-capita incomes.'

The initial conditions from which Turkey started after World War
I were not favorable. For example, in terms of both physical infrastruc-
ture and human resources, Egypt was significantly ahead of Turkey at
the beginning of the century (see Issawi, 1980). Particularly in terms of
human resources, all the Southern European countries, including Bul-
garia, Greece, Serbia, Croatia, Spain, and Portugal, were far ahead of
Turkey before and after World War I. Furthermore, the rate of pop-
ulation growth in Turkey remained between 2.5 and 3.0 percent
throughout the century and, while on a declining trend, it is still more
than double that in the rest of Southern Europe. With a per-capita
income around $1,000 in the late 1970s, Turkey remains poorer than
many semi-industrial countries.

Growth, although rapid on average, has not proceeded at a steady
pace. The foundations of Turkish industrialization were laid in the
decade before World War II and, in spite of the world depression, Tur-

See Dervis and Robinson (1980) for an analysis of Turkish income
distribution.
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Figure 10.1. Industrial growth in Turkey, 1950-78 (two-year moving
averages).

key achieved substantial growth in the 1930s with important invest-
ments in infrastructure and the creation of state economic enterprises
that successfully led to the beginnings of industrial growth. The war
and the diversion of resources and change of priorities it created in spite
of Turkey's neutrality were probably the major causes of the complete
economic standstill that followed in the 1940s.'

Since 1950, which marks the beginning of regular national account-
ing as well as an important political turning point, Turkey seems to
have gone through three rather similar cycles. Each starts with a period
of quite rapid industrial growth and ends with a major foreign exchange
crisis, a large devaluation, and a transitory slowdown in industrial
growth.3 In Figure 10.1, two-year moving averages of industrial growth

2 See Bulutay et al. (1975) for estimates of national income in the 1930s and
1940s. See also Herschlag (1968) and Land (1970).
Economy-wide growth has not always followed the movements of industrial
growth because of the extreme volatility of agricultural growth, heavily
dependent on weather conditions.
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rates4 have been plotted against time. The three cycles are quite appar-
ent from the graph. Each downswing is associated with an acute foreign
exchange crisis and a major effective devaluation, close to 100 percent
in 1958, about 50 percent in 1970, and again about 50 percent in the
period from September 1977 to March 1978.5

Although a clear cyclical pattern emerges from Figure 10.1, one has
to be careful in interpreting the cycles in too mechanistic a fashion.
Common factors and aspects did exist, but one crisis has not been a
simple repetition of its predecessor. Thus, whereas the 1958-60 crisis
followed a period of almost hyperinflation and was followed by a period
of remarkable price stability, exactly the opposite is true of the 1970
crisis. It followed a period of relative price stability but was followed by
a period of substantial inflation. The impact on export performance has
also varied. The 1958 de facto devaluation was not followed by a major
upward surge of exports. Between 1957-8 and 1961-2, exports
increased by only 23 percent in real terms. In contrast, export revenues
increased by 153 percent between 1969-70 and 1973-4.

There was reason for much optimism in the early 1970s. The foreign
exchange constraint that plagued the Turkish economy throughout the
1950s and 1960s disappeared all of a sudden. For the first time ever in
postwar history, the current account deficit declined to zero in 1972 and
turned into a $484 million surplus in 1973. Foreign exchange reserves
reached $2 billion (American billion) at the end of 1973, a figure equal
to annual merchandise imports.

The situation seemed to point to an increase in the possible trend
growth rate of the Turkish economy from about 6.5 percent to about
8.0 percent. In fact, between 1970 and 1976, GDP grew at an annual
average rate of 7.7 percent. It was even on an accelerating trend after
1973, seemingly in spite of the oil crisis and the world depression that
followed. There was general agreement in Turkey that the Fourth Five-
Year Plan due to start in 1978 should aim at an annual growth rate of
at least 8.0 percent. This kind of growth rate was perceived to be a
necessary minimum for the absorption of underemployment and for a
significant narrowing of the absolute income gap that separates Turkey
from other Southern European countries, an objective planners have
always hoped to achieve by the end of this century.

4 Note that by "industrial" we are here referring to the nonagricultural sector,
including services.
See Krueger (1974a) for the computation of changes in effective exchange
rates in 1958 and 1970. Further devaluations occurred, cumulating to more
than 100% for the period between March 1978 and January 1980.
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But the optimism of the early 1970s was shattered by an acute foreign
exchange crisis that emerged in 1977 and continues at the date of writ-
ing. The cumulative current account deficit since 1974 had reached $8
billion by the end of 1977, with the 1977 deficit alone about $3 billion.
Although the foreign exchange crisis of the late 19 70s is similar in many
ways to the 1958 crisis, it has been deeper, with a much greater per-
centage resource gap. The debt-service ratio climbed from 11.4 percent
of exports and workers' remittances in 1976 to 15.6 percent in 1977,
and it will exceed 30 percent in the 1980s. Payments for imports were
delayed on a wide scale, foreign exchange reserves declined to a level of
only one month's worth of imports, industry began to lack crucial
imported inputs as well as energy, and growth in per-capita income
came to a halt in the latter half of 1977.

Predictions and projections for the future vary widely. In the short
run, that is, in the early 1980s, it seems clear that only a very substantial
new inflow of foreign resources can allow a resumption of adequate
growth and prevent mass unemployment and stagnation. But before
attempting to provide projections for the future and evaluating possible
alternative policy packages, it is necessary to analyze the nature of the
crisis that emerged in 1977, How did Turkey move from a $0.5 billion
current account surplus to a $3.2 billion deficit in four years? Did the
crisis develop largely because of factors endogenous to Turkey's devel-
opment policies, or can it be explained by exogenous shocks coming
from the world economy? Would a policy of maintaining a constant
purchasing-power-parity-deflated exchange rate have sufficed to avoid
the crisis? Are the problems that emerged in 1977 the necessary out-
come of Turkey's inward-looking, import-substituting development
strategy, or would the crisis never have occurred had it not been for the
oil price increase and unfavorable external circumstances? With a
quantitative general equilibrium model, it is possible to provide some
answers to these questions and assign approximate weights to the var-
ious factors that lead to the 1977 collapse. This chapter presents a
detailed quantitative analysis of the emergence of the 1977 crisis, pro-
viding some background on the 1970s as a whole, but concentrating on
the 1973-7 period immediately preceding what has proved to be the
most serious economic and social crisis Turkey has faced in half a
century.

Summary of events and policy reactions

The period from 1970 to 1977 marks the third cycle in Turkey's post-
war path of industrialization (see Figure 10.1). We shall briefly
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describe events in this period that started with the 1970 devaluation and
led to the 1977 crisis.

The latter half of the 1960s was characterized by severe foreign
exchange shortages and consequently increasingly severe import ration-
ing. Although growth performance, particularly in the industrial sector,
was impressive, exports virtually stagnated. Between 1960-61 and
1969-70, exports increased at an annual rate of only 5.9 percent in
current-dollar value, which reflects near stagnation in real terms. Over
the same period, imports grew by only 6.7 percent in current dollar
value, or about 3 percent in real terms, compared to an average annual
growth of real GDP above 6 percent and an annual industrial growth
rate of about 10 percent.

Although foreign exchange shortages were chronic and net incentives
had drifted more and more against exports, the situation in 1970 was
far less serious than it had been in 1958. The main reason was probably
a still small but significant flow of workers' remittances, averaging
about $100 million a year since 1965, which compensated for about 40
percent of the trade deficit. Import substitution was also proceeding rel-
atively successfully, particularly in transportation equipment and
machinery, and the foreign exchange situation was not really deterio-
rating rapidly. The timing of the devaluation that occurred in August
1970 must be explained as much by political as by purely economic
factors. To quote Anne Krueger, "the fact that a foreign exchange short-
age had continued for so long meant that it could continue longer"
(Krueger, 1974a, p. 312).

It is quite possible that it was the dismal performance of exports in
general and of manufactured exports in particular that constituted the
single most important factor leading to the 1970 devaluation. At the
State Planning Organization in particular, the failure of any manufac-
tured exports to materialize was perceived as a serious bottleneck to
further growth and as an indication that Turkey's industrial develop-
ment was lacking an important dimension. The 1970 policy adjustment
was a substantial one, increasing the effective exchange rate for imports
by about 50 percent, for traditional agricultural exports by 28 percent
(tobacco, hazelnuts, dried fruits, raw cotton), and for manufactured
exports by 57 percent (see Krueger, 1974a). The devaluation was fol-
lowed by three years of extremely rapid increase in foreign exchange
receipts, which made possible not only an unprecedented increase in
imports but also an even more dramatic accumulation of foreign
exchange reserves.

Exports, in sharp contrast to what had happened after 1958,
responded vigorously to the 1970 exchange-rate adjustment. Their total
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value increased from $537 million in 1969 to $588 million in 1970,
$677 million in 1971, $885 million in 1972, and $1,317 million in 1973,
representing an annual average growth of 25 percent. Turkish exports
had been close to $300 million in 1950 and 1951. Thus, in the two
decades from 1950 to 1969, total export value failed to double, increas-
ing by only 80 percent over nineteen years, a growth of only 3 percent
per annum. In contrast, the near tripling of export earnings between
1969 and 1973 constituted an unprecedented achievement. It is true that
the world economy was booming, cotton prices were high, and the exter-
nal environment was favorable. But Turkey significantly increased her
market share, which means that domestic supply conditions and incen-
tives must be part of the explanation for the dramatic growth of exports.

The overwhelming source of export expansion in the early 1970s was
in the food processing and textile sectors. Exports of processed food
products increased from $200 million in 1969 to $390 million in 1973,
whereas exports of textiles, including ginned cotton, increased from
$127 million to $391 million in the same period. What is equally
important is that from a base close to zero, significant exports appeared
in the following categories of manufactured products: clothing, foot-
wear, inorganic chemicals, cement, glass and glassware, and metal prod-
ucts. The 1970-3 period can be taken as an indication that the potential
for export expansion in a wide range of manufactured products exists
in Turkey, provided that the structure of incentives is conducive to such
an expansion and provided that foreign market conditions are appro-
priate. Unfortunately, neither the structure of incentives nor foreign
market conditions remained conducive to export expansion for more
than a few years.

In addition to increased exports, Turkey acquired foreign exchange
from workers' remittances, which increased from $141 million in 1969
to $273 million in 1970, $471 million in 1971, $740 million in 1972,
and $1,183 million in 1973. This represents an annual average growth
rate of 70 percent. By 1973, the flow of remittances was financing half
of imports. The increase of remittances was only partly a reaction to
devaluation. Between 1969 and 1973, the number of workers abroad
itself grew at an average annual rate of about 35 percent. On the rough
assumption that remittances are proportional to total income earned
abroad, and noting that nominal income per worker measured in dollars
grew at an annual rate of at least 10 percent, one would estimate a 50
percent annual growth rate. To this was added the redirection into
official channels that no doubt followed the devaluation, as well as some
repatriation of accumulated savings that constituted a direct response to



10.2 The making of a crisis 329

the exchange rate adjustment. The great surge in remittances was dra-
matic and largely unexpected.6

Inflation was moderate in the 1960s, accelerating somewhat toward
the end of the decade, but averaging only about 5 percent per annum
from 1960 to 1970. The situation changed sharply after 1970. The
wholesale price index rose by 16 percent in 1971, 18 percent in 1972,
and 20.5 percent in 1973, making for an average inflation rate of 18.2
percent per year in the 1970-3 period. During the same period, world-
wide inflation, expressed in dollars, also increased substantially, but did
not average more than 10 percent per year.7 Relative incentives had thus
significantly drifted against exports by 1973, and the price-deflated
exchange rate had appreciated by about 30 percent.8

Between 1973 and 1976, the annual spread between Turkey's domes-
tic inflation rate and the worldwide inflation rate remained between 8
and 10 percentage points. Turkey did start a series of minor exchange-
rate adjustments in this period, devaluing the Turkish lira against the
dollar by an average of 5 percentage points a year, which did not fully
compensate for the inflation differential. The upward drift in the pur-
chasing-power parity price-deflated exchange rate thus continued,
slowly but steadily, and by the end of 1976 the real exchange rate was
therefore again close to what it had been before the 1970 devaluation.

After 1974, export revenues increased only very slowly and errati-
cally, officially recorded workers' remittances even declined by about 40
percent, whereas imports almost tripled between 1973 and 1977. Figure
10.2 illustrates these divergent trends. As can be observed from Figure
10.2, exports and imports were growing at about the same rate between
1970 and 1973, whereas workers' remittances grew somewhat more
rapidly, with the sum of exports and remittances actually overtaking the
value of imports in 1972 and producing a sizable current account sur-
plus in 1973. Imports jumped from $2.1 billion in 1973 to $3.8 billion
in 1974, growing by 80 percent in one year. The foreign exchange gap
created by this sharp increase in imports in 1974 was still, however,
moderate, consisting of $819 million or about 2.8 percent of GDP. It is
in 1975 that the danger of a major foreign exchange crisis became

6 The Third Five-Year Plan, prepared in 1972, underestimated remittances
in 1973 and 1974, projecting them at one-third of their actual value.

7 See "Historical Rates of Change in US$ GDP Deflators: 1961-1975"
(World Bank, 1978).

8 The Turkish lira was actually formally revalued by 6% against the dollar
between 1970 and 1973. For the definitions of the various exchange rates
used here, see Section 6.2.
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Figure 10.2. Exports, imports, and workers' remittances: 1970-7.

apparent. In that year, both exports and remittances declined while
imports continued to grow rapidly, increasing by 25 percent over 1974.
The foreign exchange gap (imports - exports - remittances) reached
$2 billion or about 5.4 percent of GDP.

It is thus quite clear that the crisis was already apparent in 1975 and
that the level and growth rate of imports experienced in 1974 and 1975
were inconsistent with the amount of export earnings and remittances
that materialized. The situation did not improve in 1976 or 1977. On
the contrary, in 1977 the foreign exchange gap reached $3 billion which,
at the March 1978 exchange rate of 25 TL to the dollar, constituted
about 9 percent of GDP. The gap was temporarily closed by massive
international borrowing and the running down of the substantial for-
eign exchange reserves that had accumulated in 1972 and 1973. In the
early 1970s, Turkey had remarkably low debt-to-GDP and debt-ser-
vice ratios, which initially made massive borrowing possible.9 But by
the end of 1977, there were no more reserves to be run down, and Tur-

In the 1965-74 period, Turkey's debt-GDP ratio did not exceed 5%. In
turn, debt-service payments were never greater than 10% of total foreign
exchange earnings.
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key's borrowing capacity had reached its limits. The situation was no
longer tenable, and a major readjustment had become inevitable.

Although the upward drift in the price-deflated exchange rate and
the antiexport-biased shift in incentives resulting from Turkey's high
inflation rate constitute one major element explaining the foreign
exchange crisis, there have been other important developments. A sig-
nificant part of the 1974 upward jump in imports that is apparent in
Figure 10.2 can be attributed to the oil price increase. Turkey imported
about 70 percent of its oil needs during the 1974-7 period, and there is
no doubt that the oil price rise has had a major adverse impact on the
balance of payments and the economy. Moreover, the supply price of
imported capital goods and intermediates increased dramatically during
1974 and 1975, with the price index of OECD manufactured exports
rising by a massive 36 percent between 1973 and 1975. Turkey was
thus caught in a double squeeze between rising oil prices and rising
industrial product prices. In fact, the Turkish government tried to insu-
late the domestic economy from the crisis and the effects of the oil price
increase by setting up a special fund to subsidize the price of gasoline
in the domestic market. Although this probably helped keep up real
wages and profits domestically, at least for an interim period, it height-
ened the impact of the oil crisis on the balance of payments because it
weakened any possible substitution effect against oil-intensive activities.
By 1977, oil imports were almost equal in value to total merchandise
exports! But how important have terms-of-trade effects and the oil price
increase really been in explaining the present crisis? Have they been
the major cause of the great widening in the foreign exchange gap?

Another development in the middle 1970s that has been suggested as
one of the contributing causes of the current crisis is the major invest-
ment program undertaken by the government. The aggregate invest-
ment rate (as a proportion of GDP) increased steadily during the
period, from about 18 to 23.5 percent. Because investment is relatively
import intensive, this increase no doubt led to additional strain on the
balance of payments. Again, one would like to know if a significant
portion of the emerging "foreign exchange gap" was due to the
increased investment share.

Another important factor was the stagnation and decline of remit-
tance earnings. Finally, there were other factors, such as a general
decline in the rate of growth of world trade and increased protectionist
tendencies in the OECD. On the other hand, the Middle East market
was booming, and Turkey could presumably have benefited from its
proximity had domestic policies been aimed at such a target.
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10.3 Decomposing the change in the equilibrium
exchange rate

One way of analyzing the emergence of a foreign exchange crisis is to
analyze what happens to the underlying "equilibrium" exchange rate
over the period considered. As shown in Chapter 6, the change in an
equilibrium exchange rate e over time can be written as

e = (k- 1)(P- PW) (10.3.1)

where k and I refer to changes in the real sphere and P and PW stand
for domestic and world inflation. Factors such as the oil price rise and
the rise in OECD export prices would have led to a rise in the equilib-
rium price of foreign exchange for Turkey even if Turkish inflation had
been equal to world inflation and the purchasing-power-parity price-
deflated exchange rate had remained constant. But what was the rela-
tive importance of the oil price, differential inflation, and other factors?

To formulate approximate answers to these questions, one can run
the TGT model over the 1973-7 period with a flexible exchange rate,
allowing ER to adjust in each year so as to equate total demand for
foreign exchange to total supply. The historical inflation rates experi-
enced by Turkey as well as world inflation are given exogenously to the
model.'" In a flexible exchange-rate experiment the exchange rate is
then allowed to adjust to this exogenously specified inflation.

However, the "equilibrium" exchange rate determined by equating
the annual demand and supply flows of foreign exchange will be sen-
sitive to the exogenous flows of foreign capital and reserve accumulation.
For example, in 1976 and 1977, Turkey borrowed large amounts of
foreign exchange, which in no way reflect some "normal" or "equilib-
rium" amount of borrowing. The result was that there was little import
rationing until 1977. Running the model with a flexible exchange rate
but assuming the same massive borrowing that actually occurred yields
a market-clearing exchange rate in 1977 only about 6-7 percent higher
than the fixed rate of 18.2 in the rationing-constrained basic run.

To arrive at an "equilibrium" exchange rate, one thus has to assume
an amount of borrowing and a level of reserves that can be sustained
over time. It is not obvious what such a "normal" or "sustainable" level
of reserves and borrowing would have been, but one can make certain
reasonable assumptions. Regarding the stock of reserves, we assume that

'0 See World Bank (1978) for information on world inflation.
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it should equal about 30 percent of annual imports."1 At the end of 1972,
Turkey's foreign exchange reserves stood at $1.2 billion compared to an
import bill in 1972 of $1.6 billion. The stock of reserves was already
too high. But another $700 million were allowed to accumulate during
1973, leading, at the end of 1973, to one of the highest reserves-to-
imports ratios in the world. Thereafter, beginning in 1974, Turkey
started running down its reserves, arriving in 1977 at a reserves-to-
imports ratio below 10 percent.

For the equilibrium exchange-rate experiments, we assume that
instead of first accumulating and then decumulating reserves, Turkey
keeps its 1972 stock of $1.2 billion until the end of 1975. By that time,
the reserve-to-imports ratio reaches 30 percent and, to preserve that
ratio, reserves have to be slowly accumulated from 1976 onwards.

With respect to borrowing, it is more difficult to define a normal level.
In Turkey's case, it is possible to argue that until 1974, the total amount
of debt and the levels of annual borrowing were too low rather than too
large given Turkey's size and total foreign exchange earnings. The sit-
uation was reversed quite dramatically in 1976 and 1977, with massive
borrowing leading to a debt-GDP ratio close to 40 percent by the spring
of 1978. Taking the 1973-7 period as a whole, Turkey borrowed at
levels that could not be sustained over time given the trend increase in
exports and the flow of workers' remittances. To compute an "equilib-
rium" exchange rate, we therefore assume that a "normal" level of bor-
rowing would have implied a total cumulative net flow of $3.5 billion
instead of the $6 billion that were actually realized. Starting from $500
million in 1973, the net foreign capital inflow is assumed to grow at 17
percent annually, about 8 percent in constant dollars, which is close to
the 7 percent trend growth rate of Turkish GDP.' 2 Under this "equi-
librium" assumption, net foreign capital inflow would have reached
$940 million in 1977 and summed to a total cumulative flow of $3.5
billion. Table 10.1 compares capital inflow and reserve decumulation
in the basic run, which reflects the actual events over the 1973-7 period,
with the figures assumed for the equilibrium experiments.

One may, of course, disagree with the exact magnitudes that appear

' In 1973 this ratio was 35% for Greece, 31% for Yugoslavia, 69% for Spain,
61% for Germany, 23% for India, and 50% for Mexico. (Source: IMF Inter-
national Financial Statistics.)

12 We assume a somewhat more rapid growth of net borrowing, reflecting
what we believe is still a very moderate reliance on external resources given
Turkey's initially low debt-GDP ratio.
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Table 10.1. Flexible-exchange-rate experiments: reserve decumulation and net
capital inflow (millions of dollars)

Basic run 1973 1974 1975 1976 1977 Cumulative

Basic run
Reserve decumulation -728 431 417 112 566 798
Net capital inflow 137 202 1,339 2,011 2,337 6,021
Sum -591 633 1,756 2,123 2,898 6,819

All experiments
Reserve decumulation 0 0 0 -200 -250 -450
Net capital inflow 500 585 685 800 940 3,510
Sum 500 585 685 600 690 3,060

in the lower part of Table 10.1. Instead of $3.5 billion, Turkey could
probably have received $4.0 or $4.5 billion of net foreign resources with-
out endangering its debt-service position. On the other hand, for
national security and independence reasons, a higher level of reserves
may be desirable. On the whole, the figures assumed represent reason-
able orders of magnitude, and small variations in them do not affect the
results.

Note that "equilibrium" has here been specified in terms of sustain-
able annual inflows of foreign exchange to compensate for a current
account deficit. For an economy as closed as was Turkey's throughout
the 1960s and 1970s, with capital account transactions strictly regu-
lated, specifying such a flow equilibrium is quite reasonable. Any
attempt to specify equilibrium in terms of very thin asset markets would
clearly be misplaced.

Once the path of what is considered to be an equilibrium level of
reserves and foreign borrowing is specified, it is possible to use the flex-
ible exchange-rate version of the TGT model to explore the values that
the market-clearing or "equilibrium" exchange rate would have taken
if it had been allowed to move to equilibrate the supply of and demand
for foreign exchange. We are not here referring to a shadow rate in the
sense of a free-trade exchange rate, but to the rate that would have been
an equilibrium rate given Turkey's structure of tariffs and in the
absence of quantity rationing.

In a "basic run," which is used as a reference point for comparisons,
the exchange rate is fixed at the official parity levels in each year, as are
also the levels of capital inflow, remittances, and reserve decumulation.
The intent of the basic run is to approximate as closely as possible the
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Table 10.2. Summary of price-index movements affecting the Turkish economy,
1973-7

(1) (2) (3) (4) (5)
US dollar Turkish OECD Oil price World
GDP lira GDP manufactured index price index
deflator deflator exports price ($) in Turkish
OECD index ($) export
North markets (5)

1973 100.0 100.0 100.0 100.0 100.0
1974 110.0 128.0 120.9 386.0 130.0
1975 123.6 148.6 135.7 440.0 122.2
1976 127.6 174.0 140.2 455.2 128.3
1977 138.4 218.5 148.5 481.4 136.0
1973-7 average

annual growth 8.5% 21.6% 10.4% 36.9% 8.0%

Source: "Commodity Price Forecasts," World Bank, Economic Analysis and Projec-
tions Department, May 1979, for columns (1), (3), (4), and (5). Turkish National
Accounts for column (2).

actual path the economy followed in the 1973-78 period. Table 10.2
assembles some of the most important information about the exogenous
variables that characterize the base run and that together set the stage
for a major "crisis."

In Table 10.2, the first four indices were easy to obtain. It should be
noted that everything is expressed in "dollars," so that the movement of
the indices reflects the progressive depreciation of the dollar in the
period considered. Column (5) refers to what we call a world export
market price index. It is not the Turkish export price index, because
the latter is endogenous in the TGT model. Recall the export demand
functions:

Eli = Ei PWE ) (10.3.2)

The index shown in column (5) is a weighted average of exogenous
changes in world prices of products competing with Turkish exports,
Ili. These will, of course, have a strong impact on the endogenously
determined prices of exports originating in Turkey, PWEi. But because
we do not make the small-country assumption on the export side, the
PWEi do not move in strict unison with Ili. To arrive at the index
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Table 10.3. Experiment E- 1: equilibrium exchange rates,
1973-7

Experiment E-1: Basic run:
equilibrium rates official parity

1973 10.1 14.0
1974 12.9 13.5
1975 18.5 14.5
1976 23.3 16.0
1977 27.7 18.2

shown in column (5), we constructed a weighted average of world price
indices for the commodities that Turkey exports.13

The flexible-exchange-rate experiments were conducted with the
assumptions about normal levels of foreign borrowing and reserve decu-
mulation discussed above. In the first experiment (E-1), there are no
other changes. It thus provides a reference path of equilibrium exchange
rates given the shocks that the economy actually underwent, but assum-
ing a flexible-exchange-rate policy and more normal capital flow and
reserve behavior. The equilibrium exchange rates in each year derived
from this experiment are compared with the actual rates in Table 10.3.

According to the TGT model, the equilibrium exchange rate was
10.1 in 1973, substantially lower than the official parity of 14 TL to
the dollar. Thus, in terms of flow-equilibrium conditions, Turkey seems
to have had a significantly undervalued exchange rate in 1973.
Although this may, at first, seem surprising, one should remember that
Turkey accumulated $1.5 billion of reserves between 1971 and 1973.
The reserves-to-imports ratio rose to above 100 percent, far in excess of
what can be considered normal or required. Furthermore, net borrow-
ing in that period was minimal. The explanation for this dramatic
reversal of the chronic foreign exchange shortage that had characterized
the postwar period is primarily to be found in the massive increase of
workers' remittances. To this must be added the very good export per-
formance in the early 1970s. However, the situation did not last. Start-
ing in 1974, the downward trend in the equilibrium value of the Turk-
ish lira was very steep, and the degree of overvaluation steadily
increased. By 1977, the TGT model results indicate that the Turkish
lira was overvalued by more than 50 percent.

13 For the manufacturing sectors, which represent a very small fraction of total
exports, we simply took the OECD manufactured exports price index again.
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Table 10.4. Flexible-exchange-rate experiments: summary description and 1977
equilibrium exchange rate

Exchange
Experiment Description rate in 1977

Basic run Fixed exchange rate, historical run, massive 18.2
borrowing, loss of reserves and some
import rationing after 1976

E-1 Basic run + flexible exchange rate + 27.7
moderate borrowing + normal reserve
behavior

E-2 E-1 + moderate inflation 19.1
E-3 E-2 + no oil price increase 15.4
E-4 E-3 + no other terms-of-trade changes 13.8
E-5 E-4 + continued moderate growth of 11.6

workers' remittances

In Experiments E-2 through E-5, we progressively take out the
major causal factors in order to explore their separate contribution to
the spectacular decline of the equilibrium exchange rate. Table 10.4
presents a summary description of the experiments and gives the value
that the equilibrium exchange rate would have reached in 1977 with
the alternative assumptions characterizing each experiment.

Experiment E-2 is the same as Experiment E-1 except that domestic
inflation is set equal to world inflation through the period."4 This exper-
iment isolates the effect of differential inflation rates in explaining the
depreciation of the equilibrium exchange rate. The third experiment
(E-3) is the same as E-2, except that there is no special rise in the world
price of oil. It thus isolates the impact of the "oil crisis," defined nar-
rowly as the quadrupling of the price of oil that occurred between 1973
and 1975. The fourth experiment (E-4) assumes that the rise in world
prices in Turkey's export markets was, year by year, equal to the rise
in the price index of OECD manufactured exports that constitute the
supply price of Turkish imports. Together E-2 and E-3 thus isolate the
effect of the exogenous changes in world prices to which Turkey had to
adjust. Finally, Experiment E-4 is the same as Experiment E-3, except
that workers' remittances, which stagnated after 1974, are assumed to
grow in real terms at a rate equal to growth in GDP.

'4 Inflation is measured here by the OECD North and Turkish GDP deflators
given in Table 10.2.
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E-5 E-4 E-3 E-2 E-1

10.1 11.6 13.8 15.4 19.1 27.7

Other Remit- OECD Oil prices Differential inflation
factors tances export

prices

Figure 10.3. Contribution of factors to the total change in the equilibrium
exchange rate.

These experiments enable us to decompose the change in the equilib-
rium exchange rate that occurred between 1973 and 1977. There is a
question of "order," however. One could, for example, start by first tak-
ing out the oil price rise rather than the differential inflation. Fortu-
nately, our results do not depend on order. We ran the same experi-
ments in different sequences and found that the final decomposition was
not affected significantly. This reflects the nature of the particular set
of experiments and certainly need not be true generally. Empirically,
there is hardly any "interaction" between the effects of, say, higher
remittances and the oil price. These two exogenous factors have distinct
independent effects on the exchange rate, and the magnitude of one
effect does not depend on the magnitude of the other.

Figure 10.3 plots the equilibrium exchange rates in 1977 for Exper-
iments E-1, E-2, E-3, E-4, and E-5 along a line whose origin is the
equilibrium rate in 1973. The change in the final exchange rate
between adjacent points is attributable to the single effect between the
corresponding experiments.

Reading from right to left, one can compare the devaluations result-
ing from

27.7
Differential inflation: = 1.45

19.1
19.1

Oil price rise: 15.4 = 1.24
15.4

High OECD export prices: 13.8 = 1.12
13.8

Low remittances: = 1.19
11.6
11.6

Other factors: = 1.15
10.1
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Table 10.5. The relative contribution of
various causal factors to the total change
in the equilibrium exchange rate

Differential inflation 37%
Oil price rise 21
OECD exports price rise 11
Lower remittances 18
Other factors 13
Total 100%

Or, to express the relationship in a more useful way, the equilibrium
exchange rate in 1977 is given by the expression

ER 19 77 = [(1.45)(1.24)(1.12)(1.19)(1.15)]ER, 9 13 = 2.75ER 19 73

and

log ER1 977 - log ER 1973

= log 1.45 + log 1.24 + log 1.12 + log 1.19 + log 1.15

The percent change in the exchange rate is given by taking the log-
arithm of both sides of this expression and subtracting the log of ER 1973

from both sides. The shares of the logarithms of the five terms in paren-
theses as a percent of the logarithm of their product (log of 2.75) provide
an additive decomposition of the total change in the equilibrium
exchange rate into the different causal factors. The percent shares of the
five factors are given in Table 10.5.

In the experiments, we have succeeded in explaining 100 - 13 =

87 percent of the total change in the equilibrium value of the exchange
rate. Differential domestic inflation remains the single most important
cause, yet it explains only 37 percent of the total change. Exogenous
terms-of-trade changes explain another 32 percent, with the oil price
alone responsible for about one-fifth of the total change. Another way
of looking at it is to note that the oil price rise in itself led to a 36 percent
depreciation of the equilibrium rate.

We could continue to try to isolate other factors that contributed to
the crisis and further reduce the residual. One factor that did play a role
was the otherwise desirable increase in the investment rate. Several
things should be noted in this connection. First, the increase in the
investment rate from 18 percent to about 23.5 percent that occurred
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during 1973-7 would, in itself, have led to some depreciation of the
exchange rate. But the relative contribution of this factor is less than the
contribution of any one of the factors analyzed above. When we add an
Experiment E-6 that incorporates all the characteristics of E-5 and a
constant investment rate, we reduce the 1977 equilibrium exchange rate
from 11.6 to 10.9. This represents a 5 percent contribution in Table
10.5 and reduces the residual to 8 percent. Thus the change in the com-
position of final demand does not, in itself, play an important role. In
a more complete macroeconomic analysis one may, of course, want to
relate the surge in the investment rate to the increasing inflation, which
we treat as exogenous. It is possible that, in that sense, the "investment
boom" was a much more important factor. All we can establish here is
that a rise in the proportion of investment in final demand does not have
a very substantial impact on the equilibrium exchange rate, if it can be
financed in a noninflationary way. Finally, it is interesting to note that
there is a significant interaction effect, as one would expect given Tur-
key's reliance on imported machinery, between the effect of the OECD
exports price rise and the effects of changes in the investment rate.
Order here does matter, at least somewhat. If we take out the special
rise in OECD export prices after having lowered the investment rate,
the relative contribution of the OECD exports price rise declines from
11 to a little below 10 percent. Nothing dramatic, but enough to provide
an example of a significant interaction effect.

The story that emerges from the decomposition of the equilibrium
exchange rate is very interesting. Once it is realized how rapid and dra-
matic the change in the underlying equilibrium price of foreign
exchange has been, it is easier to understand how Turkey, within only
five years, moved from being an economy accumulating substantial
resources to one facing a serious and threatening foreign exchange crisis.
Furthermore, differential inflation, while an important explanation of
the underlying change, explains less than 40 percent of the change in
the equilibrium exchange rate. Given these changes, it is again easier
to understand why many, in Turkey as well as outside, were caught by
surprise. At the International Monetary Fund, for example, pure pur-
chasing-power-parity calculations were made on a routine basis, and
the magnitude of the disequilibrium that was developing was not rec-
ognized at an early stage. Between mid-1977 and early 1978, as part of
a stand-by agreement with the IMF, Turkey devalued its currency by
37 percent. If differential inflation had been the only cause of disequi-
librium, this should have been enough to restore foreign balance, at least
initially. Instead, within less than a year, renewed pressure developed
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on the Turkish lira, with the free or "black market" exchange rate soar-
ing to values between 50 and 60 TL per dollar before the end of 1978,
while the official rate was kept at 25. Although part of this enormous
spread can again be explained by differential inflation (which amounted
to 35 or 40 percentage points in 1978), it is clear that the new parity of
25 that had been reached at the beginning of the year represented very
serious overvaluation of the Turkish lira at the very time it was agreed
upon. Our estimates indicate that 28 represented an equilibrium parity
for 1977 (average over the year or at mid-year) and that the equilibrium
value for 1978 (again at mid-year) was 38, not 25. Thus, one important
component of the "failure" of policy in Turkey, as well as of policy
advice to Turkey, can be traced to the simplistic estimates implicit in
equilibrium exchange-rate calculations based purely on differential
inflation and neglecting the real sphere. Had the magnitude of the
required adjustment been recognized earlier, fewer mistakes might have
been made in the attempts to restore equilibrium.

Concluding this section, it must be emphasized that an exchange-rate
policy aimed at continuous annual flow equilibrium may not necessarily
be the best policy to follow at all times. It may well be better for a
country to try to isolate its economy from transitory shocks in the world
economy or transitory capital flows. On the other hand, in the Turkish
case, neither the oil price rise nor the decline in the growth of workers'
remittances were transitory factors. Consider, for example, workers'
remittances. If everything in the economy, including exports and
imports, were growing at around 7 percent annually, but workers'
remittances remained stationary, it is clear that the foreign exchange
gap would steadily grow. In a situation like this, exports must grow
more rapidly than imports to preserve equilibrium. In turn, real effec-
tive exchange rates will have to change continously to generate this more
rapid growth of exports, which is the fundamental requirement that was
ignored during the 1970s.

A better knowledge of what is the equilibrium rate and a better
understanding of the factors that cause its change over time would seem
to be prerequisites for adequate planning and policy formulation. The
steep downward trend in the equilibrium value of the Turkish lira was
seriously underestimated by those using informal, back-of-the-envelope
calculations, a deficiency that affected policy formulation and discus-
sions about the future. Building and operating a general equilibrium
model is more costly and is certainly no safeguard against bad judgment.
But it can be a great help in generating more careful estimates and can
be useful in the formulation of better policies.
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10.4 The macroeconomic and welfare effects of
postponing adjustment

Our analysis focusing on the equilibrium exchange rate shows that a
major crisis was in the making by 1975 and that a rather dramatic
adjustment had become necessary at that time. The oil crisis, the
increase in OECD export prices, and the deceleration of remittance
income led to a situation requiring a substantial increase in exports and
import-substituting production. Turkey could have started to ration
imports - which would have led to increased import substitution - or
it could have devalued - which would have led to more import substi-
tution and more exports. Instead Turkey started to borrow in a really
big way. Euro-currency borrowing was made particularly attractive to
domestic borrowers by the government guaranteeing exchange risk. In
that way producers or traders able to obtain a foreign loan paid interest
rates much lower than those on domestic loans. This, in turn, allowed
giving foreign lenders front-end fees of various sorts so that on both sides
there were substantial incentives. Foreign lenders did in fact come for-
ward with not less than $7 billion in two years (1976 and 1977), a
rather staggering figure given that Turkish exports did not exceed $4
billion in the same two years..In the meantime, domestic inflation gath-
ered steam, so that the real exchange rate, instead of depreciating,
appreciated significantly. As we estimated, the degree of overvaluation
of the Turkish lira reached about 50 percent by the middle of 1977.

But all this should not cloud the fact that by delaying adjustment,
Turkish policy makers were able to postpone the welfare loss and cut
in real domestic absorption that would have come with the adjustment.
1977 was an election year, and political competition was fierce. There
were therefore great political incentives to postpone the adjustment - at
the cost of making the burden even greater in the future. Policy makers
in the 1975-7 period may not have been fully aware of the magnitude
of the oncoming crisis, but there is little doubt that a conscious effort
was made to delay its effects and postpone adjustment. And indeed, until
late in 1977, growth proceeded at about 8 percent per annum, there was
little import rationing, imports were financed by borrowing and pro-
vided cheaply to users, there were no significant shortages, and the price
of gasoline was kept below 40 percent of the average price in Europe.

There is thus a fascinating "political economy" aspect to the Turkish
crisis. It provides an extreme example of "election economics," with for-
eign lenders playing a crucial role in the domestic power play. Without
attempting to analyze these political questions, we shall instead discuss
how much of a real cut in absorption was being postponed and in what
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form the postponement was achieved. Table 10.6 summarizes some of
the important economy-wide magnitudes characterizing the basic run
(reflecting actual developments) and the various flexible-exchange-rate
experiments.

Consider first GDP growth and its components. As can be seen from
the first two columns in Table 10.6, adjusting to the exogenous events
by allowing the exchange rate to depreciate instead of engaging in mas-
sive borrowing would have lowered GDP growth in the period by more
than one percentage point, from 8.1 to 6.9 percent. The difference is
much more dramatic when we consider domestic absorption, that is,
consumption and investment. Consumption would have grown by only
4.3 percent instead of 8.0 percent, and investment growth would have
fallen from 14.2 to 6.7 percent. The short-term gain achieved by post-
poning the crisis was, as these figures show, quite substantial. Turning
to the trade figures, note that constant price exports did not increase at
all in the 1973-7 period for the basic run, whereas they would have had
to grow at almost 25 percent per annum in the flexible-exchange-rate
case. This dramatic difference in export behavior is also reflected in the
terms-of-trade index. In the basic run, terms-of-trade deteriorate by 24
percent between 1973 and 1977. With a flexible-exchange-rate policy,
the deterioration of the terms of trade is twice as bad, with a total change
of more than 50 percent. This is part of the. "cost" of the dramatic
expansion in exports that characterize a flexible exchange rate, imme-
diate adjustment policy.

Columns 3, 4, 5, and 6 of Table 10.6 turn to a summary description
of the various flexible-exchange-rate experiments already described in
Section 10.3. Each experiment takes "out" one component of the crisis,
and so we can expect to see improved performance indicators as we
move to the right when reading the table.

The first experiment, moderate inflation, does not have any noticea-
ble effects. This must obviously be so, because real variables in the
model are not affected by changes in the price level, provided that the
exchange rate is flexible and no other nominal variables are fixed.
Except for a few small numbers in the government accounts, this is
indeed the case in the TGT model, so very little changes when inflation
is lowered except, of course, that the nominal exchange rate is now also
lower.'5

Column 4 reports on the effect of "taking out" the oil price increase
from the historical run. The effect is substantial. GDP growth increases

'5 See Table 10.4 for the impact of lowering inflation on the equilibrium
exchange rate.



Table 10.6. The basic run and flexible-exchange-rate experiments: some economy-wide magnitudes

Basic run: E-1:
fixed ER, flexible ER, E-2: E-3: E-4: no other
massive moderate moderate no oil terms-of-trade E-5: higher
borrowing borrowing inflation crisis effects remittances

1973- 7 cumulative flows
(billion $)
Total net foreign

resource flow (including
reserve decumulation) 6.8 3.0 3.0 3.0 3.0 3.0

Workers' remittances 6.1 6.1 6.1 6.1 6.1 8.5
Petroleum imports 5.5 4.7 4.7 2.2 2.3 2.5
Total merchandise imports 20.9 19.4 19.5 18.2 18.6 19.3
Total merchandise exports 7.7 9.8 9.9 8.6 9.0 7.8



1973-7 growth rates
(constant 1973 TL)
GDP 8.1% 6.9% 7.0% 8.0% 8.2% 8.5%
Consumption 8.0% 4.3% 4.3% 5.7% 6.0% 7.0%
Investment 14.2% 6.7% 6.7% 10.2% 11.1% 12.6%
Exports -0.1% 24.9% 25.1% 20.2% 20.0% 13.4%

1977 values and indexes
Export/import ratio 30% 60% 62% 55% 57% 40%

(current $)
Real GDP index 137 130 131 136 137 139

(1973 = 100)
Real export index 99 243 245 208 207 160

(1973 = 100)
Real consumption index 136 118 118 125 126 131

(1973 = 100)
Real capital stock index 120 118 118 121 122 123

(1973 = 100)
Foreign terms of trade 124 151 151 120 111 106

(1973 = 100)
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by a full percentage point, from 7 to 8 percent. Interestingly enough,
the economy achieves the growth rate of the massive borrowing (basic
run) case with only moderate borrowing, if there is no oil crisis. Domes-
tic absorption is still much lower, however, because exports have to
grow much faster and, of course, the net foreign resource inflow is much
lower. Note also that the oil crisis costs Turkey 30 percentage points in
the foreign terms-of-trade index.

Moving farther to the right on Table 10.6, we first eliminate the
terms-of-trade effect due to the special rise in OECD export prices and
finally allow remittances to grow rather than stagnate. With Experi-
ment E-5 we are again close to the magnitude of the basic run. We can
thus conclude that the massive borrowing strategy pursued by policy
makers allowed growth and absorption to proceed as if there had been
no oil crisis, no worsening of Turkey's terms of trade, and no stagnation
in remittances. This is, in a rough way, what emerges from Table 10.6.

A more systematic way of analyzing and comparing the impact of the
various causal factors that led to the 1977 crisis is to use the welfare
decomposition analysis described in Chapter 7 and already illustrated
in Chapter 9. There are problems in using the decomposition in applied
models, because there may be more than one consumer and the weak
axiom of revealed preference does not necessarily hold. In the Turkey
model the problem does not arise, because the consumer demand func-
tions are identical across groups in the private economy. Only the gov-
ernment is assumed to have different consumption shares. There is also
some mild import rationing that occurs in the basic run in 1976 and
1977, but the degree of fixprice rationing does not exceed 15 percent
and there is, of course, no rationing in the flexible-exchange-rate runs.
On the whole, therefore, the decomposition procedure can be used with-
out fear of getting misleading answers. Table 10.7 summarizes the
results of the analysis.

Consider the first five rows of Table 10.7, which refer to the percent
change in domestic absorption that occurs with "normal" (moderate)
borrowing and a flexible-exchange-rate policy instead of massive bor-
rowing and a fixed-exchange-rate policy. A plus (+) indicates that
domestic absorption increases and a minus (-) indicates a decrease.'6

In 1973 there is a 6.4 percentage point increase in absorption as a
result of the fact that the "normal" net foreign resource transfer would

16 As discussed in Chapter 7, we report the arithmetic average of the Paasche
and Laspeyres indices. Although relative weights sometimes change signifi-
cantly, there are no sign changes between the Laspeyres and Paasche for-
mulas in the present set of experiments.



Table 10.7. Decomposition of the percent difference in real absorption between the basic aun and alternative experiments

Total % change Foreign re- Terms-of- Trade distor- Net produc-
in absorption Of which: source effect trade effect tions effect tion effect

E-1: flexible ER, moderate 1973 6.4 4.3 0.7 0.9 0.5
borrowing 1974 -0.6 -0.1 0.2 -0.6 -0.1

1975 -5.3 -3-3 -0.5 -0.2 -1.3
1976 -6.9 -4.1 -1.1 -0.7 -1.0
1977 -9.7 -5.1 -1.1 -0.9 -2.6

E-2: moderate inflation 1973 6.4 4.3 0.7 0.9 0.5
1974 -0.6 -0.1 0.2 -0.6 -0.1
1975 -5.3 -3.3 -0.5 -0.2 -1.3
1976 -7.1 -4.1 -1.2 -0.7 -1.1
1977 -9.9 -5.1 -1.3 -0.8 -2.6

E-3: no oil crisis 1973 6.4 4.3 0.7 0.9 0.5
1974 3.4 -0.1 2.8 0.3 0.3
1975 0.3 -2.6 2.3 -0.1 0.7
1976 -0.5 -3.8 2.1 -0.2 1.4
1977 -2.9 -4.7 2.0 -0.3 0.1

E-4: no other terms-of-trade 1973 6.4 4.3 0.7 0.9 0.5
effects 1974 2.7 -0.1 2.6 0.1 0.0

1975 1.3 -2.7 3.1 -0.0 0.9
1976 0.9 -3.7 2.9 -0.1 1.8
1977 -1.4 -4.5 2.6 -0.2 0.7

E-5: higher remittances 1973 6.4 4.3 0.7 0.9 0.5
1974 2.7 -0.1 2.6 0.1 0.0
1975 2.7 -1.8 3.3 0.2 1.0
1976 4.5 -1.2 3.0 0.3 2.4
1977 2.8 -2.0 3.0 0.2 1.6
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have been greater than the "actual" one in the first year. But thereafter
there are losses, increasing with each year. These losses are, of course,
fundamentally due to the decrease in borrowing, and therefore, net for-
eign resources, assumed for E-1. They are thus losses of the same kind
as those analyzed in the previous chapter. They are triggered by a con-
traction of net foreign resources, and the foreign resource effect reflects
this direct loss. But there are secondary burdens. The ensuing deval-
uation leads to greater exports and less imports which, in turn, leads to
negative terms-of-trade effects, changes in the trade distortions burden,
and changes in net production. Thus in 1977, there is a total loss of 9.7
percent, of which 5.1 percentage points are due to the lower value of net
foreign resources, 1.1 percentage points reflect lower export prices due
to devaluation, 0.9 percentage points are due to the increased burden of
trade distortions due to higher exports and lower import volumes, and
2.6 percentage points reflect a net production loss due essentially to the
reduced quantity of intermediate imports. These figures illustrate how
significant the short-term gains of postponing adjustment were in the
Turkish case. They also again illustrate the "transfer" problem: Lower
net foreign resources generate a substantial secondary burden. Exports
must increase and imports must contract enough to allow the "transfer"
to take place. In the process, the terms of trade deteriorate, the burden
of existing trade distortions becomes larger, and the net production set
of the economy, dependent on imported inputs, contracts.

Consider now the next four sets of rows in Table 10.7. Comparing
the numbers appearing there with those appearing in set 1 allows an
assessment of the impact of each causal factor on real absorption in the
1973-7 period. In Experiment E-2, assuming moderate inflation cannot
lead to results significantly different from Experiment E-1, because
lower prices compensated by lower exchange rates leave the real mag-
nitudes of the system constant. Except for some small numbers in the
government accounts, the model is homogeneous of degree zero in the
price level and the exchange rate. The interesting comparison concerns,
therefore, Experiments E-3, E-4, and E-5. For convenience we repro-
duce and rearrange in Table 10.8 the percentages referring to 1977 for
E-1, E-3, E-4, and E-5.

As indicated below, assuming away the oil price increase reduces the
welfare loss required in 1977 from 9.7 percentage points to 2.9 per-
centage points: a gain of 6.8 percentage points. The foreign resource
effect is somewhat lower because of the lower exchange rate, essentially
equal to that in E-1, but there is a 2.0 percentage points compensating
positive terms-of-trade gain. The combined effect of a smaller trade def-
icit but better terms of trade results in approximately a zero net change
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Table 10.8. Decomposition of the percent difference in real absorption between the
basic run and alternative experiments, 1977

Foreign Terms-of- Trade Net
resource trade distortions production

Total effect effect effect effect

E-1: moderate
borrowing -9.7 -5.1 - 1.1 -0.9 -2.6

E-2: no oil crisis -2.9 -4.7 +2.0 -0.3 +0.1
E-3: no other terms-

of-trade effects -1.4 -4.5 +2.6 -0.2 +0.7
E-4: higher

remittances +2.8 -2.0 +3.0 +0.2 +1.6

in the distortions and net production effects. As a result, the total loss
in real absorption is reduced to 2.9 percentage points.

Removing the additional terms-of-trade burden imposed by the surge
in OECD export prices leads, in Experiment E-3, to a further reduction
of the percentage change in absorption to only 1.4 percentage points.
Finally, normally growing remittances, no OECD export price surge,
and no oil crisis leads to 2.8 percent more domestic absorption in 1977
with a flexible exchange rate and moderate borrowing than with the
massive borrowing actually undertaken. The welfare decomposition
procedure thus provides us with another way of analyzing and weighing
the elements that led to the 1977 crisis in Turkey. It underlines perhaps
somewhat more forcefully than the decomposition of the equilibrium
exchange rate the importance of the oil crisis and also provides an inter-
esting example of transfer-problem analysis.

To summarize, there are a number of lessons to be drawn from the
analysis of the 1973-7 period. Given the variety and magnitude of the
shocks that Turkey has undergone, and the speed with which they
developed, it is perhaps understandable why Turkish policy makers and
other observers were to some extent caught by surprise. The oil price
rise, the 1974-5 surge in OECD export prices, the swing in remittan-
ces, and the fact that all these factors coincided in time, contributed to
confusing the picture. Perhaps the most important lesson for those con-
cerned with exchange-rate analysis is that simple purchasing-power-
parity calculations can miss the truth by a very large margin. In the
Turkish case this appears to have had some very unfortunate conse-
quences, because the magnitude of the required adjustment was initially
seriously underestimated. When a new government undertook an effort
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at adjustment in early 1978, in concert with the international financial
institutions, the magnitude of the adjustment measures fell very much
short of what would have been necessary. In the next section, we turn
to a discussion of the crisis period and an analysis of the behavior of an
economy under severe import rationing.

10.5 Import rationing and rent seeking: the crisis in
1978

The beginning of 1978 marked the full emergence of the crisis that had
been developing since 1975. Turkey was no longer able to service her
debt or to transfer foreign exchange for even the most essential imports.
Real investment in 1978 declined by about 20 percent over 1977, and
per-capita GDP growth came to a halt. In this section we discuss the
massive import rationing that occurred and the resulting resource allo-
cation and distribution effects on the economy.

In March 1978 Turkey had formally devalued its currency, setting
the new parity at 25 TL to the dollar. This represented a depreciation
of about 38 percent over the average value of the exchange rate in 1977.
Except for a minor adjustment to 26.5 TL, the price of the dollar was
officially kept constant until the summer of 1979. In the same 1977-9
period domestic inflation exploded. The GDP deflator went up by about
40 percent in 1978 and by more than 50 percent in 1979. Between mid-
1977 and mid-1979, the wholesale price index went up by 130 percent,
casting some doubt on the more conservative GDP deflator estimates.
In any case, it is clear that the real exchange rate appreciated very sub-
stantially during the two years. Taking 100 percent as a conservative
estimate for the excess of domestic over world inflation between mid-
1977 and mid-1979, and comparing that with the (26.5 - 18.2)/18.2
= 45 percent devaluation that occurred in the same period, one can
estimate that the PPP-price-level-deflated exchange rate went up by
more than 50 percent in this period. To this must be added that the
initial exchange rate in mid-1977 was already overvalued by about 50
percent, as shown earlier. Assuming that differential inflation was the
only factor affecting the equilibrium exchange rate between 1977 and
1979, one can conclude that by mid-1979 the exchange rate of 26.5 rep-
resented a 100 percent overvaluation of the Turkish lira. In fact, the
further surge in oil prices in early 1979 because of the Iranian crisis
and a new worldwide shortage also affected the equilibrium exchange
rate. Running the TGT model for 1978 and 1979 with a flexible
exchange rate yields the results shown in Table 10.9. These numbers
give some indication of the order of magnitude of the disequilibrium
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Table 10.9. TGT Model: equilibrium exchange rates, 1978-9

Equilibrium Degree of
Official parity exchange rate overvaluation (%)

1978 25.0 34.0 36
1979:
Until June 12 26.5 50.4 90
After June 12 47.1 7

characterizing the situation until mid-1979. In June 1979, after a new
interim agreement with the IMF and Turkey's creditors, the lira was
further devalued and overvaluation was almost eliminated, at least at
that point in time.

Import rationing of some form has been a more or less permanent
feature of the Turkish economy since the early 1950s. One must, how-
ever, distinguish conceptually between commodity-specific quotas and
across-the-board, economy-wide import rationing used as a mechanism
to manage the balance of payments. The former type of selective quan-
tity restrictions, important in particular for consumer goods, has existed
in various forms throughout the postwar period. Such quotas have often
been circumvented quite openly through smuggling, and their real
impact on the economy is hard to assess. In contrast, import rationing
as an adjustment mechanism to foreign exchange shortages essentially
took the form of either long delays in the foreign exchange transfers that
importers have to make through the Central Bank or of simple refusals
to grant import licenses. It became massive during each of the three
crisis periods that affected Turkish postwar growth. Very important in
1956-60, and 1966-70, such general rationing was dramatic at the out-
set of the crisis toward the end of 1977.

Although it is important to distinguish conceptually between com-
modity- and sector-specific quantity restrictions and overall import
rationing, in practice this distinction is not easy to maintain. Quota lists
are periodically updated, and their degree of restrictiveness often reflects
the "bite" of import rationing and overall foreign exchange shortages.
Overall rationing for balance-of-payments purposes thus spills over into
the administration of quota lists. Furthermore, whenever the shortage
of foreign exchange becomes severe, the fact of being able in principle
to import a product may become irrelevant if in practice the Central
Bank does not transfer the foreign exchange to pay for it. In such
periods the massive foreign exchange rationing caused by acute shortage



352 The anatomy of a foreign exchange crisis

swamps all other specific quantity restrictions in the system. This is
precisely what happened in the late 1970s: The effective constraint on
imports was simply the ability to find enough foreign exchange to pay
for them. All other restrictions were secondary.

Until mid-1978 the government did, in fact, attempt to administer a
system of fixprice rationing. The importation and distribution of steel
and steel products were, for instance, nationalized early in 1978, and
the state attempted to allocate available steel to final users directly, "in
proportion to need" charging only the c.i.f. + tariff price. Use of the
same system was attempted for fertilizers and some other basic inter-
mediate imports. In fact, excess demand was much too strong, and the
state's administrative capability much too weak, for fixprice rationing
to work, except perhaps for a small fraction of imports. Quickly a par-
allel market for foreign exchange developed, with an effective exchange
rate fluctuating from day to day. By the end of 1978 the system was
therefore much closer to rationing with a premium through the market
rather than to the fixprice rationing mechanism the government was
trying to implement. In effect, user costs increased on the import side,
while the price of foreign exchange was kept fixed on the export side at
the low official parity. The nature of a large part of Turkish exports
(agricultural commodities) and the institutional channels for these
exports (semipublic cooperatives) made exchange control much easier
on the export side.

The emergence of massive rationing and stringent import shortages
also led to a substantial increase in the real resource costs of activities
related to the rationing mechanism we call "rent-seeking activities" (fol-
lowing Krueger, 1974b). Competition for available imports became
fierce, and it is fair to assume that substantial resources were diverted
from direct productive use into activities aimed at obtaining imports and
the rents associated with those imports.

There is no doubt that the complexity of the situation was such that
no model can really hope to capture the full story with all its details and
sectoral and distributional ramifications. The experiments we shall con-
duct with the TGT model must therefore be regarded as "stylized sto-
ries" that capture some important elements of the situation created by
acute foreign exchange shortage, without being able to capture others.
What we shall do is to assume rationing with premium for 1978 and
solve the TGT model under that assumption. We also assume that 50
percent of the "rent" due to rationing is pure rent (that is, channeled to
import users without additional resource costs), whereas 50 percent of
the value of import premia goes to pay the real resources diverted from
production and spent in the effort to obtain scarce foreign exchange and
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imports. The 50 percent ratio is arbitrary and reflects a compromise
between assuming "pure premia" obtained costlessly and pure rent
seeking, where the value of premia equals the value of resources spent
trying to get them."7

The premium rate that emerges from the TGT model in 1978 is 90
percent. Given the official exchange rate of 25 TL to the dollar, this
implies an effective exchange rate of 47.5 for imports in 1978. This
value is quite consistent with the so-called free or black market rate that
actually was experienced in Turkey. The latter appears to have fluc-
tuated between 42 TL and 60 TL to the dollar during 1978, with the
average value of transactions probably occurring around a rate of 50
TL to the dollar. It is important to stress that the premium-inclusive
exchange rate is not equal to the equilibrium exchange rate that would
have ruled under a flexible-exchange-rate regime. The equilibrium
exchange rate in 1978 would have been 34 TL to the dollar according
to the TGT model. The reason for this difference is, of course, the
export-expansion effect that occurs under a flexible-exchange-rate
regime but does not occur under a premium rationing regime.

Thus rationing raises the user costs of imports by 90 percent, whereas
full adjustment by a devaluation would increase the user costs of imports
by only 36 percent. Compared with a flexible-exchange-rate regime,
rationing with premia tends to favor import-substituting sectors at the
expense of export-oriented sectors.'8 Under import rationing, the user
costs of imports increase 2.5 times more than when the adjustment takes
place simultaneously by import reduction and export expansion.

In addition to this effect, there is a loss in output because of resources
that are diverted toward rent seeking. What makes the loss in output
differ across sectors is both the share of intermediate inputs in the total
costs of production and the share of imported inputs in total interme-
diate inputs. Thus sectors where both these ratios are high will be sec-
tors that suffer the greatest losses because of the diversion of real
resources toward rent-seeking activities. For a better understanding of
the microeconomic impact of premium rationing, we first discuss the
sectoral impact of import premia. We then discuss the extent of bias
between production for export and production for internal use using
domestic resource costs (DRCs) within each sector between exporting
and import-substituting activities.

'' For a more complete discussion of rationing and rent seeking and how they
are included in the model, see Chapter 9.

18 For a definition of what characterizes import-substituting sectors, see Chap-
ters 7 and 8.
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Table 10.10. The sectoral impact of import premia in 1978

Ratio of Premia Premia
imported to payments payments
total as percent as percent Output loss
intermediate of value of total due to rent

Sector inputs added cost seeking (%)

1. Agriculture 9.9 4.4 3.0 1.5
2. Mining 18.3 16.1 8.3 4.1
3. Food 1.9 14.0 2.1 1.1
4. Textiles 9.5 27.8 4.5 2.3
5. Clothing 4.2 9.9 3.6 1.8
6. Wood 4.1 12.7 2.8 1.4
7. Paper 11.0 29.4 8.7 4.3
8. Chemicals 33.1 123.9 27.6 13.8
9. Rubber 24.1 80.7 14.7 7.3

10. Petroleum products' 15.9 16.4 9.3 4.7
11. Non metallic mineral

products 10.6 32.8 9.0 4.5
12. Basic metals 17.6 47.5 9.3 4.7
13. Metal products 19.4 67.3 15.6 7.8
14. Nonelectrical

machinery 41.3 131.9 25.5 12.7
15. Electrical machinery 24.6 83.3 21.8 10.9
16. Transportation

equipment 18.4 35.5 10.6 5.3
17. Construction 16.0 12.4 5.6 2.8
18. Infrastructure 13.9 23.6 9.0 4.5
19. Services 4.5 2.1 1.6 0.8
Total 11.5 10.0 5.9 3.1

""Petroleum and petroleum products" includes refining.

Table 10.10 summarizes both the net average effect of the massive
rationing that occurred on the economy as well as the distribution of
these effects across sectors. Column 1 indicates that, for the economy as
a whole, the ratio of imported to total intermediate inputs is 11.5 per-
cent. Premia payments amount to 10 percent of value added (column
2), and to 5.9 percent of total cost (column 3). Although we do not have
enough information to analyze the distributional consequences of the
premia, it is clear that they are major. It is, for example, worth noting
that the total value of import premia in 1978 (128 billion TL) is
approximately equal to the total value of direct taxes and is three times
the value of tariff collections!
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In addition to this substantial impact in aggregate terms, one must
also take account of the very uneven distribution of premia payments
across sectors, both as a percentage of total cost and as a percentage of
value added. The net result is that whereas the average output loss for
the economy is 3.1 percent (column 4), the variation in output losses
across sectors varies from 0.8 percent in services to 13.8 percent in
chemicals.

To get a better understanding of what accounts for this loss in output,
consider some of the sectors whose output losses due to rent seeking are
among the largest: chemicals, rubber, nonelectrical machinery, and elec-
trical machinery. At first glance, one would expect that the output loss
in nonelectric machinery would be higher than the loss in chemicals,
because column 1 indicates that the former has a ratio of imported to
total intermediate inputs of 41.3 percent, whereas the latter's ratio is
only 33.1 percent. It turns out, however, that the output loss due to rent
seeking is 13.8 percent in chemicals, whereas in machinery it is only
12.7 percent. The reason for this reversal in rankings is that the premia
payments are a larger percentage of total cost (column 3) for chemicals
(27.6 percent) than for nonelectrical machinery (25.5 percent), because
the value-added ratio is higher in nonelectrical machinery than in chem-
icals. Next consider rubber and electrical machinery, both of which have
a ratio of imported inputs to total intermediate inputs of about 24 per-
cent. Here again one can ascribe the greater loss in output of electrical
machinery to the fact that premia payments are a larger share of total
costs than for rubber (column 3). In general, one can conclude that the
hardest-hit sectors are, in order: capital goods sectors, intermediate
goods sectors, and then the consumer goods and nontradables sectors.
'IThere are, of course, some notable exceptions, such as chemicals. As one
would expect, the hardest-hit sectors are generally the sectors that are
the most import dependent (as shown in column 1).

Next, we consider the extent of bias, both within and between sectors,
in incentives for producing for exporting and for import substituting.
The measure we use to analyze the bias is the domestic resource cost
(DRC), which is defined as the marginal domestic costs in a sector
(direct and indirect) in domestic currency divided by the net foreign
exchange earned from a unit of production. The foreign exchange is
earned either from directly exporting the good or from using it to sub-
stitute for imports and is measured net of direct and indirect interme-
diate import costs. The sectoral DRCs thus have the units of an
exchange rate and can be compared to the economy-wide exchange rate.

Within a sector, the DRC for exporting and import-substituting
activities will be the same if the effective exchange rate is the same for
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intermediate inputs and for exports and imports in that sector. That is,
the nominal exchange rate augmented by tariffs and premia on the
import side equals the rate augmented by export subsidies on the export
side. This equality and the fact that producers are indifferent between
producing for the export or domestic markets implies that the net for-
eign exchange earnings from both export and import-substituting activ-
ities are the same. Because the costs of production are the same, the
exporting and import-substituting DRCs must also be the same. When
comparing DRCs for exports or import substitutes across sectors, dif-
ferences may arise as a result of differences in the marginal foreign
exchange cost and/or to intersectoral differences in the costs of inputs.
Such intersectoral differences in input costs may be due to differences
in wage rates across sectors for the same category of labor or to inter-
sectoral differences in indirect tax rates.

As shown in Chapter 8, the DRC for exporting or import substitut-
ing in each sector measures the effective exchange rate for that activity.
DRCs thus can be compared to a properly defined shadow exchange
rate to see if a particular sector can "profitably" engage in exporting or
import substituting. Sectors with DRCs lower than the shadow
exchange rate should expand, because they can earn foreign exchange
at lower domestic cost. Thus a sector's DRC gives information on the
minimum value that the effective exchange rate must have for the activ-
ity to be profitable.

The sectoral DRCs for 1978 are given in Table 10.11. The equilib-
rium exchange rate is 34.0. At that rate almost all exporting activities
are profitable, whereas virtually none of the import-substituting activi-
ties is profitable. The major reason for the difference is that the user
price of imports (including premia) is 90 percent above the value given
by the official exchange rate. There is thus an across-the-board bias
against export activities and in favor of import-substituting activities. In
the manufacturing sectors, the bias averages 26 TL to the dollar, which
is itself equal to more than the official exchange rate!

The first two columns in Table 10.11 use market wages and actual
profit rates to value domestic factor inputs. Strictly speaking,. they reflect
a ranking by effective protection rather than domestic resource cost,
because the latter presupposes shadow pricing of domestic resources. As
discussed in Chapter 5, fully satisfactory shadow pricing really would
require a dynamic optimizing model. In its absence, we have used the
average economy-wide rental rate and the sectoral wage rates derived
from an equilibrium exchange rate run as shadow prices of capital and
labor and have recomputed sectoral domestic resource costs on this basis.
Columns 3 and 4 in Table 10.11 give the results. Sectors with above-
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Table 10.11. Domestic resource costs (DRCs) by sectors in 1978

Market prices Shadow prices

Export Import Export Import

1. Agriculture 27.1 52.0 24.6 47.2
2. Mining 22.5 46.9 29.0 60.5
3. Food 22.8 46.6 20.8 42.5
4. Textiles 24.3 52.5 25.3 54.5
5. Clothing 26.2 46.0 24.0 42.2
6. Wood 24.9 48.9 25.8 50.7
7. Paper 23.3 55.1 24.2 57.2
8. Chemicals 22.5 53.6 19.7 50.0
9. Rubber 21.1 53.8 21.2 53.9

10. Petroleum products 27.1 50.3 9.1 16.9
11. Nonmetallic mineral products 23.4 53.7 27.0 61.9
12. Basic metals 22.2 46.1 26.9 56.0
13. Metal products 22.9 50.4 24.8 55.7
14. Nonelectrical machinery 22.7 55.0 18.7 45.5
15. Electrical machinery 22.9 48.1 19.9 41.9
16. Transportation equipment 21.8 50.2 17.4 40.2

Notes: Units are TL per dollar. The equilibrium exchange rate is 34.0, TL/$. "Mar-
ket prices": actual wage and profit rates used in the computation. "Shadow prices":
shadow wage and profit rates used in the computation.

average profit rates now fare better than sectors with below-average
profit rates. Given the massive premium, it is still true that at the mar-
gin there is need for reduction in all import-substituting activities except
petroleum and expansion in all export activities. But the rankings
change when domestic inputs are shadow priced. Nonelectrical
machinery, for example, substantially improves its ranking, whereas
mining loses out, reflecting the fact that the former enjoys a very high
profit rate and the latter a very low one. Only the shadow-priced
domestic resource costs carry any normative significance because, if the
shadow prices are correct, the DRCs reflect social opportunity cost.

The DRC calculations underline the costs to Turkey of dealing with
the emerging foreign exchange crisis through a regime of import ration-
ing rather than through adjustment in relative prices, including the
exchange rate. The emergence of very large import premia causes major
distributional shifts among sectors and leads to rent-seeking activities
that clearly waste real resources. The bias against exports implicit in
the premia system are enormous, and are clearly reflected in the DRC
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calculations. The net effect is to reduce the ability of the economy to
earn scarce foreign exchange through expanded exports.

10.6 Conclusion

The analysis presented in the preceding sections illustrates the use of a
CGE modeling framework in improving our knowledge of past events
and in weighing the importance of various causal factors that affect the
course of events. Starting in 1974, Turkey suffered major exogenous
shocks coming from the world economy. These shocks were greater for
Turkey than for almost any other middle-income country because of the
initial conditions characterizing the Turkish situation, especially the
excessive reliance on remittance income, a small export base, and heavy
dependence on imported fuel. Many countries had at least one of these
disadvantages but few, if any, had all three simultaneously. The oil cri-
sis and its repercussions would have created a slowdown in Turkish
economic growth even under the best possible economic management,
and it is also true that, in contrast to some countries, no great flow of
timely foreign help was made available to Turkey. But the magnitude
of the crisis that emerged and the extent of the hardship it created are
due largely to the lack of planning, decisiveness, and rationality in
domestic economic policy during that period.

Concluding, it is worth stressing again that the CGE model used was
able to deal with real factors, medium-term trends, and equilibrium val-
ues. A considerable amount of insight was gained through the analysis.
But one must be aware of the fact that neither short-run disequilibrium
behavior nor the sociopolitical variables that lie behind the explosion of
money supply and inflation characterizing the post-1 977 period can eas-
ily be fitted into any multisector planning model. Reality is extremely
complex, and no single model or framework of analysis can by itself
provide "the whole story." Different tools and approaches should be
viewed as complementary and used jointly in the economic and political
analysis of socioeconomic events.



CHAPTER 11

Growth and structural change: alternative
scenarios, 1978-1985

11.1 Introduction

In this chapter we turn to a forward-looking analysis of alternative
growth paths for the Turkish economy. Instead of being used as a tool
for analyzing past events, the TGT model is used here as a planning
model: a device that generates consistent sets of alternative projections,
each depending on a specific set of policy choices. The fundamental
premise behind a CGE-based planning exercise is that growth paths
depend on the structure of prices and incentives and that these in turn
can be strongly influenced by government policy. In particular, tariffs,
export subsidies, and exchange-rate policy will help determine the rel-
ative importance of export expansion, import substitution, and nontrad-
ables production in overall growth. These policy variables will, of
course, interact with truly exogenous variables such as international
prices, rates of growth of world demand, and so on, in determining the
pattern of incentives and growth. But they do have a determining influ-
ence on the characteristics of growth in economies where markets mat-
ter, and planning in a market economy must take this into account.

The TGT model has been used to provide an analysis of Turkey's
growth prospects in the 1980s as part of a World Bank review of Tur-
key's fourth five-year plan (see World Bank, 1980, chap. 7). In this
chapter, we present three experiments that illustrate how the model can
be used to provide such an analysis. Each experiment or "run" of the
model is based on a different set of policy assumptions, and each will
lead to a different growth path. We then compare and analyze the prop-
erties of these growth paths.

Experiment E-1 assumes that after a transitory movement to more
neutral incentive structures, the real exchange rate is again allowed to
drift, leading to a progressively increasing bias against the production
of exportables and the reemergence of a substantial premium on
imports. Specifically, we shall assume that the purchasing-power-parity
price-level-deflated exchange rate is allowed to drift down by 5 percent
every year starting in 1980. This leads to increasing foreign exchange
shortage and continued growth in the value of the premium rate. We
assume, furthermore, that exporters are not allowed to keep any of the

359
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foreign exchange they earn, and that the effective exchange rate on the
export side is kept at the official parity adjusted for existing and constant
export subsidies. The experiment is therefore characterized by contin-
ued and growing premium rationing of the type described in Chap-
ter 9.

Experiment E-2 describes a quite different scenario. Although Tur-
key does not move immediately to a fully flexible exchange rate, the
parallel market existing for imports is progressively extended to exports
by an export earnings retention scheme that increases from 50 percent
in 1980 to 100 percent in 1985. At that point, the parallel market "takes
over" all foreign exchange transactions, so that effectively there is a flex-
ible exchange rate.' This experiment reflects a scenario in which Tur-
key abandons strict exchange controls and allows the market to deter-
mine the effective equilibrium value of foreign exchange. This would
mark a shift toward an outward-looking phase in Turkey's industrial-
ization efforts. As we shall see, such a shift would have very important
effects not only on overall economic performance but also on the pattern
of sectoral growth.

Experiment E-3 is a variant on E-2 where the export earnings reten-
tion scheme is not applied to traditional agriculture-based exports,
which amounts to imposing a special agricultural exports tax, and
where there is also a government resource mobilization effort that suc-
ceeds in raising the investment rate from 20 percent of GDP in 1979 to
about 25 percent in 1985. This experiment thus reflects a package that
emphasizes manufactured exports and combines the shift in trade policy
with an increasing overall investment effort. Table 11.1 summarizes the
characteristics of the three experiments.

The experiments are designed to reflect some of the basic options and
decisions facing Turkish planners in the 1980s. Given the huge foreign
exchange gap that emerged in the late 1970s, the dominant question is
whether Turkey can move toward more outward-looking export-ori-
ented development policies. However, our emphasis on trade policy
should not lead to neglect of the importance of resource mobilization in
determining development performance. Moreover, export orientation
based on a unified exchange rate may not reflect the desire of planners
for rapid growth in nontraditional manufacturing sectors and in struc-

Note, however, that there is still rent seeking, as discussed in Chapter 9, as
long as there is rationing. The premium now applies to both exports and
imports, and its magnitude declines.
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Table 11.1. Forward-looking planning experiments for Turkey

Experiment Characteristics

E-l Real exchange rate drifts back down. Increasing antiexport bias.
E-2 Movement toward more neutral trade policies. Effectively, a

flexible exchange rate extends to all foreign exchange
transactions by 1985.

E-3 Same as E-2 but there is also a resource mobilization drive that
increases the investment rate five percentage points over seven
years and a special tax on traditional agricultural exports.

tural transformation of the economy. Experiment E-3 thus represents
an investment-oriented and manufactured-exports-biased variant of
E-2.

11.2 Macroeconomic alternatives

The basic macroeconomic results obtained for each alternative policy
package are summarized in Tables 11.2 and 11.3. These tables taken
together show the impact of policy on Turkey's growth path and the
various trade-offs involved. First, compare E-1 to E-2 in terms of
growth performance. With a gradual shift toward a floating exchange
rate that removes the antiexport biases of the past, the volume of exports
is projected to grow at 17.1 percent annually over the plan period. This
allows real import growth of 7.5 percent and GDP growth of 6.8 per-
cent. Contrast this to the 4.4 percent GDP growth achieved with E-1
under severe rationing. The implied average import-GDP elasticity, an
elasticity that the IMF, for example, often uses in its projections, is
slightly above unity for E-2 but only 0.3 for the "bad" trade policy run
which, as we shall see, implies rather dramatic import substitution.

The import-dependent industrial sector is most severely affected by
restrictive trade policy. Under E-2, it loses 3.4 percentage points in
growth compared to 2.1 percentage points lost in services and 0.8 per-
centage points lost in agriculture. Similarly, fixed investment suffers a
much greater decline in growth than does consumption. Finally, note
the impact of trade policy on real wage growth: A restrictive trade policy
cuts rural and urban wage growth by almost 4 percentage points.

Although the impact of trade policy appears substantial, the results
should almost certainly be regarded as "minimum differences." The
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Table 11.2. Macroeconomic effects cuf alternative policies
on growth in Turkey: average annual growth rates, 1978-
85 (%)

E-1 E-2 E-3

GDP (real):
Average, 1978-85 4.4 6.8 6.9
Terminal year, 1985 4.4 6.9 7.5

Value added (real):
Agriculture 2.9 3.7 3.5
Industry 5.4 8.8 9.4
Services 4.6 6.7 6.4

Consumption (real) 4.3 5.8 5.0
Fixed investment (real) 3.6 6.6 9.1
Economy-wide capital stock (real) 4.2 4.7 5.1
Real wage in agriculture 3.5 7.1 5.8
Average real urban wage 0.0 3.8 4.5
Exports:

Volume (real) 3.8 17.1 16.9
Value (dollars) 11.4 20.5 20.2

Imports:
Volume (real) 1.4 7.5 7.3
Value (dollars) 7.7 14.6 14.2

true costs of a return to restrictive trade policies may well be larger
because the average net annual resource inflow has been kept constant
across the experiments. Note, as a result, the very different debt-service
ratios arrived at by 1985: 52 percent in E-1 versus 33-34 percent in E-
2 and E-3. Although special political and strategic circumstances may
allow a very high debt burden, it is likely that foreign resource flows
would dwindle if the debt-service ratio were to rise too much. To
explore the impact of even a tighter foreign exchange constraint, we ran
a variant of E-1 in which the net foreign resource flow was set to zero
after 1980. This variant yielded a growth rate of only 3.5 percent
instead of the 4.4 percent achieved in E-1. Even a zero foreign resource
flow, however, would not reduce the debt-service ratio below 36 percent
given the dismal export performance achieved in E-1. Though compu-
tationally cumbersome because it involves back-and-forth iterations
between separate runs, it is possible to adjust the net foreign resource
flow until the debt-service ratio is reduced to a target level. In Turkey's
case and given the assumptions of E-1, this would involve early repay-
ments of principal and negative net resource transfers abroad - an
unlikely event. Nevertheless, it is important to realize that the debt-
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Table 11.3. Macroeconomic effects of alternative policies on growth:
some 1985, terminal-year values

E-l E-2 E-3

Composition of GDP (%):
Agriculture 24.4 26.2 23.2
Industry 38.1 31.7 36.1
Services 37.5 42.1 40.7

Investment rate (%) 22.4 19.3 24.8
ICOR 4.6 3.1 3.2
Economy-wide profit rate (%) 14.2 21.7 19.8
Capital goods price index (1978 = 100) 582 460 510
GDP deflator (1978 = 100) 525 525 525
Foreign terms-of-trade index 93.4 127.5 126.7
Agricultural terms-of-trade index 110.6 130.5 117.4
Exports-GDP (%) 6.1 11.5 11.2
Imports-GDP (%) 8.3 14.1 13.6
Debt-service ratio (%) 52.0 35.5 34.1
Average annual net foreign resources inflowb 342.2 342.2 342.2

'Defined as amortization plus interest divided by exports plus remit-
tances.
5"Foreign resources" here refer to what is below the current account line;
i.e., they do not include workers' remittances.

service ratio constitutes an important constraint on the feasibility of any
particular scenario, and that very high ratios require very particular
political circumstances if they can be achieved at all.

Although a restrictive trade policy inflicts the greatest loss of real
growth on the industrial sector, the share of industry in GDP in current
prices reaches 38.1 percent in E-1 against 31.7 percent in E-2. With
rationing, industrialization proceeds in current prices, whereas it almost
stagnates in constant prices! The same kind of relative price phenome-
non is responsible for the fact that the investment rate in 1985 is 3 per-
centage points higher with a restrictive trade policy than with a flexible
exchange rate. In fact, real 1985 investment is 23 percent higher in E-
2, reflecting not only the 17 percent higher level of GDP, but also the
fact that the relative user price of capital goods is much lower with a
flexible exchange rate, so that any given nominal amount of savings
buys more real investment goods.

Returning to the export projections, note that whereas the rate of
growth of export volume rises from 3.8 to 17.1 percent, the export value
growth rate rises only from 11.4 to 20.5 percent between E-1 and E-2.
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The spread between the volume and value growth rates reflects a sub-
stantial adverse terms-of-trade effect inherent in a flexible-exchange-
rate policy. Indeed, as can be seen from Table 11.3, there is a 27.5
percent deterioration in the terms of trade over the seven-year period
considered, which is due to the downward-sloping export demand
curves that characterize most sectors in the TGT model. Increased
export orientation also implies a movement in the internal terms of trade
favoring agriculture. This reflects the heavy weight of agriculture and
agriculture-based products in Turkey's exports.

Now turn to E-3, where agricultural exports are taxed and there is
a substantial increase in government savings leading to a 1985 invest-
ment rate of 24.8 instead of 19.3 in E-2. The impact of this composite
experiment is significant on the growth rate of fixed investment (+2.5
percentage points) and on the spread between agricultural and urban
wage growth (reduced from 3.3 to 1.3 percentage points). Note also that
the composite of 1985 GDP in current prices changes significantly as
a result of a combined relative price and volume growth effect favoring
the industrial sector. On the other hand, overall GDP growth is not
much affected. This reflects the fact that the agricultural export tax
hurts export performance, whereas increased investment demand gen-
erates a higher level of demand for imports. As a result, there is not only
more rationing and output loss but also more rapid capital accumulation
and therefore greater output growth. On balance, average aggregate
export, import, and GDP growth remain about the same. It remains
true, however, that the increasing rate does raise GDP growth substan-
tially in the final years of the plan (7.5 in 1985 instead of 6.9 for E-2),
but too late to have a significant impact on the seven-year average. Fur-
thermore, as we shall see, it is at the micro level that E-3 has its most
interesting impact.

In conjunction with the investment rates, it is instructive to consider
the economy-wide ICORs implied by the projection, because the invest-
ment rate-ICOR ratio yields the GDP growth rate. The trade-liber-
alization strategy leads to an ICOR of only 3.1 in 1985 compared to 4.6
under restrictive trade policy. This is a considerable achievement, which
essentially reflects two things: a shift in resource allocation toward less
capital-intensive sectors, and a progressive elimination of the resource
waste associated with massive rent seeking.

A convenient macroeconomic summary of the real-income implica-
tions of our three alternative policy packages can be provided by using
the real-income decomposition procedure presented in Chapter 7. Table
11.4 describes the results for three selected years, providing percent
differences in real absorption achieved in E-2 and E-3, taking E-1 as
the base.
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Table 11.4. Decomposition of the percent difference in real absorption between the
restrictive trade policy run, E- 1, and experiments E-2 and E-3

Total percent
change in Terms-of- Consumption Net
absorption, of trade distortions production

Experiment Year which: effect effect effect

E-2 1981 + 3.9 -1.0 +0.5 + 4.4
1983 + 8.1 -1.7 +0.7 + 9.1
1985 +12.5 -2.3 +1.3 +13.5

E-3 1981 + 3.2 -0.6 +0.4 + 3.4
1983 + 7.8 -1.3 +0.6 + 8.5
1985 + 13.5 -2.0 +1.2 +14.3

The net production effect dominates both the negative terms-of-trade
effect and the positive consumption distortions effect, particularly
toward the end of the plan period. The net production effect itself is
composed of four effects that are not, however, simply additive. There
is a standard static neoclassical resource allocation effect. There is a
dynamic resource reallocation effect stemming from a reallocation of
investment. There is a resource growth effect due to increased real cap-
ital accumulation. And finally, there is the rent-seeking effect: With
exchange liberalization, resources formerly devoted to rent seeking start
producing real output. In the terminal year of the plan, real domestic
absorption is 13.5 percent higher in E-2 and 14.3 percent in E-3. When
we consider that the debt-service ratio is 34 percent instead of 52 per-
cent with restrictive trade policies, the results provide a powerful illus-
tration of the benefits of exchange liberalization, at least at the macro-
economic level. Note again that what has been held constant across
experiments is the net foreign resource transfer. If instead the debt-ser-
vice ratio were treated as an effective constraint - which for Turkey
would imply net transfers abroad - the difference under scenario E-1
in real income and growth would be much larger.

11.3 Relative prices and the sectoral pattern of
growth

The economy-wide perspective and the alternative scenarios presented
so far rely on developments in each of the nineteen sectors distinguished
in the TGT model. Although the macroeconomic results provide an
overview and underline the most essential differences in the alternative
scenarios, a real understanding of the nature of the alternative growth



366 Growth and structural change

paths must also be based on an analysis of sectoral developments.
Although a nineteen-sector disaggregation is not enough to allow a real
link between economy-wide analysis and analysis at the microeconomic
project level, consideration of sectoral developments implicit in the
macro perspectives is important in evaluating the macro results. The
reasonableness of the overall growth projections depends on the reason-
ableness of the underlying sectoral growth rates, and nineteen sectors
represent enough disaggregation to provide a useful framework for more
detailed sectoral analysis. Evaluation of sectoral growth must focus not
only on the rise in domestic production as such, but also on the pace of
import substitution and/or export expansion that is implicit in the sec-
toral growth projections.

Relative prices and relative price effects play a very important role
in determining the resource allocation and growth that in turn deter-
mine the structure of sectoral growth. The restrictive trade policv exper-
iment (E-1) that assumes a falling price-deflated exchange rate leads to
quite different relative price effects than those of the higher exchange-
rate strategies of Experiments E-2 and E-3. Severe import rationing
exerts upward pressure on the price of import substitutes and adversely
affects the price of exportables and nontradables.

Although rationing leads to higher final output prices of import sub-
stitutes, it is important to remember that sectors such as chemicals and
basic metals are also extremely import dependent and will suffer when
there is severe rationing from having to buy imported inputs at the very
high premium-inclusive price. In addition, these are the sectors that will
devote large fractions of their resources to rent-seeking activities. Thus,
although the price of their output may go up, this may not, in fact, lead
to increased production even in a purely static context. Dynamically,
capital accumulation and capital goods price effects further complicate
the picture. Thus, as discussed at length in Chapters 8 and 9, the mech-
anisms at work here are quite different from the simpler mechanisms
stressed by pure trade theory, and the introduction of rent seeking
makes the analysis different even from that appropriate to premium-
absorbing devaluation as such. Note, finally, that throughout the for-
ward-looking experiments, we are essentially comparing premium
rationing to exchange liberalization, that is, devaluation. A comparison
between fixprice rationing and devaluation would generate different
results.2

2 See Dervis and Robinson (1978) for an analysis of forward projections with
fixprice rationing. After 1979, Turkey abandoned the extensive use of fix-
price rationing, and seems unlikely to revert to it.
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Sectoral characteristics in the TGT model

The TGT model distinguishes nineteen sectors that are aggregations of
the sectors distinguished in the 1973 State Institute of Statistics Input-
Output Table. There are differences in sectoral definitions between
input-output and foreign trade data, and it is important to note that
lightly processed agriculture commodities appear in the manufacturing
sectors, not in agriculture. Thus, preserved fruits and vegetables, olive
oil, and tobacco are included in the food sector, and cotton ginning is
included in the textile sector. Second, crude oil and natural gas are
aggregated with refining in an integrated petroleum and petroleum
products sector.

Table 11.5 summarizes some important data that characterize the
individual sectors' role in trade in 1978, the base year. These charac-
teristics change over time, but Table 11.5 nevertheless provides a good
overview of what is important. The first column presents the ratio of
imports to domestic goods in domestic use of each category of commod-
ities. This RMD ratio is measured in constant base-year (1978) prices.
The second column presents the proportion, IMD, of imported inter-
mediates in total intermediate input use for each sector, measured in
1978 prices, and measures sectoral import dependence. The third col-
umn tabulates the model estimates of premia payments by sectors as a
percent of total costs (in 1978). Column 4 provides the ratio E/X of
exports to total domestic production, again in constant prices. Finally,
columns 5 and 6 give, respectively, the assumed export demand and
trade-substitution elasticities, which fall somewhere between the "high"
and "low" values used as upper and lower bounds in Chapters 8
and 9.

Several things should be noted in Table 11.5. Turkey did not in 1978
import significant amounts of finished consumer goods or agricultural
products, and the proportion of imports in total domestic demand for
"light" manufactured goods such as processed food, textiles, clothing,
and wood products is very small. But Turkey imported a large share of
its nonelectrical machinery and was also heavily dependent on imports
of chemicals, electrical machinery, basic metals, and transportation
equipment. Turkey was also dependent on imports of crude petroleum,
but most refining is done domestically and the import ratio in sector 10,
which aggregates crude petroleum with petroleum and coal products,
remains moderate.

The degree of import dependence and the degree to which output is
lost as a result of rent seeking are reflected in the proportion of imported
intermediates in total intermediate inputs and the ratio of premia to



Table 11.5. Sectoral trade data, 1978

Ratio of
imports to Share of Share of
domestically imported Premia exports in Sectoral Sectoral
produced intermediates in share of total export trade
goods in total sectoral domestic demand substitution
domestic use, intermediate costs, production, elasticities, elasticities,
RMD inputs, IMD PREMIA E/X Ili ,

1. Agriculture 0.6 9.9 3.0 1.9 oo 2.00
2. Mining 5.3 18.3 8.3 9.5 no" 0.56
3. Food 0.7 1.9 2.1 10.9 3.0 0.66
4. Textiles 1.3 9.5 4.5 18.1 oo' 0.66
5. Clothing 1.3 4.2 3.6 6.9 6.0 0.66
6. Wood 0.2 4.1 2.8 0.3 6.0 0.66
7. Paper 6.3 11.0 8.7 0.2 4.0 0.66
8. Chemicals 58.1 33.1 27.6 1.4 4.0 0.33
9. Rubber 14.5 24.1 14.7 0.9 4.0 0.33

10. Petroleum products 16.2 15.9 9.3 0.0 6.0 2.00
11. Nonmetallic mineral products 4.5 10.6 9.0 1.9 6.0 0.66
12. Basic metals 23.2 17.6 9.3 0.9 4.0 0.50
13. Metal products 12.5 19.4 15.6 1.3 4.0 0.50
14. Nonelectrical machinery 80.2 41.3 25.5 0.9 4.0 0.33
15. Electrical machinery 46.2 24.6 21.8 0.2 4.0 0.33
16. Transportation equipment 21.7 18.4 10.6 0.0 4.0 0.75
17. Construction 0.0 16.0 5.6 0.0 - -
18. Infrastructureb 0.9 13.9 9.0 7.1 3.0 0.20
19. Servicesb 0.8 4.5 1.6 4.4 3.0 0.20

Average 7.5 11.5 6.0 4.2 -

'Fixed world price.
'Following the 1973 SIS Input-Output Table, trade and transportation margins are not distributed to the individual sectors but appear in the
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sectoral costs. Note that the IMDi ratios provide only "first-round"
direct estimates of import dependence, because they do not take into
account the indirect dependence created through input-output linkages,
capital requirements, and general equilibrium price effects. Food, cloth-
ing, wood products, and services are the sectors that appear least depen-
dent on imports, followed by textiles and agriculture. The average
IMDi ratio in industry (including construction) is 14.9 percent, and the
economy-wide ratio is 11.5 percent. The sectors most dependent on
imported intermediate inputs are nonelectrical machinery, with an
IMDi ratio of 41 percent, followed by chemicals, 33 percent, and elec-
trical machinery, 25 percent.

Column 3 provides estimates of the share of premia in total costs of
each sector in 1978. The sectoral distribution roughly follows that of
intermediate import dependence given in column 2, with some excep-
tions in sectors such as construction and transportation equipment
where the ratio of intermediate to total costs is relatively low. As dis-
cussed earlier, their magnitude indicates the high degree of import
rationing in 1978, with the model generating an import premium rate
of 90 percent (see Section 10.5).

Column 4 in Table 11.5 gives the share of exports in total domestic
output. There are really only three sectors that have a substantial export
ratio: mining (excluding crude petroleum), textiles, and food. Trade and
transportation margins, as well as tourism revenues and revenues from
air travel, lead to significant E/X ratios also in infrastructure and ser-
vices. The export ratio is very low in most manufacturing sectors. The
bulk of Turkish exports still consists of only lightly processed agricul-
tural products: tobacco, hazelnuts, dried fruits, ginned cotton, cotton
cloth, and, in recent years, wheat. To this must be added a small amount
of mineral products, principally raw borates and chromium.

Although manufactured exports have always been small, they showed
the first signs of life in the 1970-73 period with the appearance of
exports in clothing, leatherware, cement, building materials, glass and
glass products, fabricated metal products, and light electrical machinery
(see Section 10.2). With appropriate policy support, these exports could
probably have grown rapidly in the 1973-7 period, taking advantage of
the proximity of the booming Middle East market. Their very small
base should also have allowed rapid expansion in the markets of indus-
trialized countries. But in real terms, manufactured exports declined
over the 1973-7 period, reflecting the increasing overvaluation of the
Turkish lira and the extreme domestic market orientation of economic
policies, relative prices, and incentives.

The last columns in Table 11.5 present the assumed trade elasticities.
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In agriculture, mining, and textiles the small-country assumption was
made for exports, Turkey essentially being a price taker for such
homogeneous products as cotton, wheat, and mining products, which
dominate trade in these sectors. The other export demand elasticities
range from 3 to 6, reflecting an intermediate position between the
extreme elasticity pessimism common in Turkey and the more optimis-
tic view of many outside researchers such as Krueger. The trade-sub-
stitution elasticities range from 2.0 for agriculture to 0.2 for infrastruc-
ture and services. It is important to stress, in the light of the results to
be discussed later, that these are conservatively low values.

Microeconomic results

Figure 11.1 shows the results obtained for gross and net prices early in
the plan period (1981) and in the terminal year :1985). As expected,
the results for gross prices are very different from those for net prices.
Exchange liberalization leads to a rise in both the gross and the net
price of exportables. But whereas the gross price of importables tends
to fall, their net price rises, indicating that premium rationing fails to
provide effective protection to the intermediate and capital goods indus-
tries. Consider, for example, basic metals, a typical import-substituting
sector. The decline in its gross price as a result of exchange liberaliza-
tion is 4.2 percent in 1981 and more than 8 percent in 1985. But the
net price in this sector rises by 11.7 percent in 1981 and by almost 30.0
percent in 1985.

Table 11.6 describes the impact of exchange liberalization and of the
resource-mobilizing policy package on the levels of sectoral output
reached by 1985. Note that, given the dramatic nature of the rationing
that constitutes our base of comparison, not a single sector suffers a loss
of output. Production expands throughout the economy, though not in
an even way. The sectors that expand most under scenario E-2 are, in
decreasing order, clothing (48.6 percent), nonmetallic, mineral products
(45.2 percent), chemicals (43.3 percent), nonelectrical machinery (37.7
percent), and textiles (36.7 percent). These sectors are either export
oriented (clothing, mineral products, and textiles), or they are import-
dependent sectors that suffer considerable negative effective protection
and diversion of resources to rent seeking in the case of continued trade
restrictions. The supply elasticities inherent in the degree of labor inten-
sity and the capital-labor substitution elasticities also affect the degree
of output expansion. Clothing tops the list because it is a sector that
does not need to wait for lengthy investment projects to be completed
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Figure 11.1. The behavior of gross and net prices.
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Table 11.6. Percent increase in 1985 output over E- 1
levels

Sector E-2 E-3

1. Agriculture 3.3 2.6
2. Mining 30.8 32.2
3. Food 25.3 8.1
4. Textiles 36.7 18.5
5. Clothing 48.6 84.3
6. Wood 9.4 21.5
7. Paper 22.3 18.7
8. Chemicals 43.3 42.3
9. Rubber 35.0 33.7

10. Petroleum products 8.7 10.5
11. Nonmetallic mineral products 45.2 64.0
12. Basic metals 23.5 35.1
13. Metal products 35.6 29.5
14. Nonelectrical machinery 37.7 52.6
15. Electrical machinery 28.4 36.0
16. Transportation equipment 12.9 19.7
17. Construction 18.5 38.8
18. Infrastructure 24.5 22.5
19. Services 8.4 7.5

Total 17.0 17.7

before output can expand. When we turn to E-3, the ranking becomes
clothing (84.3 percent), nonmetallic mineral products (64.0 percent),
nonelectrical machinery (52.6 percent), chemicals (42.3 percent), and
construction (38.8 percent). Textiles no longer appear among the top
five sectors because they suffer from an export tax. Machinery and con-
struction move up, reflecting the increased investment effort.

Tables 11.7, 11.8, and 11.9 provide more detailed statistics at the
nineteen-sector level on the impact of policy changes on the structure of
the economy. Table 11.7, which gives the share of exports in total pro-
duction, indicates that for E-2 the overall share of exports rises from 4.2
to 7.8 over the seven-year period. This significant but moderate increase
conceals, however, quite dramatic export share surges in nontraditional
manufactured exports, particularly in clothing, but also in chemicals,
nonmetallic mineral products, and nonelectrical machinery. In clothing
the export ratio goes from 6.9 to 35.9, radically transforming that sector
and turning it into the most export-oriented sector in the economy. We
shall return later to a discussion of the behavior of export shares.
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Table 11.7. Share of exports in total production, 1978 and 1985 (%)

Experiment Experiment Experiment
Sectors 1978 E-1, 1985 E-2, 1985 E-3, 1985

1. Agriculture 1.9 1.9 2.3 2.1
2. Mining 9.5 10.4 15.0 12.0
3. Food 10.9 8.8 24.2 14.5
4. Textiles 18.1 17.4 21.2 19.2
5. Clothing 6.9 8.4 35.9 48.5
6. Wood 0.3 0.3 3.0 7.5
7. Paper 0.2 0.2 1.4 2.8
8. Chemicals 1.4 0.9 9.8 14.9
9. Rubber 0.9 0.6 5.8 9.3

10. Petroleum products 0.0 0.0 0.5 0.7
11. Nonmetallic mineral

products 1.9 0.9 18.9 25.2
12. Basic metals 0.9 0.5 5.4 5.6
13. Metal products 1.3 0.9 8.1 11.5
14. Nonelectrical machinery 0.9 0.7 9.0 8.2
15. Electrical machinery 0.2 0.2 2.0 2.3
16. Transportation

equipment 0.0 0.0 0.4 0.6
17. Construction 0.0 0.0 0.0 0.0
18. Infrastructure 7.1 7.1 8.1 8.5
19. Services 4.4 4.5 5.0 5.2

Average 4.2 3.9 7.8 7.7

Although they appear dramatic, they are not unprecedented in other
countries that started with similarly small initial ratios.3 It is also worth
stressing that the potential for export expansion in the more traditional
food and textiles sectors is limited, so that if the kind of overall export
revenue growth rate projected by E-1 is to be achieved, nontraditional
manufactured exports must perform exceedingly well. Finally, it must
be remembered that even with such outstanding export performance,
Turkey's debt-service ratio is still projected to be 34 percent by 1985.

Table 11.8 gives average sectoral growth rates as well as terminal-
year growth rates for each of the nineteen sectors. It is interesting to
note the impact of the increasing investment rate on terminal-year
growth rates. Nonelectrical machinery grows at 12.2 in E-3 as com-
pared to 8.9 percent in E-2, whereas construction reaches a growth rate

See Chapter 4 for a historical overview of a selected group of semi-industrial
countries.
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Table 11.8. The pattern of sectoral growth

Average annual Growth rate in
growth rate terminal year
1978-85 1985

Sectors E-1 E-2 E-3 E-1 E-2 E-3

1. Agriculture 3.4 3.9 3.8 3.6 4.3 4.2
2. Mining 4.9 9.0 9.1 5.0 7.7 10.1
3. Food products 4.2 7.5 5.2 4.7 5.7 4.7
4. Textiles 4.0 8.5 6.3 3.4 8.2 5.2
5. Clothing 6.7 12.9 16.4 4.1 10.8 12.3
6. Wood products 4.8 6.1 7.7 5.5 6.6 9.3
7. Paper 4.6 7.6 7.2 4.2 6.6 7.3
8. Chemicals 3.8 9.4 9.3 3.8 7.0 8.9
9. Rubber and plastics 3.9 8.4 8.3 3.2 7.6 8.0

10. Petroleum and petroleum
products 10.9 12.3 12.5 10.9 12.3 13.9

11. Nonmetallic mineral
products 4.0 9.7 11.6 4.5 9.4 12.3

12. Basic metals 5.0 8.3 9.7 4.8 8.8 11.5
13. Metal products 3.6 8.3 7.6 3.2 7.5 7.5
14. Nonelectrical machinery 3.3 8.2 9.7 3.9 8.9 12.2
15. Electrical machinery 3.8 7.6 8.5 4.3 8.7 11.2
16. Transportation

equipment 5.4 7.2 8.1 5.9 7.7 11.2
17. Construction 4.1 6.6 9.1 5.6 8.7 14.0
18. Infrastructure 4.5 7.9 7.6 4.6 7.6 8.4
19. Services 5.3 6.6 6.4 4.7 6.0 6.3

Total 4.9 7.3 7.4 5.0 7.7 8.4

of 14.0 percent instead of 8.7. This reflects the substantial impact of
increasing investment on sectoral production patterns.

Table 11.9 describes the total (direct and indirect) shares of wages,
profits, indirect taxes, and imports in total sectoral prices. The table is
obtained by inverting the input-output matrix and therefore distributes
domestic intermediate input costs to their underlying labor, and capital
and imported input cost elements. Figure 11.2 illustrates the change in
the structure of total cost for two important sectors: chemicals and
nonelectrical machinery. The basic story holds for all sectors - the share
of imports in total cost (price) is uniformly and significantly lower with
exchange liberalization. This result should be emphasized, because one
of the common arguments against devaluation is that it pushes up the



Table 11.9. Components of domestic price by sector in 1985 (%)

E- I E-2 E-3

Indirect Indirect Indirect
Sectors Imports tax Profits Wages Imports tax Profits Wages Imports tax Profits Wages

1 7.4 1.6 38.4 52.7 4.3 1.5 38.7 55.8 5.1 1.5 38.7 55.0
2 17.8 2.5 25.2 54.5 12.5 2.6 26.2 59.5 13.8 2.6 26.6 57.9
3 10.5 11.3 37.7 40.3 7.0 11.2 39.0 44.1 8.0 11.3 39.5 43.2
4 18.5 13.4 29.2 37.9 11.9 13.4 32.1 44.6 13.6 13.4 31.1 42.7
5 14.3 5.0 33.4 46.4 7.8 4.3 35.5 54.0 8.1 3.9 35.0 53.8
6 14.2 3.3 37.0 45.4 8.6 3.1 38.0 31.5 9.4 3.1 37.8 50.9
7 22.2 6.7 40.5 30.5 15.3 6.8 43.0 35.9 17.0 6.8 42.8 34.8
8 40.1 5.4 35.0 19.5 29.0 5.8 41.5 24.7 31.4 5.7 40.8 23.4
9 39.5 6.4 28.3 25.4 27.5 6.7 34.5 32.8 30.2 6.6 33.5 31.0

10 18.6 0.2 77.2 3.9 19.6 0.3 75.2 5.1 19.3 0.3 75.9 4.8
11 23.4 9.8 43.2 23.7 17.4 9.8 45.0 29.9 17.4 9.7 45.9 28.8
12 36.6 6.7 35.0 21.8 26.4 6.7 42.6 26.6 26.6 6.5 43.6 24.8
13 41.3 3.9 28.9 25.9 29.3 3.8 34.6 33.7 31.0 3.8 34.7 31.8
14 52.2 2.7 29.9 15.2 40.0 2.9 37.6 20.4 39.7 2.7 39.1 19.5
15 41.0 6.1 32.4 20.6 30.5 6.2 38.6 25.8 31.7 6.1 38.7 24.6
16 34.8 9.5 32.6 23.1 26.1 9.4 37.6 27.9 27.3 9.3 37.5 26.9
17 24.1 3.3 35.9 36.7 17.0 3.3 38.8 42.0 17.8 3.3 38.9 41.0
18 25.7 4.9 54.5 14.8 19.8 4.9 56.8 19.2 21.4 5.0 56.2 18.2
19 3.3 6.7 40.0 49.9 2.0 6.6 40.1 51.6 2.2 6.6 40.2 51.4
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Figure 11.2. Components of domestic price in chemicals and nonelectrical
machinery (1985).

user price of imports. This is simply not true if the alternative is pre-
mium rationing. It is true if the alternative is receiving or borrowing
more money from abroad. As long as that is feasible, particularly the
former, it may fruitfully be pursued; but the situation changes when the
choice is between tight rationing and allowing exchange liberalization.
It is quite clearly this latter choice that Turkey faces in the 1980s.

Table 11.10 provides a summary of the microeconomic results by
describing the structure of gross output and capital stock (both in con-
stant 1978 prices) and employment reached under alternatives E-1, E-
2, and E-3. What changes most dramatically is the structure of employ-
ment, while the structure of capital remains much more stable, reflect-
ing the relative immobility of that factor in the short and medium run.
Note again that, far from promoting a more "advanced" industrial
structure, restrictive trade policies based on premium rationing hurt not
only the growth but also the relative shares of the basic intermediate
goods and capital goods producing industries.



Table 11.10. The structure of the economy in 1985

E-1 E-2 E-3

Output Capital stock Employment Output Capital stock Employment Output Capital stock Employment

1 17.6 14.4 53.5 15.6 14.5 53.4 15.4 14.3 52.9

2 0.8 1.1 0.6 0.9 1.1 0.8 0.9 1.2 0.8

3 7.8 2.4 0.9 8.4 2.5 1.2 7.2 2.4 0.8

4 4.4 2.0 1.2 5.1 2.1 1.5 4.4 2.0 1.2

5 2.0 0.7 3.3 2.5 0.7 4.8 3.1 0.7 6.4

6 1.2 0.6 0.9 1.1 0.6 1.0 1.2 0.6 1.1

7 1.0 0.9 0.2 1.0 0.9 0.2 1.0 0.9 0.2

8 2.2 1.3 0.2 2.8 1.4 0.2 2.7 1.3 0.2

9 1.0 0.5 0.2 1.1 0.5 0.3 1.1 0.5 0.3

10 9.4 5.2 0.2 8.7 5.3 0.2 8.8 5.3 0.2

11 1.2 1.4 0.3 1.5 1.4 0.4 1.7 1.4 0.6

12 4.4 3.4 0.3 4.6 3.4 0.4 5.0 3.5 0.5

13 1.2 0.5 0.8 1.4 0.5 0.8 1.3 0.5 0.7

14 2.2 0.8 0.2 2.6 0.8 0.2 2.8 0.9 0.3

15 1.1 0.4 0.2 1.2 0.4 0.2 1.2 0.4 0.2

16 2.8 0.9 0.8 2.7 0.9 0.6 2.9 0.9 0.7

17 5.8 2.0 2.6 5.9 2.2 3.0 6.9 2.2 4.0

18 10.8 43.3 1.3 11.5 42.5 2.2 11.3 42.7 2.0

19 23.1 18.2 32.3 21.4 18.3 28.6 21.1 18.3 26.9

20 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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11.4 Export expansion, import substitution, and the
sources of growth

In this section we continue the analysis of the underlying sectoral devel-
opments implied by the various scenario experiments undertaken with
the TGT model by using the methodology discussed in Chapter 4 to
decompose sectoral growth into three components due to domestic
demand expansion, export growth, and import substitution. 4 In Chapter
4 this decomposition analysis is used to compare historical growth in a
selection of countries. Here we use it in a forward-looking planning
exercise to complement the preceding analysis of sectoral developments
and to give a comparative view of what is implied by different policies
and growth paths. We briefly summarize the methodology below. A
complete description is given in Chapter 4.

The material balance equations for the supply of and demand for
domestically produced goods can be written as

X, = d, (F, + Vj) + Ei

where

X,= domestic production in sector i
d; = domestic use ratio
F1= final domestic use demand for composite goods
V,= intermediate domestic use demand for composite goods
Ei= export demand for the domestically produced commodity

Intermediate demands are determined by the fixed input-output
coefficients, az,. In matrix notation, the material balance equation can
thus be written as

X = (I - DA)' (DF + E)

where D is a diagonal matrix of the di ratios, A is the matrix of input-
output coefficients, and X, F, and E are vectors. The matrix DA is the
matrix of domestic goods input-output coefficients. Denoting the change
in a variable by A [AX = X(t + 1) - X(t)], the change in total
domestic demand can be written as

AX = RD(Af) domestic demand expansion
+ R(AE) export expansion
+ R(AD)(F + V) import substitution

A fourth component due to changes in input-output coefficients is always
zero in this application, because the input-output coefficients are assumed to
be constant in the TGT model.
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Table 1 1. 1 1. Sources of growth of total gross production (%)

Average Domestic Changes in
annual demand Export Import IO
growth rate expansion expansion substitution coefficients

Korea 1955-63 5.8 74.5 10.0 21.4 -6.0
1963-70 15.7 81.8 21.9 -1.8 -1.9
1970-73 16.0 51.9 55.7 - 3.2 -4.4

Turkey 1953-63 5.3 92.3 2.5 1.8 3.3
1963-68 6.6 83.6 4.9 8.3 3.2
1968-73 6.8 81.8 16.3 -1.4 3.3

Mexico 1950-60 6.2 85.5 1.0 5.4 8.1
1960-70 7.2 94.1 3.1 6.0 - 3.2
1970-75 6.1 89.8 5.9 -1.3 5.6

Colombia 1953-66 5.8 76.1 10.0 6.9 7.0
1966-70 5.9 69.5 21.8 6.6 2.1

Yugoslavia 1962-66 11.6 87.6 23.9 -6.2 -5.3
1966-72 6.9 82.0 30.2 -18.4 6.1

Note: Column l shows the average annual growth rates of total gross output. Columns
2-5 contain the contributions of each causal factor to output growth expressed as per-
centages of the change in total gross output in each subperiod, and add up to 100%
except for rounding errors.
Source: Table 4.3.

where R = (I - DA)-'. Sectoral growth is thus allocated among three
sources: domestic demand expansion, export expansion, and import
substitution.'

When evaluating the decomposition measures derived from the TGT
model for Turkey, it is important to be able to place them in a wider
context and to compare our projections to the experience of other coun-
tries as well as to the performance of Turkey in the past. Table 4.3
summarized the percentage decomposition by different sources of man-
ufacturing growth (obtained by summing algebraically over the sectoral
changes) for eight countries. In Table I1.1 1 we present the results for
Turkey and four countries of comparable size of the decomposition of
the sources of total gross output growth (summing over all sectors).

It is especially interesting to compare the projections for the 1978-85

As discussed in Chapter 4, there is an index number problem implicit in the
decomposition equation, because the decomposition can be defined using
combinations of initial and terminal-year weights analogous to Paasche and
Laypeyres price indices. In the tables, we present the averages of the two
types of indices. Note also that we are analyzing the change in output rather
than the deviation from balanced growth.
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period with Turkey's performance in the past. Unfortunately, 1953-63
is the first period for which we have Turkish data. The first part of that
period (1953-8) was one of tight import rationing and significant
import substitution. It was followed after the 1958 devaluation by a
period of increasing imports. The net effect is that the 1953-63 period
is characterized by a very small contribution of both import substitution
and export expansion to growth. In the 1963-8 period, when there was
again significant import rationing, the contribution of import substitu-
tion to growth was significant and much larger than that of export
expansion. In the 1968-73 period, the role of exports increased and that
of import substitution became slightly negative (indicating that import
coefficients actually rose). Although the benchmark year in our data for
the switch to export expansion is 1968, the actual turning point was
closer to 1970, when there was a major devaluation.

It is somewhat surprising, given Turkey's consistently and strongly
inward-oriented development strategy, that the relative contribution of
import substitution has not been very great in two of the three subper-
iods. But the first period includes a complete cycle, with a foreign
exchange crisis in 1958, and the terminal year, 1973, was the only year
in the last two decades in which Turkey accumulated a massive amount
of foreign exchange. It is therefore more interesting to focus on the
1963-8 period, characterized by a chronic shortage of foreign exchange.
The contribution of import substitution was 8.3 percent during those
years, which is substantial but not enormous. It is a smaller contribution
than that experienced by Korea in the late 1950s and early 1960s, but
larger than in similar periods in Colombia and Mexico.

Historically, the role of exports in growth has also varied. From the
end of the war to about 1970, export expansion contributed little to
growth. However, the substantial expansion of exports after the
exchange-rate adjustment in 1970 contributed significantly to aggregate
growth. From Table 11.11, export expansion constituted 16.3 percent
of total growth in the 1968-73 period, much greater than in any pre-
vious subperiod, higher than in Mexico, but lower than in Yugoslavia.
The rapid expansion of exports in the 1968-73 period seems to indicate
that, with proper policies, exports can play an increasingly important
role in generating growth. After 1973, with the drift in incentives
against exports discussed earlier, their role diminished.

Table 11.12 presents the decomposition of aggregate growth for the
various experiments with the TGT model. In analyzing the forward
runs, it is important to be aware of the problems created by choosing
different starting points. The base year, 1978, represents with 1979 the
depth of the foreign exchange crisis. It is far from being a "normal"
year, and is characterized by extreme import rationing.



11.4 Export expansion, import substitution 381

Table 11.12. TGT model experiments: decomposition of aggregate growth,
percentage composition by source

Domestic demand Export Import
TGT model run Period expansion expansion substitution

Historical run 1973-77 100.4 -1.0 0.6
1977-78 -32.6 36.0 96.6

E-1 1978-85 78.3 5.2 16.5
E-2 1978-85 71.8 25.9 2.3
E-3 1978-85 71.3 24.5 4.2

We have done a historical run of the TGT model for the 1973-8
period, whose results are also tabulated in Table 11.12. In that run, the
depth of the crisis in 1978 is clearly evident. Domestic demand falls and,
with severe rationing, the squeeze on imports is severe. The contribution
of import substitution to growth in 1977-8 is enorrmous. Given this
result, further import substitution in the 1978-85 period would be dif-
ficult to achieve, a point that should be remembered in judging the for-
ward-run experiments. The historical run also clearly shows the neg-
ligible contribution of export expansion to growth in the 1973-7 period.

It is interesting to compare the projected sources of growth in Table
11.12 with those from other countries and from recent Turkish history
given in Table 11.11. The restrictive exchange policy scenario projects
a contribution of export expansion to growth of only 5.2 percent. In
Experiments E-2 and E-3, the contribution of exports rises to around
25 percent, which is higher than Turkey achieved in the 1968-73
period (16.3 percent). However, these higher shares are not extreme by
international standards. They are comparable to the rates in Korea and
Yugoslavia and to what was achieved in Colombia after 1966.

The contribution of import substitution to growth is very small under
our export-oriented scenarios, below historical rates in Turkey and else-
where. Though low, these rates are realistic given the high degree of
import rationing present in the base year (1978). Experiment E-1 (with
extreme import rationing and increased bias against exports) yields a
16 percent contribution of import substitution to growth.

Table 11.13 gives the contributions to growth at the six-sector level
for the three experiments. Note that all runs involve a significant
amount of import substitution in the manufacturing sectors. In general,
the results of Experiments E-2 and E-3 are broadly similar, with the
only major difference occurring in the role of export expansion in the
agricultural sector. Experiment E-3, with somewhat less expansion of
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Table 1 1.13. Contributions to growth: aggregate sectors

Domestic demand Export Import
expansion expansion substitution

Experiment E- 1
Agriculture 93.8 0.8 5.4
Consumer goods 98.0 -2.4 4.4
Intermediate goods 56.6 -0.8 44.2
Capital goods 44.9 -0.3 55.4
Construction 100.0 0.0 0.0
Infrastructure and services 91.4 4.9 3.7

Experiment E-2
Agriculture 68.8 37.7 -6.5
Consumer goods 50.4 50.5 -0.9
Intermediate goods 59.5 33.4 7.1
Capital goods 90.1 12.7 -2.8
Construction 100.0 0.0 0.0
Infrastructure and services 85.1 15.1 -0.2

Experiment E-3
Agriculture 84.2 20.4 -4.6
Consumer goods 56.0 44.8 -0.8
Intermediate goods 58.9 31.8 9.3
Capital goods 85.6 14.9 -0.5
Construction 100.0 0.0 0.0
Infrastructure and services 85.2 14.7 0.1

exports, yields a somewhat greater contribution to growth from import
substitution, concentrated in the manufacturing sector. Both experi-
ments yield higher contributions of export expansion in every sector
compared to E-1 and lower contributions of import substitution.

The sectoral results for Experiment E-t reveal a largely autarchic
development strategy. In mining and manufacturing, import substitu-
tion is very important. In all other sectors, domestic demand expansion,
and hence reliance on domestic markets, is the major driving force of
growth. The degree of import substitution required within the manu-
facturing sector appears to be dramatic.

Because Table 11.13 gives only the relative contributions of the sep-
arate effects in each sector, it cannot tell much about the intersectoral
linkages at work and the actual magnitudes of the different effects in
each sector. It is thus useful to consider the contributions of the different
effects on the change in physical output by sectors. We have selected
nine sectors to analyze: food processing, textiles, clothing, chemicals,
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Table 11.14. Deviation in 1985 of domestic and net prices in E-2 and E-3 from
those in E- 1 (%)

Domestic prices Net Prices

Sector E-2 E-3 E-2 E-3

Food 15.4 5.4 40.7 10.8
Textiles -3.3 -2.1 25.0 12.0
Clothing 26.0 34.3 70.2 95.8
Chemicals -13.0 -8.8 6.9 10.7
Basic metals -8.1 3.7 29.2 55.2
Metal products 17.5 -0.4 30.8 32.2
Nonelectrical machinery -18.1 -5.3 6.5 40.4
Electrical machinery -13.8 -5.1 1.8 13.9
Transportation equipment -11.1 -3.7 6.3 14.7

iVotes: Net prices are defined as the weighted average of the domestic and export price
minus the cost of intermediate inputs and indirect taxes.

basic metals, metal products, nonelectrical machinery, electrical
machinery, and transportation equipment. Figures 11.3 to 11.11 pres-
ent the total output change in each of these sectors for the three exper-
iments, and its decomposition into changes due to domestic demand
expansion, export expansion, and import substitution. The unit is mil-
lions of 1978 TL. The value of projected output in 1985 is also given
in the figures for each of the nine sectors in the basic run.

Processed food and textiles include the bulk of Turkish exports and,
no matter what happens in other sectors, they will continue to dominate
exports over the plan period by virtue of their large initial base. (Note
that the sectors include ginned cotton and tobacco products.) Together,
they account for about two-thirds of total merchandise exports in 1978.
From Figures 11.3 and 11.4, it is clear that the various experiments
have significantly different impacts on the sectors. Consider first the two
export promotion experiments, E-2 and E-3. In the case of food pro-
cessing, the differences are due almost entirely to the different role of
export expansion, whereas for textiles, domestic demand expansion also
varies. Import substitution is negligible in both sectors in all the runs.

The reason for the different impact of domestic demand expansion in
the two sectors can be deduced from an examination of the behavior of
prices in the two sectors that are reproduced in Table 11.14. Although
net prices rise in both sectors (compared to E-1), the gross domestic



384 Growth and structural change

Million TL

80 r

60 -

50 L Experiment E-l

Experiment E-2

40 - Experiment E-3

30-

10 

Output Domestic Export Import
change demand expansion substitution

expansion

Figure 11.3. Sources of growth, 1978--85, for processed food.

price actually falls in the textiles sector. The fall in domestic price
induces an increase in domestic demand and hence more of a contribu-
tion of domestic demand expansion to growth in textiles. One of the
reasons for the much greater deviation between gross price and net price
behavior in the textiles sector is that the net price is a weighted average
of net receipts from both domestic and export sales. In the case of tex-
tiles, the world price is assumed not to be affected by the volume of
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Figure 11.4. Sources of growth, 1978-85, for textiles.

Turkish exports. Thus, with export subsidies, the export price remains
fixed at the higher level and the net price rises even though the domestic
price falls. In the case of processed food, the export price is sensitive to
the volume of Turkish exports, and so the domestic and export prices
are more closely linked. Another factor explaining the difference
between textiles and food is that whereas food is dependent on agricul-
ture, whose gross price increases with exchange liberalization, the tex-
tiles sector is dependent on chemicals, whose price declines when import
rationing is relaxed, positively affecting the net price of textiles.

It is also important to note that in both textiles and food processing,
exports expand in Experiments E-2 and E-3 through increases in pro-
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Figure ll.5. Sources of growth, 1978-85, for clothing.

duction and not through squeezing domestic demand. In Experiment E-
1, on the other hand, the lower output change in textiles is due both to
lower domestic demand expansion and to lower export expansion.

Figure 11.5 refers to the clothing sector. The story is essentially the
same as for processed food, but the role of exports is more important.
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Because textiles represent an important input into clothing, the two sec-
tors are closely linked. Textile exports were higher in Experiment E-2
than in E-3, as was total textile production. The opposite was true for
the clothing sector, with production and exports being higher in Exper-
iment E-3. In Experiment E-2, the removal of the bias against textile
exports led to higher exports, diverting supplies from the domestic cloth-
ing sector. In Experiment E-3, the policy regime favors the domestic
sales of textiles. The clothing sector purchases them as inputs and
embodies them in clothing exports.

Figures 11.6 and 11.7 give the results for two important intermediate
goods sectors, chemicals and basic metals. Experiment E-1 shows slow
growth, negative export expansion, and significant import substitution.
The two export-promotion experiments (E-2 and E-3) show much
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Figure 11.7. Sources of growth, 1978-85, for basic metals.

higher growth than in the basic run, particularly for chemicals, with the
increase coming from increased exports and domestic expansion. In the
latter two experiments, there is negative import substitution.

Historically, chemicals has been a sector in which the import ratio
has steadily increased. In the 1977-8 period, extreme import rationing
forced a significant decline in the ratio of imports to domestic use in the
sector, so the forward runs are starting from a base where the import
ratios are lower than in earlier periods. Table 11.15 gives the ratios for
1973 and 1978 and clearly shows the impact of import rationing. It
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Table 11. 15. Ratio of imports to domestically produced
goods in total domestic use, 1973 and 1978 (%)

1973 1978

Chemicals 59.1 38.2
Basic metals 29.7 18.1
Metal products 15.4 8.9
Nonelectrical machinery 86.1 54.8
Electrical machinery 50.3 30.0
Transportation equipment 29.1 17.1

Notes: Based on real data in 1973 prices. Values for 1978
are estimates based on model results.

should be noted, however, that 1973 was a year of extremely high
imports, so it is difficult to judge without a more detailed examination
of the sectors whether the 1978 ratios are wildly distorted or can be
taken to represent a sustainable base. Considering the heterogeneous
nature of the two sectors, the low-export Experiment (E-1), in which
output grows slowly, with import substitution being a large source of
growth, does seem unrealistic. Although significant import-substituting
investment is planned for both sectors in the future, it would seem dif-
ficult for it to account for one-third of the change in output in the plan
period. The slightly negative contributions in Experiments E-2 and E-
3 seem much more reasonable.

In the two export-promotion experiments, export expansion plays a
significant role in both sectors, particularly in chemicals. Chemicals is
a large and diversified sector, dominated by high-cost, import-substitut-
ing activities, but it also contains subsectors that process low-cost domes-
tic minerals and can provide a base for future exports. The relative role
of exports is projected to be smaller in basic metals, dominated by the
iron and steel industry.

Figures 11.8 to 11.11 show the impact of the experiments on four
sectors "downstream" from basic metals. Although the relative magni-
tudes of the different sources of growth vary among the experiments,
the pattern is similar - and is the same as that in the chemicals and
basic metals sectors. Domestic demand expansion is the most important
source of growth in all the sectors. Export expansion is significant in
metal products and nonelectrical machinery and is relatively smaller for
electrical machinery and transportation equipment. As for chemicals
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Figure 11.8. Sources of growth, 1978-85, for nonelectrical machinery.

and basic metals, there has already been a significant decrease in the
import ratios (see Table 11.15), so further significant import substitu-
tion is not projected, even in Experiment E-1.

Note also that in the restrictive exchange policy experiment (E-1),
domestic demand expansion in the metal products and the electrical and
nonelectrical machinery sectors is very low. This result reflects the slow
growth of real investment that occurs in that experiment.
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Figure 11.9. Sources of growth, 1978-85, for metal products.

11.5 Conclusion

The microeconomic analysis of the sources of growth for selected sectors
indicates first and foremost that in the early 1980s import substitution
cannot be a substantial source of output expansion in Turkey. The basic
reason is that the economy has already reached extremely low import-
to-output ratios in the late 1970s and further reductions would be very
difficult and costly. The choice is essentially between an autarchic strat-
egy where almost the entire source of growth is domestic demand expan-
sion and an outward-looking strategy where export expansion becomes
a very substantial source of growth. What must be stressed in this con-
text is that the decomposition analysis we have conducted refers to a
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Figure 11.10. Sources of growth, 1978-85, for electrical machinery.

specific period in a particular country. Once equilibrium is restored and
a certain balance again exists between the domestic resource costs of
import-substituting and export-expanding activities, import substitution
may again become an important source of output expansion. But in
Turkey in the first half of the 1980s, this is not going to be the case. If
import ratios were kept constant at their 1978-9 levels, and if the econ-
omy could adjust to those low levels, that in itself would constitute a
major achievement. The source of expansion will have to be overall
demand growth and improved export performance. The relative share
of these two factors will in turn depend on the structure of incentives
and trade policies.

The last section of this chapter illustrates how the general equilib-
rium modeling framework can be used to link what has so far been a
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Figure 11.11. Sources of growth, 1978-85, for transportation equipment.

purely descriptive decomposition methodology to explicit policy mea-
sures. What makes this linkage possible is, of course, the explicit mod-
eling of the market mechanism, for it is through the impact on relative
prices and the structure of incentives that government policy affects real
variables and the pace and pattern of growth.

Concluding, it is worth emphasizing that the TGT model attempts
to capture medium-term mechanisms and does not include an analysis
of macroeconomic monetary mechanisms and very short-term adjust-
ment processes. Nevertheless, to reach the longer run, a country must
bridge the short run. Although the CGE model has nothing to say about
the interaction between monetary policy and real magnitudes, the rela-
tionship is clearly important. A monetary squeeze that is too severe may
have strong negative effects on production and capacity utilization. On
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the other hand, monetary expansion may prevent any real change in the
structure of incentives. It is important to weigh the gains from lower
inflation rates against the losses in potential output, employment, and
perhaps even exports. A strongly deflationary approach to crisis man-
agement may make the beginning of an export-led growth effort more
difficult to achieve. In our opinion, a gentle approach, including adjust-
ments and indexation in exchange rate and interest rates, and special
support for "infant" export industries, coupled with a substantial injec-
tion of new foreign borrowing made possible by the introduction of more
export-oriented policies, constitutes a more successful policy package for
crisis management than severe deflation policies. Unfortunately, the
time required for this "gentle" approach to work may often not be avail-
able through hesitation and indecisiveness. Foreign help may not be
available in adequate amounts at the time of greatest need. A more dras-
tic and difficult transition may be the only alternative. The choice
depends on the specifics of a particular country's situation. Although a
CGE model helps in elaborating medium-term strategies, these must
always be linked to an analysis of short-terrm tactics which, in turn,
depend crucially on the relevant political circumstances in any given
case.
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CHAPTER 12

Modeling distributional mechanisms

12.1 Introduction

So far, the distribution of income, though an important aspect of the
specification of a CGE model, has remained in the background of the
discussion. The core model discussed in Chapter 5 will generate the
distribution to factors of production, but a much more detailed analysis
of income distribution and of the relationships between policy and dis-
tribution is often possible and desirable. Distributional issues have
increasingly asserted themselves as a major concern of economic analysis
and public policy. Perhaps more than any other issue, the distribution
of income results from a complex set of relationships that requires a
general equilibrium rather than a partial equilibrium analysis. A model
where prices and incomes are truly endogenous is therefore all the more
useful in this context. Are certain development strategies more condu-
cive to equitable growth than others? What are the relationships
between a country's foreign trade regime and its income distribution?
Hlow do alternative policy packages compare from the point of view of
distribution? These are the kinds of questions faced by the development
planner, and a general equilibrium analysis of the economy is essential
to understand the linkages involved and to help design adequate
national policies.

The distribution of income in any economy is as much a sociopolitical
process as a purely economic one, and any economic approach to distri-
butional issues is bound to have political and social implications. One
ought to be aware of these implications, and we try in the next section
to capture some of the flavor of the debate about alternative approaches
to the analysis of the distribution of income. We then discuss different
approaches to the specification of distributional mechanisms in econ-
omy-wide models. Finally, we consider in some detail how a multisector
CGE model can be extended to emphasize distributional mechanisms
and to generate a number of different income distributions that are rel-
evant for policy analysis.

397
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12.2 Normative and positive approaches to income
distribution

In considering questions about the distribution of income, it is important
to remember how deeply neoclassical economics is rooted in utilitarian
philosophy with its atomistic view of society. From the beginning of the
science, there has been a major analytic dichotomy between the utilitar-
ian view of society as essentially individualistic and the classical (and
Marxian) view of society as composed of a few competing social classes.
This dichotomy has resulted in the growth of two quite different
approaches within the field of economics to the analysis of income dis-
tribution. The first focuses on both the normative and positive analysis
of the distribution of income to atomistic individuals or households -
the "size distribution." The second focuses on the distribution of income
to a few aggregate groups. In the classical and Marxist traditions, these
groups control or own aggregate factors of production (labor, capital,
and land) and are defined by their function in the economy; hence, the
"functional distribution."

The welfare analysis of income distribution is the most strongly
rooted in utilitarian philosophy. Although much of the work has sought
to free economics from some of the perceived weaknesses of utilitarian-
ism, the analysis has retained a narrow view of society as essentially
individualistic. Welfare economics has thus concentrated largely on the
size distribution and has not been particularly concerned with the dis-
tribution of income among groups, no matter how defined.

The major modern work in this tradition has sought to separate ques-
tions of equity from those of efficiency. The notion of a Pareto-optimal
point - that is, a position from which the economy cannot move without
making someone worse off - has been used to separate equity questions
and so judge them by normative criteria that are completely independent
from criteria by which questions of efficiency are judged. In a sense, this
work sought to purge questions of income distribution from economics.
According to this view, economics should be concerned with "effi-
ciency," and equity questions should be left to sociologists or philoso-
phers. Normative judgments require interpersonal comparisons of util-
ity, something economists should scrupulously avoid. Let fools rush in
where angels fear to tread!'

More recently, there has been active work explicitly trying to incor-

Perhaps the most eloquent, and one of the earliest, statements of this view
is in Robbins (1932). For a radical critique of Robbins' view, see Gintis
(1972).
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porate equity judgments into economic analysis and to explore the
impact of different equity judgements. In the development literature, for
example, there is a major debate about whether or not one should
include equity criteria directly in benefit-cost analysis by giving differ-
ent weights to benefits depending on who receives them. One side argues
that this approach unnecessarily mixes separable criteria, resulting only
in confusion. The other side sees it as a practical way to incorporate
equity judgments into policy analysis (see Squire and Van Der Tak,
1975; Harberger, 1971).

Recent work in welfare economics and the theory of social choice,
while remaining in the utilitarian and atomistic tradition, has brought
into question the extreme separation between considerations of equity
and efficiency that has characterized modern neoclassical theory. This
work, especially that inspired by Rawls (1971), can be seen as an
attempt to bring back into economics some of the normative analysis
that neoclassical writers have tried to separate from the science.2 In any
case, those in the utilitarian tradition all agree on the priority of the
individualistic focus of welfare economics.3 Given an individualistic
focus, attention turns to how one measures the distribution of income to
individuals, because different aggregate measures reflect different value
judgments about the distribution. There has been an active literature
recently on the relationship between different social welfare functions
and different aggregate measures of inequality (see Sen, 1973). There
has also been a lot of work describing the properties of different mea-
sures of inequality and proposing new measures. The appendix to this
chapter surveys the properties of different measures and discusses some
of the empirical and welfare issues involved in measuring the
distribution.

Another major strand of work on income distribution in economics
has also concentrated on the size distribution, but has sought to explain
it rather than judge it. Under the general heading of size distribution
theories, one can distinguish a number of different approaches. For
example, human capital theorists have sought to explain the distribution
of earnings, whereas others, such as Champernowne, have dealt with
the distribution of unearned income (see Champernowne, 1953; Min-

2 See Sen (1970, 1973), Rawls (1971), and Phelps (1965, 1973), for recent
examples. Fields (1980) has attempted to use formal welfare criteria to sup-
port the recent emphasis on poverty alleviation in developing countries.
There is some work, however, on what is the appropriate "individual" for
welfare analysis: persons, households, per-capita households, or even per-
adult-equivalent households. For a discussion of some of the issues and an
application analyzing fiscal incidence, see Meerman (1979).
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cer, 1970; Becker, 1970). One can also distinguish theories of the dis-
tribution of assets (both human and nonhuman) from theories of the
distribution of income. What economists working in this general
approach have in common, however, is a tendency to take the economic
system as given. A person's income is assumed to depend on individual
characteristics rather than on structural characteristics of the aggregate
economy. Thus, the distribution of income is implicitly assumed to be
determined by an aggregation of atomistic decisions, particularly about
education, savings, marriage, and bequests.4

Such size distribution theories tend to have rather limited policy
implications. Logical policy conclusions have a long-run focus and
involve things such as encouraging education, reducing prejudice, and
discouraging assortative mating within income classes. The problem is
not only the individualistic theoretical orientation, but also the tendency
to assume that the economic system is given. Such analyses thus tend to
neglect the production side of the economy and questions of the supply
of income-earning opportunities in a society. Work in the size distri-
bution tradition thus ignores both the importance of macroeconomic
fluctuations and their impact on incomes in the short run, and the
dynamic economic forces that affect growth and structural change in the
medium and long term. The empirical work supporting the view that
education and human capital variables are important determinants of
the distribution of earnings is very strong, but rather than leading to a
separation of human capital analysis from other fields of economic
research, it should lead to closer integration of this approach into the
general theory of capital formation, social mobility and growth.

The caveat for planners implicit in this work is that any economy-
wide model that does not include a detailed analysis of human capital
formation can only hope to capture a few of the forces that affect the
distribution of income. As we shall see, the sorts of macroeconomic pol-
icies that are a large part of a country's development strategy do have
a significant impact on the distribution of income, and it is important to
consider how to capture the relevant interactions in planning models.
However, such models cannot and do not claim to provide a compre-
hensive explanation of what determines the distribution of income in a
society. Providing such an explanation is certainly beyond their scope,
and, indeed, is probably beyond the scope of economics as a science. It

Perhaps the most fully articulated model in this tradition is that of Blinder
(1975). See also Tinbergen (1959b) for a more general analysis associating
income with various individual characteristics.
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is difficult and controversial enough to try to capture the most important
economic mechanisms affecting distribution in the medium term with-
out trying to explain the social, political, and economic forces that
underlie the existing pattern of ownership of assets, both physical and
human, and their evolution over time. Furthermore, while important in
its own right for policy analysis, an understanding of the relationships
between income distribution and the policy elements of a country's
medium-term development strategy are an important part of any wider
explanation of the processes at work.

Concern with the functional distribution - the distribution of income
to aggregate factors of production - goes back at least to Smith, Ricardo,
and Marx and persists in the Marxist tradition and in the work of the
neo-Keynesian Cambridge school (e.g., Robinson, Sraffa, Kaldor, and
Pasinetti). The Latin American "structuralist" school, which in many
ways can be considered to be part of the Cambridge tradition, also
focuses on factor shares. There is a strong tendency to assume that
increasing the income share of aggregate labor "improves" the distri-
bution (i.e., reduces poverty and/or reduces inequality), an assumption
the neoclassicists tend to reject. For example, if organized labor is the
only group strong enough to challenge the status quo and reduce the
share of the capitalist elite, an increase in its share will be welcomed by
neo-Marxians, structuralists, and social democrats. Neoclassicists and
conservatives, in contrast, tend to argue that an increased share of orga-
nized labor need not improve the size distribution and may hurt groups
with incomes below that of organized labor.

Factor shares are also interesting because they reflect a fundamental
division of society into socioeconomic classes with distinct political inter-
ests and power. The division of society into distinct classes that can eas-
ily be associated with aggregate factors of production is not important
in neoclassical theory, and concern immediately reverts to the size dis-
tribution via an atomistic decomposition of society into individuals or
households. This neglects the fact that in a world where aggregate fac-
tors do reflect coherent, significant political and economic entities, the
functional distribution is of interest in its own right.

It is difficult to reconcile the different perspectives on income distri-
bution. To those who regard the private ownership of capital as the
overriding cause of maldistribution, it is frivolous to analyze redistri-
bution policies within the size distribution framework. On the other
hand, neoclassical economists have trouble understanding why, if some
notion of overall equality is the basis for distributional concern, the
problem should not be tackled directly by attempts to reduce some mea-
sure of "distance" between individuals. To neoclassicists, casting the
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problem into an aggregated conflict between capital and labor embodies
an unwarranted a priori assumption about what is important in the
income distribution mechanism.

In every society, the distribution of income is a politically sensitive
topic - indeed, it is probably the most important political issue and
underlies most political conflicts in society. In analyzing the relationship
between policy regimes and the distribution of income, it is important
to go beyond the rather narrow economic views of the process and con-
sider explicitly the way in which a society and polity view distributional
issues. If all members of society identify themselves as either "capital-
ists" or "labor," then the narrow functional distribution is all that the
economist may need to consider. If society is made up of individuals who
can, for purposes of social and political analysis, be treated atomistically
as a collection of unconnected units, then one need be concerned only
with the pure size distribution of income. Neither extreme seems either
theoretically or empirically reasonable. We feel, therefore, that it is nec-
essary to seek a middle ground and reconcile the two approaches in
order to achieve a balanced framework for policy analysis.

The definition of an appropriate socioeconomic decomposition of
society represents a difficult problem, one without a general solution
appropriate for all countries. For modern political scientists concerned
with "interest groups" or "constituencies," a variegated classification is
required that might, for example, distinguish groups by ethnic origin,
location, age, sex, status, or education as well as by the traditional eco-
nomic classification by occupation or source of income. Such a detailed
breakdown is not really feasible for an economic model that concentrates
on the workings of various markets. Some compromise is required that
defines groups and institutions in a way that is useful for political anal-
ysis but is nonetheless closely related to the variables determined by a
planning model. In this way, although one will probably not completely
satisfy either political scientists or economists, one may hope to succeed
in capturing some of the complexity of a socioeconomic system.

Empirically, then, to reconcile the pure "size distribution" and "func-
tional distribution" approaches to analyzing the distribution of income,
and to include intermediate distributions, one must build more complete
models that generate both. Such models are necessary if planners are to
consider both the welfare implications of their policies for members of
society considered individualistically and the political implications of
policies that will differentially affect important institutions and socio-
economic groups. However, before discussing the technical problem of
including the functional, institutional, socioeconomic, and size distri-
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butions within a single model, it is important to consider the nature of
different types of models and the causal factors they include.

12.3 Distributional mechanisms and economy-wide
models

The use of a multisector, general equilibrium model focusing on
resource allocation mechanisms as a framework for analyzing income
distribution issues carries with it some implicit convictions about what
are "important" mechanisms affecting the distribution of income to
individuals, factors, or socioeconomic groups. To begin with, one must
believe that the sectoral structure of production, employment, and prices
has a significant impact on distribution. In addition, the operation of
factor and product markets represents significant transmission mecha-
nisms by which policy changes or external shocks affect income distri-
bution. Third, factors that work through market mechanisms have sig-
nificant indirect as well as direct effects, implying the need for a general
equilibrium framework.

These propositions seem rather uncontroversial, but they do tend to
focus attention on a particular set of mechanisms that may not always
be considered as the most important affecting distribution. At one
extreme, to those working in what we have loosely termed the human
capital approach, the economic system is assumed given and attention
is focused on the link between the size distribution of income and the
distribution of individual characteristics. In this individualistic, positive
analysis, income is determined by savings propensities, inheritance,
education defined broadly, genetics, and chance. If these mechanisms
are all that is important, then multisector models are not an appropriate
tool of analysis, and it is not useful to worry about how such models
capture distributional mechanisms.

At the other extreme are models where macroeconomic mechanisms
are viewed as the fundamental determinants of the distribution of
income. A key feature of such models is that causality runs from invest-
ment to savings to the distribution of income.5 Assume, for example,
that as a result of an external disturbance, such as a shortfall in foreign
capital inflow, the overall balance between savings and investment is
disturbed. In a CGE model of the type described in the preceding chap-
ters, this imbalance will lead to relative price changes, notably a change

See Kaldor (1955) for the seminal work on a macroeconomic theory of
income distribution.
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in the real exchange rate, to reestablish foreign balance. There will also
be a decline in investment because it passively adjusts to the sum of
foreign and domestic savings and, also, there will be a decline in the
relative price of capital goods. Finally, as a result of these relative price
changes, there will be changes in wages and profits and in the distri-
bution of income.

By contrast, consider a model where investment is fixed in real terms.
A decline in foreign savings will create a macroeconomic disequilibrium
between nominal savings and investment. We shall use the term "Kal-
dorian" to describe models in which the adjustment mechanism to such
an imbalance is seen to be the most important influence on the distri-
bution of income. A decline in real investment being ruled out, some-
thing else in the system has to give. Following Kaldor and assuming
that the savings rate out of profit income is much higher than out of
wage income, it is possible to reestablish equilibrium if the share of
profits in national income increases sufficiently to generate an increase
in domestic savings sufficient, in turn, to offset the decline in foreign
savings. For such a rise in the share of profits to materialize, the real
wage must decline. Whether this decline is achieved in the model by a
fall in the nominal wage with a constant price level or by a rise in the
price level with a constant nominal wage is of secondary importance. If
the nominal wage is chosen as numeraire in the model, it is the aggre-
gate price level that must rise, adding an apparent inflationary adjust-
ment mechanism - although money-holding behavior is usually not
modeled explicitly.6

The distinction between Kaldorian and relative-price-adjustment
mechanisms depends on a model's "closure" rule, that is, the way in
which equilibrium between savings and investment is achieved.7 These
Kaldorian models were originally developed for Latin American coun-
tries in which, according to the "structuralist" school, relative-price-
adjustment mechanisms do not work. It should be intuitively clear that
this kind of Kaldorian closure has the potential for greater swings in the
distribution of income than a classical closure that lets investment adjust
to savings and where the distribution of income is affected only indi-

6 See Taylor (1979) and the references therein for various examples of Kal-
dorian macro models. These models typically assume fixed investment cou-
pled with a fixed nominal wage and a fixed exchange rate and so rely on an
inflation mechanism to change the real wage.

7 See Chapter 5 for a discussion of closure rules. For further discussion of
their distribution implications in macro models, see the recent symposium in
the Journal of Development Economics led off by Bruno (1979).
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rectly through a chain of causality that runs from commodity prices to
factor prices via changes in sectoral production structure and sectorally
different factor intensities and factor mobility.

The relationship and direction of causality between investment and
savings is clearly a crucial problem when building policy models for
developing countries. Models that allow investment to adjust to savings
treat the demand for investment goods more or less like a demand for
any other set of goods. Fixed savings rates imply a unit-elastic demand
for aggregate capital goods and, in a sense, there is no special problem
of closure. This specification allows attention to be focused on the
microeconomic determinants of income distribution that work through
relative factor intensities in production and the interaction between the
structure of demand and the structure of production and employment.
Thus, for example, if the more tradable commodities are relatively labor
intensive, a foreign exchange shortfall may lead to a rise in the wage-
rental ratio as a consequence of a relative rise in the price of the more
tradable commodities.

If one wants to focus on and analyze this kind of intersectoral mech-
anism, it is important to specify a macroeconomic closure rule that is as
neutral as possible in its effect on the distribution of income. A Kaldor-
ian mechanism working through adjustments in the real wage would
tend to swamp the microeconomic mechanisms working through mul-
tisector relationships, and the result becomes much more difficult to
interpret. There are, of course, alternatives to the classical or Kaldorian
closure rules. It is possible, for example, to let the government play an
active compensating role, generating enough savings to validate any
given investment target without necessarily altering the wage-rental
ratio or the relative shares of private capital and labor.8

These problems will be illustrated further in the next chapter. Our
starting point will always be to specify a fixed aggregate price level and
to treat the demand for investment as determined by savings so that the
microeconomic mechanisms can be isolated and analyzed. But we shall
see how important compensating behavior - for example, by the gov-
ernment - can be. Furthermore, as emphasized in the writings of the
Latin American structuralist school, precisely because changes in rela-
tive commodity price affect the distribution of income, there may be
countervailing forces against such changes (see Diamand, 1978). For
example, if a real devaluation implies a decline in the relative share

See, for example, de Melo and Robinson (1980), who specify such a mech-
anism in a CGE model for Colombia that focuses on the distributional
impact of trade policies.
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and/or real income of a particular socioeconomic group that happens to
be very powerful, the political economy of the situation may be such
that a real devaluation is practically impossible. In this context, it is
crucial to understand who, in fact, would suffer from a real devaluation.
A multisector CGE model that focuses on relative price mechanisms can
provide a useful framework for analyzing such questions, and can also
be used for exploring what kind of action by the government could com-
pensate the losers and thus make a needed adjustment politically
feasible.

The first effort to incorporate the distribution of income in the frame-
work of a CGE model is the Adelman-Robinson model of Korea. More
recent efforts are the Lysy-Taylor model of Brazil and the Ahluwalia-
Lysy model of Malaysia (see Adelman and Robinson, 1978; Ahluwalia
and Lysy, 1979; Lysy and Taylor, 1980). It is perhaps a pity that these
first models all mixed macroeconomic and relative price relationships in
the CGE framework, because it has led to some confusion in interpret-
ing their results. In all three models, the aggregate price level is endog-
enous; in the Adelman-Robinson model, through a simple quantity-the-
ory demand-for-money function and in the other two models through
the kind of Kaldorian macroeconomic relationships described above.
Within periods, the Adelman-Robinson model assumes that nominal
investment is fixed but does not specify a fixed nominal wage, and so
relies largely on relative-price-adjustment mechanisms.

All three models find that the overall size distribution of income is
quite stable and difficult to change through policy intervention. Taylor
and Lysy feel that this stability is due to their particular specification
of a closure rule (Taylor and Lysy, 1979). Although their macroeco-
nomic analysis of their own model is quite persuasive, it should be noted
that other models with quite different macroeconomic specifications also
show empirical stability of the overall size distribution. 9 Closure rules
are important, but they are not the whole story. Also important is the
fact that, as discussed in the previous section, any medium-term plan-
ning model can capture only some of the important factors affecting the
distribution. By construction, the endogenous relationships in such
models affect only part of the total variation in incomes, which implies
that the overall distribution will be insensitive to moderate changes in
model parameters and exogenous variables."'

9 See, for example, the Bachue model of Rodgers, Hopkins, and Wery (1977)
and also de Melo (1979).

0 The details of how the overall distribution is specified in such models are
given later.
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Within the generally stable overall distribution, the models all show
a great deal of variation and sensitivity to policies of the relative and
absolute incomes of different socioeconomic groups. As we have dis-
cussed, a strong argument for the use of multisector CGE models is
precisely that they permit the analysis of distributional effects that go
beyond the narrow functional distribution that is the focus of macroeco-
nomic models. We shall discuss later the appropriate definition of inter-
esting socioeconomic groups and how their income is determined within
the models. The important point to note here is that the types of policies
considered in these models do have a significant impact on the socioeco-
nomic distribution.' Adelman and Robinson focused especially on the
distribution to socioeconomic groups and on the socioeconomic compo-
sition of quantiles of the overall distribution. Taylor, Lysy, and Ahlu-
walia appear to focus more on the aggregate functional distribution,
which is consistent with their emphasis on the Kaldorian macro mech-
anism imposed on their multisector models.'2 However, the wider defi-
nition of socioeconomic groups characteristic of the multisector CGE
models is also perfectly consistent with a more general structuralist view
of the importance of considering distributional mechanisms in policy
analysis.

Thus, in analyzing distributional issues, multisector planning models
can be placed along a continuum that ranges from extreme micro to
extreme macro. It is also important to consider a second continuum, that
of time horizon. In their assumptions of various rigidities in nominal
magnitudes such as wages, the exchange rate, or expenditure categories
such as investment, the Kaldorian specifications tend to focus on rela-
tively short-run adjustment mechanisms. The models with savings-
determined investment, in contrast, focus on the medium term, any-
where from two to ten years. They thus tend to assume fewer or some-
what different structural rigidities than do the macro models. However,
as we have seen, many of the factors determining the distribution of
income are really long run in nature.

Taking a long-run perspective on income distribution changes one's
view both of how income is measured and how to model the processes
affecting the distribution. In a long-run analysis, and perhaps for all

Extending the earlier work, more recent models, such as those of de Melo
and Robinson (1980) and de Melo (1979), also focus on the socioeconomic
distribution and emphasize relative-price-adjustment mechanisms such as
changes in the exchange rate and the agricultural terms of trade.

12 And may also explain why they emphasize one-sector special versions of
their models. See Taylor and Lysy (1979) and Ahluwalia and Lysy (1979).
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welfare analysis, the concept of income that should be used is that of
permanent or lifetime income. The difference is quite important. For
example, it has often been noted that a society in which lifetime income
is exactly the same for all people will show a significant amount of
inequality in current income because the society consists of people of
different ages and hence who are at different points in the life-cycle
income profile. Static measures of inequality applied to current income
such as those discussed in the appendix to this chapter will fail to cap-
ture these demographic effects and are clearly not adequate measures of
the distribution of permanent income. More generally, static inequality
measures will be unable to distinguish among societies with different
degrees of mobility between socioeconomic classes. Thus a socially very
mobile society that may be characterized by quite unequal incomes at
any given point in time would be ranked equally with a society in which
not only is there inequality but also in which the same people remain
poor and socioeconomic mobility is minimal.

It is obvious that there are great difficulties in empirically modeling
long-run cumulative processes and we are still far from having an
adequate integration in a unified model framework of factors affecting
the distribution and factors affecting growth and structural change.'3

Processes connected with demographic change, education, health, nutri-
tion, technological change, investment, and asset accumulation are cer-
tainly not well understood and hence cannot be easily captured in
empirical models. It is also clearly important to consider the dynamic
elements both of economic change and of socioeconomic mobility. A
focus on lifetime income requires that one keep track of individual
mobility - a model of net changes will not suffice - and it is very dif-
ficult to capture the mechanisms leading to socioeconomic mobility with
a purely economic model. A number of different mechanisms are likely
to be important in affecting the relative structure of, and movement
among, different socioeconomic groups. A list would include: (1) rural-
urban migration, (2) movements within the urban labor market, (3)

13 See Kelley, Williamson, and Cheetham (1972) for a two-sector, long-run
dualistic model, and Chenery and Syrquin (1979) for an input-output
model. For an example of empirical economic-demographic models, see
Rodgers et al. (1977). For a critical survey of these models, see Arthur and
McNicoll (1975) and reply by Rodgers, Wery, and Hopkins (1976). A com-
parison of the Bachue-Phillipines model with the Adelman-Robinson model
of Korea is given in Adelman, Hopkins, Robinson, Rodgers, and Wery
(1979). Sanderson (1980) also surveys recent economic-demographic models.
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demographic trends, (4) movement through the educational system, (5)
savings and asset creation, both physical and human, and (6) asset
redistribution.

A multisector planning model can capture the first two mechanisms
of social mobility and can also include demographic effects, given a spec-
ified demographic submodel. However, it is more difficult to incorporate
mobility through education, asset creation, or asset redistribution. A lot
depends on how far one can go in specifying the ownership of human
and physical capital by various socioeconomic groups. But even with a
full specification of ownership patterns and household income forma-
tion, one would still be far away from a model able to predict the prob-
ability that a member of one group will break out and enter another
group. One framework available for developing such a model is that of
a "mobility matrix," which is mathematically akin to a Markov tran-
sition matrix. The elements of such an intergroup mobility matrix
would be partly generated by the model (for example, through endog-
enous migration) and partly estimated exogenously from longitudinal
data. 14

In Chapter 5 we discussed a two-stage framework for a dynamic
model in which the first stage is a static CGE model and the second
stage is a model of intertemporal linkages that "updates" the exogenous
variables of the static CGE model for the next period. Any attempt at
modeling socioeconomic mobility would require a much more elaborate
stage 2 model than has usually been specified. Demographic and edu-
cational submodels would become much more important, with the static
within-period CGE model being only one component, and perhaps not
the most important, of a much more elaborate dynamic model. Such an
attempt at modeling mobility is beyond the scope of our discussion and
would be the subject of a book in itself."5

From this discussion, it is apparent that the use of multisector plan-
ning models for the analysis of distributional issues represents an uneasy
middle ground between various extremes. There is no one choice either
of degree of aggregation or of time frame that will suit all purposes. In
evaluating the particular choices made by past and future modelers, one
must always remember the problems that a model is designed to illu-
minate. The principle of Occam's razor is also relevant - one should

14 For an attempt at exploring the properties of such a model, see Robinson
and Dervis (1977).

'5 See Robinson (197 6c) for a sketch of what the structure of such a long-run
model might look like.
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always seek the simplest model that serves the purpose. However, it is
important not to confuse size and complexity; the two properties are
quite distinct. Large models may be very simple in structure, and even
one-sector models may be very complex. The lesson is not that small
models are better, for they often are not, but that one should not expect
a single model to serve all purposes. The determinants of the distribu-
tion of income and the mechanisms by which it changes represent one
of the most difficult theoretical and empirical problems facing the sci-
ence of economics. We are certainly far from having any adequate gen-
eral theory of the processes involved, if such a theory is even possible.
Modesty and a willingness to consider a variety of approaches seem to
us to be required of all those who would either do research or make
policy concerning problems of income distribution.

12.4 Generating income distributions in a planning
model

Virtually any economy-wide model will generate the distribution of
income to aggregate factors of production. For further analysis of the
interaction between income distribution and social and political forces,
one is interested in the distributions among "institutions" (e.g., govern-
ment, households, and public and private corporations) and among
socioeconomic groups. Exactly how these distributions ought to be
defined depends on the particular social and institutional structure of
the country in question, as well as on the particular problems motivat-
ing the work. Finally, for neoclassical welfare analysis, one is interested
in the size distribution.

Thus, in general, in the context of planning models, one can distin-
guish five different distributions that might be of interest to policy mak-
ers, the distributions to: (1) factors of production, (2) institutions, (3)
socioeconomic groups, (4) individuals, (5) households. Figure 12.1 pre-
sents a schematic picture of how a planning model might generate all
these distributions. We shall discuss them in order and shall consider
the first three within the framework of a social accounting matrix
(SAM)."6 Social accounting matrices provide an invaluable statistical
framework for the analysis of the mappings between the different kinds
of distributions one may want to consider.

16 Although the discussion will focus on behavioral models, it is feasible to use
the SAM approach to analyze income distribution using static multipliers
analogous to those from an input-output model. For example, see Cline
(1972), Weisskoff (1972), and Pyatt and Round (1979).
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Figure 12.1. The distribution of income in planning models.

Factors, insti'tuti'ons, and socioeconomi c groups i n a
SAM framework

Table 12.1 presents the structure of a social accounting matrix that
focuses on the factor and institutional accounts. It is an extension of the
SAM discussed in Chapter 5. In the SAM, the functional distribution
is given in rows (3) and (4) of column (1), which give the division of
total value added at factor cost (excluding indirect taxes) between labor



Table 12.1. Structure of a social accounting matrix

Expenditures

Factors Institutions
Capital

Activities Commodities Labor Capital Households Enterprises Government account Rest of world
Receipts (1) (2) (3) (4) (5) (6) (7) (8) (9)

Activities (1) Domestic sales Export subsidy Exports
Commodities (2) Intermediate Private Government Investment

inputs consumption consumptioin
Fac:tors:

Labor (3) Wages
Capital (4) Rentals

Institutions:
Hlouseholds (5) Labor income Transfers Distributed Transfers, Net factor

profits income
Enterprises (6) Capital income Transfers Net private

flows
Government (7) Indirect Tariffs Direct taxes Direct taxes Net public flows

taxes
Capital account (8) Private saving Retained Government Reserve

earnings saving decumulation
Rest owf world (9) Imports
Totals (10) Total costs Total Wages Rentals Household Enterprise Government Investment Total imports

absorption income income income



12.4 Generating income distributions 413

and capital. In a multisector model, the "activities" consist of all the
producing sectors, so the functional distribution can be disaggregated by
sector. In a model focusing on income distribution, it is also important
to distinguish among a number of different types of labor. For example,
the model used in the next chapter distinguishes four categories of labor,
each with its own separate labor market: agricultural labor tied to the
land, marginal labor mobile across all sectors, industrial labor, and ser-
vice-sector labor. This classification represents probably the minimum
necessary to capture the stylized structure of the labor markets in a
developing country and also reflect a useful socioeconomic classification.

Total value added at market prices, which includes indirect taxes, is
distributed to the various institutions in the economy: households, enter-
prises, and government. These institutions represent the basic "actors"
whose behavior must be modeled. Households will be discussed in more
detail later. In models in which there is no joint production, enterprises
are classified by sectors of production (or activities). They are the enti-
ties that "own" the capital stock and hence receive all capital income.
Out of their income, they are assumed to pay some in (corporate) taxes
to the government, retain some to buy investment goods, and distribute
the rest to the household sector (distributed profits). In the empirical
models discussed in this book, enterprise behavior has been modeled
very simply, without any really separate behavioral rules, and in Chap-
ter 5 the enterprise and household accounts were simply lumped
together. Of the existing CGE models, only the Adelman-Robinson
model of Korea keeps the enterprise accounts separate and gives them
a real behavioral role (for example, in their specification of sectoral
investment allocation and retained earnings rates).

The government receives all taxes and expends funds on export sub-
sidies, government consumption, saving, and transfers to the household
sector and to enterprises. In all the models in this book, the government
is an active agent in that it operates according to specified behavioral
rules. Note that, as in Chapter 5, indirect taxes are assumed to be paid
at the factory gate and so are entered only as a payment by activities to
the government. Data permitting, different treatments are certainly pos-
sible. For example, one technique is to create a separate indirect tax
account that differentiates taxes paid by different categories of pur-
chasers, such as retail sales taxes, taxes on wholesale purchases, and so
on (see King, 1981). Such a differentiation might be important in par-
ticular applications.

Government and the consolidated capital account are not shown as
being closely linked. The various flows of funds that relate to central
bank activities, such as credit policies, money creation, and interest-rate
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policies, are not reflected in the SAM. The modeling of such flows is
one central focus of macro models, and although they may have impor-
tant effects on the distribution of income, we have argued that it is useful
in the first instance to concentrate on multisector rather than macroeco-
nomic mechanisms.17

The rest of the world is treated somewhat differently in the SAM in
Table 12.1 than in Chapter 5. In focusing on the distribution of income,
it may be important to keep track of the separate flows between specific
institutions and the rest of the world. Thus, the SAM shows separate
entries for net factor income from abroad and public and private net
capital flows (net also of interest, amortization, and profit repatriation).
In the SAM presented in Chapter 5, these flows were lumped into one
aggregate flow. Note that in the treatment here, the savings by institu-
tions include both domestic and foreign components."8 Also, the total of
the rest-of-the-world account equals the value of total imports, as in
Chapter 5. As with the other accounts, more elaborate treatments are
certainly feasible and might be important in specific applications."

In the SAM, the institution titled "households" really represents all
the people in the society. Indeed, what really distinguishes the func-
tional and institutional distributions from the other three (socioeco-
nomic, personal, and household) is precisely that one need not associate
individuals with the categorization of income recipients. They do not
reflect a classification of individuals, but of different flows of funds that
reflect the basic functional and institutional structure of society.
"Households," on the other hand, represents a categorization of indi-
viduals. The distributions by socioeconomic groups, individuals, and
households all represent different ways of describing the distribution
wzithin the "households" institution.

Before discussing different ways to characterize the distribution of
income within the "households" institution, it is worth noting some of
the problems associated with the definition of the income flows that
accrue to it. For example, following standard accounting practice, cor-

7 There are a variety of ways of trying to capture such monetary mechanisms
in a CGE model. Dervis and Robinson (1978), for example, incorporate a
seigniorage transfer mechanism in their model, but do not pursue its distri-
butional implications. Adelman and Robinson (1978), as we have discussed,
explicitly incorporate a demand-for-money function in their model.

8 The reconciliation of this approach with that of the national income accounts
was discussed in Chapter 5.

19 For example, one might separate the current and capital accounts and/or
separate inflows and outflows (i.e., enter gross flows from institutions to the
rest of the world).
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Table 12.2. A socioeconomic classification of households

Type Income sources

Small farmers Wages, profits, transfers, foreign remittances
Marginal laborers Wages, transfers, foreign remittances
Industrial laborers Wages, transfers, foreign remittances
Service-sector laborers Wages, transfers, foreign remittances
Agricultural capitalists Profits, rent, transfers
Industrial capitalists Profits, transfers, net foreign inflow
Service-sector capitalists Profits, transfers

porate income taxes and retained earnings are not counted as part of the
income of individuals in the society. This practice leads to serious prob-
lems when making international comparisons between countries in
which the distinction between owners of enterprises and legal entities
such as corporations are not similar. Particularly in developing coun-
tries, the distinction is quite fuzzy.

A second problem area is the treatment of government spending. In
the field of public finance, there is an active literature on how one can
allocate the benefits of government spending to different groups in the
society. In terms of the SAM, this work can be seen as a kind of transfer
account that allocates government consumption into the "household"
institution. Although potentially important, such an expenditure inci-
dence exercise is largely independent of the kinds of problems that have
provided the focus of planning models, and we do not discuss it.20

For policy analysis it is important to consider a division of society into
socioeconomic groups that are both economically and politically rele-
vant. As we have discussed, the definition of appropriate groups repre-
sents a difficult problem, and a compromise is required that defines
groups in a way that is useful for political analysis but is nonetheless
closely related to the variables generated by a planning model. Given
the nature of a CGE planning model, the easiest classification scheme
is to differentiate groups by type and sector of origin of income.

Table 12.2 presents a disaggregation of the household accounts that
gives one example of a classification of households by socioeconomic
groups. We shall use it as an example to discuss the problems of devis-

20 See Meerman (1979) and Selowsky (1979) for studies of fiscal incidence in
Malaysia and Colombia. The problem is discussed in a SAM framework in
Pyatt and Thorbecke (1976).
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ing a "good" socioeconomic decomposition of households. There are
seven groups, four types of labor differentiated by skill category, and
three kinds of recipients of capital income differentiated by sector. This
is the classification used in the empirical application in the next chapter
and is rather closely tied to the functional distribution.

The "small farmers" are assumed to earn most of their income from
labor and also to be tied to the land so that they are immobile. Subsis-
tence farmers, share croppers, small landowners burdened with debt,
and rural workers without access to the transportation and communi-
cations network would all fall in this category. "Marginal labor" is
unskilled and/or unorganized labor that is assumed to be mobile across
all sectors in the economy. The overwhelming source of employment for
this category would be provided by the agricultural and urban tradi-
tional sectors. "Industrial labor" constitutes organized and/or skilled
labor, including technical and managerial workers, and is assumed to
be employed largely in the industrial sectors, although it might also
include most government workers. "Service-sector labor" is assumed to
be the urban counterpart of small farmers. It is made up of workers in
the urban traditional sector most of whose income comes from their
labor but who are immobile for a variety of reasons. The three "capi-
talist" categories are assumed to receive most of their income from prof-
its and/or rent rather than from wages and salaries. They are here cat-
egorized by sector, because their income will be sensitive to shifts in
relative product prices.

Along with a socioeconomic classification of income is a classification
of all income-earning individuals in a society. In fact, many individuals
have multiple sources of income. For example, capitalists usually also
earn salary income, and farmers in developing countries often earn a
significant fraction of their income from nonagricultural activities. With
data on such multiple sources, it is relatively easy to classify individuals
into socioeconomic groups according to their major source of income and
then allocate to them income from more than one source. The allocation
involves a mapping from factor income and/or transfers among socio-
economic categories. It is difficult, however, to have a very sophisticated
model of such multiple income sources, and there are clear benefits to
keeping the classification of socioeconomic groups relatively simple.

The choice of socioeconomic groups in Table 12.2 could certainly eas-
ily be expanded.21 It is intended to represent the simplest categorization
that adequately captures the economic dualism and structural rigidities

21 Adelman and Robinson (1978), for example, distinguish fifteen different
categories of income recipients.
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characterizing many developing countries. As we shall discuss in more
detail in the next chapter, the model in which these groups are embed-
ded is designed to explore the distributional impact of trade policies in
a "structuralist" environment characterized by a relatively segmented
labor market and various rigidities in the ability of the economy to
respond to external shocks. The choice of appropriate groups represents
a compromise between our desire on the one hand to keep the model
simple and so tie the groups closely to factor and sectoral income and,
on the other, to provide an interesting division for policy analysis that
includes an appreciation of political forces. For models with a different
focus, a different compromise is required.

The size distribution by individuals

From the schema in Figure 12. 1, we are now ready to consider the size
distribution by individuals. The result of the previous steps is a division
of all individuals into different socioeconomic groups constituting a com-
plete and mutually exclusive decomposition of society. In addition, the
aggregate income of each group is derived from the model. In order to
calculate the overall size distribution of income by individuals, it is nec-
essary to describe the distribution of income within each group and then
consider the collection of groups taken together. One approach to deriv-
ing the overall distribution is to assume that the distribution of income
within each group can be represented by a distribution function of the
form

f,(y I e) (12.4.1)

where y refers to the income variable, Oi is a vector of parameters in the
distribution function, and fj reflects a particular form of the frequency
function characterizing the distribution within group i. The overall dis-
tribution of income in society is a linear weighted sum of the individual
group distributions:

n

f(y IO) = n nfi(y I0i) (12.4.2)
i=I

The weights ni represent population shares, and the vector 0 is the set
of all within-group parameters 0i. If we denote the mean income in each
group by A.i, the economy-wide average income by ,t, and the within
group variances by u', the overall variance of incomes in society is given
by the formula
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= E nia, + Eni(-it- y) (12.4.3)
i=, I

Intuitively, it is clear that overall inequality in a society is a function of
inequality within specified socioeconomic groups, inequality between
these same groups, and finally the numerical weights these groups carry
in the society. This is reflected in Eq. (12.4.3), which is essentially a
statistical decomposition of variance.

The variance of income is not usually used as a summary measure of
inequality - the log variance is a much more commonly used measure.
One reason is that the log variance is a measure of relative inequality.
A proportional change in all incomes leaves the log variance unchanged,
whereas such a proportional change will alter the variance. The decom-
position-of-variance formula can also be used for log variances by sim-
ply defining or' as the within-group log variance and p,i as the within-
group log mean income.

Suppose for an instant that all groups were perfectly homogeneous
with no within-group variances in incomes. We would thus have

c2 = E nj(p, - i)
2 (12.4.4)

Overall inequality would increase whenever one group's income moved
further away from the economy-wide average and/or whenever the
weight of a group characterized by greater distance from the mean
increased with respect to the weight of a group closer to the economy-
wide average.

If, on the other hand, we assumed that all groups were characterized
by an identical mean income, and within-group variances were positive,
we would have

2= E n,u2 (12.4.5)

Overall inequality would now increase whenever inequality within one
group increased and/or whenever the weight of a group characterized
by relatively high variance increased relative to the weight of a group
displaying lower variance.

In the general case of different mean incomes and positive within-
group variances, it is still true that, all other things held constant, an
increase in inequality within any one group, as well as an increase in
the distance between any one group's mean income and the economy-
wide average, will increase overall inequality. The impact of changes in
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group weights is more difficult to analyze, because the "within-group-
variance" effect must be analyzed in conjunction with the "distance-
between-groups"effect. 22

Note that the overall distribution function f(y I 0) is the sum of dis-
tribution functions, not the distribution of a sum of random variables.
Thus central limit theorems do not apply, and the overall function may,
in principle, have any shape. Given specified within-group distribution
functions, it is feasible to generate the overall distribution empirically
even though it is analytically an intractable function.2 3

The approach to deriving the distribution of income described here
enables one to decompose the entire distribution given knowledge of the
parameters of the within-group distributions. The analysis is based on
a decomposition of the overall distribution into a collection of within-
group distributions and does not rely on the decomposition of any par-
ticular measure of inequality. The overall distribution is specified
empirically, and one can thus generate any desired measures numeri-
cally, without being restricted to a particular measure and its associated
decomposition.24

Assume for the moment that each within-group distribution is given
by a two-parameter lognormal frequency function. The two parameters
are the log mean and the log variance, that is, the mean and variance of
the logarithms of individual incomes within each group. The lognormal
distribution is often used to describe the distribution of income, although
it is commonly found that it does not provide a good description of the
distribution at the upper tail. However, in the formulation here, the
function is not used to describe the entire distribution, but to describe
a collection of within-group distributions. Alternative distribution func-
tions could also be used, such as the three-parameter lognormal or the
Pareto if it seemed desirable. Indeed, because the overall function is
formed by summing the separate functions numerically, it would be per-
fectly feasible to specify a different function for every within-group
distribution.

For the two-parameter lognormal distribution, it is necessary to spec-
ify the log mean and log variance. The CGE model will provide the

22 See Robinson (1976a) and Fields (1980) for examples of the analysis of the
distributional impact of changes in group shares in population and income.

23 Robinson (1976b) describes the technique in detail and gives a computer
program for doing the computations.

24 This approach can also provide a useful framework for incorporating and
reconciling distributional data from disparate sources and for analyzing the
sources of inequality. For an application to Turkey, see Dervis and Robin-
son (1980).
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arithmetic mean income for each group. If the log variances are known,
then the log means can be calculated from the following relationship,
which holds for the lognormal distribution:

l = In(y) - 12' (12.4.6)

where y is the arithmetic mean income, ,u is the log mean, and 02 iS the
log variance.25

One procedure for generating the overall size distribution would be
to specify the within-group log variances exogenously, use the CGE
model to solve for the group mean incomes, and then use the above
relationship to calculate the log mean incomes. The overall size distri-
bution is then constructed numerically by summing the within-group
distributions. A fact that must of course be kept in mind is that if the
within-group log variances are specified exogenously, then the model
will generate only a part of overall inequality endogenously - that aris-
ing from between-group differences in mean incomes. Given that, in
most empirical applications, between-group differences seldom account
for more than half of the overall log variance of incomes, any policy
experiments with the model that are assumed to leave within-group
variances unchanged can have only a fairly limited impact on the overall
size distribution. As discussed earlier, this specification may, in fact, be
quite realistic, because many policy changes will not affect within-group
relative distributions in the short to medium term.

In certain cases, it may be worthwhile to try to make the log variances
(or some measure of the within-group dispersion of incomes) endoge-
nous variables. In fact, a typical multisector model generates some
income dispersion endogenously. For example, profit receipts are dif-
ferentiated by sector and, in some models, wages are also permitted to
vary among sectors. It is possible to use this information to estimate
within-group log variances for those groups for which the model gen-
erates a number of different incomes.2 6

Another approach would be to have the log variance parameter itself
be a function of other endogenous variables.2 7 However, specifying the

25 See Aitchinson and Brown (1957) for a thorough discussion of the properties
and uses of the lognormal distribution.

26 This is what Adelman and Robinson did with the wage-earning groups in
their model. Lysy and Taylor (1980) also use this approach to estimate the
overall size distribution in their model, without differentiating among
subgroups in the population and without specifying different within-group
distributions.

27 See, for example, Metcalf (1972), who uses this approach in an aggregate
econometric model of the United States.
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appropriate function and estimating its parameters represents a major
challenge. In any case, as we have discussed, the factors affecting the
within-group dispersion seem, in general, to be more long run in nature.
Thus, the fact that a proportion of total inequality in the model is
exogenous is a reasonable specification for the time frame usually con-
sidered in a medium-term planning model.

Household composition and the household
distribution

Referring to the schema in Figure 12.1, the previous steps yield the size
distribution of income by individual recipients. Each category of recip-
ients has been enumerated, and their average income has been deter-
mined in the model. Individuals who do not receive income, such as
unpaid family workers, children, retired people, and other dependents,
are not considered at all. There is no consideration of households con-
sisting of workers and dependents either as income-receiving or as
behavioral units.

It is important to consider the household as an institutional unit in
an economic model for a number of reasons. Households are often con-
sidered to be behaviorally distinct units that make economic decisions
about consumption expenditure and the supply of labor. The simple
CGE model presented earlier treated the individual as the relevant
decision-making unit - a more realistic model might well distinguish
between workers and households. Empirical studies indicate that con-
sumption and savings decisions are a function of household size, number
of children, and other demographic variables as well as of income. Fur-
thermore, definitions of poverty or economic welfare are often expressed
in terms of per-capita or per-adult-equivalent household income and
consumption. The household thus becomes the natural focus of analysis.

To go from per-worker income to household income requires an
explicit specification of household composition. Households typically
have more than one worker in more than one occupation and also differ
in size, age composition, and dependency ratios. A complete model
should capture these differences in household compositions. We shall
present a very simple linear model that combines workers and worker
income into households.

The technique we use is based on knowledge of the average number
of workers in each household category, their occupational distribution,
and the average household size.28 Assume that households are classified
according to the occupation of the head of the household. Thus there

28 This presentation follows Adelman and Robinson (1978).
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are exactly as many household categories as there are categories of
income recipients.2 9 Assuming that the average number and occupa-
tional composition of workers in each household category is constant,
and given the population and average income of all income-recipient
groups, it is possible to derive the total number of households and aver-
age income in each household category.

Define the following matrices:

H = matrix such that Hgj is the share of "other workers" of
category j in household category i. Note that
E H,j = 1 for all i.

n = column vector such that n, is the average number of "other
workers" in households of category i.

N = diagonal matrix such that N,, = n, and Ng = 0, i Aj.
w = column vector such that w, equals the average income of

workers in category i.
y = column vector such that yi equals the average total income

of households in category i.
h = column vector such that h, is the total number of households

in category i.
p = column vector such that pi is the total number of workers

in occupational category i.

Note that n ,Hi is the number of "other workers" in category j in house-
hold i. The total income of a household is the sum of the income of the
head and of the incomes of all "other workers." Thus, y = w + NHw,
or

y= Qw (12.4.7)

where Q = I + NH. Here Q, is the total number of workers in cat-
egory j in household i.

It must be true that total household income be identically equal to
total worker income. Therefore [where (') indicates the transpose],

h'y p'w (12.4.8)

Substituting from (12.4.7), we get h'Qw = p'w. Because this must be
true for any w, it follows that

h'Q = p' (12.4.9)
h = p'Q' (12.4.10)

We estimate Q from survey data and, given Eqs. (12.4.7) and (12.4.10),

29 One might specify a category of "unemployed" households whose income
derives from secondary workers and/or transfers.
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we can calculate both average incomes and household numbers by
household category. Note that there is no restriction on the sign of the
elements of Q-', and it is theoretically possible to have negative ele-
ments in h. This implies that so many workers of a given category are
needed as "other workers" that the household category must generate
such workers ex nihilo by having a negative entry.

Given the parameter n, the average number of "other workers" in
different household categories, the model accounts for the economically
active population and for the number of households. It does not account
for the entire population including dependents. To do so requires sep-
arate information on the demographic characteristics of each household
category. Demographic parameters relating to each household category,
such as total size, number of workers, age structure, and so forth, would
be specified exogenously. Such a specification is perhaps reasonable in
the short to medium term. In the longer run, however, household for-
mation and composition should be viewed as an endogenous process,
interacting with economic variables.

The household composition model yields the number and average
income of households in each category. We thus have a new set of
household groups corresponding to the income-recipient groups defined
by the model. One can use the same technique to generate the overall
size distribution of income by households as was used to generate the
size distribution for individuals. One must specify the within-group log
variances, compute the within-group log means under the assumption
of lognormality, and then generate the overall size distribution numer-
ically. All the steps required in the schema of Figure 12.1 to move from
factor payments to the size distribution by households are now complete.

In translating from factor income to household income, it was
assumed that all workers in each household received the average income
of their occupational category. Also, it was assumed that the within-
household-group log variances were to be specified exogenously, inde-
pendently of the within-occupational-group log variances. These
assumptions could be relaxed in a more sophisticated model that incor-
porated a stochastic specification of worker composition of households.
It seems likely that there is a correlation between the income of the head
of the household and that of other workers in the household. For exam-
ple, a household in which the head has above-average white-collar
income will probably have other workers with above-average incomes
in their occupations. Thus, the household composition process is likely
to group people in a way that yields greater relative inequality in house-
hold income, because it will associate people from the upper and lower
tails of the within-occupation distributions.

If, in the household composition process, the correlations between the
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relative income of the head of the household in his within-group distri-
bution and the relative incomes of other workers in their respective
within-group distributions were known, it would be possible to derive
the parameters of the within-household-group distributions. The data
requirements for this approach are significant, however, because one
must specify the entire correlation matrix between occupational and
household categories.

It is also important to note that this simple linear technique is to be
used to translate unidirectionally from the functional to the household
distribution. It certainly does not represent an adequate theory of house-
hold formation and thus cannot be used in a dynamic situation in which,
for example, the skill composition of workers within households changes
over time. In longer-run analysis, one must face directly the problem of
adequately modeling the dynamic process of household formation.

12.5 Conclusion

As emphasized throughout the discussion, there are many facets to the
analysis of income distribution beyond strictly economic considerations.
The distribution of income within a society is the outcome of sociopo-
litical forces as well as economic ones. It was stressed that, in analyzing
the relationship between policy and the distribution of income, the plan-
ner ought to attempt to consider explicitly the way society views distri-
butional issues. It would seem that a balanced framework for policy
analysis must attempt to reconcile the extreme views whereby on the
one side society is viewed as made up of either capitalists or labor, and
on the other as a collection of unconnected individuals.

This chapter has also investigated the various levels at which distri-
butional issues can be incorporated into a CGE model. Any formulation
from a purely functional one according to factor shares to a detailed
specification of household formation will also involve normative issues.
Once the difficult selection of how to incorporate income distribution
has been made, the model provides a useful laboratory to investigate the
distributional consequences of alternative policies. The next chapter
provides applications of the approaches presented in this chapter.

The model specification that can be used in a given country depends
partly on data availability and partly on the purposes for which the
model is to be used. In the short to medium term, it is reasonable to
specify a number of demographic parameters exogenously. It is impor-
tant, however, to differentiate among different socioeconomic groups,
because that is an important part of the policy relevance of the model.
It is also important to distinguish the within-group and between-group
distributions, because this points up the limitations of the model in
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"explaining" overall inequality. In general, it has been found to be the
case that the overall size distribution of income can be substantially
affected only by major shocks. However, the distribution among socio-
economic groups is much more unstable and can be very policy
responsive.

The empirical sensitivity of the distribution of income among socio-
economic groups to policy shocks emphasizes the importance of attempt-
ing to integrate political and economic analysis when considering the
distribution of income. Changes in the distribution among socioeco-
nomic groups are politically very important even if such changes do not
have substantial effects on the overall size distribution (and hence on
the level of welfare as usually considered by economists). Thus different
policies that have, for example, the same impact on overall poverty may
have dramatically different effects on the composition of the poor (and
of the rich) by socioeconomic groups. These differences may determine
the political impact or feasibility of different policy packages and may
well be more important in choosing among different policy packages
than questions of narrowly defined economic impact or efficiency.

12.A Appendix: Measures of income distribution

Useful summary descriptions of the distribution of income are based on
two general principles. First, welfare economics has traditionally con-
sidered individuals to be the important units of analysis. Thus, one
should consider and measure the properties of the overall size distribu-
tion of income. Second, we have argued that the division of society into
socioeconomic groups is useful for both policy and welfare analysis.
Thus, one should measure the properties of the between-group and
within-group distributions.

The measures of the overall size distribution should, at root, reflect
properties of the distribution that are important for making welfare
judgments. Thus, it is important to evaluate descriptive statistics of the
overall distribution in terms of the value judgments they implicitly or
explicitly embody. Descriptive statistics of the between-group distribu-
tion, on the other hand, serve more as tools of policy analysis. Although
people may well have normative value judgments with regard to the
between-group distribution, analyzing and measuring changes in the
distribution are more important for tracing out political and structural
implications than for making welfare judgments. Thus, for example, it
is useful to decompose the total log variance into between- and within-
group parts not for welfare analysis but in order to understand the
relationship between the economic structure and the distribution.

Because descriptive measures of the overall distribution are to be used



426 Modeling distributional mechanisms

in evaluating the distribution, it is useful to consider some of the nor-
mative equity judgments that are at least often proposed, if not widely
acceptable."

First, more equality of income distribution is preferable to less, given
the initial situation. This is not usually carried so far as to imply that
perfect equality is best, but only that a decrease in relative inequality is
better.

Second, the existence of a group of people living in poverty is inher-
ently a bad thing. Welfare is improved by reducing the extent of poverty
(however defined) without regard to the rest of the distribution.

Third, the existence of a group of very rich people - a power elite
- is a bad thing. This judgment is clearly more controversial and also
depends on how one defines "very rich." Whereas poverty is usually
defined in absolute terms, "very rich" is usually defined relatively. The
rich might be considered to be too rich if the top 10 percent of the pop-
ulation controlled, say, 50 percent of total income instead of the more
usual 25 to 40 percent.

Fourth, the existence of a group of chronically poor or chronically
rich people is a bad thing. "Chronic poverty" is defined as a situation
in which the same individuals (or, alternatively, their children) remain
in poverty period after period. The case where not only the same indi-
viduals but also their children remain in poverty - chronic intergener-
ational poverty - is perhaps the worst of all. "Chronic wealth" is
defined analogously.

The first and third value judgments lead naturally to descriptive mea-
sures that concentrate on the relative distribution of income. Measures
such as the Gini coefficient, the log variance, and the Theil index are
not affected by proportional changes in all incomes. The second value
judgment, however, focuses attention on the lower tail of the distribution
and leads to measures that are sensitive to the definition of the poverty
line. For example, given a poverty line Yp, one poverty measure is sim-
ply the share of the population with income less than Yp. Fishlow
(1972) has suggested a slightly more sophisticated measure defined as
the share of total aggregate income that must be transferred from those
above the poverty level to those below so that everyone in the poverty
population receives Y,,.

Recent work, especially relating to "basic needs," has focused atten-
tion on the poor and especially on the appropriate definition of poverty.
In general, a focus on poverty implies the use of measures of absolute
income levels rather than of measures of the relative distribution. It is

3 Our list follows Szal and Robinson (1977), although a similar discussion can
be found in Sen (1973), and in Champernowne (1974).
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important to distinguish carefully between the two kinds of measures
because, especially when average income is growing and there is struc-
tural change, they give very different pictures of what is happening in
a society. Focusing exclusively on either kind of measure is liable to give
a distorted picture.3"

The last value judgment - that chronic poverty and chronic wealth
are bad - reflects the notion that more equality of opportunity is a good
thing. Society is better off when there is more economic mobility - a
dynamic concept that cannot be captured by descriptive statistics of the
distribution at a point in time. Most measures currently used to describe
the distribution are static measures in the sense that they neglect mobil-
ity aspects of the distributional mechanisms. However, there are possi-
ble trade-offs in welfare terms between static and dynamic notions of
income inequality. For example, a highly unequal static distribution
might be considered acceptable or even desirable if there were in addi-
tion a great deal of socioeconomic mobility over time. The problems of
analyzing socioeconomic mobility were discussed briefly in the chapter.3 2

Because our approach to modeling income distribution generates the
entire distribution numerically, it is also possible to generate any
descriptive statistics one might desire. There are a number of different
descriptive measures of the static distribution that have been suggested.
We shall present only a brief summary survey, concentrating on the
measures that fit best into the framework of planning models.

Based on our discussion of welfare judgments, statistics describing the
distribution should reflect the degree of inequality in the distribution.
In fact, the measures usually used are all "inequality" measures; that
is, they are increasing functions of the degree of inequality, however
defined. There has recently been much discussion about the nature of
the social welfare function implied by various inequality measures. We
shall not survey that literature, although it is clearly important to
understand the properties of different measures so that one can under-
stand how they define "inequality." Given our emphasis on the distri-
bution of income between and within groups defined in socioeconomic
terms, we shall concentrate on those overall measures that are relatively
easy to decompose into within-group and between-group contributions
to total inequality.

There are two common ways to represent a distribution.3 3 The first

3 See Fields (1980) for a good discussion of the different impact on relative
and absolute distribution measures of different growth paths.

32 See Szal and Robinson (1977) for a discussion of measures of mobility.
3 Champernowne (1974) presents four types of diagrams. In addition to the

"population" frequency function and the Lorenz curve, he presents an
"income" frequency function and a Pareto diagram.
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is to graph the frequency function with income on the horizontal axis
and percent frequency of the population on the vertical axis. The area
under the frequency function must equal one. The second common way
to picture an income distribution is to graph the Lorenz curve. A point
on a Lorenz curve indicates the percentage of total aggregate income
(on the vertical axis) held by a percentage of the total population (on
the horizontal axis). Reading from left to right, the population is
arrayed in order of increasing income. Examples of a frequency function
and a Lorenz curve are given in Figures 12.A.1 and 12.A.2.

If everyone has the same income, then the Lorenz curve is a straight
450 line. In this case, the frequency function collapses to a point at the
mean income. The more unequal is the distribution, the farther is the
Lorenz curve from the diagonal line and the more spread out is the
frequency function from the mean.

We shall consider four summary measures of the distribution: (1) the
coefficient of variation of income; (2) the log variance, (3) the Gini coef-
ficient, and (4) the Theil coefficient.3 4 Decomposition equations are
available for all four of these measures. The first two measure the
degree of relative dispersion of the frequency function. The Gini coef-
ficient measures the shape of the Lorenz curve, and the Theil coefficient
is a measure based on information theory.

The coefficient of variation is defined as the standard deviation of
income divided by the mean. The log variance is the variance of the
logarithm of income. The Gini coefficient is defined as the area between
the Lorenz curve and the diagonal line divided by the total area under
the diagonal. The Theil measure is defined as

N i
T = log(N)- Yi log(-y )

where Y, is the share of aggregate income going to person i and N is the
total number of people.

All four measures are relative measures in that they are unaffected
by proportional changes in all incomes. The Theil index has the odd
property that it is bounded above by log(N), so that the larger is N the
greater is the amount of possible inequality. It is possible to scale the
index so that it is bounded by zero and one, changing somewhat the
notion of inequality being measured.

Champernowne (1974) has compared six standard measures (includ-
ing the four we are considering) and a number of special measures in

34 There are, of course, other measures. See Szal and Robinson (1977) and Sen
(1973) for more complete surveys.
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terms of their sensitivity to different types of inequality exhibited by
different income distributions. He distinguishes three different types of
inequality: alpha, due to extreme relative wealth; beta, due to variations
in less extreme incomes; and gamma, due to extreme poverty. He has
generated a number of distributions exhibiting the different kinds of
inequality and has compared the descriptive qualities of the various
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Table 12.A.I. A comparison of the sensitivity offour inequality indices to different
types of inequality

Inequality type

Alpha Beta Gamma
Inequality index (wealth) (middle) (poverty)

Coefficient of variation Sensitive (1) Insensitive (4) Insensitive (4)
Log variance Insensitive (4) Sensitive (1) Sensitive (1)
Gini coefficient Insensitive (3) Sensitive (2) Sensitive (2)
Theil index Sensitive (2) Insensitive (3) Insensitive (3)

Notes: The numbers in parentheses represent rankings. The types of inequality are
as follows: alpha, due to extreme relative wealth; beta, due to inequality among the
less extreme incomes; gamma, due to extreme poverty.
Source: Based on Champernowne (1974).

measures.3 5 Champernowne discusses a number of different ways of
comparing the sensitivity of the various indices to different types of
inequality. Table 12.A.1 summarizes his results. It should be noted that
the table is somewhat oversimplified, because it is based on a number
of different kinds of pairwise comparisons discussed in the article. It is,
however, consistent with the conclusions he states.

It is clear from Table 12.A.1 that if one is especially interested in the
bottom end of the distribution - the extent of poverty - the best mea-
sures to use are the log variance and the Gini coefficient. They are also
the most sensitive measures when inequality is due to variation among
the less extreme incomes. If one is interested in the top end of the dis-
tribution - extreme wealth - the coefficient of variation and the Theil
index are relatively more sensitive indices.

Because we are interested in separating the overall income distribu-
tion into within- and between-group distributions, it is important to
consider the decomposition properties of the various measures. The
decompositions of the log variance and of the coefficient of variation are
based on the standard statistical decomposition of variance equations
and are straightforward. The decomposition of the Theil index is also

3 In addition to the four measures we are considering, he also considers two
special cases of Atkinson's index of inequality based on a specific form of the
social welfare function. Sen (1973) has an excellent discussion of the social
welfare approach to measuring inequality and of Atkinson's measure in
particular.
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simple and straightforward. There are a number of different decom-
positions of the Gini coefficient that have been developed. Examples are
to be found in Mangahas (1974), Fei and Ranis (1974), and Pyatt
(1976). None of them is particularly straightforward, and all have spe-
cial data requirements. For example, Mangahas defines a decomposi-
tion of the total Gini coefficient into the sum of two terms. The first is
a weighted average of the within-group Gini coefficients. The second
term is a weighted sum (weights add to zero) of all possible Gini coef-
ficients between paired groups. The weights are functions of group size,
population size, group mean income, and total mean income. The cal-
culation of the between-group Gini coefficients requires comparable
data on the income frequency functions for each subgroup - data that
are often not available. The other decompositions are somewhat differ-
ent in purpose, but also require more data than group mean incomes,
group sizes, and within-group summary statistics.

We tend to favor using the log variance when decomposing the overall
statistic into between-group and within-group contributions. It is sen-
sitive to inequality at the low end of the distribution but is much easier
to decompose than the Gini coefficient. It is also a natural choice given
that we specify that the within-group distributions are lognormal. In
the applications in the next chapter, we also calculate the Gini coeffi-
cient as well as measures of the extent of poverty.



CHAPTER 13

External shocks, trade adjustment policies, and
the distribution of income in three archetype
economies

13.1 Introduction

This chapter explores empirically certain distributional issues that can
be fruitfully examined within the context of a CGE model. As discussed
in Chapter 12, economy-wide models provide a useful framework to
analyze how the workings of the market mechanism, in conjunction
with public policy, determine the returns to factors of production and
the purchasing power of income. Changes in product and factor prices
brought about either by government policy or by changes in market con-
ditions alter the distribution of income among socioeconomic groups. In
turn, the attempts of different socioeconomic groups to improve their
relative position in society affects the choice of government policy. We
shall investigate quantitatively the links among trade policy, economic
structure, and the distribution of income both to socioeconomic groups
and to individuals.

The application in this chapter departs from earlier ones in two
important respects. First, although the model structure remains funda-
mentally the same as that described in Chapters 5 to 7, considerably
more attention is devoted here to the factor markets and to differences
in consumption patterns among demanders. There are more labor cat-
egories and, in addition, there is some experimentation with alternative
specifications of the labor market. On the consumption side, a different
demand system is implemented, which allows for cross-price effects and
also differs by socioeconomic groups.

The second important point of departure concerns the application
itself. Rather than basing the model on the historical, political, and eco-
nomic circumstances in a particular country, we have sought to inves-
tigate how a common external shock and trade policy response might
have different effects in alternative environments. We create three rep-
resentative, or archetype, economies and subject them to the same set of
policy reactions to an identical external shock. To keep the analysis and
interpretation of results manageable, we emphasize distinguishing char-
acteristics of our archetype economies and make them quite similar in

432
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other nonessential aspects. How the data sets are constructed is
described in Methodological Appendix A.

The approach followed here has some important implications for the
analysis of development policy. First, it provides limited, but systematic,
evidence of the extent to which differences in resource endowments and
initial conditions reflected in differing economic structures affect the
impact of a given economic policy. For instance, is an adverse movement
in foreign terms of trade likely to affect more adversely a closed or an
open economy and, if the economy is open, will it require a greater
adjustment if it is a manufacturing exporter or if it is a primary
exporter? One can also investigate whether, in different economic envi-
ronments, similar or different policies are preferable from the point of
view of their impact on the distribution of income.

A second interesting set of questions relates to political economy
issues. By investigating the effects of policies on the distribution of
income across a typology of countries, one can draw inferences about
the likely course of action policy makers will take on the basis of pres-
sures from the most influential groups in society. In a primary exporting
economy, for example, how the income of large landowners is affected
may be more important than in an economy that exports manufactures,
where instead the impact on industrialists may well determine the polit-
ical feasibility of a particular policy choice.

The next section considers recent external shocks that have had, and
will continue to have, an important impact on the growth prospects of
developing countries. The need to adjust to these shocks and the diffi-
culty of accomplishing that adjustment because of structural rigidities
are also discussed. Section 13.3 describes the archetype economies cho-
sen for the analysis, along with the selected set of experiments. The
following two sections describe the impact of alternative adjustment
mechanisms on the distribution of income in each economy and contrast
the effects of each policy response across the three representative econ-
omies. Section 13.6 discusses how the economic and political struggle
between socioeconomic groups is likely to influence policy selection.
Conclusions follow in Section 13.7.

13.2 External shocks and macroeconomic adjustment

Changes in the international economy in the decade of the 1970s have
resulted in great structural changes in developing and developed coun-
tries. In the two decades before 1973, world trade grew at an unprece-
dented rate of 8 percent a year. Since 1973, the rate of growth has
halved (Lewis, 1980). The reasons for this decline are clearly linked to
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the shocks that have occurred in the world economy since 1973, includ-
ing the recession in developed countries.

Developing countries have been severely hurt by these events in a
number of ways. They have experienced, together with other oil-
importing countries, a substantial increase in the relative price of a cru-
cial intermediate input for which no alternatives are available in the
medium term. However, this price increase was also accompanied by an
increase in the price of other essential industrial imports, such as capital
goods, as a result of the general increase in the rate of inflation expe-
rienced by industrialized countries. Moreover, the world recession and
the restrictionist policies pursued by industrialized countries have
resulted in a decline in their foreign exchange price. Thus, the devel-
oping countries were caught between rising costs on the import side and
relative stagnation of export markets.

Whether the events of the last few years represent a major change in
the world economy such that trade will no longer be an important
"engine of growth" for developing countries is a crucial question for
policy makers. Lewis (1980) is pessimistic, whereas Balassa (1980a) is
still optimistic. In any case, the shock was severe, and developing coun-
tries were forced to attempt major adjustments in order to restore equi-
librium. The changes in relative prices that accompany such adjust-
ments affect the distribution of income in a number of important ways.
The first, and by no means least painful, adjustment requires that
aggregate expenditure be cut to reflect the fall in the foreign terms of
trade. Second, restoring equilibrium calls for expenditure switching and
a reallocation of resources among sectors.

The extent and ease with which these adjustments take place depend
on a number of factors. Above all, they depend on how the various
socioeconomic groups will react to their perceived change in relative and
absolute income. In addition, the nature and extent of disequilibrium
caused by these shocks depends very much on the structure of the econ-
omy (as we shall see). Finally, the extent to which the decline in absorp-
tion can be cushioned by timely external borrowing and by the use of
short-term stabilization policies will affect the ease with which the tran-
sition can be achieved.

To explore the range of possible adjustments, consider the standard
model with tradables and home goods. Prior to the shock, the economy
satisfies its budget constraint and is in a state of external and internal
balance. For simplicity, assume a shock consisting only of a rise in the
world price of imports, holding the price of home goods constant. The
shock reduces income, measured in terms of tradables, leading to a
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decline in income as a result of the decline in the terms of trade, the size
of which depends on the openness of the economy.

With the increase in the price of imports, consumers would attempt
to substitute home goods for tradables, creating an excess demand for
home goods. Eventually, resources would shift to increase production of
tradables. There would still, however, be macroeconomic disequilib-
rium requiring a permanent change in the real exchange rate. Achieving
such a change, however, is a difficult task for policy makers. If the price
adjustment cannot be maintained (perhaps, for example, because of
sticky real wages), the economy will eventually be forced to deflate. One
could, for instance, imagine that nominal wages rise with the price of
imports, which in turn causes the price of home goods to rise, and so
on.' The outcome then is permanent structural disequilibrium with suc-
cessive rounds of devaluation accompanied by domestic inflation. If
equilibrium is eventually reached, it is clear that both a reduction and
a switch in expenditures must be achieved if the economy is to avoid
unemployment of resources. However difficult it may be to carry out
expenditure-switching policies, thfe costs of failure can be large in mac-
roeconomic terms.

This is not to say that the distribution of income, broadly defined, is
affected only by the structural changes we have described. However, the
recent external shocks suffered by developing countries are structural
rather than monetary and, in spite of their monetary consequences, they
call for structural adjustments in the economy. It is the distributional
consequences of these structural adjustments on which we focus in this
chapter.

13.3 The three archetype economies

As discussed in Chapter 4, the pattern of growth across countries varies
greatly. An important source of the variation is the degree of openness
of the economy, which is itself influenced by country size, factor endow-
ments, and past government policies. In their work analyzing the pat-
tern of development across a large number of developing countries, Che-
nery and Syrquin constructed a typology of developing countries based
on trade orientation and related to policy choices of a country as well as
to its natural endowments. Much of our inspiration in the construction
of the three archetype economies described here comes from their work

Findlay (1 973, chap. 12) presents a similar model where home goods prices
are determined on a mark-up basis and real wages are fixed.
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and more recent work based on comparative input-output data for a
number of countries (see Chenery and Syrquin, 1975; Chenery, 1979,
chaps. 1-3; Kubo and Robinson, 1979).

The three economies are all assumed to be "semi-industrial" coun-
tries with an income per capita around $1,000 (1980 US$). Such coun-
tries are in a transitional phase, with their economic structure closer to
that of the industrialized countries than to the very poor low-income
countries, in which the overwhelming bulk of economic activity is in the
primary sector. Thus, although the different patterns of international
trade in the three countries result in considerable variation in economic
structure, they all generate well over 20 percent of GDP in the manu-
facturing sector.

Although they have quite different structures of trade, production,
and employment, we have also assumed them to be similar in a number
of other important respects. First, they are identical in size, with the
same total physical output and size of the labor force. This simplifica-
tion is particularly useful when comparing the number of people in pov-
erty and various other macroeconomic changes. Second, they share vir-
tually the same technology.2 This assumption is common in cross-
country analysis where universal access to a common technology is often
assumed. The input-output coefficients differ very little across the three
countries, the capital structure (S) matrices are identical, and sectoral
capital-output ratios are the same. We do assume different labor
endowments by skill categories, which implies that labor-output and
hence capital-labor ratios differ.

The final area in which we have imposed uniformity across the
archetypes relates to the choice of parameters describing consumer and
producer responses to relative price changes. Trade elasticities, elastic-
ities of substitution in production, and income and price elasticities of
demand for consumption by socioeconomic groups are the same. Each
socioeconomic group makes expenditure decisions according to the lin-
ear expenditure system (LES). The parameters of the LES vary across
socioeconomic groups, but are the same for a given type of group across
countries.3 To simplify further, production functions are assumed to be
Cobb-Douglas in capital and labor, with fixed input-output coefficients
for intermediate inputs. Finally, the log variances describing the distri-
bution of income within socioeconomic groups are the same for a given
socioeconomic group in all three archetype economies.

The model has eight sectors. The primary sector (1) includes agri-

2 For a discussion of how this was done, see Methodological Appendix A.
' See Methodological Appendix A for a description of the expenditure system.
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Table 13.1. Socioeconomic classification of individuals

Sectors of Within-group
Type activity Income source log variance

Farmers l Wages + profits' 0.50
Marginal laborers 1-8 Wages 0.20
Industrial laborers 2-7 Wages 0.40
Service-sector laborers 8 Wages 0.25
Agricultural capitalists I Profits' 0.60
Industrial capitalists 2-7 Profits 0.60
Service-sector capitalists 8 Profits 0.50

a 25% of agricultural profits go to farmers, the rest to agricultural capitalists.

culture and mining, whereas the food sector (2) includes processing and
manufacturing of food, beverages, and tobacco. Consumer goods (3)
might also be called "light" industry and does involve some vertical
aggregations, for example, textiles and clothing, wood and wood prod-
ucts. Intermediates (4) and capital goods (5) are demanded only by pro-
ducers, whereas construction (6) is a pure investment good. Social over-
head (7) includes utilities, transportation, and housing. Services (8)
includes retail and wholesale trade, government services, banking,
insurance, and so on. Furthermore, we assume that sectors 6-8 are pure
nontraded sectors and that all government noninvestment expenditure
is concentrated in services.

The discussion in Chapter 12 indicated how difficult it is to come up
with a satisfactory definition of socioeconomic groups that is useful both
for economic and political analysis and is also closely related to the vari-
ables generated endogenously by a CGE model. The socioeconomic clas-
sification described in Table 12.2 is one such compromise, which we
have adapted for this application. Table 13.1 summarizes the socioeco-
nomic classification of households, the sectors from which their income
is derived, and whether that income is wage or profit income. Finally,
it provides the assumed within-group log variance of the distribution of
income within each socioeconomic group.4

By "farmers" we mean agricultural workers and small landowners
or "minifundistas" who own a plot of land that provides enough income
to support a family. What distinguishes them from marginal labor,

See Section 12.4 for a discussion of the technique of generating the overall
distribution by numerically aggregating different within-group distributions.
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besides their slightly higher income, is that they are tied to the land and
earn, in addition to their wage income, a share of agricultural profits.
Because there is considerable variation in the size and quality of land
owned by small farmers, we have assumed that this group has a fairly
high within-group log variance. By contrast, marginal or mobile
labor - the only group that is mobile across all sectors - is fairly homo-
geneous. With an income a shade above half of the economy-wide mean
income, they are the largest and poorest group in society, and their
income is fairly equally distributed. Industrial laborers, or organized
labor, are employed only in the manufacturing sectors. The smallest
wage-earning group in society, they are fairly disparate in composition
and include white-collar workers, clerical workers, technicians, and
engineers. Their income is about 1.5 times that of marginal labor. Ser-
vice-sector laborers include government workers and, finally, we have
the three capitalist groups, who get their income from profits. Their
number is fixed exogenously, with the income of industrial capitalists
about ten times the economy-wide mean income and about 30 percent
above that of agricultural capitalists. Service-sector capitalists include a
large group of self-employed (such as retail traders, etc.) and have an
income about five times the mean income.5

These groups whose incomes are determined by the model represent
the minimum necessary to capture the diversity of socioeconomic groups
found in semi-industrial countries. Clearly there is a considerable range
of variation in mean income and, at this level of aggregation, a consid-
erable degree of heterogeneity within socioeconomic groups. The coun-
tries are characterized by a fairly high degree of inequality, with Gini
coefficients of approximately 0.50 (or overall log variance of 0.60).6
About 45 percent of the overall log variance is due to between-group
variation and corresponds to that part of total inequality which is endog-
enous to the model.

We now come to the distinguishing characteristics built into the pro-
duction side of the three archetype economies. The distinctions intro-
duced into the otherwise similar structures fall under three categories.
First, the economies are distinguished by their volume of trade. Two of
the economies are open in the sense that the volume of exports as a

Group and economy-wide mean incomes in the base run are given in Table
13.9.

6 Gini coefficients of this magnitude are higher than those reported for Asian
countries, where the distribution of land is fairly equal, but lower than those
of most Latin American countries. See Jain (1975).
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proportion of gross output is large (10 percent). Second, they are distin-
guished by their structure of production and trade. Of the two open
economies, one is a primary exporter and the other is a manufacturing
exporter. Accordingly, the structure of production is biased toward the
primary sector in the first and toward manufacturing in the second. The
third distinguishing characteristic, which provides the basis for the
structural differences, are variations in factor endowments, tariffs, and
subsidies that are assumed to account for the differences in production
and trade structures among the three economies.

There are thus three archetype economies: primary exporter (PE),
manufacturing exporter (ME), and closed economy (CL).7 They differ
in sectoral structure of production, employment, and capital; volume of
trade; sectoral composition of exports and imports; skill composition of
the labor force; and past trade policies as reflected in different sets of
tariffs and subsidies. These differences are summarized in Tables 13.2
to 13.4.

Table 13.2 compares the structure of production and trade in the base
run (prior to any shock) across the three archetypes. All of the variation
in structure comes from the relative sizes of the industrial and primary
sectors, and from variations within the manufacturing sector itself.

The PE economy, with a larger primary sector (and hence a smaller
manufacturing sector), has a distinctively different gross output struc-
ture. The difference between the CL and ME structures are less pro-
nounced, although the ME economy has a much larger consumer goods
sector, which provides its main source of foreign exchange, whereas the
CL economy has larger primary and food sectors to assure self-
sufficiency.

The overall export and import ratios (see also Table 13.3) indicate
the sharp differences in volume of trade between the closed and open
economies. Note that with world prices exogenous and equal to unity,
the foreign capital inflow is the same for all three economies and is
maintained at its base-run level throughout the experiments. The vari-
ation in exports and imports is obvious even at the three-sector level of
aggregation. The PE and ME economies have opposite structures and
the CL economy resembles the PE economy on the importing side,
whereas on the export side it has a balanced structure with half of its
exports originating from the primary sector. Within the manufacturing

7 Note that the structure of imports describing the closed economy in Table
13.2 corresponds more closely to that found in countries such as Mexico and
Turkey than to that prevailing in larger countries such as Brazil or India.



Table 13.2. Three archetype economies: structure of production and trade in the base run (%)

Gross production Imports Exports

Sectors CL PE ME CL PE ME CL PE ME

Primary (1) 20.7 27.2 19.6 6.6 8.7 17.3 48.2 80.9 9.9

Food (2) 13.4 11.5 12.0 4.0 13.4 14.2 12.8 4.5 6.2

Consumer (3) 11.7 9.2 14.4 5.0 12.9 7.4 22.5 9.3 52.9

Intermediate (4) 11.6 9.1 11.1 51.2 34.4 36.8 13.9 4.5 23.2

Capital goods (5) 5.4 3.9 4.9 33.2 30.6 24.3 2.6 0.8 7.8

Construction (6) 5.8 7.0 6.9 - - - - -

Social overhead (7) 8.9 10.2 9.7 - -

Services (8) 22.5 21.9 21.4 - - - - - -

Aggregates
Primary (1) 20.7 27.2 19.6 6.6 8.7 17.3 48.2 80.9 9.9

Industry (2-7) 56.8 50.9 59.0 93.4 91.3 82.7 51.8 19.1 90.1

Services (8) 22.5 21.9 21.4 - - - - - -

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Ratio to GDP 175.3 150.3 159.5 11.2 18.7 19.0 7.4 15.2 15.5
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sector, note that the CL economy is almost as dependent on imports of
intermediates and capital goods as the other economies.'

Table 13.3 provides information on the sectoral trade orientation of
the three archetype economies. It is crucial for understanding how the
common external shock gets transmitted across sectors and across arche-
types. We have already examined the sectoral classification of sectors
according to their degree of tradability in the earlier applications, so
suffice it to note again that although there are three pure nontraded
sectors in each economy, these are among the most import-dependent
sectors because of the high import content in total intermediate inputs.

The final distinction among the three archetypes relates to factor
endowments, which are given in Table 13.4. All three economies have
a total labor force of 10 million. As one would expect on the basis of the
factor endowment theory of international trade, the pattern of trade is
closely related to each archetype's factor endowments. Thus the PE
economy has the largest supply of farmers, whereas the ME economy
has the greatest supply of marginal labor and especially of organized
labor, which are used intensively in the manufacturing sector. As is the
case with most other indicators, the CL economy, which has the most
balanced trade and production structures, has a pattern of factor endow-
ments in between those of the two open economies.

13.4 The macroeconomic impact of an external
shock

The external shock we impose on each of the archetype economies has
two components. On the import side, the exogenous world prices of
imports are raised by 25 percent across the board. On the export side,
the volume of exports is lowered by 25 percent in all sectors.9 World
prices of exports, however, remain fixed. This experiment is intended

8 Accompanying, and responsible for, this foreign trade structure are the fol-
lowing trade incentives: tariffs of 25%, 35%, and 20% for consumer goods,
intermediates, and capital goods for ME and PE; 15% across-the-board
export subsidies for PE and 75% export subsidies for manufacturing in ME;
no export subsidies for CL and the following tariffs: consumer goods (75%),
intermediates (75%), and capital goods (20%). All three economies have the
following trade substitution elasticities: primary (3.0), food (1.5), consumer
goods (1.25), intermediates (0.75), capital goods (0.25).
In the model, it is convenient to cut exports by lowering all the sectoral
export supply ratios (see Table 13.3). This, however, does permit a slight
export supply response through changes in the sectoral composition and level
of output. In the experiments, this effect is very small.



Table 13.3. Three archetype economies: sectoral trade ratios in the base run (%)

Imported inputs/total Exports/domestic
Imports/domestic supply' intermediate inputs production

Sector CL PE ME CL PE ME CL PE ME

Primary 2.3 5.7 11.0 9.7 13.7 14.7 9.8 30.3 4.9
Food 2.0 15.1 14.8 6.1 9.9 12.2 4.0 4.0 5.0
Consumer 3.0 19.2 9.5 12.0 19.2 15.7 8.1 10.2 35.7
Intermediates 29.8 49.3 49.2 17.1 25.1 23.5 5.0 5.1 20.2
Capital goods 39.8 98.8 69.2 28.0 38.5 32.2 2.0 2.0 15.4
Construction - - - 24.8 30.9 27.3 - - -
Social overhead - 25.1 31.6 27.4 - - -
Services - - - 17.0 20.5 17.8 - - -

Average 6.7 13.8 13.2 15.8 20.7 19.5 4.2 10.2 9.7

a Domestic supply domestic production - exports.
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Table 13.4. Three archetype economies:
composition of the labor force (%)

CL PE ME

Farmers 30 40 25
Marginal laborers 30 27 33
Organized labor 10 9 15
Service-sector labor 30 24 27
Total 100 100 100

to capture the essence of the events that occurred in the second half of
the seventies. First, the increase in the purchase price of developing
countries' imports spurred by the rise in energy prices and compounded
by the inflationary situation that developed in the industrialized coun-
tries; second, the world recession that led to restrictionist policies in
industrialized countries (including quantitative restrictions) and to a
relative decline in world trade. We have deliberately chosen to ignore
any additional terms-of-trade losses that occurred because developing
countries face downward-sloping demand curves for their exports.
Rather, we have emphasized the effects associated with export quantity
restrictions coupled with an exogenous change in the foreign terms of
trade.

In selecting the external shock we have tried to facilitate the compar-
ison across archetypes by the following simplifications. First, combining
equal across-the-board rises in import prices with equal across-the-
board reductions in export volumes yields an undifferentiated external
shock for all three economies so that the impact effect depends only on
the total volume of trade in the economy. Second, by fixing the world
price of exports, the decline in the foreign terms of trade is the same for
all three economies so that the resulting income loss depends on the ini-
tial volume of trade and not on its composition.

To study the interactions between adjustment policies and the distri-
bution of income, we compare the following three adjustment policies:
devaluation, premium rationing, and premium rationing with a fixed
real wage for marginal labor. There are important political as well as
economic differences among the three adjustment mechanisms. A policy
of devaluation, because of its fairly even spread across sectors, could be
viewed as a political compromise reflecting some minimal degree of con-
sensus among socioeconomic groups. A policy of granting import licen-
ses giving rise to premia reflects a situation where political power is
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concentrated in the hands of capitalists and would accentuate income
concentration. Finally, a policy of premia on imports coupled with fixed
real wages for marginal or mobile labor reflects a situation where no
socioeconomic group is firmly in control of policy making. Businessmen
manage to appropriate the premia associated with a system of import
control by licensing but, on the other hand, workers are sufficiently well
organized to prevent a fall in real wages.

What, then, is the macroeconomic impact of alternative adjustments
to the external shock? Table 13.5 contrasts the magnitudes of changes
in the major components of GDP at constant prices across the three
countries for each of the alternative adjustment mechanisms. Consider
first the case of devaluation. At constant prices, the fall in real GDP
ranges between 3.7 percent for CL to 2.3 percent for PE. At first sight,
this result seems counterintuitive, because the economy that trades the
least is the most severely affected. The result is due to the different
structures of production and trade in the three economies. The CL econ-
omy has the highest ratio of intermediate input requirements to total
production and, moreover, its imports are concentrated in the interme-
diate sector with a low trade-substitution elasticity. After the shock, the
ratio of the value of intermediate inputs (both domestic and imported)
to total absorption rises the most in the CL economy (up 4.9 percentage
points compared to 4.2 and 2.9 for the PE and ME economies). The
result is that the adjustment is much more painful for CL than for the
other two economies. The required devaluation in the open economies
is around 35 percent, whereas in the closed economy it is over 60
percent.

With a real GDP loss of 3.2 percent, the ME economy is hit harder
than the PE economy. The reason is that the latter has a production
structure biased toward the primary sector, which, next to food, is the
least import-dependent sector in the economy. Although the ratio of
imported to total intermediate inputs is about the same in the PE econ-
omy, the ratio of total intermediate inputs to total production is lower.
The PE economy thus depends less on imported goods to maintain pro-
duction levels.

It is also interesting to compare how the major final demand aggre-
gates are affected by the shock. Private consumption falls the least in
the PE economy, which is what one would expect because agricultural
and food exports are now supplied to the domestic market, dampening
the cut in aggregate consumption expenditure. With a 7.5 percent
decline, the fall in private consumption expenditures is highest in the
ME economy, which has to bear the brunt of higher prices for food
imports. Government consumption rises by approximately 10 percent



Table 13.5. The macroeconomzc impact of the external shock

Experiment

Premium rationing with fixed
Devaluation Premium rationing real wage

CL PE ME CL PE ME CL PE ME

Change from base run
GDP -3.7 -2.3 -3.2 -3.3 -2.0 -3.2 -4.9 -2.9 -6.5
Private consumption -7.7 -4.2 -7.5 -4.4 -4.0 -6.6 -5.7 -5.0 -10.4
Government consumption 11.6 9.3 8.8 5.3 10.7 7.4 5.3 10.7 7.4
Investment -12.8 -16.7 -7.1 -18.3 -16.7 -9.5 -19.3 -17.4 -12.7
Exports -23.8 -22.8 -27.8 -23.8 -23.8 -28.9 -26.2 -23.8 -33.0
Imports -32.9 -35.5 -37.8 -32.8 -35.5 -39.5 -34.4 -36.3 -41.2
Exchange rate 62.0 37.4 33.9 0.0 0.0 0.0 0.0 0.0 0.0

Selected ratios (No)
Unemployment rate - - - 3.6 1.6 7.1
Premiumii rate - - - 86.8 51.0 42.7 84.1 50.4 41.6
Total premia/GDP - - 9.2 8.3 6.6 9.0 8.2 6.5

a All variables are real, except the exchange rate.
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across all three economies, largely because government domestic cur-
rency revenues from tariffs increase both because they are levied on
higher foreign prices and because the currency has devalued.

Under devaluation, the differences in adjustments among countries
are not great for exports and imports, but they are quite significant for
investment. In the model, fixed savings rates are assumed for the gov-
ernment and for each socioeconomic group, which implies that the
model is "savings driven." Foreign capital inflows are assumed to be
part of savings. To understand why real investment falls by more than
16 percent in PE but by only 7 percent in ME, we need more infor-
mation about the composition of investment and the sources of savings.
First, note that one expects to find variations in relative prices and,
hence, differences in the prices of capital goods. The same nominal
investment will, after the shock, yield different real investment. As can
be seen from Table 13.6, the investment goods price deflator varies
widely across the three economies, changing least for the ME economy
(because of the increased availability of capital goods on the domestic
market).

There is also a second effect, which can be seen by examining the
composition of savings (in current prices) provided in Table 13.6. The
trade deficit, measured in world prices, is identical and remains fixed
across the three economies and also is assumed to be part of saving. For
further details, see Methodological Appendix A. But this saving takes
place in domestic prices and hence varies with devaluation. The foreign
component of domestic savings - 22 percent in the base run - rises dra-
matically across all three economies with devaluation. And of course it
rises most in CL, where devaluation is greatest. Thus real investment
falls less in CL than in PE, even though both economies experience
essentially the same rise in capital goods prices.'"

Whether and to what extent foreign capital inflows are channeled
into investment is an issue that has often been debated in the literature.
After having been much discussed in the context of two-gap models, the
issue has resurfaced in the debate on the role of alternative closure rules
on the distribution of income (see Papenek, 1972; Bhagwati and Gri-
nols, 1975; and Chapter 12). As we have already noted in Chapter 12,
how investment is determined may have a significant impact on the dis-
tribution of income. For example, had real investment been fixed, with
increases in the prices of capital goods ranging from 6 to 19 percent,

i0 This effect, often referred to as the Hirschman (1948) effect, has been noted
and investigated in the context of developing countries by, among others,
Cooper (1971) and Krugman and Taylor (1978).



Table 13.6. Volume and composition of investment

Ratios to base run (%)

Premium rationing
Base-run values a Devaluation Premium rationing with fixed real wage

CL PE ME CL PE ME CL PE ME CL PE ME

Foreign savings 22.0 22.0 22.0 159 141 136 100 100 100 100 100 100
Labor savings 20.0 23.0 21.0 80 87 90 80 83 86 80 83 81
Capitalist savings 38.0 49.0 30.0 82 88 87 103 102 97 100 102 93
Government 28.0 37.0 53.0 100 100 91 96 108 94 96 108 92
Total 108.0 132.0 126.0 103 99 98 96 100 94 95 99 92
Investment goods price

deflator 100 100 100 118 119 106 118 120 104 118 120 105

aNominal savings.
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there would have been significant forced savings, which might have
worsened the distribution of income depending on the nature of the
forced-savings mechanism assumed.

Because exports are essentially fixed, the main difference between
adjustment by devaluation and adjustment by premium rationing is the
income transfer to capitalists. Also, devaluation has no inherent effi-
ciency advantage over a uniform import premium. In other experiments
not reported here, we allowed an export response to the policy shock by
specifying logistic export functions (described in Chapter 7). When
compared with adjustment by premium rationing, devaluation is more
attractive in the case where some export response is allowed than in the
version adopted here.

Many of the differences in the pattern of adjustment among the three
economies remain when adjustment takes place by premium rationing.
It is interesting, however, to note that the GDP loss is slightly less than
in the case of devaluation for two economies, CL and PE. This effect
is due largely to the distortion-removing effect of adding premia to tar-
iffs. Thus CL and PE, which have the most uneven tariff structures,
end up with tariff structures that are much more uniform as a result of
the imposition of premia." Also note that the pattern of changes in real
investment is now almost entirely accounted for by the differential
impact of the shock on capital good prices.

Premium payments as a percent of GDP range from 6.6 percent for
ME to 9.2 percent for CL. The potential rents accruing to the private
sector from a system of licenses can therefore be enormous, and it is no
surprise that it is important what method of adjustment is used.
Although more sensitivity analysis would be needed before one could
establish a correspondence between devaluation and associated premia,
these results are consistent with the often-made observation that huge
rents are commonplace in economies that choose to maintain external
balance with a system of import controls.'2

Finally, we come to adjustment by premia combined with fixed real

See Johnson (1960) for an analysis of the welfare effects of tariffs that takes
into account the variance of tariffs across sectors.

12 Note that the premium rate is higher than the devaluation rate even though
the composition and volume of imports and exports are similar. This is
entirely hecause of the normalization rule, which maintains a weighted sum
of composite prices constant. Thus the domestic currency price of exports
does not rise in the case of premia rationing, whereas it does in the case of
devaluation. It follows that, to maintain the same price level, the domestic
price of imports must rise more with premium adjustment, because domestic
prices do not rise as much.
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wages. The fall in GDP due to the contractionary impact of the external
shock is exacerbated by induced unemployment ranging from 1.6 per-
cent for PE to 7.1 percent for ME. As a result, GDP falls substantially
more, except in the primary exporter. The PE economy is least affected
for two reasons. First, the cost of living rises less in the economies that
export rather than import food. This effect is important, because the
weight of food in the consumer basket of marginal labor is about 60
percent. Second, the PE economy has the smallest supply of marginal
labor (see Table 13.4), so that, other things being equal, aggregate
employment will not fall as much.

It is important to note that if we had instead made the short-run
assumption that nominal rather than real wages remain fixed, the
impact of adjustment on the distribution of income would have been
quite different. Indeed, with real wages falling, the demand for labor
would have increased. Such an assumption is not justified in a medium-
term model and, in any case, would require an analysis of inflationary
mechanisms that is beyond the scope of the present analysis.

13.5 Policy choice and the distribution of income

The impact of the external shock results in a decline in real income and
the extent of that decline depends on the choice of adjustment policy. In
addition, the composition of imports determines to a large extent
whether the burden of adjustment falls on consumption or on invest-
ment. Thus, for the ME economy, which is a food importer, the con-
sumption loss tends to be high. For the CL and PE economies, which
import capital goods, the decline in GDP falls most heavily on invest-
ment. The rate of real investment, which is around 20 percent of GDP
in the base run for the three economies, falls to 17 percent in both the
CL and PE economies.

In addition to variations in real investment, the different policy
adjustments have important variations in incidence among socioeco-
nomic groups. Which groups bear the brunt of adjustment across the
three economies, and is it the same groups that lose the most under both
devaluation and premium rationing? Can any group benefit in absolute
terms and experience a rise in real income? We explore these questions
in this section.

Before examining the magnitudes of distributional shifts, it is useful
to review the various mechanisms whereby the external shock affects
the distribution of earned income. First, on the supply side, the change
in relative net prices affects the distribution of value added between sec-
tors and, within sectors, the distribution of value added between wages
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and rents. These shifts determine, after taxes, the distribution of earned
nominal income among the socioeconomic groups. Second, the distri-
bution of income is affected by differential changes in the cost of living
across groups. The relevant prices are those of composite goods (which
include imports). Third, the distribution of income is affected by trans-
fers, which here arise from the distribution of import licenses and hence
premia.

Consider first the distributional shifts associated with changes in net
prices. As a first approximation, divide the economy into two sectors,
agriculture and manufacturing, and assume that labor is perfectly
mobile between them whereas capital is immobile. Furthermore,
assume a fixed wage differential CD between agriculture (A) and man-
ufacturing (M). In Figure 13.1, OAOM represents the total labor force
in the economy, the vertical axes measure the wage of labor in the two
sectors, and the two curves indicate the marginal revenue product of
labor. Prior to the shock, the equilibrium distribution of the labor force
is given by L0 with labor income given by the sum of the two rectangles
under wage lines W° and WOM, and capitalists' income given by the
triangular region between the wage lines and the respective marginal
revenue product (MRP) curves.

Now suppose that the external shock raises the net price agricultural
terms of trade to PN', thereby shifting the VMP curve in agriculture.
Clearly, capitalists in the manufacturing sector lose. On the other hand,
the per-unit rents of capitalists in agriculture rise by more than the per-
centage increase in the agricultural net price."3 Finally, the increase in
the wage rate (WO to Wt) is less than the increase in the agricultural
net price terms of trade, so labor gains in terms of manufacturing but
loses in terms of agriculture. Hence, to determine what happens to
labor's real income, we must consider its cost of living.

As can be seen from Figure 13.1, the magnitude of income changes
depends on the elasticity of substitution between labor and capital (a)
in the two sectors and on the intensity with which the two factors are
used in both sectors. A large value for CA combined with a small value
for aM and/or a high labor share in agriculture and a low labor share
in manufacturing would lead to a flat MRPA and to a steep MRPM
curve, which in turn would imply that labor's income in terms of agri-
culture would rise. Because we assume the same (unitary) elasticities of

13 Because the percent increase in net price is the weighted sum of the percent
increase in the wage rate (which is less than the increase in the price) and
rate of return to capital. For a discussion of this magnification effect, and of
the importance of factor specificity, see Mussa (1974).
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Figure 13.1. Factor mobility and the distribution of income.

substitution between capital and labor across all sectors, it is only dif-
ferences in labor intensity between sectors that influence the distribu-
tional outcome. Introducing organized labor, which is mobile within
manufacturing, does not alter the above mechanisms except that they
share the manufacturing capitalists' losses, the extent of sharing being
inversely related to the elasticity of substitution between the two labor
categories (again assumed for simplicity to be everywhere unity).

Table 13.7 compares the impact of the external shock on selected rel-
ative price indices for the three economies. Regardless of the selected
adjustment mechanism, the foreign terms of trade is assumed to rise by
25 percent. The impact on the net price agricultural terms of trade
shows considerable variation across economies and adjustment mecha-
nisms. Under devaluation, it rises substantially in the ME economy (41
percent), which must replace agricultural products that were previously
imported. There is no change for the PE economy, whereas there is a
5 percent fall in the CL economy caused by the increased intermediate
input costs in agriculture, which have a high import cost component.
The composite price agricultural terms of trade, which are important
in determining real income, follow the opposite course of the capital
goods price deflator. This movement explains why real consumption
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Table 13.7. The impact of the external shock on selected relative price indices (ratios
to base run, %)

Experiment

Premium rationing
with fixed real

Devaluation Premium rationing wages

CL PE ME CL PE ME CL PE ME

Foreign TOT' 125 125 125 125 125 125 125 125 125
Net price

agricultural
TOT 95 100 141 87 78 137 83 76 127

Composite price
agricultural
TOT 74 71 117 74 64 111 72 63 106

'TOT = terms of trade.

falls so much in the ME economy. With premium rationing, there is an
income transfer to capitalists, whose expenditure shares on agricultural-
based products are lowest, so that both price indices rise less for the ME
economy and fall more for the PE and CL economies. On the basis of
an examination of price indices, one would conjecture that the distri-
butional shifts will be most pronounced in the ME economy.

Although there is much variation in shifts in price indices, which con-
tribute to shifts in the functional distribution of earned income, relative
shifts in cost of living indices among socioeconomic groups are equally
important in determining changes in real incomes. Table 13.8 provides
ratios of cost-of-living indices to their values in the base run for each
socioeconomic group. The spread across groups is quite wide. Thus, for
instance, the cost of living of farmers in the ME economy rises by 3
percentage points with devaluation, whereas that of capitalists falls by
9 percentage points.

Table 13.9 provides the group mean real incomes in the base run
together with the percent changes from the values in the base run. It
thus indicates which groups gain or lose in absolute terms. Table 13.10
provides information on the relative distribution of income by giving
changes in group shares in total income. It is noteworthy that some
groups gain in absolute terms after the external shock in spite of the
sizable fall in the economy-wide mean income. Some striking patterns
emerge: For the manufacturing exporter, regardless of the adjustment
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Table 13.8. Cost-of-living indices (ratios to the base run, No)

Experiment

Premium
Premium rationing with

Devaluation rationing fixed real wages

CL PE ME CL PE ME CL PE ME

Farmers 84 86 103 85 83 102 85 83 100
Marginal laborers 86 89 100 87 87 99 87 87 99
Organized labor 88 93 96 90 92 96 90 92 97
Service-sector labor 87 92 99 88 90 98 88 90 99
Agricultural capital 90 95 92 92 95 93 92 96 94
Industrial capital 90 95 91 92 96 93 92 96 94
Service-sector capital 90 95 91 92 96 93 92 96 94
Total 88 91 97 89 90 97 89 90 97

mechanism, farmers and agricultural capitalists always gain in absolute
terms relative to the base run. In the other two economies, no group
gains significantly when adjustment is by devaluation.14 However, when
there is adjustment by premium rationing, industrial capitalists gain
absolutely along with service-sector capitalists and, to a lesser extent,
service-sector labor.

What emerges from these figures is that, starting from a reasonable
spread in mean incomes among groups in the base run (see Table 13.9,
columns 1-3), the distribution of premia, amounting to close to 10 per-
cent of GDP, raises the mean income of some recipient groups by up to
25 percent. No wonder that the choice of policy instrument is such a
politically sensitive topic.

Consider, for example, service-sector capitalists. They are the largest
and least well off of the capitalist groups. With adjustment by deval-
uation, even their relative position in society is likely to deteriorate as
a result of the increase in the relative price of traded goods. However,
when they receive the premia associated with the licenses they are
granted for importing consumer goods, their mean income rises by
almost 10 percent in the PE economy and by 7 percent in the CL econ-
omy. But in the ME economy, where import substitution in the primary
sector is assumed achievable in the medium run, farmers and agricul-

14 The only exception is the 0.7 % increase for farmers in the PE economy.



Table 13.9. Group mean real incomes

Change from base run (%)

Values: base run Devaluation Premium rationing Premium rationingValues, ~~~~~~~~~~~~~~~~~~~~~with fixed real wages'

CL PE ME CL PE ME CL PE ME CL PE ME

Farmers 2.5 2.9 2.9 -6.9 0.7 12.3 -13.5 -16.0 8.1 -16.7 -17.7 1.8
Marginal labor 2.3 3.2 2.6 -8.2 -1.9 -16.4 -9.9 -4.4 -20.6 -4.3 -1.0 -13.0
Organized labor 4.1 5.3 4.4 -7.2 -2.1 -17.0 -11.6 -3.6 -26.2 -10.4 -3.2 -26.9
Service-sector labor 3.2 3.7 3.2 -2.2 -7.0 -21.6 0.6 4.1 -15.9 -1.6 2.2 -20.0
Agricultural capital 31.7 40.5 37.1 -13.3 -7.9 26.8 -15.6 -21.2 22.8 -19.7 -23.1 13.9
Industrial capital 46.1 55.0 50.1 -11.8 -6.7 -13.3 23.7 24.4 -2.1 23.3 24.3 -3.8
Service-sector capital 23.1 28.3 25.9 -5.8 -13.0 -14.7 7.1 9.8 -1.0 3.9 7.0 -6.0

Mean income 4.1 5.1 4.7 -7.5 -4.7 -7.4 -3.4 -4.1 -6.4 -5.3 -5.3 -10.0

'Unemployed marginal labor has mean incomes of 1.2, 1.6, and 1.3 for CL, PE, and ME economies. Their mean income is assumed to be 0.5 that of employed
marginal labor.



Table 13.10. Group shares in total income

Change from base run(%)

Premium rationing with
Shares: base run Devaluation Premium rationing fixed real wages

CL PE ME CL PE ME CL PE ME CL PE ME

Farmers 17.0 21.8 14.4 0.1 1.3 3.1 -1.8r -2.6 2.2 -2.1 -2.8 1.9

Marginal labor 16.1 15.9 17.5 -0.2 0.4 -1.7 -1.1 -0.1 -2.6 -1.9 -0.5 -4.4

Unemployed - - - - 1.1 0.6 2.2

Organized labor 9.4 8.9 13.2 0.0 0.2 -1.0 -0.8 0.0 -2.8 -0.5 0.2 -2.5

Service-sector labor 21.8 16.5 17.5 1.3 -0.4 -2.7 0.9 1.4 -1.8 0.8 1.3 -1.9

Agricultural capital 13.7 17.8 11.7 -0.9 -0.6 4.3 -1.7 -3.2 3.7 -2.1 -3.4 3.1

Industrial capital 12.1 11.5 17.7 -0.5 -0.2 -1.1 3.4 3.4 0.8 3.7 3.6 1.2

Service-sector capital 9.9 7.6 8.0 0.2 -0.7 -0.6 1.1 1.1 0.5 1.0 1.0 0.4

All capital 35.7 36.9 37.4 -1.2 -1.5 2.6 2.8 1.3 5.0 2.6 1.2 4.7

Total 100.0 100.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Gini coefficient 0.51 0.52 0.52 -0.01 -0.01 0.02 0.02 0.01 0.03 0.02 0.01 0.03

Theil index 0.59 0.62 0.63 -0.02 -0.03 0.07 0.07 0.04 0.12 0.07 0.04 0.11
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tural capitalists appropriate these rents through higher domestic agri-
cultural prices. In that economy, service-sector capitalists gain little
from a system of import licenses, because imports of consumer goods
become effectively replaced by domestic substitutes.

Finally, one can take a more aggregate view of the distribution of
income along broad functional lines and lump all capitalists together in
one group. Table 13.10 indicates that, taken as a group, capitalists
always improve their relative position when they get premia, but in the
case of devaluation they lose. It would appear that devaluation is not a
politically easy adjustment policy to implement in a semi-industrial
country.

The relative position of marginal labor, the largest labor group in
each of the economies, declines in virtually all instances. Again, the
swing in its relative position is most pronounced in the ME economy,
where real income losses associated with increases in the cost of living
lead to a loss of 1.7 to 4.4 percentage points in total (economy-wide)
income. As is typical in developing countries, we assume that the
employed support the unemployed by direct income transfers. In the
model, this is done through transfers, so that the unemployed receive
half the mean income of the employed. Struggling to maintain real
wages leads the marginal or mobile labor group as a whole (including
the unemployed) to mitigate their relative income loss (4.4 - 2.2 = 2.2
percent loss) compared to premium rationing (2.6 percent loss). With
or without fixed real wages, the alternatives facing the poorest are
gloomy indeed.

In these experiments, aggregate measures of income inequality such
as the Gini coefficient hide more than they reveal. Even when the share
of marginal labor falls more than 4 percentage points relative to capi-
talists, the Gini coefficient never changes by more than 3 percentage
points.

More revealing from a distributional standpoint is an analysis of the
composition of poverty. The results are given in Table 13.11, which
shows the proportion of total population in poverty, as well as the group
composition of people in poverty. The cutoff point taken here is a mean
income of 1.5 which, in the base run, implies that 14 to 21 percent of
the population is in poverty."5 Consider the ME economy: It starts out
with 15.6 percent of its population in poverty; after the adjustment,
between 21.7 percent and 25.5 percent of its population is in poverty.
Given a population of 10 million in each of the archetypes, it is easy to

15 This corresponds approximately to $300 per capita in 1980.



Table 13.11. Analysis of poverty (percent shares)

Premium rationing
Base run Devaluation Premium rationing with fixed real wages

CL PE ME CL PE ME CL PE ME CL PE ME

Group shares in poverty
Farmers 36.6 27.6 29.0 40.6 27.1 23.6 44.7 36.3 25.4 46.9 37.3 28.2
Marginal laborers 22.5 7.5 15.3 28.9 8.1 26.6 30.3 9.0 30.6 25.7 7.7 23,7
Unemployed - - - - - - - 80.9 45.9 70.1
Organized labor 10.5 4.6 8.6 12.8 5.0 14.2 14.5 5.3 18.8 14.0 5.2 19.2
Service-sector labor 10.9 6.0 15.3 11.8 7.9 21.8 10.6 5.1 18.0 11.5 5.5 20.6
Overall 21.0 14.2 15.6 24.5 14.7 21.7 25.9 17.8 23.0 27.4 18.6 25.5

Group composition of poverty population
Farmers 49.8 74.1 44.3 47.4 70.5 26.0 49.4 77.8 26.3 49.0 76.4 26.3
Marginal laborers 30.6 13.5 30.8 33.8 14.2 38.7 33.6 13.1 41.9 23.5 10.0 22.7
Unemployed - - - - - - - - - 10.6 4.5 19.5
Organized labor 4.8 2.8 7.9 5.0 2.9 9.4 5.3 2.5 11.7 4.8 2.4 10.7
Service-sector labor 14.8 9.6 17.0 13.8 12.4 25.9 11.7 6.6 20.1 12.1 6.7 20.8

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Note: Poverty is defined as an income of less than 1.5 in the base year.
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see that a large fraction of society can be adversely affected, even when
aggregate measures of the relative distribution show little variation. An
examination of the bottom half of the table indicates that there is a con-
siderable change in the group composition of the poverty population as
a result of the external shock. In the ME economy, in addition to a
greater number of people in poverty, there is a large shift in the com-
position of poverty away from the primary sector toward the urban sec-
tor. Although for all three economies there is an increase in the number
of people in poverty as a result of the deterioration in the foreign terms
of trade, the composition of poverty varies depending on the selection of
adjustment mechanism. Thus, under devaluation, the proportion of
farmers among those that are in poverty declines, whereas the opposite
occurs under premium rationing for the PE economy.

13.6 Class conflict and policy choice

The picture that emerges from comparing the impact of alternative
adjustment mechanisms on the distribution of income in different eco-
nomic environments is complex. There are certainly significant changes
in the relative distribution among socioeconomic groups, with some
groups gaining in absolute terms in spite of an overall decline in real
income as a result of the external shock. Differences in economic envi-
ronment alone suffice to make different groups gain or lose, even with
the same adjustment policy. Different adjustment policies also have
quite different effects on the distribution.

The fact that the choice of policies has a significant impact on the
distribution of income leads to a number of political questions that go
beyond the usual economic analysis of policy choice. Given the changes
in the distribution of income among socioeconomic groups induced by
both the external shock and the policy response, how is the distribution
of political power affected? How will the political struggle between the
gainers and losers decide the final choice of policy? Finally, assuming
that one can analyze how policies are selected when there are conflicting
group interests, is it likely that the same policy will be selected in dif-
ferent economic environments?

To explore these questions, we start from a number of simple
assumptions about the way the social and political systems are struc-
tured. First, assume that each group realizes how its income would be
affected under each policy regime. Second, assume that socioeconomic
groups are distinct and care only about their own interests. We thus
assume that we have partitioned the society into the important or polit-
ically relevant power groups, each pursuing its own interests with per-
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fect knowledge. Third, assume that the intensity with which any group
cares about a given policy change is measured by the relative difference
in its income between the two situations. Define Yi(P) as the mean
income of group i under policy regime P. In our experiments, P can be
the following: B (base run), D (devaluation), P (premium rationing),
and P, W (premium rationing with fixed real wage). For example, the
intensity with which group i is for (+) or against (-) devaluation com-
pared to premium rationing is a function of its relative change in income
defined by

Rj(D; P) = Yj(D) - Yo(P) (13.6.1)
Yj(B)

In order to evaluate the political feasibility of any policy choice, we
must be able to compare the gains and losses between groups according
to some measure of their relative influence or political power. Thus,
although a group may have a large gain or loss, and so care a lot about
a particular policy choice, it may have little influence and so be unable
to affect the final choice. We need some weighting scheme reflecting
relative influence to aggregate the gains and losses across different socio-
economic groups. There is certainly little agreement about how to derive
such weights, so we have specified three different schemes that are con-
sistent with different theories of the sources of political influence and
that should provide a reasonable range of values. The analysis is not
concerned with the more fundamental and difficult issues relating to the
theory of how the political process works. Rather, given a political sys-
tem, we are trying to capture in a stylized manner some of the elements
that are likely to determine the course of policy selection by those who
are already in power. The mechanisms by which political power is
exercised are not explicitly considered.

The first scheme assumes that relative influence is given by shares in
total population - "one person, one vote." The second scheme assumes
that relative influence is measured by relative shares in total income -
"one rupee, one vote." The third scheme assumes that the political sys-
tem is dominated by the economic elite and hence that the relative influ-
ence of different groups is measured by their share in the elite. In this
third case, we assume that the elite is defined as the top 5 percent of the
overall personal income distribution and that relative influence is mea-
sured by the socioeconomic composition of this group.

The first scheme is rather naive but appealing to utilitarian welfare
economists, if not to cynical political scientists. The second scheme is a
kind of "effective demand" theory of the distribution of political power,
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with groups able to buy influence in proportion to their shares in total
income. Large groups are still important, even if they have a relatively
low mean income. The third scheme is really a simple oligarchy that
corresponds reasonably well to a naive Marxist view of how a capitalist
society works. This last measure, though somewhat extreme, is intended
to provide a first approximation of how policy decisions are made in
countries where power is concentrated in the hands of the capitalist
class. 16

Table 13.12 gives the three measures of relative political influence for
the different groups in the base run. As one moves from group shares
in total population to shares in total income to shares in the elite pop-
ulation, the relative influence of capitalists increases. Of the other
groups, only organized labor essentially maintains its relative share of
political influence in all three measures. All others lose, with marginal
labor and service-sector labor having almost no representation in the
elite in spite of their large shares of the total population.

Under the three different policy regimes, population shares, of course,
do not change, but there are significant changes in the relative positions
of the different socioeconomic groups by the two other measures. Table
13.12 also gives the average of the absolute values of change in group
shares for the different archetypes and different policy regimes. Except
in the ME economy, devaluation leads to much less change in group
shares than either premium rationing or premium rationing with a
fixed real wage. The two premia policy regimes have a similar impact
on the relative position of different groups. One might argue that the
average absolute change in group shares is a rough indicator of the
extent of social and political disruption caused by a particular policy,
because socioeconomic groups can be expected to resist any change in
their relative power in the polity. Thus, in the CL and PE economies,
devaluation is the policy regime that is the least disruptive of the existing
political order. Whether this fact makes devaluation more or less desir-
able is a question that cannot be answered without considering the
desirability of the existing order, an analysis well beyond our scope.'2

Given the "political influence" shares in Table 13.12 and the infor-

6 Note that the choice of the top 5% of the overall distribution is completely
arbitrary. In general, the smaller the elite, the more relative political power
is ascribed to capitalists. Given the way we generate the overall distribution,
it is a simple matter computationally to change the definition of the elite.
See Chapter 12 for further discussion of the technique.

7 There is an active literature in political science analyzing the political strains
that accompany economic development. For an entry into this literature, see
Huntington and Nelson (1976).



Table 13.12. Measures of the distribution of political power

Base-run shares (%) in:

Total population Total income Economic elite'

Groups CL PE ME CL PE ME CL PE ME

Farmers 28.6 38.1 23.8 17.0 21.8 14.4 6.5 7.1 5.8
Marginal labor and unemployed 28.6 25.7 31.5 16.1 15.9 17.5 0.2 0.3 0.2
Organized labor 9.5 8.6 14.3 9.4 8.9 13.2 8.9 9.0 11.1
Service-sector labor 28.6 22.9 25.7 21.8 16.5 17.5 3.8 2.0 1.8
Agricultural capital 1.8 2.2 1.5 13.7 17.8 11.7 31.2 39.5 26.3
Industrial capital 1.1 1.1 1.7 12.1 11.5 17.7 20.6 20.1 31.2
Service-sector capital 1.8 1.4 1.5 9.9 7.6 8.0 28.8 22.0 23.6

Sum 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Policy regime Average absolute change in group shares

Devaluation 0.0 0.0 0.0 0.4 0.6 2.1 0.3 0.6 2.0
Premium rationing 0.0 0.0 0.0 1.5 1.7 2.1 1.2 1.3 2.0
Premium rationing with fixed wages 0.0 0.0 0.0 1.6 1.8 1.9 1.2 1.4 1.8

a The economic elite is defined as the top 5% of income recipients in the overall distribution of personal income.
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mation on changes in the mean incomes of the socioeconomic groups,
we can undertake an analysis of the political feasibility of different pol-
icy regimes. Equation (13.6.1) defines Ri(P,; P2), which measures the
relative gain or loss for group i between policy regimes P, and P2.
Expressions for the average gain of the gainers and the average loss of
the losers, weighting by political influence shares, are given by

W JWR, (PI; P2)

G(P1 ; P2 ) for all Ri > 0

(13.6.2)

E WRi(P,; P2 )

L(PI; P2) = E Wi for all R, < 0

where

P,, P2 = policy regimes
W = the relative influence weight of group i
Ri = is the relative gain of group i from eq. (13.6.1)

The average gain and loss functions reflect the intensity with which
different groups support or reject one policy compared to another. The
political feasibility of one policy compared to another depends, in addi-
tion, on the relative political influence of the gainers compared to the
losers. Given that relative influence weights are used in defining the
average gains and losses, G and L, the political feasibility of a particular
policy choice depends on whether the weighted difference between G
and L is positive or negative. We can thus define an index of political
feasibility F, which is equal to this weighted difference. It is also just
equal to the weighted average of the relative gains, Ri, over all groups,
gainers and losers:

F(P,; P2)- WRi(P,; P2) (13.6.3)

Note that because we have three different political weighting schemes,
there are three different feasibility indices for pairwise comparisons of
policy regimes.

Table 13.13 presents the average gains and losses of the gainers and
losers, G and L, as well as the index of political feasibility, F, for all
pairwise comparisons of the three different policy regimes. In each pair-
wise comparison of policies, the first column gives the relative political
influence of the gainers. We have already discussed which groups gain



Table 13.13. Policy comparisons

Devaluation vs. premium with fixed
Devaluation vs. premium rationing wages Premium vs. premium with fixed wages

Political Political Political
weight weight weight

Archetype Weighting of Average Average Feasibility of Average Average Feasibility of Average Average Feasibility
economy scheme gainers gain G loss L index F gainers gain G Loss L index F gainers gain C loss L index F

CL Population shares 68.5 4.1 4.6 1.4 39.9 8.1 2.9 1.4 61.9 2.9 4.5 0.1

CL Income shares 56.1 3.8 14.2 -4.1 40.0 7.1 10.0 -3.0 74.6 2.7 4.0 1.0

CL Elite shares 46.8 15.6 14.0 -0.2 46.6 6.3 18.8 -7.2 90.9 2.8 1.3 2.5
PE Population shares 74.7 10.0 12.6 4.2 49.0 15.2 5.8 4.6 65.7 1.8 2.7 0.3

PE Income shares 64.4 10.2 20.0 -0.6 48.6 14.1 13.1 0.1 73.2 1.6 2.4 0.6

PE Elite shares 55.9 11.8 26.0 -5.1 55.6 13.3 24.3 -3.4 90.6 1.7 0.5 1.5

ME Population shares 71.1 5.2 6.3 1.9 39.6 10.4 2.9 2.3 68.5 4.2 7.6 0.5

ME Income shares 56.8 5.3 9.4 -1.1 39.3 11.0 5.4 -1.0 82.5 4.2 7.6 2.2

ME Elite shares 43.3 5.3 12.1 -4.5 43.2 11.8 8.9 0.0 99.8 4.6 7.6 4.6

Note: See text for definition of G, L, and F.
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and lose, and it is important to remember here that the group compo-
sition of the gainers and losers does vary across archetype economies and
policy regimes. However, within each archetype and pairwise compar-
ison, the differences in G, and L, and F are due only to the different
political weighting schemes used.

Consider, for example, the comparison of devaluation with premium
rationing. As the political weighting scheme goes from population
shares to elite shares - democracy to oligarchy - the relative influence
of the gainers declines substantially. In the comparison of premium
rationing with and without a fixed real wage (the last four columns),
the effect is reversed, with the political weight of the gainers increasing
with the more oligarchic weights. In the first comparison, the gainers
tend to be the small farmers and laborers, whose population share is
high but whose representation in the top 5 percent is small. In the last
comparison, the gainers are everybody but marginal and organized
labor, so their weight is high under all three schemes, but especially so
for elite shares.

The average gains and losses, G and L, measure the intensity with
which the gainers and losers care about the outcome. For the first two
policy comparisons, with a few exceptions (six out of eighteen, given the
different weighting schemes and archetypes), the feasibility index indi-
cates that those who care the most will determine the policy choice.'" In
the third pairwise comparison, between premium rationing with and
without a fixed real wage, the opposite is the case in all three archetypes
for the first two weighting schemes. Even though the losers lose more
than the gainers gain, their weight is so low that the feasibility index is
always positive.

Table 13.14 summarizes the ranking of different policies based on
the pairwise comparisons in Table 13.13. It is interesting to note that
the various pairwise comparisons never violate transitivity. That is, if
policy PI is preferred to P2 and P2 is preferred to P3, it is always true
that the pairwise comparison shows that P, is preferred to P3 , as would
be predicted by assuming transitivity.

Across all three economies, devaluation is the most preferred policy
under the democratic weighting scheme, whereas premium rationing is
the most preferred under both of the other weighting schemes. Indeed,
with one exception (PE economy, income share weights), devaluation

18 Note, however, that the measures of intensity also reflect the relative political
power of different socioeconomic groups, because they use the political
power weights in defining the average gains and losses.
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Table 13.14. Policy rankings

Archetype economy Weighting scheme Policy ranking

CL Population shares (D) > (P) > (P, W)

CL Income shares (P) > (P, W) > (D)

CL Elite shares (P) > (P, W) > (D)

PE Population shares (D) > (P) > (P, W)

PE Income shares (P) > (D) > (P, W)

PE Elite shares (P) > (P, W) > (D)

ME Population shares (D) > (P) > (P, W)

ME Income shares (P) > (P, W) > (D)

ME Elite shares (P) > (P, W) = (D)

Notes: (D): devaluation; (P): premium rationing; (P, W): premium
rationing with fixed real wages; > : preferred to; = : indifferent to.

is the least preferred policy under the other schemes. It is interesting
that devaluation, which skews the distribution of income the least,
always prevails in a more democratic political system. Noting that his-
torically more democratic political processes tend to emerge in the more
developed countries, one might speculate that the Kuznets U hypothesis
(that the distribution of income first becomes worse and then improves
as the process of development unfolds) is at least partly related to chang-
ing policy choices as political power shifts over time.

There is remarkable agreement in policy rankings, given the choice
of weights, across the three archetype economies. This is true in spite
of the fact that the particular groups that gain or lose, and the magni-
tudes of their gains and losses, vary widely. Although our particular
choices of policy regimes to compare were purposely made to enhance
their differences, it is tempting to conclude that there are generalizations
about the political feasibility of different policies that are valid for a
wide variety of economic environments. The universal dominance of
devaluation under a democratic weighting scheme and of premium
rationing under the other schemes is certainly consistent with casual
observation of a wide variety of countries, although our three simple
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weighting schemes do not capture adequately the wide variety of polit-
ical systems represented in the world.

13.7 Conclusion

By constructing three archetype economies, we have been able to inves-
tigate quantitatively the importance of different initial conditions -
resource endowments, past trade policies, and economic structure -
affecting the impact of different policy regimes. It is striking how impor-
tant differences in the initial structure of trade, employment, and pro-
duction can be. For example, one surprising result is that the particular
external shock we simulate ( a decline in export markets and an adverse
movement in the international terms of trade) generally has the most
severe impact on the closed economy. This result is due to the relative
importance of imported intermediate inputs in the closed economy.
Once one sees the empirical result, it is easy to trace out the causal links
by which it is manifested and to understand the qualitative economic
forces at work. However, in traditional a priori qualitative theoretical
analysis, it is easy to assume away what turned out to be empirically
important differences and hence it is important to use empirical analysis
to find such surprises. Indeed, the importance of such empirical analysis
is one of the major arguments for using multisector planning models. In
policy analysis, qualitative theoretical results would often suffice if only
we were sure that we had captured all the important mechanisms at
work. The various applications discussed throughout this book indicate
that such confidence is often misplaced.

The analysis of the three archetype economies indicates that differ-
ences in economic structure between typical developing countries are
very important to an understanding of the differential impact of similar
policy regimes. In the analysis of these differences, the CGE model pro-
vides a common framework that is rich enough to accommodate a wide
variety of market and nonmarket mechanisms that a priori theorizing
indicates should be important. The model thus provides a good frame-
work for tracing out the importance of differences in economic environ-
ment on the impact of an external shock and associated policy responses.

Another theme that runs through this book is that if planning models
are to be useful for policy analysis, they should incorporate the variables
that policy makers actually manipulate. As one progresses from static
input-output models to CGE models, the range of issues that can be
addressed increases enormously. Although all of our applications have
focused on issues of foreign trade and trade policy, the usefulness of
planning models is by no means so restricted. A multisector model is
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useful whenever structural differences and general equilibrium reper-
cussions are likely to be important.1 9

Finally, the applications discussed in this chapter have emphasized
that policy analysis is a political as well as an economic exercise. In
analyzing the impact of a particular choice of policy, one must be aware
of its distributional impact and of the political forces it is likely to set in
motion. Planning models can provide a useful tool for such policy anal-
ysis if they can be extended to trace out the impact of different policy
regimes on socioeconomic groups that reflect important political divi-
sions in the society. As our applications clearly indicate, such interdis-
ciplinary analysis represents a major challenge. The simple assumptions
we have made certainly do not do justice to the relevant theories of
political or economic conflict. However, we hope our study represents
a useful first step and indicates one important direction for future
research in the application of planning models for policy analysis.

An interesting application in a developed country is Hudson and Jorgenson
(1978), who use a CGE model of the United States to explore the impact of
higher energy prices on the distribution of real income.
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APPENDIX A

Constructing social accounting matrices

A.1 Introduction

Constructing a consistent data base for an economy-wide model is a
nightmare with which every model builder is all too familiar. Persever-
ance and a strong dose of ingenuity are usually both required. The
greater the extent of disaggregation across sectors, factors, institutions,
and households, the more difficult is the task of reconciliation. As dis-
aggregation increases, so does the number of separate accounts that must
balance in the accounting framework.

This appendix describes the method used to generate the three arche-
type data sets used in Chapter 13. Our approach is to work within the
framework of the social accounting matrix (SAM) described in Chapter
12 and to use a variety of techniques to impose consistency at different
stages of the generation of the data. Although the method is applied to
archetypal, made-up data sets based on "representative" countries, the
approach has been used in dealing with disparate data for particular
countries.

In assembling any economy-wide data base, whether real or repre-
sentative, inconsistencies emerge that require one to make decisions
about the relative reliability and accuracy of different data sources. For
example, it is usually the case that the national income and product
figures that emerge from input-output data are different from the offi-
cial national accounts. The foreign trade statistics in the input-output
accounts, the national product accounts, and the trade accounts are often
quite different. Savings estimated from institutional flow-of-funds data
are often different from investment estimated from production accounts.
Finally, for example, government flow-of-funds data are hard to rec-
oncile among the different accounts. Such inconsistencies are sometimes
due to variations in definitions among the different accounts, but, more
often, they arise from differences in coverage and accuracy. In practice,
one is thus forced to assemble an economy-wide data base in sequence,
starting with what are considered to be the more reliable data and forc-
ing data assembled at later steps to be consistent with control totals from
former steps.

471
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The method we describe represents one such approach, with a defi-
nite sequence of steps in which consistency is forced, applied to con-
structing the data sets for the three archetype economies. There is, how-
ever, nothing sacred about the particular sequence we have chosen, and
one might well change it in particular applications. Also, in practice,
one generally iterates informally across the steps rather than following
a simple sequence. If data at a later step reveal glaring inconsistencies,
one often questions the reliability of the data at earlier steps and goes
back to reconsider them as well.

The flow charts in Figures A.1 and A.2 present the adjustment pro-
cedure in schematic form.' The steps are given by Roman numerals and
the additional data required at each stage are described in boxes at the
left of the figures. There are ten steps in all, and forced reconciliation
in which input parameters are changed is done at three steps (indicated
by diamonds). The data that are distinctively different across the three
archetype economies are marked by asterisks.

The adjustment is done in two distinct stages. First, in steps I to IV
in Figure A.1, the production accounts based on an input-output table
are reconciled. Second, in steps V to X in Figure A.2, the income and
expenditure accounts are reconciled with the production accounts.
Thus, in this procedure, the input-output accounts provide the starting
point and are considered to be the controlling data source.

A.2 Production accounts

Starting from the input-output accounts, steps I to III in Figure A.1
generate the final demand columns and the total sectoral value-added
row. Given total final demand and production by sectors, the available
supply of goods by sector for intermediate use is determined as a resid-
ual. Given an initial set of input-output coefficients, sectoral demand
for intermediate goods is determined. Unless we started with a consis-
tent set of accounts, these demands will not equal supply, and some
reconciliation procedure is required.

The procedure we use is called the RAS method and consists of iter-
atively adjusting the rows and columns of the matrix of intermediate
inputs (the input-output coefficients) until the matrix converges on the
specified row and column control totals.2 The control row totals are

A computer program is available to do the procedure.
2 For a description of the algorithm and a discussion of its convergence prop-

erties, see Bacharach (1970). The sum of the control column and control row
must be the same. In this case, the requirement is that total value added equal
total final demand (i.e., that national income equal national product).
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Figure A.1. Reconciliation of the production accounts. Asterisk indicates
input variables that differ across the three archetype economies.
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given by the total supply of intermediate inputs by sectors, given the
specified sectoral production and final demand. The column control
totals are total purchases of intermediate inputs by sectors and are given
by the total value of sectoral production minus sectoral value added.

If one started with a consistent input-output table, steps I to IV
would not be necessary. However, our intent was to build three distinc-
tively different data sets for three archetype economies. The major dif-
ferences in the three archetype economies are in their production, con-
sumption, trade, and employment structures. Tables 13.1 to 13.3
indicate the major differences. In addition to variations in the structure
and volume of trade, we also assumed that tariffs and subsidies differed,
reflecting historical differences in trade policies. We thus did not start
with three sets of consistent accounts. Instead, we started with three
different sets of structural data and a common set of input-output coef-
ficients and used the procedure summarized in Figure A.1 to create
three consistent data sets. The result is that the input-output tables are
slightly different for the three economies.3

The input variables that are significantly different across the three
archetype economies are marked by asterisks. There was some adjust-
ment of input data required to achieve similar input-output structures
and also to achieve a similar balance of trade. Such adjustments were
relatively minor, but did provide a check of the "reasonableness" and
consistency of the quite different production and trade structures char-
acteristic of the archetype economies.

A.3 Income and expenditure accounts

Steps I to IV yield a consistent set of production and aggregate income
(value-added) accounts. The next stage is to generate a consistent set of
disaggregated income and expenditure accounts. The procedure we use
is given in Figure A.2, steps V to X, and is essentially to generate the
functional, institutional, and household distributions by disaggregating
value added. Receipt and expenditure balances are maintained for each
account, with forced adjustment required at two steps to ensure consis-
tency with the production accounts.

The total labor force is assumed to be the same across the three econ-
omies, and the shares of sectoral value added by different skill categories
of labor and by capital are also assumed to be the same. However, the
skill composition of the labor force and the sectoral structure of employ-

The sectoral value-added ratios are the same across the countries, having
been specified to give the control column totals.
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ment differ across the economies, reflecting the very different structures
of production. The sectoral structure of employment was adjusted infor-
mally so that wage differentials by skill categories and sectors would be
similar across the three economies. The result, in step V, is the func-
tional distribution of income.

From the functional distribution, we move to the institutional distri-
bution in step VI by generating the government and rest-of-the-world
accounts, in addition to the household and enterprise accounts. Tax
rates, both direct and indirect, are assumed to be the same. Given the
different tax bases, the total size of the government sector differs, but
not dramatically. Inputs for foreign remittances and capital inflow are
shown to indicate where they would enter, but they are assumed to be
zero in the three archetype economies.

The household distribution by socioeconomic groups is really a rear-
ranging of the "household" institutional distribution because, in both,
households are classified by source of income. The only new data are
the number of people in each household category. The labor households
correspond to employment by skill category; the numbers of farmers and
capitalists have been estimated so as to achieve similar relative per-cap-
ita mean group incomes across the three economies.

In step VIII, total savings are generated by applying fixed savings
rates (the same across the three economies) to institutional and house-
hold incomes. Total savings so generated are compared to total invest-
ment from step II in the production accounts. If they differ, then the
savings rates of institutions (i.e., corporate saving) are adjusted to
achieve consistency. Given savings, step IX generates aggregate expen-
diture by households and government.

Finally, in step X, given average expenditure shares by consuming
groups, total demand for products by sector is calculated. If this demand
does not equal the sectoral supply of goods for consumption computed
in step III, an adjustment procedure is required. A rectangular expen-
diture matrix is calculated with rows referring to sectors and columns
to household groups.4 Each entry is the expenditure on good i (row) by
household category j (column). The column control totals are aggregate
expenditure by household groups, and the row control totals are total
private consumption by sectors from step III. The matrix of expendi-
tures is then adjusted by the RAS procedure so that it satisfies the col-
umn and row control totals.5 The results yield new average expenditure
shares by household groups.

4 Government expenditure shares are not adjusted, so the expenditure matrix
is defined to include only private consumption.
Note that the procedure can be applied to a rectangular matrix.
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The result of step X is a set of average expenditure shares by house-
hold groups such that consistency is achieved between the sectoral
expenditures from the demand side and sectoral supplies of consumer
goods from the production side. If the RAS procedure yielded dramat-
ically different expenditure shares for the same socioeconomic group
across the archetype economies, the specification of the structure of
aggregate consumption in the production accounts would be suspect. In
fact, we did do some informal adjustment of the structure of consump-
tion in the production accounts so that there were no major differences
in the structure of demand by the same socioeconomic group across the
three economies.

A4 Archetype country social accounting matrices

Tables A.l to A.3 give the SAMs for the three archetype economies (for
the base runs described in Chapter 13). Because production accounts
are discussed in some detail in the chapter, no sectoral disaggregation
is provided in the SAMs. Instead, the focus is on the institutional and
household accounts. To make the presentation more compact, various
accounts have been combined in the SAMs. Because capital income is
all assumed to accrue to "enterprises," there is no separate institutional
account for enterprises. Note that enterprise savings are shown as a pay-
ment by the factor "capital" to the capital account (row 15, column 4).
Also, in the factor account for "labor," receipts by the four different
skill categories have been aggregated. Separate wage payments to dif-
ferent categories can be seen in the first four household categories, which
correspond to the four skill categories of labor. Similarly, capital income
in sectors has been aggregated in the factor accounts and somewhat dis-
aggregated in the household accounts. The "small farmers" category of
households receives a fraction (25 percent) of capital income from agri-
culture, which reflects the fact that they are landowners. The "agricul-
tural capital" category thus represents larger farmers all of whose
incomes are assumed to come from land ownership.

With the exception of the treatment of enterprises, the SAMs corre-
spond to the framework discussed in Chapter 12 (see Section 12.4 and
Table 12.1). Note that in the archetype economies, there are no remit-
tances or foreign capital inflows, which accrue directly to households.
Instead, the balance of trade enters directly into the capital account and
is thus assumed to be saved. This treatment is simple, but is justified for
our purposes because we hold the balance of trade constant in the three
economies and across all experiments in Chapter 13.

A comparison of the three archetype SAMs indicates a number of



Table A. 1. Social accounting matrix: closed economy (CL)

Expenditures

Receipts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. Activities 956 42
2. Commodities 461 69 71 37 86 47 42 37 389 93 108

Factors
3. Labor 265
4. Capital 229
5. Sum (3 + 4) 494

Households
6. Small farmers 54 21 75
7. Marginal laborers 71 71
8. Organized labor 45 45
9. Service-sector labor 95 95

10. Agricultural capital 62 62
11. Industrial capital 87 87
12. Service-sector capital 47 47
13. Sum (6-12) 265 217 482

14. Government 43 31 4 4 34 5 47
15. Capital account 12 12 6 4 9 11 11 5 46 28 22
16. Rest of the world 64

17. Totals 998 1051 265 229 494 75 71 45 95 62 87 47 482 121 108 64



Table A.2. Social accounting matrix: primary exporter (PE)

Expenditures

Receipts 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1. Activities 971 15 103
2. Commodities 438 110 86 43 81 78 48 35 481 72 132

Factors
3. Labor 316
4. Capital 292
5. Sum (3 + 4) 608

Households
6. Small farmers 87 33 120
7. Marginal laborers 86 86
8. Organized labor 53 53
9. Service-sector labor 90 90

10. Agricultural capital 100 100
11. Industrial capital 101 101
12. Service-sector capital 44 44
13. Sum (6-12) 316 278 594

14. Government 43 27 5 5 39 5 54
15. Capital account 14 14 10 5 9 17 14 4 59 37 22
16. Rest of the world 125

17. Total 1,089 1,123 316 292 608 120 86 53 90 100 101 44 594 124 132 125



Table A.3. Social accounting matrix: manufacturing exporter (ME)

Expenditures

Receipts 1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15 16

1. Activities 973 22 98
2. Commodities 472 67 87 59 78 51 76 37 455 65 126

Factors
3. Labor 300
4. Capital 273
5. Sum (3 + 4) 573

Households
6. Small farmers 53 20 73
7. Marginal laborers 87 87
8. Organized labor 73 73
9. Service-sector labor 87 87

10. Arricultural capital 60 60
11. Industrial capital 138 138
12. Service-sector capital 44 44
13. Sum (6-12) 300 262 562

14. Government 49 24 7 3 52 5 67
15. Capital account 11 11 6 7 9 6 10 2 40 53 22
16. Rest of the world 121

17. Total 1,094 1,118 300 273 573 73 87 73 87 60 138 44 562 140 126 121
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Table A.4. Group shares in nominal household income !%)

CL PE ME

Small farmers 15.6 20.2 13.0
Marginal laborers 14.7 14.5 15.5
Organized labor 9.3 8.9 13.0
Service-sector labor 19.7 15.2 15.5
Agricultural capital 12.9 16.8 10.7
Industrial capital 18.0 17.0 24.5
Service-sector capital 9.8 7.4 7.8

Total 100.0 100.0 100.0

Notes: CL = closed economy; PE = primary exporter; ME = manu-
facturing exporter.

interesting contrasts. First, note that the price-normalization rule used
in the CGE model is expressed in terms of composite good prices (see
Chapter 13). However, because tariffs and export subsidies differ
among the three economies, so do domestic prices of imports and domes-
tically produced goods. The result is that, although gross production is
virtually the same across the three economies, the nominal receipts of
"activities" are different, being higher in the more open economies,
which have significant export subsidies and hence higher domestic
prices. The commodity accounts (total absorption) follow a similar
pattern.

Given their quite different production structures (and slightly differ-
ent relative prices), the three economies also have different aggregate
value-added ratios. The ratio is lowest for the closed economy (CL) and
highest for the primary exporter (PE) - 54 percent and 60 percent, with
the manufacturing exporter (ME) having a ratio of 57 percent, in mar-
ket prices. These differences, of course, lead to significant differences in
GDP among the three economies.

Columns 3 to 5 show the distribution of factor income to households
(rows 6 to 13). Table A.4 gives the percent distribution of nominal
household income by socioeconomic groups. The quite different struc-
tures of the three economies are clearly evident, with small farmers and
agricultural capital having smaller shares in the manufacturing
exporter (ME), followed by the closed economy (CL) and primary
exporter (PE). Industrial capitalists have by far the largest share in the
ME economy.

Columns 6 to 13 give the distribution of household income among
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consumption, savings, and government (taxes). The aggregate rates of
direct taxation are similar across the three economies, being slightly
higher in the ME economy (12 percent, compared to 10 and 9 percent
in the CL and PE economies, respectively). The aggregate household
savings rates are essentially the same in the CL and PE economies (11
percent), but are much lower in the ME economy (8 percent). This
result comes from the fact that in the ME economy, government saving
is much more important and hence corporate saving and private saving,
especially for capitalists, are lower. Government saving is 42 percent of
investment in the ME economy compared to 26 and 28 percent in the
CL and PE economies, respectively.6

Note finally that the different volumes of trade are evident in the
three SAMs by comparing the rest-of-the-world columns. The volume
of trade in the CL economy is about half that in the other two. As noted
above, the PE and ME economies have significant export subsidies
(shown as an entry from government to activities; row 1, column 14).
The average tariff rates are also quite different, more than double in
the CL economy compared to the other two.

A.5 Consumption: the linear expenditure system

In the construction of the three archetype SAMs, average expenditure
shares by the different classes of consumers were given exogenously and
then adjusted to achieve consistency with the production accounts. The
CGE model requires the specification of a complete set of expenditure
equations and, as discussed in Chapter 5, a variety of expenditure sys-
tems has been used in various models. In the model used in Chapter 13,
we have specified the Stone-Geary linear expenditure system (LES).
For each socioeconomic group, consumer demand is given by (omitting
a group subscript)

Ci = , + p (Y- PJKi (A. 5.1)
Pi i p-,

where Y is total nominal expenditure for the group, -y, are the commit-
ted expenditures or "subsistence minima" in physical terms, and /3i are
the marginal budget shares that determine the allocation of supernu-

6 Government saving is higher because, given the larger capitalist income in
the ME economy, the direct tax take is higher (given that the tax rate is
highest on capital income). The effect is to shift savings from capitalists and
enterprises to government.
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merary income (i.e., expenditure above that required for purchasing the
subsistence minima).7

Given the average budget shares, there are a variety of ways to esti-
mate the parameters of the system depending on the extent and quality
of available data. For our archetype data sets, we have chosen to com-
pute the parameters of the LES for each group given exogenously spec-
ified average budget shares, income elasticities of demand, and a param-
eter measuring the elasticity of the marginal utility of income with
respect to income (often called the "Frisch parameter") (Frisch, 1959;
Brown and Deaton, 1972). In the LES, the Frisch parameter is equal
to the ratio of total expenditure to supernumerary expenditure:

y S = YPjaj (A.5.2)
1'- S 

Given the average budget shares and expenditure elasticities, the
marginal budget shares are given by

3,a= (A.5.3)

where fi are the expenditure elasticities and ai are average budget
shares. Note that the marginal budget shares must sum to one, which
is equivalent to imposing the condition, known as Engel aggregation,
that the sum of the expenditure elasticities weighted by average budget
shares must equal one.

The subsistence minima -yi are related to the other parameters
according to the following equation:

'i = (p )(-i + 0 )(A54
Our estimates of the average budget shares, income elasticities, and

Frisch parameters are based on various cross-country studies, especially
that of Lluch, Powell, and Williams (1977) (see Chenery and Syrquin,
1975; Chenery 1979). They estimate that the Frisch parameter rises
from -7.5 to -2.0 as per-capita income rises from $100 to $3,000 (in
1970 US dollars) (see Lluch et al., 1977; pp. 54-55). Our archetype
countries are assumed to have a per-capita GDP of about $500, which,
given the various group mean incomes, implies that the Frisch param-
eter ranges from -5.0 to - 1.6. The estimates we have used are given

The expenditure equations are often given in per-capita terms. See Brown
and Deaton (1972) for a survey of different systems.



Table A.5. Expenditures shares and elstiicities by groups

Average expenditure shares (%)

Small Marginal Organized Service-sector Agricultural Industrial Service-sector
farmers laborers labor labor capital capital capital

Primary 50.2 35.2 20.1 25.1 15.2 10.1 10.1
Food 20.4 25.5 30.7 35.7 15.5 20.6 20.6
Other consumer 9.8 9.8 14.8 9.8 19.8 19.8 19.8
Social overhead 9.8 14.8 14.8 14.7 19.9 19.9 19.9
Services 9.8 14.7 19.6 14.6 29.6 29.6 29.6

Total 100,0 100.0 100.0 100.0 100.0 100.0 100.0

Income elasticities

Primary 0.92 0.90 0.74 0.82 0.43 0.43 0.43
Food 0.92 0.90 0.74 0.82 0.43 0.43 0.43
Other consumer 1,19 1.16 1.19 1.20 1.20 1.20 1.20
Social overhead 1.19 1.16 1.19 1.31 1.12 1.12 1.12
Services 1.19 1.16 1.39 1.31 1.38 1.38 1.38
Frisch parameter -4.0 -5.0 -4.0 -4.0 -1.6 -1.6 -1.6
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in Table A.5, along with the average budget shares and income
elasticities.

Given the parameters of the LES, the own and cross-price elasticities
of demand can be computed from the following equations:

42i = -ei-r - 1 (A.5.5)
_ 0)

7U = -ei(r2) i &# j (A.5.6)

In our eight-sector model, there is consumer demand for only five
sectors. No distinction is made between durables and nondurables. The
own-price elasticities of demand for food range from -0.35 to -0.55
across the groups, whereas that for services range from -0.35 to
-1.07. These values are within the ranges reported by Lluch et al. (p.
248) for households with mean incomes ranging from $500 to $1,500.



APPENDIX B

Solution strategies and algorithms

B.1 Introduction

This appendix briefly surveys the existing techniques used to solve com-
putable general equilibrium models and discusses our particular
approach in detail. Given the existing state of the art, there is no
"canned" program that one can use to solve all CGE models - no simple
equivalent to the simplex method in linear programming. The modeler
must therefore exploit the mathematical (and economic) properties of
the system in order to reduce the number of nonlinear equations that
must eventually be solved. The modeler then must choose among exist-
ing algorithms of varying complexity and applicability, no one of which
dominates for all models. Although much progress has been made in the
last decade in solving CGE models, to the point that any reasonably
competent graduate student can be trained to handle quite sophisticated
and interesting models, it is not yet a feasible task for someone who is
unfamiliar with computers.

Following Adelman and Robinson (1978), we distinguish between a
"solution strategy" and a "solution algorithm." The purpose of a solu-
tion strategy is to establish numerically a set of simultaneous nonlinear
functions (generally excess demand equations) whose solution will pro-
vide the equilibrium values of all the endogenous variables in the model.
A solution algorithm is a computational technique for solving the set of
simultaneous nonlinear equations numerically. The solution strategy
sets up the problem; the solution algorithm finds the answer. We first
examine briefly two examples of strategies for solving CGE models.
After that we review some of the algorithms that have been used to solve
such models and then discuss in detail the approach we have used to
solve the models presented in this book.

B.2 Solution strategies

As discussed in Chapter 5, the equations of any general equilibrium
model can usually be reduced by substitution to a set of nonlinear excess
demand equations. In our models, there are three sets of markets that
must be cleared: factor markets, product markets, and the foreign

486
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exchange market. Although it is possible to attack all three sets of mar-
kets simultaneously, it is usually more efficient computationally to sep-
arate them. We consider two solution strategies that separate the differ-
ent sets of markets: (1) the factor market strategy and (2) the product
market strategy.' They are presented schematically in Figures B.1 and
B.2.

Figure B. 1 gives an example of the factor market strategy in a closed-
economy model in which all factors of production, both labor and cap-
ital, are assumed to be mobile across sectors. In this case, equilibrium
requires that wages of labor by skill category and capital rentals be
equalized across all sectors. This model is quite different from the model
presented in Chapter 5, in which capital was assumed to be immobile
across sectors within a given period. Although we have not used this
specification, it has been used for a number of models and is worth
reviewing.2 It also leads to a significantly simpler solution problem
because, under some circumstances, it is feasible to substitute out the
excess demand equations for the product markets.

Starting with a guess at factor prices - average wages by skill cate-
gory and the average rental of capital - one can use sectoral cost func-
tions and the assumption of perfect competition to generate cost prices
for each sector. Given production functions with constant returns to
scale, these cost prices are independent of the level of production. Given
supplies of the different factors, one can then generate factor incomes.
If the expenditure functions depend only on factor incomes (and not, for
example, on sectoral income or rural-urban income), it is possible to
solve for the demand for commodities. Setting sectoral production equal
to demand, the production functions can be used to generate the sectoral
demand for capital and labor. Aggregating, one gets total demand for
factors and hence excess demands. If these-excess demands are zero, the
model is solved. If not, the solution algorithm generates a new guess at
factor prices and starts the next iteration.

This variant of the factor market strategy has the major advantage
that the product markets are essentially substituted out and there is no
need to compute excess demands for products. The strategy greatly
reduces the dimensionality of the solution problem and is thus desirable
when using algorithms that are very sensitive to the number of equa-
tions being solved. However, it cannot be used in this variant in models
in which some factor such as capital is sectorally fixed, because cost

In the discussion that follows, we present one variant of each strategy. For
a more wide-ranging discussion, see Adelman and Robinson (1978).

2 Examples of different applications are given in a later section.
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Figure B.1. Factor market solution strategy: closed-economy model with
mobile factors.

prices will not then be independent of production levels. It also cannot
be used easily if the demand for products depends in any way on the
sectoral structure of production. In our models, for example, govern-
ment tax revenues depend on the structure of production, and hence the
demand for products cannot be solved given only factor incomes. In such
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cases it is possible to adapt the factor market strategy, but only by intro-
ducing excess demands for products (see Lysy and Taylor, 1980).

Figure B.2 presents the flow chart for the product market solution
strategy that is used for the models presented in this book. The partic-
ular strategy presented assumes that the exchange rate varies to clear
the market for foreign exchange. Variations on this mechanism are dis-
cussed in more detail later.

Essentially, the solution strategy follows the order in which the equa-
tions of the CGE model are presented in Chapter 5. Assume an initial
guess at product prices and the exchange rate. The strategy then works
on the labor market. Given sectoral production functions, the assump-
tion of profit-maximizing behavior on the part of producers, and an
initial guess at wages of different skill categories of labor, one solves for
the demand for labor in each sector. Given labor supplies (or labor-
supply functions), one computes excess demands for labor of different
skill categories. If these demands are zero, the labor market is solved. If
not, the solution algorithm generates a new guess at wages and starts a
new iteration.

When the labor market is solved, the model generates wages, capital
rentals, employment, production, and exports (the latter based on some
specification of the export market). One then has enough information
to generate the functional, institutional, and household income distri-
butions - the entire flow of funds in the SAM. Then, given the param-
eters of the household expenditure functions, one can generate the
demand for products and imports. Given the product supplies solved
earlier, one generates the excess demands for products. If they are zero,
the model is solved. If not, the solution algorithm generates a new guess
at prices and the exchange rate and starts a new iteration.

The product market strategy has the disadvantage that one cannot
substitute out the product markets as was done in the particular variant
of the factor market strategy we have sketched. However, the assump-
tions required to achieve such a reduction in the dimensionality of the
solution problem are really not feasible for models of developing coun-
tries. The product market strategy provides a flexible framework for
solving CGE models and, as described in Chapters 5 to 7, allows a wide
variety of behavioral specifications to be easily incorporated. Once it is
no longer possible to devise a strategy that reduces the size of the prob-
lem, convenience in computation and specification are important criteria
to consider.

As the discussion of these two strategies indicates, there is a kind of
loose trade-off between choice of strategy and degree of flexibility in
model specification. For instance, it is considerably easier to solve a
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model with a fixed rather than a flexible exchange rate because of the
significant interdependence between the foreign exchange market and
the product markets.3 It may well be worthwhile to sacrifice some model
flexibility if it is then possible to use a simpler or more robust solution
algorithm. The next section briefly reviews a number of algorithms that
have been used to solve CGE models and the solution strategies to which
they are applicable.

B.3 Solution algorithms

Our original inspiration for solving economy-wide, general equilibrium
models numerically comes from the work of Johansen (1960). His solu-
tion strategy was to reduce the CGE model to a set of log-linear equa-
tions (linear in growth rates) in all the endogenous variables. The sys-
tem of linear equations can be solved by inverting the resulting matrix
of coefficients, which is the simplest possible solution algorithm.4 The
gain in using a simple solution algorithm must be weighed against the
limitation in flexibility of model specification inherent in being required
to reduce the equations to a log-linear system.5

Another approach is to note that most economic models of competitive
general equilibrium can be expressed as a maximization problem. Once
in this form, the resulting system can be attacked using programming
algorithms designed for constrained-maximization problems.6 This
approach is a natural extension of linear programming models and has
the advantage that one can easily specify inequality constraints in the
model. However, it may well not be at all convenient, analytically or
empirically, to express the model in terms of activity analysis.

Finally, there are a variety of solution algorithms that work directly
with the various excess demand equations, using the kind of solution
strategies described in the last section. These algorithms can be divided
into three types: (1) those based on fixed-point theorems, (2) those based

The extent and nature of this interdependence is discussed in Section B.5.
4 Johansen's model was applied to Norway and later updated. See Johansen

et al. (1968). His original approach was essentially replicated for Chile by
Taylor and Black (1974).
Although it is interesting to see how much flexibility in specification is pos-
sible. See, for example, Dixon et al. (1977), who have built a very large
CGE model for Australia with a rich behavioral specification and have
solved it by log linearization.

6 See Takayama and Judge (1971), Chenery and Raduchel (1971), Goreux
and Manne (1973), Dixon (1975), Ginsburgh and Waelbroeck (1978), and
Manne et al. (1978).
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on a tatonnement process, and (3) those exploiting information about
the derivatives of the excess demand functions.

Algorithms based on fixed-point theorems are truly elegant mathe-
matically and have been applied to a number of economy-wide models.7

A major advantage of this approach is that for models that satisfy the
conditions of the fixed-point theorem, the algorithms are guaranteed to
find a solution. A major disadvantage is that, even with recent advances,
they get very expensive to implement as the number of excess demand
equations increases. As of this writing, fixed-point algorithms would not
be the best method to use to solve a model of even moderate size, say,
twenty to thirty excess demand equations. It is not surprising that
modelers in this tradition have tended to restrict themselves to specifi-
cations that permit the use of the factor market strategy described in the
last section. Finally, strictly speaking, fixed-point algorithms are not
applicable to models that do not satisfy the assumptions of the fixed-
point theorems - for example, a model not homogeneous of degree zero
in prices.

Algorithms based on a tatonnement process simply adjust the price
in each sector in response to that sector's excess demand. If sectoral
excess demand is positive, raise the price; if negative, lower the price.
This technique is a special version of the Gauss-Seidel iteration proce-
dure and does not require any evaluation of derivatives of the excess
demand equations. It is thus easy to implement and has been used in a
number of models.8 Another major advantage is that once the algorithm
is "tuned" to a particular model, it is generally very efficient.9 However,
the requirement that a titonnement algorithm be tuned to the model
also presents a problem because the algorithm can be implemented only
by a user who thoroughly understands its properties - i.e., it cannot be
used as a "canned" program. Another disadvantage is that the algorithm
becomes finicky and/or inefficient in models in which there are signif-
icant interactions among markets. For example, a tatonnement algo-
rithm is hard to implement and inefficient for the flexible-exchange-rate

The seminal work is by Scarf and Hansen (1973). For examples of partic-
ular models, see Shoven and Whalley (1974); Whalley (1977); and Felten-
stein (1980).

8 Adelman and Robinson (1978) used this technique to solve their twenty-
nine-sector model. Other examples are Dervis (1975), Ahluwalia and Lysy
(1979), Dungan (1980), and Lysy and Taylor (1980). Ginsburgh and Wael-
broeck (1980) discuss the mathematical properties of tatonnement algo-
rithms in some detail.

9 For example, Adelman and Robinson (1978) usually required only fifteen
to twenty-five "function evaluations" (computations of the set of excess
demand equations) to solve their twenty-nine-sector model.
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models in this book. Therefore, we have used instead an algorithm that
requires information about derivatives of the excess demand functions.

The third class of algorithms that deals directly with the set of alge-
braic excess demand equations is defined by their use of derivatives of
the functions. 0 We shall call them "Jacobian algorithms," because their
performance is sensitive to the determinant of the matrix of numerical
derivatives - the Jacobian. Consider a set of nonlinear functions, fi(P1 ,
... , P), which, in matrix terms, yields the following solution problem:

f(P) = 0 (B.3.1)

where P is the vector of variables and f is the vector of functions. In
general, any iteration procedure for solving this set of equations can be
written as

p(k+l) = p(k) + a(k)dk) (B.3.2)

where the superscript k refers to the iteration, d() is a direction vector,
and a(') is a scalar giving the size of the step to be taken in direction d(k).

In the tatonnement algorithm, the direction vector is given simply by
the sign of f(P), and the step size is tuned by the user for the particular
model. In Jacobian algorithms, the direction vector depends on the
matrix of derivatives of the functions f(P). Define this matrix as D:

D af, (B.3.3)

A classic approach to solving Eq. (B.3.1) is to use the linear Taylor
series expansion for f(P):

f(P) f(P(k)) + D(P(k))(P - p(k)) (B.3.4)

Setting f(P) = 0 and solving for P = pk+]) yields
p(k+l) = p) - D-lf(p(k)) (B.3.5)

This is the Newton or Newton-Raphson method, with the direction vec-
tor d given by -D-f and the step size a equal to 1.

A second approach is to set up the solution problem as a minimization
problem of a special kind. Let

m(X)= = [J(p)J=f(P) (B.3.6)

where the prime (') indicates the transpose. (I(P) is a scalar function
that has a minimum when f(P) = 0. Thus, minimizing the function

For an elementary discussion of such techniques, see Conte and de Boor
(1972).
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¢I(P) will yield a solution to f(P) = 0. In seeking a P that will minimize
4I?(P), it makes sense to search in the direction in which the function
decreases the fastest, that is, the steepest. Consider the Taylor series
expansion of -t(P + d),

4(P + d) - b(P) ! d'V7 (B.3.7)

where d represents a small step and Vb is the gradient vector of ':

VP = p (B.3.8)

Note that

d'V4. = Ildil II * cosO (B.3.9)

where I Idl I and I IIIl are Euclidean norms and 0 is the angle
between the two vectors." For a normalized small step d, Eq. (B.3.9)
suggests that the direction of steepest descent, which minimizes the left-
hand side of (B.3.7), occurs when cos 0 equals -1, or d = -V.

Differentiating (B.3.6), V4 is given by

V = 2D'f (B.3.10)

and, hence, using the method of steepest descent yields the iteration
formula

p(k+I) = PI') - 2c(k)Df(P()) (B.3.11)

In general, the Newton-Raphson method given in Eq. (B.3.5) has qua-
dratic convergence properties provided that the initial guess is suffi-
ciently close to the solution. The method of steepest descent is preferred
when the initial guess of P is far from the solution, but it is slower to
converge. A number of algorithms have been developed that interpolate
between the Newton-Raphson and steepest descent directions. These
algorithms differ in how they do the interpolation, how they choose the
step size a(k), and how they compute the derivatives of f(P)." 2 We have
chosen a method due to Powell that does not require the analytic spec-
ification of the derivatives of f(P).' 3 The Powell algorithm estimates the
matrix of derivatives by numerical approximation (requiring n + 1

" For a discussion of norms, see the appendix to Chapter 2.
12 The basic techniques are discussed in standard texts on numerical analysis.

See, for example, Dahlquist and Bjorek (1974).
13 The method and the associated computer algorithm are described in Powell

(1970a, 1970b).
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function evaluations) and then updates the approximation using a tech-
nique that does not generally involve extra function evaluations."

A major disadvantage of techniques that require the numerical
approximation of derivatives is that such methods require n + 1 func-
tion evaluations before they even start to search for the solution P's. A
tuned tatonnement method can easily converge in ten to twenty itera-
tions and would thus clearly dominate any technique that requires n
+ 1 iterations just to get started. Even for a model in which tatonne-
ment is inefficient, the trade-off in moving to a Jacobian technique
appears to be quite serious.

In order to avoid having to recompute the derivatives numerically for
every solution, we have adapted the Powell algorithm so that it can save
and reuse the matrix of derivatives generated from a previous solution.
Although it is true that the performance of the algorithm is sensitive to
the initial guess of the derivatives, the robustness of the procedure is
quite surprising. It is a common observation in numerical analysis that
derivatives are tricky - much harder, for example, than integrals - and
our experience probably has much to do with how we specified the func-
tions to be solved. The details of our solution strategy, particularly how
we scaled the endogenous variables and the functions, are discussed in
the next section.

Use of the Newton-Raphson technique requires that the matrix of
derivatives, D, be inverted, and thus the method fails if the determinant
of D is zero. This determinant is the Jacobian of the vector function
f(P), for which the matrix of partial derivatives is computed; we write
it as J(f). Algorithms that use any variant of the Newton-Raphson tech-
nique, such as the Powell algorithm, become very sensitive and may fail
if the Jacobian is small, but nonetheless different from zero because Eq.
(B.3.5) then generates a nonsensically large step. Such algorithms usu-
ally incorporate some test of singularity of f(f) and change direction if
it becomes too small.

Computable general equilibrium models have excess demand equa-
tions with a number of special properties, so it is important to explore
analytically the nature of the Jacobian of such systems. The next section
discusses these properties in some detail in the context of our particular
solution strategies. A useful mathematical theorem in this context
defines the notion of "functional dependence" in a system of equations.
We state the theorem below (without proof)."5

14 The technique, due to Broyden, is described in Powell (1970a) and Dahl-
quist and Bjorck (1974, p. 443).

'5 For further discussion, and a proof, see Kaplan (1952, pp. 132-6).



496 Appendix B: Solution strategies and algorithms

A set of functions f,(P,, . . . , PJ) is called "functionally dependent"
if they are related in a given domain by an identity of the form

Nil ) . . . I fn)-° (B.3.12)

To rule out degenerate cases, assume that V# #& 0 for the range of f
over the given domain.

If the jf functions are differentiable in the domain and are function-
ally dependent, then the Jacobian off is identically equal to zero in that
domain:

J()e0 (B.3.13)

Conversely, if J(f) 0 and VJfi # 0 for all i, then, in some neighbor-
hood of each point in the domain, the set of functions fJ is functionally
dependent.

Note that the definition of functional dependence can be extended to
the case where the number of variables Pi differs from the number of
equations f. If the number of equations exceeds the number of variables,
there is always some form of functional dependence, because the rank
of the matrix of derivatives cannot exceed the number of variables.

In the next two sections, we discuss the details of the particular solu-
tion algorithms used to solve the models presented in this book. The
product market solution strategy discussed in Section B.2 assumes that
at every price iteration the factor markets have been solved. In the dis-
cussion that follows, we can thus always assume that, for every set of
prices, a set of wages has been calculated that gives equilibrium employ-
ment and production in every sector."6 We need only write down the
excess demand equations for the product markets and for the foreign
exchange market. Before discussing the open-economy solution strategy
in Section B.5, we consider at some length the simpler closed-economy
model, which captures the major features of our solution approach.

B.4 The closed-economy model

Consider a model of a closed economy that, after numerically substitut-
ing out the factor markets, yields the following n + 1 equations, which
must be solved to find n equilibrium prices.

fj(Pp, Pj = Pi(XD-X) = 0 i= . . . , n (B.4.1)
g(P1, ., Po) P O (B4.2)

6 Note that we need not, and generally do not, assume that these are market-
clearing wages. As discussed in Chapter 5, it is relatively easy to specify
different assumptions about how the labor markets operate.



B.4 The closed-economy model 497

where

Pi = price of good i
XP = demand for sector i
Xi = supply for sector I
P = exogenous aggregate price level

The equations fi are the nominal sectoral excess demands, and g is
the price-normalization rule. In the standard Walrasian system, the
excess demand equations have two properties that are essentially inde-
pendent but are often confused: (1) They satisfy Walras's law, and (2)
they are homogeneous of degree zero in prices. First, consider Walras's
law, which can be written as

,pi(XD - XS) = = 0 (B.4.3)

Walras's law is written as an identity because it arises from the fact that
the system must satisfy the budget constraint even when it is out of
equilibrium. In terms of social accounting matrices, the system must
satisfy Walras's law if every account (row and column) balances, even
if there are nonzero excess demands.17

If Walras's law holds, then the set of excess demand equations fi are
not all independent. Given any n - 1 of them, we can use Eq. (B.4.3)
to solve for the nth. For our purposes, there are two important points
to note about Walras's law. First, it is not a necessary property for the
system of equationsfi to have, either for a solution to exist or for the use
of particular solution algorithms.' 8 Second, although Walras's law suf-
fices to prove that the system of excess demand equations fi is function-
ally dependent [in the sense that the Jacobian vanishes identically, J(f)
e 0], it is also possible to write an equivalent set of excess demand
equations whose Jacobian does not vanish. Consider, for example, the
real excess demand equations ei:

ei = X- - X,s = 0 (B.4.4)

Walras's law is now written as E Pzei e 0.
Assuming positive equilibrium prices (or at least complementary

slackness), the two sets of equations ei andjf will have the same solution.

'7 Note that Eq. (B.4.3) must hold in equilibrium, and that it is possible to
write down a set of excess demand equations that does not satisfy Walras's
law (as an identity) but nonetheless yields the same equilibrium solution.
We present such a system later.

'8 For a discussion of the role of Walras's law in existence proofs, see Lancaster
(1968, chap. 9).
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However, the set ei does not satisfy the requirements of the functional
dependence theorem discussed in the previous section and, hence, from
Walras's law alone, one cannot conclude that J(e) = 0. Of course, the
equations e: are still not independent in the sense that it is always pos-
sible to solve n - 1 of them and use Walras's law to solve for the nth.
But for certain numerical solution algorithms, as we have discussed, the
fact that the Jacobian does not vanish is important. It might well be
numerically convenient to work with the set of equations e, rather than
the set fi. Scaling the equations can make a major difference in the
operation of a given algorithm.

The second important point to note about the set of excess demand
equations e, of a standard general equilibrium model is that they are
homogeneous of degree zero in prices. This property is extremely
important for proving that the general equilibrium system has at least
one solution because the proofs require that one be able to work with
the set of normalized price vectors. If the system is not homogeneous of
degree zero in prices, it may still have a solution, but it is difficult to
prove it. However, we and others have worked with nonhomogeneous
systems and have always found solutions empirically.

If the system is homogeneous of degree zero, then it is obvious that
only relative prices matter. In this case, regardless of whether or not
Walras's law holds, the set of excess demand equations is functionally
dependent and the Jacobian is zero.'9 Thus, one cannot work directly
on the set of n excess demand equations using a solution algorithm that
requires a nonzero Jacobian.

The obvious solution if one wishes to work with an algorithm requir-
ing a nonzero Jacobian is to drop one of the excess demand equations
and replace it with the price-normalization rule. Consider the following
system of n equations in n prices, in which the price-normalization rule
is written as an equilibrium condition:

Jf*i(Pl .. Pn) =f (PI I .. Pn) = O i= I 1,.. n - 1
fn(PI, X Pn) = g(P, . Pn) - P = 0 (B.4.5)

The Jacobian of this system, J(/*), is nonzero, and we rely on Walras's
law to guarantee that the nth excess demand will be zero once we have
found a set of prices that yields zero excess demands for the other n -

1 markets.

9 Consider, for example, the normalization rule P, = l. Then the system can
be written as n equations in n - 1 variables, f(PI,. ... , P_I, 1). As noted
earlier, any set of equations in which there are more equations than
unknowns is functionally dependent. See Kaplan (1952, pp. 132-6).
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The system of equations (B.4.5) can be attacked directly, but its
asymmetric treatment of the markets may give rise to problems. The
fact that the omitted market is solved residually means that its excess
demand is the algebraic sum of the excess demands in the other markets.
Although each of those markets may converge within an acceptable cri-
terion, their sum may yield an unacceptable level of excess demand in
the omitted market. There is a way to deal with this scaling problem
but, as we shall discuss, there are also ways to retain the symmetric
treatment of the markets, and both approaches seem to be robust.

B.5 The open-economy model

The open economy adds a market for foreign exchange to the n product
markets, and an extra variable: the exchange rate ER. This is the core
model described in Chapter 7 and provides the starting point for all the
empirical applications. Domestically produced and imported goods are
specified as imperfect substitutes, so there are three sets of prices in the
system: domestic prices (PDj), world prices of imports (P1W4), and com-
posite good prices (Pi).2 0 However, world prices of imports are assumed
to be fixed exogenously and hence the composite goods prices can be
written as functions of the domestic prices and the exchange rate. The
solution problem, then, is to find a set of domestic prices PDi and an
exchange rate (or some other equilibrating variable) that yield zero
excess demands in the n product markets and in the foreign exchange
market. As before, we assume that for every set of prices one can solve
for equilibrium factor prices and so numerically substitute out the factor
markets.

Following are the equations whose solution yields equilibrium prices.
Consider the model in which the exchange rate is the equilibrating var-
iable for the foreign exchange market. The extension to premium or
fixprice rationing is straightforward. The equations, including various
scaling factors, are

X-D - 1
F;(7r1 * = = 0 i = 1, n (B.5.1)

F,B- FK)
F.+I(1r. .. , ir,+) = = 0 (B.5.2)

FT
PDi = Xr,sj i I= 1, ........,n (B. 5.3)
ER = 1rn+ l °n+l (B.5.4)

G(PDI, ... , PDt, ER) - P = 0 (B.5.5)

20 In some variants of the model, we also allow for a difference between the
domestic and world prices of exports. See Chapter 7 for further discussion.
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where

PD, = domestic prices
ER = the exchange rate
XD = sectoral demand
Xs = sectoral'supply
B = balance of trade in dollars

FK = exogenous foreign capital inflow
FT = average foreign trade (exports plus imports divided

by 2) in dollars
X = price-normalization parameter

~,, aol, 0B = exogenous scaling parameters
P = exogenously set aggregate price level

In this system, the solution problem is to find a set of n + 1 7r's so
that the n + 1 excess demand equations and the price-normalization
rule are all satisfied. All the excess demands are written in terms of
shares. The a, and an+, are usually set to the base-year prices and
exchange rate (or to solution values in the previous period for the
dynamic model), so the 7r variables are expressed as multipliers scaled
around one. The scaling parameter aB is set so that the convergence
criterion guarantees acceptable accuracy in the balance-of-trade equa-
tion when the other excess demand equations have converged (aB is usu-
ally set equal to 2). Such scaling of the variables and of the excess
demand equations is important and has a significant effect on the effi-
ciency of the solution algorithm.

The parameter X appears in Eq. (B.5.3) because we always scale the
PD,'s so that the price-normalization equation is satisfied. Thus,
whereas the ir,'s are unrestricted, X is set so that the domestic prices and
the exchange rate are restricted to the normalized set. This approach is
convenient because solution algorithms designed for general systems of
algebraic equations are usually not designed to search over a restricted
or normalized domain of the endogenous variables.2 '

Equations (B.5.1) to (B.5.5) represent n + 2 equations (n + 1
excess demands and price normalization) in n + 1 variables (PD,,
.. . PD, and ER). The system satisfies Walras's law (properly for-

mulated in nominal terms), and the complete set of n + 1 excess
demand equations is homogeneous of degree zero in all prices (PD, and
ER). Note, however, that because of the way in which price normali-
zation is imposed, the excess demand functions are not homogeneous of

2t We experimented with restricting the algorithm directly, but our experience
indicates that this approach is much easier and performs as well.
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degree zero in the 7r's. Because the price-normalization scaling variable,
X, is applied only to the PDi in Eq. (B.5.3), a doubling of all the r's
will lead to a change in relative prices - in particular, the real exchange
rate.

Given the scaling of the excess demand functions and that they are
not homogeneous of degree zero in the 7r's, the Jacobian of the functions,
J(F), is not equal to zero. It is thus feasible to attack the system of excess
demand equations directly, treating all markets symmetrically and using
the scaling variable X to map changes in the xr's into changes in nor-
malized prices. We have in fact used this approach for the flexible-
exchange-rate model, and it has generally worked quite well. There are,
however, some numerical pitfalls that sometimes cause problems and
can thus offset the advantages of treating all markets symmetrically.

Although the Jacobian J(F) does not equal zero, the property of the
system that yields this result is our particular way of imposing price
normalization. With a reasonably large number of sectors, say, more
than ten, the indirect impact on other relative prices of a change in a
given iri, working through the normalization equation, is of a lower
order of magnitude than the direct effect on the given price. For very
small changes in 7ri, the Jacobian empirically becomes relatively small
and the solution algorithm suffers.22 The use of an updating procedure
for recomputing the matrix of first partial derivatives may, in some
cases, drift toward singularity of the Jacobian.

As discussed in the previous section, the obvious way to avoid such
problems is to abandon the symmetric treatment of all markets and to
replace one of the product market excess demand equations with the
price-normalization equation. In our treatment, one simply uses the
variable X as a measure of the extent to which the 7r's do not satisfy the
price-normalization equation. The convergence criterion is that X equal
one. Walras's law guarantees that the omitted market will be in equi-
librium when all the other excess demands go to zero.2 3 This asymmetric
technique also appears to work quite efficiently and robustly.

22 We confirmed this property by computing the numerical Jacobian using a
variety of step sizes. As the step size decreased, the determinant decreased
and the elements of the inverse of the matrix of first derivatives became rel-
atively large. In the Powell algorithm we have described, this situation need
not be fatal because the algorithm then moves away from the Newton
method and toward the method of steepest descent.

23 We also use a scaling factor, so the price-normalization "excess demand"
equation is written a(X - 1). A value for a' of n seems to achieve a reason-
able balance in convergence in the omitted market relative to the other
markets.



502 Appendix B: Solution strategies and algorithms

In addition to the flexible-exchange-rate model, we also have used
three models with a fixed exchange rate that (1) allow the balance of
trade to be unconstrained, (2) achieve foreign balance by premium
rationing, and (3) achieve foreign balance by fixprice rationing. In the
second and third cases, one simply replaces the exchange rate on the
left-hand side of Eq. (B.5.4) with the appropriate variable - either the
premium rate or the rationing rate. In the first case, one simply drops
the foreign balance Eq. (B.5.2) from the system, as well as the associated
price equation (B.5.4), and works only with the n product market excess
demand equations and the n prices, PDi. Because the exchange rate is
fixed in all three cases, the resulting system is not homogeneous of
degree zero in either prices or ir's. Thus one can treat the excess demand
equations symmetrically, and we have tended to use this approach in
the applications.2 4

Table B. 1 gives the matrix of derivatives of the excess demand equa-
tions for the ME archetype economy discussed in Chapter 13. Given
the scaling parameters, the derivatives are essentially elasticities and
measure the change in percent excess demand (as measured by F,) for
a percent change in the corresponding price. The scaling factor for the
balance of trade, aB, was set to one.25

The diagonal elements in the derivative matrix - the own-price
excess demand elasticities - are generally larger than the off-diagonal
elements. However, there are a number of relatively large off-diagonal
elements, and the matrix is not at all diagonally dominant. Cross-mar-
ket effects clearly are quite significant, and hence a Jacobian algorithm
that takes the cross-derivatives into account should be more efficient
than a tatonnement algorithm. Note especially the linkages between the
primary and food sectors, between construction and the rest, and
between the foreign exchange and product markets.2 6

24 Both versions appear to work quite efficiently. The eight-sector model usu-
ally solves in ten to fifteen price iterations, and the nineteen-sector model in
fifteen to twenty-five price iterations, using either the symmetric or asym-
metric approach.

25 The matrix was generated numerically, using a step size of 0.10. The com-
puted derivatives are quite similar for a wide range of step sizes and, as we
noted before, the Jacobian gets dangerously small only for a step size of 0.01
or less.

26 The derivative matrices for the other archetype economies are similar but
with some significant differences, especially in the foreign exchange market.
The general properties of the matrix - large diagonal elements with some
significant off-diagonals - also hold for the nineteen-sector models of Turkey
used in earlier chapters.
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Table B. 1. Matrix of derivatives of the excess demand equations

Market 1 2 3 4 5 6 7 8 9

Primary -0.5 0.4 0.1 0.0 0.0 0.0 0.0 0.1 0.3
Food 0.8 -1.6 0.2 0.1 0.0 0.5 0.2 0.4 0.3
Consumer 0.1 0.1 -0.7 0.1 0.0 0.4 0.1 0.1 0.0
Intermediate 0.0 0.2 0.2 -1.0 0.0 0.6 0.1 0.0 0.2
Capital goods 0.1 0.3 0.0 0.4 -0.7 0.1 0.1 -0.2 -1.0
Construction 0.3 1.3 0.8 2.1 0.5 -3.3 0.5 0.1 -0.9
Social

overhead 0.0 0.3 0.1 0.2 0.1 0.5 -1.1 0.3 0.1
Services 0.0 0.2 0.1 0.1 0.1 0.1 0.1 -0.5 -0.1
Foreign

exchange -0.2 -0.1 0.3 -0.3 -0.1 0.0 0.2 0.8 2.3

Notes: The matrix is computed for the ME-archetype economy evaluated at the base
solution using a step size of 0.10. The derivatives are expressed as elasticities, and
measure the effect of a change in a price (column) on the excess demand in a market
(row).

B.6 Conclusion

The survey of solution strategies and algorithms presented here gives
some indication of the wide range of approaches used to solve CGE
models. The advances made in the last ten years or so are impressive,
and the published literature is only just starting to reflect the volume
and variety of work in this area. The current state of the work with
CGE models and ways of solving them is reminiscent of the ferment in
the early days of work with linear programming models. As in that
period, there is a need for more work on the relationships between the
economic and mathematical properties of the applied models.

It should be clear that there is as yet no "best" way to solve CGE
models. The approach developed here appears to be a step toward the
use of algorithms that require a minimum of "tuning" by the user, but
that can still be applied to relatively large models that allow a wide
scope for behavioral specification. However, we are still far from elim-
inating the need to specify a solution strategy. Modelers cannot simply
write down their equations any way they like. Although there is work
being done that seeks to automate the translation from a set of equations
to a solution strategy, it is not yet far enough advanced to help those
who are applying CGE models (see Bisschop and Meeraus, 1980). For
a while, at least, there will remain serious trade-offs among model spec-
ification, solution strategy, and solution algorithm that will constrain
applied modelers.
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factor markets: CGE model and, 139-

45; distortion of, in CGE, 209; general equilibrium models: dynamic,
distribution of income and, 432; TGT trade policy and, 211-17; empirical, 2,
model and, 322 3; usefulness of, 7; see also

factor requirements (primary), of static computable general equilibrium
input-output models, 29-31 model

factors of production, income Gerschenkron, A., 100 n5
distribution and, 401, 410 government: basic CGE model and,

farmers (CGE model), income 145-6; credit/capital markets and,
distribution and, 437-8, 452, 453; see 209; dynamic efficiency and, 216;
also agriculture income distribution mechanisms and,

feasibility, 63 n2; linear programming 413, 415; policy of, welfare and, 207;
and, 64, 69, 71; target equilibrium SAM/CGE model and, 159-60
paths and, 44-5, 56 gross domestic product (GDP): Korean

Fei, J., 431 growth example and, 114; national
final demand: dynamic input-output accounts and, 21; Turkish foreign

models and, 31, 36-7; growth and, exchange and, 343, 350
126, 127; interindustry model and, growth: changes in technology and, 46;
101; static input-output models and, decline in (since 1973), 433-5;
23, 25, 30; see also demand; domestic dynamic input-output model (Korean
demand example) and, 110-26; industrial,

Findlay, R. E., 435 nl Turkey and, 323-5; one-sector/
firms, 143; linear programming budget multisector model comparison and,

constraint problem and, 134, 135 61; static input-output model and, 92-
fixprice rationing, see import rationing, 110; target equilibrium and, 35;

fixprice terminal year/linear programming
forecasting, 3; CGE model and, and, 88, 89; trade policy and, 213-14;

180-1 see also growth prospects
foreign exchange: constraints in linear growth paths, 34, 36; alternative long-

programming model, 67-9; Korean range, 112; manufacturing (Korea)
growth and, 112; shortages of, and, 111-14; price structure and, 359;
adjustment policies and, 288-317 sectoral growth rates and, 43-4

foreign exchange crisis (Turkey/1973- growth prospects (TGT model):
1977): adjustment postponement of, experiments in, 259-60; export
welfare costs/macroeconomic effects expansion/import substitution and,
of, 342-50; estimation of an 378-94; macroeconomic alternatives
equilibrium exchange rate and, 332- and, 361-5; relative price/sectoral
41; historical background to, 323-6; growth and, 367-76; see also growth
import rationing/rent seeking (1978) Grubel, H.G., 219 nl
and, 350-8; overview/sources of, 321-
3, policy reaction to, 326-31 Hahn, F., 155 n13

foreign trade, 10, 11; computable Harcourt, G., 52
general equilibrium model and, 182- Harris, J., 178, 179
3; definitions of, 195-6; dynamic Heckscher-Ohlin trade theory, 31
input-output models and, 46-7; horizontal axis graphing of income
exchange rate and, 183-97; linear distribution, 428
programming model and, 80-7; households: basic CGE model and, 145-
realism in speculation of, CGE model 6; income distribution and, 410, 413,
and, 219-21, 240; sectors and, 240; 414-15, 421-4; linear programming
shadow price/linear programming budget constraint problem and, 135,
and, 76; static input-output models 136; SAM/CGE model and, 159-60,
and, 19, 24-9; see also balance of 476, 481-2
trade; trade Hudson, E., 467 n19
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human capital theory, income using, tariffs and, 217; static input-
distribution and, 399, 400 output model (manufacturing growth)

Hungary, 53 and, 104, 107-10; TGT model and,
327, 342, 353, 355-7, 366; TGT

import complements, 240 model/growth and, 378-94; see also
import licenses, 200, 201, 321, 351, 443, import rationing; imports

453 income: cross-country growth
import rationing, 200; vs. devaluation in comparisons and, 96; development

exchange rate adjustment, 295-305; process and, 91; dynamic model and,
exchange rate adjustment and, 290-5; 213; equation, flexible exchange rate
fixprice, 11, 292-4, 297, 299-301, model and, 252; generation, demand
302, 304, 308, 312, 313, 352; for commodities (CGE model), 145-8;
premium, 11, 294-5, 296-7, 298-9, linear programming budget constraint
300, 302, 304, 307-8, 366, 369, 443- problem and, 135; SAM/CGE model
4, 448, 452, 453, 456, 460, 464, 465; and, 159-60; TGT model/growth
rent seeking/exchange rate and, 364, 365; trade policy and, 245-
adjustment and, 305-9; TGT model 8; Turkish foreign exchange crisis
and, 321, 342, 346, 350-8; TGT and, 323; see also income distribution
model/growth and, 366, 369, 380-1; income accounts (SAM), 475-7
see also imports; import substitution income distribution: application of CGE

imports, 217, 219, 283; CGE model/ model and, 432-3; archetype
income distribution and, 439, 441-3, economies and, 435-41; class conflict/
444, 448; change in specification policy choice and, 458-66; economic/
effects on equilibrium solution and, sociopolitical process and, 397;
230-2; demand function equation of economy-wide models and, 403-10;
flexible exchange rate and, 251; external shocks/macroeconomic
domestic prices and, 237-9; dynamic adjustment and, 433-5, 441-9;
input-output models and, 46-7, 114, generating, in a planning model, 410-
117; foreign exchange constraints/ 24; measures of, 425-31; normative/
linear programming and, 68; as positive approaches to, 398-403-
imperfect substitute for domestic policy choice and, 449-58; tariffs and,
goods, 221-4, 230-2; introduction of 217; see also income
trade into CGE model and, 197, 200; index numbers: decomposition
manufacturing, resource allocation/ methodology and, 247-8; exchange
trade policy and, 264, 268, 269, 270, rate adjustment/welfare and, 312-13;
272; price equation, flexible exchange TGT model and, 379 n5; welfare
rate and, 250; sector tradability comparisons and, 242-5
classification and, 224; small-country individuals: income distribution and,
assumption and, 224; static input- 410, 415, 416, 425; size distribution
output model and, 21, 24-9; as by, 417-21
substitute for domestic goods, 24, 29, industrialization, 96, 110, 182; infant
76, 203, 220; terminal year/linear industry argument and, 216;
programming and, 89; TGT model protection and, 214; Turkish, 258,
and, 321, 325, 327, 329, 330, 331, 323-5
340; TGT model/growth prospects infant industry argument, 216
and, 359, 361, 366-9, 374-6; trade inflation: foreign exchange and, 291;
policy/linear programming and, 80; TGT model/growth and, 394;
see also import rationing; import Turkish foreign exchange crisis and,
substitution 329, 331, 332, 337, 338, 339, 340,

import substitution, 126, 359; 348, 350
decomposition methodology of static input-output models: accounts in, static
input-output model and, 93, 94-5; models and, 17-21; diagonalization
dynamic input-output model (Korean and, 53-5; dynamic, 9; empirical
example) and, 111, 113, 121-6; application of, 91-127; factor
exchange rate adjustment and, 289; requirements of static, 29-311; foreign
growth and, 126; import complements trade in static, 24-9; industrial
and difference in, 240; industries growth/structural change in static,
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92-110; material balance equation of labor: basic structure of CGE model
static, 21-4; multisector dynamic, 36- and,140-1, 142, 144-5, 163, 167, 169;
42; one-sector dynamic, 31-6; one- categories, "free-trade" reference
sector and multisector compared, 60- solution and, 260, 261; constraints in
1; price system in, 9; relative prices linear programming model, 69, 70-1;
and, 48-53; semipositive matrices and, equation, flexible exchange rate
55-8; stability of dynamic system and, model, 251; exchange rate/balance of
59-60; static, 9; system, policy trade and, 186, 190; income
analysis/linear programming and, 62- distribution and, 416, 438, 441, 450,
90; target equilibrium paths in 451; Korean manufacturing growth
dynamic, 42-6; technological change/ and, 114; rural-urban migration in
foreign trade in dynamic, 46-7; trade CGE model and, 178-9; SAM and,
strategy and structural change/ 475-6; static input-output model
growth in dynamic, 110-26; viability primary factor requirements and, 30, 31
and, 23, 58 labor training, 216

institutions, income distribution and, Laspeyres index, 379 n5; decomposition
410, 413 methodology and, 248; exchange rate

interindustry model, 101 adjustment/welfare and, 313- welfare
investment: adjustment function/growth comparisons and, 243-6

rate and, 61; allocation in CGE Leontief, Wassily, 6, 18, 31, 40
model, 175-8; CGE model/ Lewis, W.A., 434
distribution and, 446, 449; demand linear programming models, 9, 133;
(sectoral), price mechanism/resource basic structure of dynamic, 63-71;
allocation and, 259-60, 261; dynamic capacity constraints in, 66-7; capital/
model and, 212-13, 213-14, 215, 216; investment updating and, 67;
equation, flexible exchange rate development planning and, 62-3;
model, 252-3; income distribution foreign exchange constraints in, 67-9;
models and, 403-5, 407; Korean labor constraints in, 69; material
manufacturing growth and, 112, 114, balance equation in, 65-6; objective
117, 121; multisector dynamic input- function in, 65; shadow prices in, 71-
output models and, 37-41; objective 80; terminal conditions in, 80-7;
function/linear programming and, 66; terminal conditions problem of, 87-
one-sector dynamic input-output 90; trade policy/comparative
models and, 31-6; terminal year/ advantage in, 80-7
linear programming and, 87; TGT literacy, Korean manufacturing growth
model/growth and, 363, 364; trade and, 112
policy/linear programming and, 84-5; Lloyd, P.J., 219 nl
treatment in CGE model and, 142, Lluch, C., 483
147, 148, 165-6, 171, 172-3; Turkish loans, 176
foreign exchange crisis and, 331, 339- Lorenz curve graphing of income
40, 353; updating of, linear distribution, 428
programming model and, 67 Lysy-Taylor model of Brazil, 406

Isard, P., 219
Israel, 96, 101, 104, 105, 108 macroeconomic forecasting models, 3

Japan, 96, 100, 104, 105, 107, 123 Malinvaud, E., 3
Johansen, L. H., 150MaghsM.43
Jorgenson, D., 41 nlO, 60 n31, 214, 467 manufacturing gross output, cross-

n19 country comparison and, 97-101
manufacturing sector, 257, 436, 452;

Kaldor, N., 404 expansion in, comparative study and,
Korea: see South Korea 101-4; output of, growth and, 97-101;
Korean five-year plan: see South Korea, protection of, 211, 214; resource

five-year plan allocation/manufacturing imports-
Kornai, J., 91, 168 exports and, trade policy effects of,
Krueger, Anne, 152, 289, 306, 370 259-74; TGT model/growth and,
Kubo, Y., 92 nl 363, 367; trade strategy and growth
Kuznets, Simon, 1, 18 in, 105-10; wages/trade policy and, 208
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market clearing, computable general Ohyama, M., 245
equilibrium model and, 137, 169-80 oil crisis, Turkish foreign exchange

market economy, CGE and, 133-8 crisis and, 331, 332, 337, 338, 339,
market prices, 9; shadow prices/linear 341, 342, 343-6, 348

programming and, 78-80, 86; see also one-sector models: compared with
prices; shadow prices multisector, 60-1; dynamic input-

material balance equations, 37, 93, 133, output model, 31-6
136; linear programming model, 65-6, open economy, 433- computable general
81; static input-output models and, equilibrium model and, 219-54, 499-
21-4, 27; TGT model, 378; treatment 502
of imports in, 26 Organization of Economic Cooperation

maximization: basic linear programming and Development (OECD), 331, 340,
and, 63 n2, 65; of planner's 342, 346, 349
preference function, 62; of profit, 50,
51, 143, 145 Paasche index, 375 n5; decomposition

Mexico, 96, 100, 105, 107, 123, 370 methodology and, 247; exchange rate
migration (rural-urban), CGE model adjustment/welfare and, 313; welfare

and, 178-80 comparisons and, 242, 243-4
mixed market economies, 137 parameter estimation, 258; CGE model
"mobility matrix," 409 and, 141, 147
models: see barter model; computable planning: CGE model and, 131-3, 170;

general equilibrium model (CGE); development/linear programming
empirical economic-demographic and, 62-3, 64; dynamic models and,
models; general equilibrium models; 211-17; terminal year problem/linear
input-output models; interindustry programming and, 87; TGT model
model; linear programming models; and growth, 359-60; see also central
macroeconomic forecasting models; planning
multisector models; one-sector models; planning horizon (linear programming), 90
planning models; Turkey, growth, planning models, generating income
and trade model distribution in, 410-24; TGT model

money, linear programming and, 151-2 as, 359
monopoly power in trade: introduction policy: analysis, theory/modeling and,

of trade into CGE model and, 207-8; 2-4; class conflict and choice of
quotas and, 200 distributional, 458-66; growth/

Morishima, M., 171 structural change (TGT model) and,
multisector models, 131, 152; compared 359-60; income distribution and, 400-

with one-sector, 60-1; development 1, 410, 424-5, 449-58; linear
policy and, 4-8; distributional programming models (based on input-
mechanisms and, 409; dynamic input- output system) and, 62-3; material
output, 36-42; structural change and, balance equation (input-output
1; theory/policy analysis and, 3-4 model), and analysis of, 24; trade

national income accounting, in static adjustment/external shocks/
input-output models, 17, 18, 19-21 distribution and, 433-5, 441-9,

Nishimizu, M., 214 Turkish foreign exchange crisis and,
nominal protection, trade policy/CGE 326-31, 341; see also development

model and, 202, 204, 205; see also policy; trade adjustment policies
effective protection; protection positive/normative approaches to income
nontradables protch; exchanerate and, distribution, 398-403
n,rde 35 e r poverty: CGE model/income

normative/positive approaches to income distribution and, 456-8; income
distribution, 398-403 distribution and, 426

"norm" of a matrix (defined), 56, 57 Powell, A., 483
Norway, 96, 101, 104, 105, 108 premium rationing: see rationig,

objective function: basic structure of price-normalization: CGE model and,
CGE model and, 143; linear 150-3, 163; exchange rate/balance of
programming, 63 n2, 65, 70, 71, 76 trade and, 183-7; exchange rate
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definitions and, 192-7; trade tax static input-output models and, 21,
changes, and, 278-82 23; technology, 261; TGT model/

prices: basic structure of CGE model growth and, 365
and, 141, 143-4, 148, 150, 167-8, production function: basic structure of
169-71; devaluation of domestic, CGE model and, 139, 141, 145, 167;
exchange rate adjustment and, 296, flexible exchange rate equation for,
299; distribution of income and 251
changes in, 432; domestic, tariffs/ product market equilibrium (flexible
subsidies and, 265-74; domestic, trade exchange rate model), 253-4
policy and, 232-9; elasticities of, trade profits: basic structure of CGE model
substitution and, 264-5; equations for, and, 143, 145, 176-8; income, savings
in flexible exchange rate model, 250; rate/distribution and, 404;
existence proof of core CGE model maximization of, 50, 51, 143, 145;
and, 153-5; exports/small-country rate equation for (linear
assumption and, 224-6, 227; export programming), 77-8; rates of, 49,
supply/exchange rate adjustment and, 176-8; TGT model and, 356, 357,
290; factor, introducing trade into 374
CGE model and, 204, 206; foreign project evaluation, resource allocation/
exchange and changes in, 291; gross/ DRCs-ERPs and, 274-8
net, exchange rate adjustment and, protection, 302; of exportables, 199;
302-5, 317; growth decline and policy-making concerns of, 201;
increases in, 434; growth path and, resource allocation and, 201, 202;
359; income distribution mechanisms tariff/domestic prices and, 271; tariff/
and, 405-6; index movement of, TGT noncompetitive imports and, 240;
model and, 335-6; linear trade policy/CGE model and, 202-5;
programming and, 64; linear see also effective protection; nominal
programming budget constraint protection
problem and, 134-5, 136; mechanism, purchasing-power-parity computations,
resource allocation (CGE model) and, Turkish foreign exchange crisis and,
259-74; multichannel systems of, 52- 340, 349
3; policy for, models and, 132; Pyatt, G., 431
relative, CGE model/distribution quantity variables (CGE model), 132,
and, 436, 450-2; relative, input- 163
output models and, 48-53; relative, 16
TGT model and, 367-76; social costs- quotas, 200-1, 207, 351; exchange
benefits, project evaluation/resource control and, 292
allocation and, 276-7; static input- Ranis, G., 431
output models and, 21-2; substitution rationing: see import rationing
of foreign and domestic goods and, Rawls, J., 399
219-20; substitution of imported and reasonableness (target equilibrium), 44
domestic goods and, 222; see also reference run (CGE model), 259-65
market prices; shadow prices remittances, Turkish foreign exchange

price system, input-output models and, crisis and (TGT model), 327, 328,
9 329, 330, 331, 333, 334, 336, 337,

product accounting (static input-output 338, 341, 349
models), 17, 18, 19-21 rent seeking: CGE model/distribution

product differentiation, 257, 259; and, 448; import rationing/exchange
exports/small-country assumption rate adjustment and, 305-9, 313;
and, 224-5; imports and, 221-4; trade sectoral impact of rationing/TGT
policy/resource allocation and, 232- model and, 352, 355; TGT model/
41; trade tax changes and, 282 growth and, 365

production: accounts, SAM and, 472-5, reserve decumulation (TGT model),
481; budget constraint problem (LP) 333-4
and, 133-4; CGE model/income resource allocation: exchange rate
distribution and, 438-9, 466; adjustment and, 289, 296, 306, 317;
possibility frontier, 45; primary, input-output model and, 92; policy
manufacturing growth and, 100, 101; change and, 287; product
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resource allocation (cont.) model and, 155-62; construction of,
differentiation/trade policy and, 232- 471-85; income distribution and, 410,
41; protection and, 201, 202; shadow 411-17; see also accounting
prices/linear programming and, 75; framework
TGT model/growth and, 365; trade social mobility, 409
policy/linear programming and, 85; socioeconomic groups: archetype
trade policy/manufacturing imports- economies/income distribution and,
exports and, 259-74; trade taxes and, 437-8; income distribution and, 410,
278, 282-6; welfare and, 241 415-16, 423, 458-9, 460, 462-4

Robinson, S., 92 nl, 176, 322 Solow, R., 60 n31
rural-urban migration (CGE model), South Korea, 96, 100, 101-104, 107,

178-80 108, 370; dynamic input-output
model example and, 110-26; five year

Samuelson, P., 84 plan, 46
savings, 261; basic structure of CGE specification effects, change in, imports/

model and, 146, 147, 166; CGE exports and, 230-2
model/distribution and, 446-8; Srinivasan, T. N., 306
defining rate of, in input-output stability: of dynamic system, 59-60;
model, 33, 35; dynamic model long-run equilibrium growth path
building and, 212, 213; income and, 32; one-sector/multisector
distribution/models and, 403-5, 407; models and, 61; see also "dual
SAM/CGE and, 160-1, 476, 482; stability"
TGT model and, 322 stagnation, Turkish foreign exchange

sectors, 67; CGE model/distribution crisis and, 331
and, 436-7, 441; exchange rate Stone, Richard, 46
adjustment and, 302-5, 317; growth structural change, 400; dynamic input-
in, trade strategy and, 105-10; growth output model (Korean example) and,
rates/growth path and, 43-4; Korean 110-26; export expansion/import
growth pattern and, 114, 121; tariff/ substitution (TGT model) and, 378-
subsidy rates and, 259-74; TGT 94; growth experiments and, 259-60;
model/growth and, 367-70, 383; macroeconomic alternatives in TGT
tradability classification and, 240-1; model and, 361-5; multisector models
trade-substitution/export demand and, 1; relative price/sectoral growth
elasticities and, 249; trade tax changes (TGT model) and, 367-76; static
and, 284; Turkish foreign exchange/ input-output model and, 92-110
sectoral impact of rationing and, 350-8 subsidies, 198; to producers, protection

semipositive matrices, mathematical and, 211; see also export subsidies
properties of, 55-8 substitutability: elasticities (export

service sector, 110, 117, 121, 262; demand/trade substitution), prices/
exchange rate adjustment and, 302, 304 resource allocation and, 259-74;

shadow prices, 9, 134; DRCs and, 278; exchange rate adjustment and, 302;
in linear programming model, 71-80; exports and domestic goods, 76, 224;
trade policy/linear programming and, of foreign and domestic goods, 184,
81, 82-3, 86; see also market prices; 219-21, 237, 248, 272, 275; imports
prices and domestic goods, 24, 29, 76, 220;

Shishido, S., 93 imports as imperfect substitutes for
size distribution: by individuals, 417-21; domestic commodities, 221-4, 230-2;

theories of, income distribution and, introduction of trade into CGE
399-400, 401, 402, 406, 425 model, foreign/domestic goods and, 203

small-country assumption, 219; CGE supply: of commodities, factor markets/
model/exports and, 224-30; exchange CGE model and, 139-45; curve for
rate/price system and, 184; exports, 233-4; domestic goods as
introduction of trade into CGE and, imperfect substitute for imports and,
198 231-2; export, small-country

social accounting matrix (SAM): assumption and, 228-30
computable general equilibrium Syrquin, M., 91, 110, 435
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Taiwan, 96, 100, 101-4, 105, 107, 108, trade, 466; linear programming and, 68;
110, 123 substitution, elasticities of/price

target equilibrium: feasibility and, 44-5, mechanism-resource allocation and,
56; multisector dynamic input-output 259, 272; treatment of, in SAM, 160;
model and, 38-42; one-sector dynamic two-way, 219; see also balance of
input-output model and, 34-6; paths, trade; foreign trade; terms of trade;
dynamic input-output model, 42-6; trade adjustment policies; trade
terminal year/linear programming policy
and, 88-9 trade adjustment policies: external

tariffs, 207, 211, 354, 359; across-the- shocks/distribution of income and,
board changes in, 278-9, 280, 281, 433-5, 441-9; policy choice/
282-6, 298; domestic prices and, 234, distribution of income and, 449-58;
236, 238, 239, 265-72; import- see also trade; trade policy
substituting industries and, 217; trade policy: CGE model and, 182-3;
introduction of trade into CGE model domestic prices and, 232-40; dynamic
and, 197, 198-201, 203, 204; models and, 211-17; exchange rate/
noncompetitive imports and, 240; balance of trade/normalization and
SAM and, 481; terms of trade/real 183-97; introduction of, into CGE
income and, 245; trade policy/linear model, 197-207; linear programming
programming and, 85-6 model and, 80-7; real income/welfare

taxes, 354; across-the-board changes in and, 241-8; resource allocation/
trade, analysing, 278-86; agricultural imports and exports in manufacturing
export, 360; basic structure of CGE sector and, 259-74; trade tax changes
model and, 143-4; export, 210; TGT and, 284; see also trade; trade
model and, 374; trade, 198 adjustment policy

Taylor, Lance, 152, 406 trade taxes, 198; exchange rate
technology, 64, 139, 216, 436; economic adjustment and, 302

growth/dynamic input-output model transportation costs, export expansion
and, 32, 46-7 and, 227-8

terminal conditions (linear programming Turkey, 11-12, 123, 258; economy-wide
model), 87-90 circular flow and, 19; growth/

terms of trade, 433; exchange rate structural change and, 96, 104, 105,
adjustment and, 291; linear 107
programming and, 71, 83; real Turkey, growth, and trade model (TGT
income and, 245; small-country model/CGE framework): export
assumption and, 224; Turkish foreign expansion/import substitution and
exchange crisis and, 339, 343-6; see growth and, 378-94; as growth
also balance of trade; foreign trade; planning model, policy and, 359-61;
trade historical background of foreign

TGT model: see Turkey, growth, and exchange crisis and, 323-36- import
trade model rationing/rent seeking and, crisis of

theory: benefit-cost analysis, 7; human 1978 and, 350-8; macroeconomic
capital, income distribution and, 399, alternatives and growth, 361-5;
400; models/policy analysis and, 2-4; macroeconomic/welfare costs of
trade, testing of, 31 adjustment postponement and, 342-

time: horizon, distributional mechanisms 50; microeconomic results and, 370-6;
and, 407; linkages, market clearing/ overview of foreign exchange crisis
equilibrium (CGE model) and, 169- sources and, 321-3; policy reactions to
80; manufacturing growth/causal foreign exchange crisis and, 326-31;
factors and, 105; model building and, relative prices/sectoral growth and,
211, 212; terminal year problem in 367-76; used to estimate an
linear programming and, 87-90; equilibrium exchange rate (1973-7)
world price/consumption (linear and, 332-41
programming) and, 70-1 "two-gap" models, foreign exchange

Todaro, M., 178, 179 and, 288, 316
tradables, exchange rate and, 183-7 two-stage dynamic formulation, 173-5
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unemployment, 213 208-9; rates of, 49; tariffs and, 217;
uniqueness in CGE analysis, 155 TGT model and, 356, 374
United States, 31, 46, 467 n19 Watanabe, T., 93
urban sector, 260 welfare: analysis of income distribution

value composition equation (linear and, 398, 399, 425-7; comparisons,
programming), 75-7 index numbers and, 242-5; costs,

value judgement, income distribution adjustment postponement/Turkish
valuenjudge, ent, income distribution foreign exchange and, 342-50; costs,

viability, input-output models and 23 project evaluation/resource allocation58 ' m a and, 274, 276, 277; decomposition
'8 methodology and, 248-9; effects of

wages: basic structure of CGE model exchange rate adjustment, 312-16;
and, 144, 145, 163, 167, 170; CGE government policy/trade policy and,
model/distribution and, 449; 207; implication of CGE model/
differentials, "free-trade" reference employment and, 209; trade policy
solution and, 260; exchange rate/ and, 241-8
nontradables and, 189; exchange Williams, R., 483
rate/price level and, 187; income, workers' remittances: see remittances,
savings/distribution and, 404; Turkish foreign exchange crisis and
introduction of trade into CGE and, (TGT model)
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