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ABSTRACT

The thesis develops a multisectoral model of the Johansen type intended for
analyzing industrial and trade policies. The innovations brought by the thesis include a)
increasing returns to scale and imperfect competition, b) technological progress via the
learning curve. The theoretical structure of the mathematical model is developed step by
step and in great detail, with a somewhat expanded discussion of the role of the
government sector in industrial and trade policies. Using the data from the 19-sector IO
Tabie of Indonesia for the year 1985, we calibrate the mathematical model. The result is a
CGE model of Indonesia, coded in FORTRAN, that can be used for many varied policy
analyses. With the help of this CGE model, some simulations are carried out to evaluate
the quantitative efffects of some industrial and trade policies applied on one imperfectly
competitive industry. Simulations are also carried out to study the effects of technological

change -- through the learning curve -- on the Indonesian economy for several years.

JEL Classification: C68, F13, L52.

Key Words: Multisectoral Growth Model, Imperfect Competition, Increasing Returns to

Scale, Technological Progress, Industrial and Trade Policies.

iii






ACKNOWLEDGEMENT



ACKNOWLEDGEMENT

This doctoral thesis owes much to Dr. Nguyen Van Quyen for supervising my
work. His support has been constant, unhesitant, and without reserve. His advice
always came at exactly the right moment. It often opened up the issues for me. For
unwavering encouragement and support, I shall be eternally grateful.

I would like to thank my examination committee Dr. Zhigi Chen, Dr. Philippe J.
Crabbe, Dr. Don McFetridge for reading the thesis and providing me some great
advice and comments. Special thank to Dr. Nguyen Manh Hung of Laval University for
the precious time devoted as external examiner to read the thesis and for some
thoughtful comments. Through his comments, Dr. Hung opens up more widely some
interesting issues for me with respect to government policies. I am also grateful to Dr.
Rosanne Devlin and Dr. Julio Silva-Echenique for useful comments during my first
thesis seminar. Thank you all.

I also would like to extend my deep gratitude to Dr. Alan Powel of Monash
University for sharing his valuable experiences, in dealing with ORANI, in the midst of
our presence in the CGE Conference at Waterloo University in 1993. He also sent me a
disk with a companion paper regarding TABLO Input Files. I am also grateful to Dr.
Iwan Jaya Aziz of the University of Indonesia for sharing his data and his experiences

in applying general equilibrium model into Indonesian data.



I would like to thank Director of the Joint Ph.D. Program (Ottawa University
and Carleton University) Dr. Gilles Grenier (1990-1994) for his encouragement and
advice during preparation of my comprehensive examinations and first thesis seminar.
Also to Dr. Michel Demers, Director of the Joint Program (1994 to present) for
helping and giving advice in preparing my second thesis seminar and defense. I also
extend special thanks to entire officials of the Department of Economics in both Ottawa
University and Carleton University for their helps in one way or anotlier. A few
examples that come to mind quickly are Luce Laviolette (Assistant to the Chairman)
for her quick response to any administrative needs, and Dr. Andre Plourde (Chairman
of the Department of Economics, Ottawa University) for his supports by providing me
a part-time teaching position for two years and computer facilities. My fellow Ph.D.
students kept me thinking, even when they did not know it, especially Ram Acharya
and Patrick Georges. I am also grateful to my colleque Francis Berkoh for helping me
in writing subroutines in Fortran. Thank you all.

Finally, I want to thank my wife and son, to whom I shall remain forever
grateful for their love and prayers for the successful completion of my study. My son,
Pangeran Vernon Pangihutan, once told me that he always prays for me. Now, I

dedicate this thesis for you, son! Again, thank you very much.

Sahala Benny Pasaribu

vii



TABLE OF CONTENTS

Page
ABSTRACT i
ACKNOWLEDGEMENT vi
LIST OF TABLES Xiti
LIST OF FIGURES XV
PART 1
CHAPTER 1. INTRODUCTION TO THE THESIS 1
1. Background ]
2. Objectives and Methodology 4
3. Contributions of the Thesis 10
4. Organization of the Thesis 20
5. Notations 21
PART II
THE THEORETICAL STRUCTURE OF THE MODEL
CHAPTER 2. INTRODUCTION TO THE MODEL 23
CHAPTER 3. TECHNOLOGY OF PRODUCTION 27

CHAPTER 4. THE BASIC PRICE SYSTEM 33

viit



CHAPTER 5.

CHAPTER 6.

PROFIT MAXIMIZATION: THE PERFECTLY

COMPETITIVE INDUSTRIES

1.

2.

3.

4,

The Problems

Cost Minimization

2.1. Cost Minimization: Intermediate Inputs
2.2. Cost Minimization: Primary Inputs

2.3. Cost Minimization: Other Cost Tickets
Commodity Supply: Revenue Maximization

Demands for Margins

PROFIT MAXIMIZATION: THE IMPERFECTLY

COMPETITIVE INDUSTRIES

1.

2.

Introduction

Demand Curves

. Profit Maximization: Domestic Imperfectly Competitive

Firms

Comparative Static: Domestic Firms

Demands for Inputs and for Margins at the Industry Level:

Domestic Qligopolistic Industries
Profit Maximization: Foreign Imperfectly Competitive
Firms

Comparative Static: Foreign Firms

35

35

38
39
43
43

45

48

48

50

52

57

66

70

73



CHAPTER 7. ' TECHNOLOGICAL CHANGE: THE LEARNING CURVE 78

1. The Process of Technological Change 79
2. The Learning Curve 83
3. The Leaming Curve and Industrial Policies 88
CHAPTER 8. CAPITAL IVESTMENT g9
1. Inputs for Capital Investment 89
2. Allocation of Investment Across Industries 91
3. Demand for Margins 94
CHAPTER 9. CONSUMER DEMAND 97
1. Problem Statement 97
2. Solution of the Utility-Maximization Problem 98
3. Income and Price Elasticities 103
4. Demand for Margin 104
CHAPTER 10. COMPETITIVE EXPORTS AND IMPORTS 107
CHAPTER 11. GOVERNMENT SECTOR 111

CHAPTER 12. NATIONAL INCOME ACCOUNTING AND

MACROECONOMIC VARIABLES 123
1. Introduction 123
2. Gross Domestic Product 124
3. Aggregate Consumer Expenditure 126

4. Balance of Payments 127



CHAPTER 13.

CHAPTER 14

CHAPTER 15.

5. Macroeconomic Closures

6. Macro-Indices and Wage Indexation

GENERAL EQUILIBRIUM A LA NEGISHI

1. States of the Economy

2. General Equilibrum: Definition

3. Comparative Statics

THE COMPLETE MATHEMATICAL MODEL: A LINEAR

SYSTEM IN PERCENTAGE CHANGES

PART Il
THE SOLUTION OF THE MODEL
THE SOLUTION OF THE MODEL: ITS NATURE
AND ITS COMPUTATION
1. Endogenous and Exogenous Variables
2. Solution Computation

3. Nature of the Computed Solution

PART IV

DATA SETS, DATA TRANSFORMATION, AND SIMULATIONS

CHAPTER 16.

DATA SETS AND DATA TRANSFORMATION

1. Presentation of Data Sets

130

131

134

134

136

141

148

186

186

188

194

196

196



CHAPTER 17.

CHAPTER 18.

REFERENCES

3.

4,

Input-Output Data Set
2.1. Indonesian Input-Output Table
2.2. Data Transformation

Elasticities Data Set

Indonesia's Economy and Sectoral Relative Importance

SIMULATIONS

8.

9.

. Introduction

Selections of Endogenous and Exogenous Variables
Simulation Process

The Effects of Policy Changes on Macro Variables

The Effects of Policy Changes on Industry Employment
The Effects of Policy Changes on Industry Output

The Effects of Technical Change on Macro Variables

The Effects of Technical Change on Industry Employment

The Effects of Technical Change on Industry Output

10. Conclusions

PART YV

CONCLUDING REMARK

223

223

224

231

233

235

237

239

240

241

244

247

250

xii



Table 1.1

Table 1.2

Table 16.1

Table 16.2

Table 16.3

Table 16.4

Table 16.5

Table 17.1

Table 17.2

LIST OF TABLES

The Effects (in Percent) on Macro Variables of Policy Changes
Applied on Industry 17 (Manufacture of Food, Beverages, and
Cigarettes)

The Effects (in Percent) on Macro Variables of Technological
Changes Applied on Industry 17 (Manufacture of Food,
Beverages, and Cigarettes)

Transactions at Purchasers Prices (Billion Rupiah)
Transactions at Producers Prices (Billion Rupiah)

Domestic Transactions at Producers Prices (Billion Rupiah)
Indonesia's Economic Performance in 1985 and 1990

Sectoral Contributions in Intermediate Inputs, GDP, Export,
Import, and Labor Costs (in percent)

The Effects (in Percent) on Macro Variables of Policy Changes
Applied on Industry 17 (Manufacture of Food, Beverages, and
Cigarettes)

The Effects (in Percent) on Industry Employment of Policy
Changes Applied on Industry 17 (Manufacture of Food,

Beverages, and Cigarettes)

g
3]
(g7

18

19

198

202

206

220

222

233

236



Table 17.3

Table 17.4

Table 17.5

Table 17.6

The Effects (in Percent) on Industry Output of Policy Changes
Applied on Industry 17 (Manufacture of Food, Beverages, and
Cigarettes)

The Effects (in Percent) on Macro Variables of Technological
Changes Applied on Industry 17 (Manufacture of Food,
Beverages, and Cigarettes)

The Effects (in Percent) on Industry Employment of
Technological Changes Applied on Industry 17 (Manufacture of
Food, Beverages, and Cigarettes)

The Effects (in Percent) on Industry Output of Technological
Changes Applied on Industry 17 (Manufacture of Food,

Beverages, and Cigarettes)

238

239

241

243

Xiv



Figure 2.1

Figure 14.1
Figure 14.2
Figure 16.1

Figure 17.1

LIST OF FIGURES

Distinctive Characteristics of Perfec. and Imperfect Competitive
Industries

The List of Equations, a Linear System in Percentage Changes
The List of Variables in Percentage Changes

Input-Output Data Set

The List of Variables after the Condensation

26

148

174

213

222



PART ]

INTRODUCTION TO THE THESIS



CHAPTER 1

INTRODUCTION TO THE THESIS

1. Background

Mapping out a strategy to promote economic development has always been a
crucial problem for the developing countries, especially the newly industrializing nations.
A feasible solution to this problem is to adopt an industrial policy in which the government
attempts to channel resources into sectors that it considers as important for future
economic growth. Industrial policy seems to have played a major role in the economic
development of Japan, and a number of newly industrializing countries have, in fact,
adopted industrial policies quite similar to those pursued in Japan.

Industrial policy is defined as a policy that affects the economic welfare of a
country by intervening i the allocation of resources between industries or sectors and
within industrial organization of specific industries or sectors. In more concrete terms,
industrial policies refer to

(i) policies that affect the industrial structure of a country. These policies aim at
protecting and nurturing upcoming industries or assisting the shift of resources away
from declining industries. In carrying out these policies, the government often
intervenes in transactions with foreign countries, such as trade and direct investment
or adopts pecuniary measures, such as subsidies and taxes to assist the targeted
industries.

(ii) policies designed to correct market failures associated with technology development

and imperfect information. These policies encourage resources to move to more



desirable areas either through subsidies and tax measures or by providing accurate
information.

(ili) policies designed to raise economic welfare through administrative measures that
affect the organization of individual industries. These policies, such as depression
cartels or investment cartels, intervene directly in either the competitive structure of

industries or the allocation of resources.
(iv) policies based on political demands rather than economic considerations. Some
typical examples of these policies are voluntary export restraints and multilateral

agreements, which are often adopted to deal with problems in trade friction.

To justify an active government program that encourages the shift of resources, it
would be necessary to show that for some reason, the shift, if left to market forces, will
take place too slowly; that is, there exists some market failure that provides a justification
for government intervention. Economists studying industrial countries have identified two
kinds of market failures that seem to be present and relevant in the industrial policies
adopted by advanced economies. One of these involves the public good nature of research
and development (R&D) activities. The other is the presence of monopoly profits in highly
concentrated industries.

R&D has been a widely discussed topic. The main controversy revolves around
whether private incentives, relative to the social optimum, result in excessive or too little
R&D activity. On this point, the conventional wisdom concentrates on the public-good
nature of technology and knowledge and concludes that R&D activities, given private
incentives alone, tend to be socially too little, and some form of government assistance in

R&D is necessary. The argument used to support this conclusion is as follows. An agent



who develops a new technology is always threatened by the possibility of imitation by
other economic agents. This is known as the problem of appropriability. The benefits of a
new technology tend to spill over to other firms due to its public good nature. The fruits
of a new technology also spill over to consumers through lower prices and increased
diversity in consumption.

The increased profits showered on other firms as well as the increase in consumer
surplus due to the development of a new technology should be counted as part of the
social benefits. However, for a private economic agent contemplating the development of
a new technology, only private benefits --the increase in his profits due to the new
technology minus development costs -- are taken into account when he decides whether to
proceed with an R&D program or not. As a result, R&D activities tend to fall below the
socially optimal level if left to market forces. Considered from this perspective,
government assistance becomes necessary.

When markets are not perfectly competitive, government intervention can raise
national welfare by shifting oligopoly rents from foreign to domestic firms. Krugman
(1989, p. 1207) listed four main arguments in support of strategic trade policies, which
can be used to

(i) extract rents from foreign monopolists;
(i1) shift rents from foreign to domestic firms;
(iit) help domestic firms move down their cost curves;

(iv) promote additional entry when this is desirable.



Governments can actively promote exports by means of specific export subsidies,
export taxes, and also by procurement or by promoting R&D activities, which
endogenously describes economies of scale. Under the assumption of increastng returns to
scale, another way of promoting exports is by restricting imports, which may consist of
specific import tariff or an import quota. Krugman (1984) demonstrated that all these

measures help domestic firms to increase market shares both at home and abroad.

2. Objectives and Methodology

The main objective of this thesis is to provide a framework suitable for analyzing
and evaluating industrial and trade policies in an objective manner; that is, to find an
optimal industrial and trade structure for the economy under consideration. The thesis also
addresses the question conceming the appropriate measures to be adopted if an industrial
or trade policy is carried out. The framework proposed is along the line of applied general
equilibrium analysis, which contrasts sharply with most models in the literature used to
analyze industrial policies. These models are often formulated under a partial equilibrium
framework and usually abstract from factor markets. The results of the latter models often
contradict each other, and their generality, as noted by Krugman (1989, p. 1181) often
turns out to be illusionary.

There are several arguments that can be advanced in support of adopting the
general equilibrium framework. The most compelling argument involves the general

equilibrium effects of industry linkages. Consider, for example, the construction of a large-



scale biast furnace to reduce costs of production. The heavy investment required in the
construction of the blast furnace means that without a considerable demand for steel the
project will be unprofitable. However, if the blast furnace is built and scale economies
allow steel to be supplied at lower prices, then steel demand might increase substantially.

First, a drop in steel prices makes the existing industries, like ship building, more
competitive on the international markets, raising derived demand for steel. The lower
prices of steel might also induce new firms to enter the ship building industry. Second,
declining steel prices can create entirely new industries, iike the automobile industry,
which were not economically viable before due to cost considerations. Thus the
automobile industry provides a new source of derived demand for steel and such a derived
demand rises further with the development of industries auxiliary to the production of
automobiles. Third, declining steel prices can result in lower transport costs as industries
like ship building, automobiles, and other related industries expand, thereby reducing the
costs of raw materials for the steel industry itself It is clear that these industry linkages
can only be visualized and studied under the general equilibrium framework.

Another argument in favor of general equilibrium framework invokes the general
equilibrium impact of strategic trade policies. If these policies help domestic firms to
capture foreign markets, then the world demand for domestic primary factors of
production will expand and the end result will be a rise in the prices of these primary
factors. The rise in factor prices helps to improve the income position of the home country

relative to that of its trading partners. This welfare gain spreads through the entire



economy and in the end the national gains are much larger than the private gains for the
protected industry itself. The general equilibrium effects thus reinforce the rent shifting
argument advanced by Krugman (1984). Although these general equilibriuin effects have
received littie attention in the literature, they are the most important features of Japan's
postwar industrial policy; see, for example, Itoh et al (1991).

Policy applications of general equilibrium modeling have undergone an explosive
growth in the last decade and a half. The focus on economy-wide resource allocation that
characterizes the general equilibrium approach has made this approach highly attractive for
planning and policy analysis. See, for example, the book entitled "General Equilibrium
Models for Development Policy," (A World Bank Research Publication) by Kemal Dervis
et al (1982). A representative selection of the numerous and varied applications of general
equilibrium modeling to economic policy analysis - from the Common Agricultural Policy
Analysis (CAP) of the European Union (EU) to Energy Policy Analysis in Sweden -- can
be found in "General Equilibrium Modeling and Economic Policy Analysis," edited by Lars
Bergman et al (1990).

Models of applied general equilibrium are commonly known as computable general
equilibrium (CGE) models. Most CGE models are intended for some kind of numerical
comparative static analysis of changes in exogenous conditions. Two reasons are often
advanced to emphasize the usefulness of CGE models.

First, due to the size and complexity of the model, which is regarded as relevant

and adequate in the analysis of a specific issue, analytical solutions are difficult or



impossible to obtain. A CGE model then might make it possible to gain useful insights into
the economic problem being studied. Furthermore, in the case when analytical solutions
are indeterminate, 2 CGE model can yield definite results in relevant special cases.

Second, when it is the order of magnitude of various effects that matters, a CGE
model might prove useful. Thus a CGE model can be regarded as a tool for adding
quantitative information to qualitative results.

Bergman (1990) has identified four approaches to applied general equilibrium
modeling. The first appreach has its origin in the doctoral dissertation of Johansen (1960),
whose main purpose was to analyze the process of economic growth in Norway with the
help of a numerical multisetoral model. The second approach is due largely to Armold C.
Harberger, Herberth C. Scarf, John B. Shoven, and John Whalley. This approach is
represented by a number of CGE models aimed at elucidating efficiency and income
effects of trade or tax and transfer policies; for an exposition of this approach, see Shoven
and Whalley (1992). The third approach is essentially due to Dale W. Jorgenson (1984a,
1984b) and can be characterized as an econometric approach to CGE modeling. The
fourth approach is due to Victor Ginsburgh and Jean Waelbroeck (1981,1984) and can be
characterized as an extension of activity analysis and linear programming modeling.

Because the CGE model we develop in this thesis belongs to the Johansen class,
we shall now explain this approach in more detail. It is now commonly agreed that CGE
modeling began with Johansen's doctoral dissertation " A Multisectroral Study of

Economic Growth." Johansen's main purpose was to study the sectoral reallocation of



labor and capital, changes in sectoral terms of trade, etc., in the process of economic
growth of Norway.

The basic tool in his analysis was a disaggregated numerical model, which later has
become known as the multisectoral growth (MSG) model. Johansen's MSG model was
essentially that of closed economy; the only endogenous foreign trade variables involve
certain imported inputs that cannot be produced at home. The rest of Norway's foreign
trade was treated as exogenously determined and was added to the demands for public
consumption and net investments -- also assumed to be exogenously given. On the
resource side, the aggregate supply of labor and capital as well as the rate of technical
progress are also assumed to be exogenously determined.

In the original version of the MSG model, there were 20 real production sectors,
each sector using other sectors' outputs as intermediate inputs in its own production
process. Johansen's MSG model was intended to be a tool for long-term economic
planning and forecasting.

The specification of Johansen's MSG model was entirelv nonstochastic. Thus most
parameters of the model were simply estimated on the basis of a single observation of the
resource allocation across the sectors covered by the model. Johansen's method of
parameter estimation has later been called the "reference equilibrium” method. The
procedure adopted by Johansen for obtaining a numerical solution to his MSG model
involves a log-linear approximation of the general equilibrium solution around the

reference equilibrium. The MSG model then becomes a linear system in percentage



changes of the endogenous and exogenous variables, and the percentage changes of the
endogenous variables can be easily obtained by a simple matrix i_nversion.

The advantage of this technique is that it is simple and relatively cheap to
implement on a computer, which is of course important for large-scale models. The
disadvantage is that if the variations in the exogenous variables are not small, the error
involved in approximating the variations in the endogenous variables might be
considerable.

Johansen's MSG model was taken over by the Norwegisn Ministry of Finance in
the 1970s and has become the primary framework for long-term macroeconomic planning
and forecasting in Norway. The MSG model has been constantly extended and improved.
The fourth and latest version, MSG-4, appeared in 1980; see Longva et al (1985).

Further development of Johansen's MSG model was carried out by Dixon et al
(1982) in "ORANI: A Multisectoral Model of the Australian Economy. " Compared with
the original MSG mode!l, ORANI represents a significant increase in size. Relative to other
CGE models, ORANI treats 113 producing sectors, 115 domestically produced
commodity categories and an equal number of imported commodity categories, nine types
of labor, seven types of agricultural land and 113 types of industry-specific capital.
Another pronounced difference between the original MSG model and ORANI is that the
latter is a truly open economy. Finally, ORANI is numerically solved by an elaborated
version of Johansen's original linearization technique. The numerical technique proposed in

ORANI is the Euler method used to obtain the numerical solution of an ordinary



differential equation. A CGE model of the United States economy in the Johansen's style
has been built by John V. Colias (1988, 1985). See also David Kendrick (1984), who has
also developed a CGE mode! of the United States economy coded in the GAMS (General

Algebraic Modeling System) language.

3. Contributions of the Thesis

Most CGE models are developed using the hypothesis of perfect competition.
Attempts have been made to introduce imperfect competition into CGE modeling, See, for
example, Harris (1984), who introduces monopolistic competition a la Negishi (1961,
1972) and economies of scale -- under the form of a cost function with fixed cost and
constant average variable cost. However, when it is about oligopolistic competition, no
strategic interaction among the rival firms is modeled explicitly. Instead, ad hoc
assumptions about the pricing behavior of oligopolistic firms are often made.

A main objective of the thesis is to fill part of this lacuna. Thus taking as the
starting point the theoretical structure of ORANI, we introduce oligopoly into this
multisectoral model. The multisectoral mode! we develop also treats the case of increasing
returns to scale. This is because increasing returns to scale is presumably one reason for
the existence of monopoly and monopolistic competition.

In the multisectoral model we develop, the production sector is divided into two
groups: one group consists of the perfectly competitive industries, while the other group

consists only of oligopolistic industries. All commodities are traded internationally. In each

10



oligopolistic industry, there are a small number of firms -- domestic and foreign -~ who
supply their products on two markets -- one at home and one abroad. The CGE model we
develop can thus be characterized as an almost small open economy. Here almost small
can be interpreted as most industries are perfectly competitive.

As already intimated, we attribute the existence of imperfect competition to
increasing returns to scale, i.e., each oligopolistic firm operates according to a technology
that exhibits increasing returns to scale. In our model, increasing returmns to scale is
modeled at the production function level. That is, if all inputs are doubled, output will be
more than doubled. This is in contrast with Harris (op cit.), whose economies of scale
derive from the fact that the same fixed cost is spread over many more units of output as
the volume of production increases. Thus, given a constant average variable cost, the
average cost will decline as output increases. Presumably, the fixed cost is a proxy for the
size of the plant and, therefore, if one double the size of the plant as well as all other
inpu*s, output will also double.

The introduction of increasing returns to scale and oligopolistic competition is
made to accommodate highly concentrated industries which are often the focus of
strategic industrial and trade policies pursued by national governments. For case studies of
such strategic trade policies, we refer the reader to Laura D'Andrea Tyson and David B.
Yoffie (1993), who discussed the roles played by the United States government and the
Japanese government in fostering their own semiconductor industries on the world

market, Benjamin Gomes-Casseres (1993), who discussed the liaisons between firms,

11



governments, and the global competition on the world computer market, Richard H.
Vietor and David B. Yoffie (1993), who discussed how national governments use
regulatory regimes on the markets for telecommunications to further the interests of
domestic firms and shut out foreign competition.

The extensions that our multisectoral model offers require considerable efforts in
handling oligopolistic interactions, increasing returns to scale, and even the nature and
meaning of general equilibrium itself. The original contributions of the thesis in these areas
will be found in Chapters 6 and 13.

In modeling general equilibrium under imperfect competition, there are two
approaches: the objective approach and the subjective approach. According to the
objective approach, oligopolists in each industry are assumed to know exactly the demand
curve facing their industry. At the present time, a satisfactory objective theory of general
equilibrium under imperfect competition is not yet available. Thus we opt for the
subjective approach of Negishi (1961, 1972).

For each oligopolistic industry in our model, firms -- domestic as well as foreign --
operate on two markets, one at home and one abroad. While the foreign demand curve is
assumed to be known, the domestic demand curve can only be subjectively perceived by
the firms operating in this qligopolistic industry. More precisely, each oligopolistic firm,
given the outputs chosen by its rivals, has a perceived residual demand curve for its
product. Its strategy is to choose the output level that maximizes its perceived profit. The

domestic market is in equilibrium if the market supply -- derived under the hypothesis of

12



maximizing perceived profits -- is equal to the market demand. A detailed treatment of
oligopolistic behavior under the subjective approach of Negishi {op cit) is given in Chapter
6.

Genera! equilibrium occurs when all markets clear. The definition of subjective
general equilibrium under imperfect competition is given in Chapter 13. Such an
equilibrium will take place when the subjective estimates of the domestic market demand
curve for an oligopolistic industry -- by all the firms in this industry -- are mutually
coherent and, therefore, is somewhat akin to the notion of rational expectation
equilibrium.

Another major contribution of the thesis involves the modeling of technological
progress along the hypothesis of learning by doing propounded by Arrow (1962). Here
cumulative output is interpreted as the stock of knowledge acquired through the
production process and exerts a positive effect on the parameters -- input-output
coefficients, for example -- of the production function. The contribution of the thesis in
this aspect is presented in Chapter 7 under the rubric "The Learning Curve." The learning
curve can be the target of various industrial policies. In order to help an infant industry
move down the learning curve, the government can raise a tariff wall against its foreign
competitors, subsidize its exports, or carry out a preferential procurement policy in favor
of this infant industry. These industrial policies constitute part of our simulation exercises.
The government can also subsidize R&D activities. However, given the current state of

empirical research on the production function of R&D, we feel that it is premature to
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introduce this important subject into CGE modeling. We hope that this will be next on our
research agenda.

The readers who are familiar with QRANI will recognize that Chapters 2-5, 8-12
are nothing but the theoretical structure of this large-scale multisectoral model of the
Australian economy restated in our own notations and in our own chosen order. We have
taken great care in showing how increasing returns to scale, imperfect competition, and
endogenous technological progress can be introduced into the MSG model. Also, we have
expanded ORANT's treatment of the government sector. In particular, the government
budget constraint has been added, with various types of expenditures precisely identified
to form the basis of trade and industrial policies. The result is a mathematical model with a
flavor distinctively of geneljal equilibrium. Our efforts, we believe, will make constructive
criticism of the model and its extensions much easier.

Besides the introduction of imperfect competition, increasing returns to scale, and
the learning curve into the theoretical structure of the multisectoral model, the thesis also
seeks to contribute at the applied level. The result of our applied work is a CGE model of
Indonesia that can be used for various simulation purposes.

The data for our CGE model comes from the Indonesian 19-sector 10 Table for
the year 1985, published in 1989. We merge the two sectors "public administration and
defense" and “"unspecified sector” of this IO Table into one sector called "unspecified
sector” because the former sector contains mostly zeros in both its row and column. Our

CGE model thus has 18 sectors that we reorder as follows.
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01.
02.
03.
04.
05.
06.
07.
08.
09.
10.
It
12.
3.
14.
I5.
16.
17.
18.

industries are perfectly competitive, while the last three, namely 16, 17, and 18, are

Paddy

Other farm food and crops

Other crops

Livestock and its products

Forest products

Fishery

Mining and quarrying

Manufacture of other products not elsewhere classified
Electricity, gas, and water supply

Construction and building

Trade

Restaurant and hotel

Financial intermediaries, real estate, and business services
Other services

Unspecified sector

Transport and communication

Manufacture of food, beverages, and cigarettes

Petroleum refinery

Each industry is assumed to produce one commodity. Furthermore, the first 15

oligopolistic.

Indonesian economy in 1985, i.e.,, the benchmark equilibrium, we use the data from this
Table to compute a linear approximation -- in percentage change of the endogenous and
exogenous variables -- around the benchmark equilibrium. Thus computer programs in

FORTRAN are written to compute all the coefficients of the mathematical model

Assuming that the original 19-sector IO Table represents an equilibrium of the
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expressed in its linear form in Chapter 14. These coefficients depend on various elasticities
and the endogenous as well as exogenous variables of the model. The values of the
elasticities are either lifted from econometric studies or obtained from a process known as
calibration. When a get of parameters are calibrated, we need a set of equations containing
these parameters. In this set of equations, the parameters are treated as unknown while the
values of the endogenous and exogenous variables are known from the 10 Table. Solving
this system of equations for the values of the parameters, we obtain the values of various
elasticities -- assumed to be constant -- that charactenze the CGE model.

After the mathematical model -- expressed as a linear in percentage changes -- has
been calibrated, that is the benchmark equilibrium has been calculated, it can be used for
policy analysis. The CGE model is designed to answer the following type of question.
What will be the quantitative changes in the endogenous variables if some exogenous
variables are allowed to change by a certain proportion? The procedure used to compute
the new equilibrium associated with this comparative-static exercise is the Euler method
used to obtain the solution of a system of ordinary differential equations. We have written
a comprehensive computer program -- in FORTRAN -- to evaluate the results of such a
comparative-static exercise. This computer program represents the CGE model we
develop. It is made up of many subroutines that carry out the required computations at
every step in the long march to the new equilibrium.

To illustrate how the CGE model can be used for analyzing industrial and trade

policies, we carry out several simulation exercises. In the simulations, industry 17
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(Manufacturing of food, beverages, and cigarettes) is the target of these policies. The
reasons, why this industry is chosen are as follows. First, it is one of the three industries
under imperfect competition. Second, it is highly concentrated and considered more
difficuit to develop since it requires a huge amount of capital and technology for both
infrastructures (like roads to and from rural areas, electricity, and communication) and
human resources, especially in rural areas. Third, this industry is one of the main industries
that the Indonesian government chooses to promote. In terms of contributions, this
industry, in 1985, contributed approximately 9.92 percent (Rp. 16,514 billion) to the
national output (Rp. 166,423 billion), less than 4 percent to GDP, and 0.7 percent to total
export. Regarding labor costs, this industry paid, in the same period, Rp. 746 billion or
approximately 2.75 percent of total labor costs paid by all industries. Because of these
reasons, industry 17 has received considerable attention in Five-Year Development Plans.
The following industrial and trade policies are targeted at industry 17: (1) a 20
percent increase in taniff applied on the import of this industry; (2) a 20 percent increase in
the export subsidy imposed on the domestic oligopolistic firms of industry 17; (3) a 20
percent increase in the government procurement of the output of the domestic firms
operating in industry 17. The detailed results and their analysis are presented in Chapter
17. Here we present and-discuss the effects on macro variables of these industrial policies.
As can be seen from the Table 1.1, all the industrial policies applied on industry 17
have a positive impact on GDP, CPI, exports, balance of payments, and aggregate

employment. For example, 2 20 percent increase in tariff raises GDP by 0.0028 percent.
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The numbers for a 20 percent increase in export subsidy and 20 percent increase in
government procurement are 0.0169 percent and 0.41x10” percent, respectively. All these
effects -- although positive -- are small. This might be explained by the relatively small size
of industry 17 -- less than 4 percent of GDP -- in the Indonesian economy. In particular,
because our data shows an extremely low level, close to zero, of government
procurement, an increase of 20 percent in this policy variable has a very small impact on
macro variables. It can also be discerned from the above table that export subsidy is much
more efficient than tariff or government procurement in increasing GDP, export, the
balance of payments, and aggregate employment or reducing the domestic price level.

Table 1.1. The Effects (in Percent) on Macro Variables of Policy Changes Applied on
Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

20% Tariff 20% Export 20% Government

Increase Subsidy Increase Procure. Increase

GDP 0.0028 0.0169 0.41x10™
CPI -0.58x10° -0.39x10™ -0.16x10°
Exports 0.0049 0.0805 0.13x10™*
BOP 0.0526 0.2646 0.42x10™
_Aggr. Employment 0.62x10° 0.42x10% 0.17x10°

Note: Industry 17 is perfectly competitive.

We also carry out a simulation exercise to study the effects of technological
change. The following table summarizes the results on macro variables of the increase in
productivity via the learning curve of industry 17, all alone, ie., technological change is
assumed to take place only for domestic oligopolists operating in industry 17 while the

technologies of the remaining industries are assumed to be unchanging.
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In sharp contrast with the industrial policies discussed above, the effects on macro
variables of the technological improvement in industry 17 are dramatic. GDP increases by
1.53 percent in the first year, 1.02 percent in the second and 0.08 percent in the fifth year.
The fact that these rates decrease through time might be explained by the fact that learning
takes place at higher rate at the beginning and tapers off as time goes on. Intuitively, we
expect that newly established industries will have the most to learn and as they move down
their learning curves, their contributions to the economy will be significant.

Table 1.2. The Effects (in Percent) on Macro Variables of Technological Change Applied
on Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

YEAR 1 YEAR 2 YEAR 5
GDP 1.5252 1.0240 0.0774
CPI -0.0016 -0.0011 -0,0001
Export 4.5876 3.1879 0.2488
BOP 15.0730 11.7440 1.0411
Aggr. Employment 0.7012 0.4636 0.0346

Note: Industry 17 is imperfectly competitive.

Export also increases considerably: 4.59 percent in year 1, 3.19 percent in year 2,
and 0.25 percent in year 5. The balarice of payments improve dramatically: an increase of
15.07 percent in year 1, 11.74 percent in year 2, and 1.04 percent in year 5. Similar
increases are also observed in aggregate employment, though at a smaller level. The above
table also reveals that productivity gains also help to reduce the domestic price level,

although the changes are quite small.
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Several conclusions can be drawn from the simulation exercises. First, the
numerical results indicate that industrial and trade policies can increase GDP, aggregate
employment, export and improve the balance of payments. These policies also have a
positive impact on the CPI. Furthermore, our simulations show that technological change
can have a dramatic impact on these macro variables. The policy implication of the effects
of technological change is that R&D subsidies might be an efficient tool for promoting

economic growth.

4. Organization of the Thesis

The thesis consists of five parts. The first part contains only one chapter, namely
Chapter 1, which serves as the introduction to the thesis. In Chapter 1, we explain the
objectives of the thesis, its methodology, its contributions, its organization, and notations
we adopt. Part II includes Chapter 2 - 14 in which the theoretical structure of the
mathematical model is presented. The complete mathematical model -- expressed as a
linear system of percentage changes of endogenous and exogenous variables -- is
presented in Chapter 14. Part III contains a single chapter, namely Chapter 15. In Chapter
15, we explain how the solution of the model is computed according to the Euler method
and the nature of the solution. Part IV contains two chapters, namely, Chapter 16 and 17.
In Chapter 16, we explain the kind of raw data used and how this raw data is transformed
into data files needed in the computations of solution of the CGE model we develop. In

Chapter 17, the results and analysis of some simulation exercises -- for the purpose of
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industrial and trade policies analysis -- are presented. Part V, and also the last part,
contains only one chapter, namely Chapter 18. In Chapter 18, we draw our conclusions
that emphasize our contributions, simulation results, and some reasonable future research

areas.

5. Notations

Because 2 CGE model is intended for policy analysis that involves many
independent sectors at a micro level, the number of variables -- endogenous as well as
exogenous -- and the number of parameters are considerable. A judicious use of symbols
is, therefore, a necessity in maintaining the precision and transparence of the economic
concepts used in the model. The symbols chosen in this thesis represent our subjective
trade-off between economic contents, economy of mathematical representation and the
limits imposed by the computer software - Microsoft Word -- used in typing the thesis.

The symbols used in the thesis can be seen as belong to one of the three categories.
In the first category, one find the endogenous or exogenous variables. The symbols used
to represent these variables are capital letters of the English alphabet. These symbols carry
several subscripts and, sometimes, one superscript. For example, X denotes the amount
of input j from source s (domestic or foreign) used by industry i, while C is the private
consumption of commodity j from source s. Another example is Yj;, which denotes the
output of commodity j produced domestically. The price of one unit of Xj; is denoted by

the double symbol PX;;. Similarly, the price of 1 unit of good js for private consumption is
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PC;, while the basic price (the price received by producers) of 1 unit commodity j
produced domestically is PYj).

The second category of variables contains all the technological coefficients. Each
technological coefficient is represented by a symbol that contains two or more capital
letters and always begins with letter A. For example in equation (3.4), AXj; represents the
technological coefficient associated with the variable Xj of the CES production in
question.

The third category of variables contains the parameters (elasticities of various
production functions, utility function) that are assumed to be constant in the model. These
parameters can be recognized by the symbols that begin with a lower-case letter of the
Greek alphabet. Again, in equation (3.4), X, is the parameter associated with Xj;,, while
pXj; is the parameter associated with X;;.

The notations are explained when they are first used in the thesis. A precise
understanding of the symbols can only be obtained at this point in time, given the
complexity of the mathematical model. We have taken great care in choosing and
explaining these symbols.

For comparative static analysis, we have used the hat (") calculus to express the
results of all the comparative static exercises carried out. That is for a variable x, the
percentage change in this variable, nz;mely dx/x, will be denoted by x :=dx/x. In choosing
this convention to denote the percentage change of a variable in question, we have been
guided by the notations used in international trade to express results of comparative static

analysis.
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PARTII

THE THEORETICAL STRUCTURE OF THE MODEL



CHAPTER 2

INTRODUCTION TO THE MODEL

Because the main objective of the thesis is to find an optimal industrial and trade
structure, not to investigate its income distribution, we have chosen to model the
production sector in great detail but adopt a more aggregate version of the consumer
sector. In this way, we will be able to analyze the economic structures (for specific and
aggregate sector under considerations) effects of industrial and trade policies.

The model contains jj produced commodities, where jj is a positive integer, and
three primary factors of production. The produced commodities are indexed by j, i=1,....iJ,
and can either be consumed or used as intermediate inputs in the production process.
These commodities are further differentiated by origin. Thus an additional index, say s, is
needed to indicate whether the commodity is produced domestically, say s=1, or imported,
say s=2. Among the produced commodities, jjc of them are bought and sold on perfectly
competitive markets, while the rest are bought and sold on oligopolistic markets. Here jjc
is a positive integer strictly less than jj. Without any loss of generality, we shall assume
that commodities j=1,...jic are bought and sold on perfectly competitive markets and
commodities j=jjc+1,...,ij are bought and sold on oligopolistic markets.

The three primary factors of production are labor, capital, and agricultural land.
We shall use two indices to denote primary factors of production. More precisely (j+1,1),

(j+1,2), and (jj+1,3), indicate, respectively, that the primary factors of production are
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labor, capital, and agricuitural land. If we are not very particular about which primary
factor is being considered, the generic symbol js will be used. Here of course j=jj+1 and
s=1,2,3. In the model, labor is further disaggregated into tt skill categories, where tt is a
positive integer. The triple index jst, with j=jj+1, s=1, t=1,..,tt, will be used te indicate
that we are dealing with labor of type t.

In cur model, domestic producers are grouped into industries. By an industry, we
mean a group of firms that produce and sell the same number of commodities. We shall
assume that 2 domestic firm belongs to only one industry and that all the domestic firms in
a given industry have the same technology. In an industry where domestic and foreign
firms compete, the production technology of the foreign firms might be different from that
of the domestic firms.

Let ii be a positive number that we interpret as the number of industries in our
model. Industries are indexed by i. For each i=1,...ji, let L(i) be a subset of {1,...,ji} that
represents the commodities produced by industry i. For most industries, L(i) contains
exactly one element, i.e., these industries produce only one commodity. An industry i for
which L(i) has more than one element is a multiproduct industry. Let iic be a positive

number strictly less than ii. We shali assume that

iic

UL = {1059

i.e., industries 1,....iic constitute the perfectly competitive sector of the domestic economy.
The remaining industries, namely i=iic+l,...n, are assumed to be oligopolistic.

Furthermore, it is supposed that an oligopolistic industry produces only one commodity.
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Hence the number of oligopolistic industries, namely ii-iic, is exactly equal to jj-jic, the
number of commodities bought and sold on imperfectly competitive markets.
Furthermore, the production technology of perfectly competitive industries exhibit
constant returns to scale, while oligopolistic industries operate under increasing returns to
scale.

For each j=1,...,jjc, we assume that good j1 (good j produced domestically) and
good j2 (gqod j produced abroad) are imperfect substitutes. A competitive firm that
produces goods j1 can either sell its output at home or on the foreign markets. Goods j2,
j=1,...jjc, are assumed to be brought into the domestic economy by competitive importers.

On the other hand, for each j=jjc+1,...,jj, we shall assume that goods j1 and j2 are
perfect substitutes. That is, we make the Armington assumption only for goods bought
and sold under perfect competition. Furthermore, for each j=jjc+1,....Jj, good j is bought
and sold on two segregated markets -- one at home and one abroad. Domestic as Qell as
foreign producers are assumed to sell their products on both of these markets. To model
their strategic behavior, we adopt the Cournot framework, i.e., oligopolistic firms compete
in quantity strategies.

In the produr.ion process, firms use as intermediate inputs the produced
commodities, the three primary factors, and another input called "other cost” tickets.
Other cost tickets are a useful device for handling production taxes, costs of holding
liquidity, costs of holding inventories, and other miscellaneous production costs. Other

cost tickets will be indexed by the subscript jj+2.
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On the consumption side, we assume that households can be represented by a
single consumer. This consumer maximizes his utility subject to-a budget constraint, where
his income comes from the sale of labor, capital rental, agricultural land rental, and the
share in the profits of the domestic imperfectly competitive firms.

The following figure shows the main distinctive characteristics between perfect and

imperfect competitive industries.

Figure 2.1. Distinctive Characteristics of Perfect and Imperfect Competitive Industries.

No. | Descriptions Perfect Competitive Industry | Imperfect Competitive Industry
1. | Industry index 1=1,...lic i=lic+l,...,ii
2. | Commodity index =1,...e =t
3, | Firm index none Domestic firm: f=1,....F(1,1)
Foreign firm: £=1,....F(i,2)
4. | Production:
a. Technology Constant retumns to scale Increasing returns to scale
b. Qutput Single or multiple commodities | Single commodity
5. | Consumption:

a. Source of income

Sale of labor, rent of capital
and land

Sale of labor, rent of capital
and land, and profit shares

b. Demand curve Linear expenditure system Domestic demand: subjective
demand a la Negishi
¢. Substitution Imperfect substitutes Perfect substitutes
Elasticity (Armington)
6. | Basic prices in
a. Domestic currency PY; may differ from PY), PY;; =PYj
b. Foreign currency PE;, is fo.b. price of exported | PQ;; is the price prevailing in
goods foreign markets
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CHAPTER 3

TECHNOLOGY OF PRODUCTION

Let

S {(Xﬁs)gj:i-»ﬁ'(X(r:ﬁﬂ.l.r)),=1,....u‘(X(f-ﬂ‘ﬂ-s))s:z,s'(X("-if’f?))}

be an input combination used by a firm in industry i, i=1,..,ii, in the production process.
Here Xj; and Xjjp, for i=1,...,ij, denote, respectively, the amounts of the jth commodity
produced domestically and imported that are used as inputs by this firm. The variable
Xijj+1,1t denotes the labor input of type t, t=1,._,tt. Capital inputs and agricultural land
inputs are denoted, respectively, by Xj jj+1 2 and X; jj+1 3. The last variable in the above
input combination, namely X; ji+, denotes the input of other cost tickets.

The input combination X; can be used in many different ways to produce various
combinations of output. We shall let
(3.2) 1= Tp)er
denote an output combination feasible under X;. Here we recall that L(i} is the set of
commodities produced by industry i.

The technology of this firm can be represented by a correspondence

(33) I:X; - ri(x;),
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that associates with each input combination X; a production possibility frontier that is
feasible under X; , i.e., I'i (Xi) is the set of output vectors Y; that are feasible under X;. We
shall now describe [; in more detail.

For each intermediate input j=1,..jjc, we assume that there is imperfect
substitutability between domestic and foreign sources. Thus if j denotes steel, then there is
imperfect substitutability between X, (domestic steel) and Xj, (imported steel). To
capture this idea of imperfect substitutability, we assume that Xy, and X, are combined to

yield units of "effective steel input", say X;;, according to the following equation.

([ Xys )

*(34) X; =CES L,TX;J 12,( Xy ), PXy
5=

Here AX,, aX;, s=1,2, and pX; are technological coefficients, and CES is the constant-

elasticity-of substitution production function, i.e.,

y = { (xS)s= 1,2° (as)s=1.2 P } lmplies y= (alxlp +a2x2p); .
We also assume that there is imperfect substitutability of labor of different skills to

yield units of "effective labor input”, say X ji+1 1) according to the following formula

( X jj+1L1) ]"
*(35) X o1y = CRESH\NAX (Liisti)

( [‘ZX(:',}IH,!,:)] »[ﬁX(:',jo.I,r)] ):T=1,[KX(:',;3'+1,1)]

t=1

Here Ax(i‘ij.n,l_l), ax(ij+l,l,t)> Bx(ij*'l,l,l)’ t=1,...,tt, and K'x(i,jj'i'l,l) are technological

coefficients, and CRESH is the constant ratio of elasticity of substitution, homothetic
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production function, ie, y = CRESH{(xk)z=1.(ak,ﬁk)z_:l,x}, implies that y is

xp Y2k
defined implicitly by 2.} fz —;—) -k =0.

Finally we allow for substitution among labor, capital, and agricultural land to yield
units of "effective primary factor inputs", say X; .y, according to the following formula
[[ Xi ji+ls) T
*(3.6) X(l'._ﬂ+1) = CRESH.[ AXi(i,l-}-+1,s) s=]’

( [QX(J'.,UH,S)]’ [ﬁX(;,ﬂ-H,s)] )j=1‘["X(i.if+U]

where AX(jiiv15p 0 XGgi+lsy PXgi+lsy 57123 and xXjj+1) are technological
coefficients.

We do not allow substitution between different intermediate inputs (chemicals,
steel, etc.) or between them and primary factors. We shall assume that the effective inputs
Xy, =112, are combined according to the following Leontief technology to yield an
activity level, say Zj, for this firm

x.. Mt X

*(3.7 = Leontief)|——| (= Min |-
(3.7) [AXZ;]Z; = Leontiefy| ~—~ -j_lmjlm o
Ty I

i/ =1
Here AXjj, j=1,....jj+2, and AXZ; are technological coefficients.

We observe that the activity leve! Z;, as defined by (3.7), that results from the
input combination X; is linear homogenous in X; : a doubling of all the inputs will double

the activity level. Technical progress for the production function (3.7) is reflected by a

decrease in the values of the technological coefficients AXj, j=1,....j+2 and AXZ;. The
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technological coefficient AXZ; is used for handling neutral technical progress, while the
technological coefficients AX;’s are used to handle various types of biased technical
progress associated with the use of vanous inputs. In the same manner, the coefficient
AX;, in (3.4), AXgg1p in (3.5), and AXgn g in (3.6) can be used to deal with biased
technical progress specific to each of the inputs used.

The technological coefficients can vary through time in an exogenous manner. In
this case, the model will not try to explain technical progress but accepts it as given. On
the other hand, firms can engage in R&D to actively influence the evolution of these
technological coefficients. Of course, different R&D programs will affect different
technological coefficients. Due to the spillover nature of technical progress and the public
good aspects of R&D, there might even be a strong argument for governments to support
R&D.

Having determined the activity level Z; that is obtained from a given input
combination X;, we now determine the production frontier associated with Z;. Rerall that
L(i) is the set of commodities produced by industry i. Now, there are certain groups of
commodities made up of individual commodities that are always produced in fixed relative
proportions. Such as group of commodities is known as a composite commodities. We
shall let YYj;; denote the output of the i* composite commodity, j=1,...,nn(i), that industry
1 produces.

Observe that in the notation for composite commodities, YY indicates that we are

dealing with a composite commodity. The first subscript, namely i, serves to identify the
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industry; the second subscript, namely j, runs from 1 to nn(i) serves to identify the order of
the composite commodity in question in the list of the composite commodities produced
by industry i; the last subscript, namely 1, indicates that this composite commodity is

produced domestically.

Let (Z{i, /)) ’;1(1’) be a partition of L(i). Here we identify L(i,j) as the j* composite

commodity produced by industry i that is, L(ij) consists exactly of the individual
commodities j’eL(i) that make up the j* composite commodity produced by industry i.

One unit of the j* composite commodity produced by industry i is supposed to contain
I/AY,-}';I units of the i’ ™ single commodity produced domestically, j'€L{i). Here AYi,
j’eL(i) and j=1,...,nn(i), are technological coefficients. Mathematically, one unit of the P

composite commodity produced by industry i can be represented by (1/ A Y,-j-’;]) e L))
JELL

The activity level Z; will yield a production possibility frontier, say I'i(Xi), which is

a surface in the nn(i)-dimensional Euclidean space and which consists of nonnegative
nn(i) . .. . .
output vectors YY; =(Y},‘jl)j-1 of composite commodities that satisfy the following

relation:

Z, (s Jlarma)

*(38) ——l— = CRETH
i

(el {prn] 7 e

where AYYZ;, AY Y1, Y Yin, BY Yy, xYY;, are technological coefficients, and

h;: y—>hi(y) is a real-valued function defined for all y>0, which is assumed to be strictly

increasing, continuously differentiable, and satisfies h(0)=0.
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Here y=CRETH{(xk):,:l,(ak,ﬁk)::l,x,h} implies that y is defined

impiicitly by

ay
+(3.9) ?,ﬂ%(%ﬂ "

We observe from (3.9) that if hi(y)=y, then an increase in the activity level Z; in
(3.8) will cause the production possibility frontier to shift outward in the same proportion.
This is the case of constant returns to scale: an increase of all the inputs by a given
proportion will expand the production possibility frontier by the same proportion.

If hi(y) is convex, then the technology of production exhibits increasing returns to
scale. On the other hand, if hi(y) is concave, industry i operates under conditions of
decreasing returns to scale. In our model, to capture the assumption of increasing returns

to scale, we shall adopt the following functional form of hi(y) for oligopolistic industries
*(310) h() =y, i=iicH, .. ii
where §; is a positive constant strictly greater than 1.

For an industry i that only produces single commodities (i.e., no composite

commodities) we shall simplify notations and use the following version of (3.8) to describe

its production frontier

*3.11) :i’lz — CRETH ([Yff‘][AYiﬂ])jeL(U’

AYZ,
i (aYm BY, )feL(,-)'KY"'hf
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CHAPTER 4

THE BASIC PRICE SYSTEM

We imagine that for each j=1,...,jj. there exists a geographical area, called the
market for commodity j1, where preducers and domestic buyers of this commodity come
to trade. On such a market, the law of one price must apply and we shall let PYj; be the
market price of that commodity that prevails on this market. This is the price received by
all producers that we call basic value. It excludes sales taxes, transport costs, margins for
wholesales and retailers, and other margin costs involved in the transfer of good j1 from
producers to users. A buyer pays the basic value for a unit of commodity j1 on this
market. On top of this basic value the buyer also has to pay taxes, transport costs, and
other margin costs to have this commodity delivered to the location he desires. If a
producer has to incur transport and margin costs in transporting his output to the market,
then these costs will be counted as costs of production and will not be included in the
basic value PYj.

Clearly PY;; should be expressed in domestic currency for j=1,....jic, i.e., for all the
commodities produced domestically and sold on perfectly competitive markets at home.
For j=jjc+1,...jj, there are also foreign oligopolists who sell these commodities on the
domestic markets. In this case, PYj; is the price in domestic currency received by domestic

as well as foreign oligopolists.
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and other margins costs involved in the delivery of competitive exports to domestic ports,
but it excludes transport costs from domestic ports to the final destination abroad, i.e.,
PE;; is the fo.b. price in foreign currency. Thus if we visualize domestic ports as the
market for competitive exports, then the law of one price implies that PE;; is the price of
commodity j1 prevailing on this market.

For each j=jjc+1,...,ij, let PQj; be the price of one unit of commodity j, bought and
sold under imperfectly competitive conditions, on the foreign market. PQ;; is the basic
value of good j, expressed in foreign currency on the foreign market. For a domestic
producer who sells such a commodity on the foreign market, PQjz represents the price, in
foreign currency, that he obtains for 1 unit of his product. This price, again, does not
include sales taxes, transport, or other margin costs in delivering his output to the foreign
market. These costs should be considered as part of the costs of production.

For each j=1,....,jic, let PYj: be the basic price in domestic currency, of imported
good j. Again, if we visualize domestic ports as the market for competitive imports, then
the law of one price must rule and PYj; is the price received by importers that excludes
transport and other margin costs involved in delivering the imports to final domestic users.

If we denote by PYj; the basic price in domestic currency of imported good j,
j=iict,....jj» then assuming that foreign oligopolists transport their goods to the domestic
market for good j, we must have PYj; = PYj;. The equality PYz = PYj; comes from the

assumption that commodities j1 and j2 are perfect substitutes.
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CHAPTER 5

PROFIT MAXIMIZATION:
THE PERFECTLY COMPETITIVE INDUSTRIES

1. The Problem

Let X; be an input combination chosen by a domestic firm in a perfectly
competitive industry i, i=1,...,iic, and Z; be the activity level associated with X;, as defined
by equation (3.7). If Y; is an output vector feasible under the activity level Z; (see equation

(3.8)), then the profit made by the firm under this production plan is

G102 P[] - 2 sk x| {2,

Z [PY(r J_}+11f)][ (i jj+lll‘)] 25 2[P){l"r _U+Is)][ {i J;+ls)]

[PX(a _U+2)][ (i ;;+2)] i

where PXj; is the price of intermediate input j, j=1,...,ji, from source s, s=1,2, that
industry i has to pay; PX ji+1,1,0) is the price of labor of type t, t=1,....tt, paid by industry i,
PX;jj+1,2) i5 the rental rate of capital in industry i, PXj41 3) is the rental rate of
agricultural land in industry i; PX(; .5 is the price of "other cost" tickets that industry i
has to pay in the production process, and PY, is the basic price industry i obtains from
selling one unit of the jth produced commodity. Because the producers in industry i are
perfectly competitive, all these prices are given.

In our model, we assume that producers treat all factors of production as variable.
In particular, they act as if they rent their fixed capital and agricultural land. Furthermore,

both capital and agricultural land are assumed to be industry-specific, i.e., these two
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factors of production are not mobile between industries. These assumptions mean, in
effect, that there is a market for capital and a market for agricultural land for each
industry. Moreover, producers in each industry treat the rental prices of capital and
agricultural land specific to this industry as given. The rental rates adjust so that for each
i=1,...,iic, the sum of demands from all the producers in industry 1 equals the available
supplies of capital and agricultural land of type i.

In (5.1.1), PXjs, j=1,....Jj, 5=1,2, represents the "true cost" paid by industry i for a
unit of good js. To obtain a unit of good js, a producer in this industry must first go to the
market for js. On this market, he must pay the basic price PYj; (PYj2) for one unit of the
good if it is domestically produced (imported). The producer then has to pay taxes on this
unit as well as transport and margin costs to bring this unit back to where the industry is
located. These extra costs must be added to the basic price PYj; (PYj2 if s=2) to armive at
the true cost PXj,. Because of differences in taxes, transport costs, and other margin
costs, different industries will pay different prices for he same commodity. Hence PXj;,
i=1,...,lic, will differ across incustries.

The structure of the profit-maximization problem for industry i=1,...,iic, can now
be described as follows:

a. First, taking the input and output prices as given, the industry chooses an activity level
Z; and computes the minimum cost for sustaining this activity level and the maximum

revenue obtained from this same activity level. The difference between the minimum
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cost and maximum revenue is then the profit associated with the chosen activity level
A

b. Next, choose the activity level that maximizes total industry profit.

2. Cost Minimization

Let Z; be a given activity level for industry i. We want to find the input

combination that yields this activity level at minimum cost. To this end, let

Xi B ((X'J’)j=] ..... Jhs=12 ’(X(,"l}'ﬂ,l’;))t =1 "'(X("-ﬂ'*l--‘)), =23 (\(I,jj+2))

.....

be an input combination that yields activity level Z;. It follows from equations (3.7), (3.4),

(3.6), and (3.5) that we must have

X _U+2
*(521) [4XZ)zZ, = Leonrief[ A); J , i=1,...,iic
§7 j=1
where
*(5.2.2) X = CES A g X X =L
(¢22) X, = AX 12'(0 :js);-l.z' PRy )
3
( (i-J}'H.sJ) ,
¥(523) X, . . = CRESH AX g1 oy
(. jj+1)

3
([aX(f.J'J'+1,S)] [ﬂX(f,J'jH,S)])s:] ’ KX(" Ji+D

it
[ (, g+1L10 }
* T ]
624 X0y = CREFN XG40l
1

([aX(J‘,_,vj+l.l.l)][ﬁX(i,Jj+l,l,l)]),_l'KX(I.jj+l,l) J
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The total cost of the input combination Xj is given by

i 2 1t
(5.2.9) Zf=1 ) Jpi PXgS[XyS] + 2= PX(;_J)'+;'1,;)[X(i'_y+1'1,;)]

3
+ T PX ol X el * PX(i,_y‘+2)[X(i,j+2)]

1t follows directly from (5.2.1) that given the activity level Z;, the effective inputs
are completely determined, i.e,
*5.2.6) [AX]JAXZ]Z] =X, for =1,...,5i+2.
Hence for each j, j=1,....jj+2, the inputs from various sources that make up the jth effective

input should be chosen to yield X; at minimum cost.

2.1. Cost Minimization: Intermediate Inputs

For each j=1,...,jj, industry i solves the following cost minimization problem
o 2
(5.2.1.1) Minimize 2o [ PXysl X

subject to

X,
_ ifs

’ (aXfJ'S)s:l,z’ pX"J}

Note that equation (5.2.1.2) is obtained by combining equation (5.2.2) and (5.2.6).

The first order conditions for this minimization problem are

: A X
*(5.213) PXys —A—X;};DSCES{[AXUSJ 12, (aXijs)s=l,2' pXu}z 0, s=1,2,
s=1,

*5.2.14) [AX;[AXZ;]1Z -CES(X”‘J (axs ) X r=0
ij) i1lZ;] AXys) o b5 ) goyp PRus [ =0

ifs
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in (5.2.1.3), A is the Lagrange multiplier and D is differential operator, i.e., D,CES,
s=1,2, is the partial derivative of the CES production function with respect to the s
variable. The optimal values of the inputs Xj;,, s=1,2, as defined by (5.2.1.3) and (5.2.1.4)
depend on the exogenous variables Z;, PXj;, s=1,2, and the technological coefficients
AXZ; AX;, AXj., s=1,2. When these exogenous variables change, the optimal values for

X, 5=1,2, also change and we have the following comparative static results

- - - 2 -~ -~ -~
5218 X, - Z, +oX, (PX,.js ¥2_, SX,,jk[PXijk]) - AX, - AX,

X -2 y _
- AXZ, + o:X".j(AXl.js quSX,_jk[AXijk]) = 0,
i=1,...jic, =1, .., s=1.2,

where

. PX_|X ]
ifs| " ifs

X X' = 52 |
Sher PXy [ Xy

Observation:
oX;; is the elasticity of substitution between the jth intermediate input produced
domestically and the jth intermediate input imported by industry i; and SXj;s is the
share of the cost of the jthl intermediate input from source s in the total cost of the

jth intermediate input from both sources - domestic and imported - in industry i.

2.2. Cost Minimization: Primary Inputs

The problem is to choose X ji+1, 1,0 =155t X(ijj+1,5) $72,3, 10
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(522.1) min T PX g rnn) [Xagain] + 3o PX e} [ X i)

subject to

—n

3
Xi ji+ls) ]

$222) [aXy o] [4%3] (2] = CRESH (AX(U}'+L5)

( [ax("»ﬂ'“-s)] ’ iﬁx{f.ﬁﬂ-s}] )j=1 [ ""X(:'.ﬁ+1)]

1
( X(l'.ji+ L6} )
AX(i,jj+1.l,:) '

{=1

s=1

(5223) X(l’.jj+l,l) = CRESH
t

[ ( [aX(i._ﬁH,l,:)] '[ﬁX(i'.jo,l,r)] ):=1 ’[KX(I',_UH,])] J

We have the following first-order conditions

*6224)  [PXg o] [4% 6y} [4X e
({]
Xei ji+11,0) ]

—'p—___Dt CR.ESH [AX(".U.i'l:l:r) =1 =o

i [4% 6. gs100)] o
” ([eXg gern) [8X deiin)) i [xXq 1]
t=1,...,it,
J[ X(i, f+LL1) T
l.‘(5225) X(l'.ﬂ'-f'l.l) —CRESH AX(f,jf'i‘l,l,I) t=1 — 0
tt
[( [“X(;‘, 1}'+l,l,:)]'[ﬂX(i, 1}‘+1,1.r)] ) ,:Iv["X(i, j+l )]J
*(5226) [P X(i, jf+l..s)][AX(f, ﬁ+l,s)]
[ 3
( (i, jj+.5) }
/‘1 ]
- D,CRESH; AX e 1)),y -0
(i, ;f+ls) 3
L( [aX(:'.jiH.s)]'[m(i.ﬂ-q-l.s)] )s=1'[xx(f,ﬂ'+1)]
§=2,3,
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3 B!
[ (i, jf+l.s) ]
* AX,. .. ’
(5227 u - AD, CRESH/ (i, [j+1,s) + =0

s=1

3
;( [aX(l'-_fi+1-s)] ’['BX(I'.B"H-S)] )s=|'[xX(f-1f+l)] )

*5228) [4x, . |[4x2]{z,]

i

3
[ (i jj+1ls) ]
~ CRESH \\ X (i y41.5) =0

s=1

( [aer.,u'n.sJ] ’[ﬁxri.m l.s)] )j..l ’["er'.;;fm]
In (5.2.2.4), u is the Lagrange multiplier associated with the constraint (5.2.2.3)
and D is the differential operator, i.e., D.CRESH, t=1,...tt, is the partial derivative of
CRESH with respect te the t" variable. In (5.2.2.6), A is the Lagrange multiplier

associated with the constraint (5.2.2.2), and D,CRESH, s=1,2,3, is the partial derivative of

CRESH with respect to the 5" variable.

Here, we obtained the following comparative static results concerning the demand

for labor inputs of various skill types:

M5.22.9) X ya11e) = X e1n) T AXG, a0
- T R
"[UX(;'. jj+l,1,!)] {P X(i. Ll E‘k=1[SX(;', jj+l.l,k)”P X(i, jj-l-l,l.k)] }
. . = R
- [GX(i,ﬁH,l.:)] {AX(i,jf+1,l,l) - zk=1 [SX(i,ﬂH,l,k)] [AX(i,j+l,l,k)] }
for t=1,...tt, i=1,.. . iic,

where

1
oX .. . =
(i, j+110) - aX
ot 1 (i, i+111)

~ [JX(i,ﬁ+1.l.:)] [SXri.j;‘H,l,r)] 7

X = | SX
(i, if+11t) 4 toX
Zk=1[ (:'.jj'i'l-l»k)][

(i,jj+1,1,k)]
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SX = [PX("-JF“-I-U][X(i.jj+1,1,:)]
(i, ji+11.) E;::][PX X(

(l’,ﬂ+1,l,k)][ i,g’+1,1.k)]

The comparative static results for effective labor inputs, capital, and agricultural

land are given by

L ls) AX(I‘._[;'+I.3) + AX(:‘,_{;‘H) + AXZ, + Z,
[PX (i 1)) - Ti-1I8%, ﬁ+1,k)][f’x(.-, 1’;’+1,k)]}

—oX(; i - ra Y,
( 'HHJ)[[AX(,'JHJ)] - 2,32:][Sx(i,l‘j+1,k)][Ax(i.ﬁ"'lrk)]

for s=1,2,3 and i=1,...,iic,

A(5.22.10) X .

where
O'X(,-.ﬂ-+1,s) =1 ax-:i'ﬁﬂ's)
SX (i ji+1s) = 23[6)(“’%1’3) ] [SX”'JJ" +1rs)]
k=1 ["X(i,jjﬂ.k)] [SX(J'.jo,k)]
SX{ {PX(i.jo.s}] [X(i.jjﬂ,s)]

(21 [PX G o] [Kgenal)
X (i, 57+10)

PX(; 1)’ =

Here, we obtain the following comparative static result for the price of one unit of

effective labor inputs:

~N5.2.2.11) ﬁX(,'_qu.].]) = z::t:] [SX(;'.JjH.l.I)] [ﬁX("-Jj"’m-’)]
it 4
+ zi:l[SX(i,jj+l,],t)] [AX(LJ'J'+LI.I)]
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2.3. Cost Minimization: Other Cost Tickets

Let Z; be the activity level for industry i. From equation (5.2.1), we have

Xi ji+2
¥(523.1) |AXZ\Zi|=—5—.
s231) [axzz)= 22
which gives us immediately the following comparative static result

N$5232) Ky jiaz) = Zi + AXZ; + AX( ja2)s i=1,... fic.

3. Commodity Supply: Revenue Maximization
Let Z; be a given activity level for industry i and (Yjj;)jcLd, be an output
combination feasible under Z. The total revenue obtained from this output combination of

produced commodities is

(5.3.1) szL(i) [Ple][Kjl]

nn(i)
If we let (ngl) be the vector of composite commodities associated with

(Y"fl)je L(iy then we must have
Y
*(532) ¥y = —, i'e LG, j), j=1,..., nn(i).
4 J
AYi

It follows directly from (5.3.2) that the revenue generated by one unit of the ™ composite

commodity produced by industry i is given by
*(533) PYYj =S perny) PYn/ AV

Therefore in terms of composite commodities, (5.3.1) can also be expressed as
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(534) T er[Praltn] = Z7P PR [Y7].
Given Z;, the decision problem of industry i is to choose a combination of composite

l)nn(i)

i=1 to maximize (5.3.4) subject to (3.8). We have the following first-

commodity (YYU

order conditions

([rra]{arrn]) 720,

([a¥tn].[BrEn] )it (ers;) b )

*(535) PYY; - AD jCRETHl =0

71,....nn(),
r

_Zi g ([r¥a][arza] ).
AYYZ; ( [art].[BrYn] ):.Z?).[xyy;.], By

*(5.3.6)

In (5.3.5), A is the Lagrange multiplier and D;CRETH denotes the partial derivative of
CRETH with respect to the j™ variable. The following comparative static results are
derived from (5.3.2) and (5.3.3)
As3T) Y = 7, - VY, - AVYZ,

+[orr, | (1PFY;,1 - SRAASTY, 1 (PTY, 1)

[ ] ([471,] - zpfst ) [ a7

for i=1,...,iic, and j=1,...,nn(i).

\538) Ty = P¥y - ,&Y;;l, for " €L(i,), j=1,....n(i).

. s afe
n639) PPV = % jera ST [P - T e [SSEh] |45
for i=1,...,iic, and j=1,...,nn(3),

where
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1
5310y off. = ————
( ) oty al¥, -1

[“YYUI] [S 'J‘I]
ey [f’Y Yff 1] [s¥7]

(5.3.11) STY; =

y 'J'
PY '1/‘1

(5.3.13) SSY,-f-l = for j=1,....,nn(i), j’ €L(L,)).

Zkel(ij) PYkl/AYfil

4. Demands for Margins

Recall that Xjj, denotes the input demand for good j from source s by industry i.
We suppose that the delivery of Xj to industry i requires various quantities of the
commodities produced domestically and is described by the following equations
*(5.4.1) MXgis ) = AMX s,y Kys)

for i=1,... jiic, I'=1,...jj; j=1,....]j, and s=1,2.

Here, MX;; ;1) represents the total amount of good j’ produced domestically needed in the
delivery of Xj;, to industry i and AMX ;. is a technological coefficient.

The above equation yields the following comparative static result

a~

~(5.4.2) M}(ym = ANIX, o+ K, fori= 1 ie il = 1, s 512

For industries whose production involves the produced commodities, we have the
following relationship between the basic values and the prices they actually pay for

intermediate inputs
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*(543) PXys = PYjo+ T\ [PYy] [abdy, o] + HX s,

for i=1,.. ,iic, j=1,...,jj, and s=1,2.
The left side of (5.4.3) is the price of 1 unit of good js used as an input by industry i. The
first term on the right side of (5.4.3) is the basic value of 1 unit of good js on the market;
the second term gives the margins required for delivering 1 unit of good js from the
market place to industry i's location. The third term, HXj;, represents the tax (or subsidy)
that industry i has to pay on the market when it purchases 1 unit of good js. This tax is a |
sales tax, not a production tax.
Tax Equations: We assume that the sales taxes paid by domestic producers for
intermediate inputs js are described by the following equation

*a4) HX, = ([Hx]icrn) [enr ]

( [T’Ya's][‘i JS] ) [ (VXy's) S0

fori=1,.,1¢,j=1,..j, s =1,2.
where
HX s’ alHXg.s, azHXy.s . a3HXg.s are parameters, TX,; and VX;, are ad valorem and
specific tax rates, respectively. CPI is the consumer price index.
Equation (5.4.4) yields the following comparative static result
"545) AX,, =[x, | [cPI] + |a28x, ](fx._ + PY)
ifs ijs ifs ifs Js

+ [a3HXg_s] VX, i=1,... fic, j=1,...jj, =1,2.

Equation (5.4.3) gives us the following comparative static result
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A5.4.6) [PXy)=17 1Py B Y |+ [ 2PX [ HX s ]
w[w3px (4o, W3Px e ) 1PV ])
+[W3Px 5 NI [ 3P g, [AMX (35,500 ))
i=1,...,iic, j=1.....j, s=1,2.

where the weights are defined as follows:

. PY.
WIPX‘..S] = _Js
Tl py o+ HY, + Zi.’,_l[PY., ] AMX
Js iIs ;= Fl
HX

ys

PY +HX, +¥A, [PYJ.,l] AMX

(U'J-I'U]

.WZPX.. ] =
h iis
(Lfs.f’l)]

wipx, | =1 - [mpx, | - [wepx, |

PY, I 4pex ]
[W3PX(.-,-5,;-1)]= f‘[;1 [j;l[ﬂl AAZX iy

('J's,kl)]
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CHAPTER 6

PROFIT MAXIMIZATION:
THE IMPERFECTLY COMPETITIVE INDUSTRIES

1. Introduction

The theory of competitive general equilibnum was fully developed and
systematized in the 1950’s; see, for example Arrow and Debreu (1954), Debreu (1959).
The first attempt to introduce imperfect competition into general equilibrium was mads by
Negishi (1961). Since then a large number of contributions have appeared, but a
satisfactory theory of general equilibrium under imperfect competition is yet to be
formulated. For a review of the literature, we refer the reader to Hart (1985), Gary-Bobo
(1989), and Giacomo Bonanno (1999).

Two main approaches have been taken in the study of imperfect competition in
general equilibrium. One may be called the subjective (or perceived) demand approach; the
other, for purpose of contrast, is referred to as the objective approach.

The objective approach begins with the hypothesis that the interdependence of
prices and quantities in the econo;ny are objectively given and that the imperfectly
competitive firms have perfect information concerning the demands for their products.
However, it is not a trivial matter to formalize and derive, in a general equilibrium context
where everything depends on everything else, the functions that reflect the objective
interdependencies and write down the true demand functions faced by a monopolist or a

group of oligopolists. Among the research carried out under the objective approach, we
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might mention Gabszewicz and Vial (1972), Fitzroy (1974), Laffont and Laroque (1973,
1976), Marschak and Selten (1974,1977), Nikaido (1975), Roberts and Sonnenschein
(1977), Hart, op cit, Benassy (1975, 1988), Dierker and Grodal (1986), Heller (1986).

The subjective approach was developed in a seminal paper by Negishi, op cit; see
also Negishi (1972). Refinements to Negishi's approach have been made by researchers,
such as Arrow and Hahn (1971), Benassy (1976, 1989), Bonanno (1990), Silvestre
(1977a, 1977b, 1978). The subjective approach rejects the idea that imperfectly
competitive firms have perfect knowledge about the demands for their products. This
approach rests upon the hypothesis that these firms have a subjective perception, perhaps
erroneous, of the demands curves they face. These firms might attempt to estimate
econometrically their demand curves from available data or historical observations. The
estimated functions then represent more or less a good approximation of the real
phenomena in the economy, and the partial ignorance of these phenomena might cause
these firms to adopt behavioral patterns that do not appear in an objective universe.
Subject to these perceived demand curves, imperfectly competitive firms will choose the
production levels that maximize their perceived profits. The subjective theories held by
these firms are not allowed to be completely arbitrary. The perceived demand curves must
satisfy some minimal consistency requirements. First, they must be free from money
illusion. Second, they must not be contradicted by observed signals, namely the objective

phenomena in the economy.
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Due to the theoretical difficulties as well as the computational complexities that
must be surmounted to compute an equilibrium according to the objective approach, the

subjective approach will be adopted in this thesis.

2. Demand Curves

Recall that the industries indexed i=[iic]+1,...,ii are oligopolistic and that each of
them produces only one commodity. Hence without any loss in generality, we can suppose
that the industries /, i=[iic]+1,...,ii, produce, respectively, the commodities j=[fjc}+1,....]J.

Now for each i=[iic}+1,...,ii, let F(i,1) and F(i,2} denote, respectively, the set of
domestic producers and foreign producers that constitute this oligopolistic industry. The
union of F(i,1) and F(3,2), say F(i), thus represents all the producers in this industry. We
shall use the superscript f to index a producer in a particular industry. The oligopolistic
industry that firm f belongs to can be identified, as usual, by the subscript /. We shall
assume that producer in an oligopolistic industry competes in two segregated markets --
one at home and one abroad. Also, in modeling imperfect competition on markets for
commodities j=[ijc]*+1,....Ji, we shall adopt the Cournot approach. Hence we shall assume
that goods j1 and j2 are perfect substitutes and the firms selling these goods compete by
using quantity strategies. We would like to emphasize that the imperfectly competitive
producers in our model only have influence over the prices of their outputs, not over the
prices of the inputs they buy. That is, all the firms are price takers when buying inputs

needed for their production process. The model thus rules out monopsony.

50



For each j=jjc+1,....1j, let
- "2
*621) PQ, = WJ.Z[QJQ]
be the inverse demand curve for commodity j on the foreign market, assumed to be
objectively known by all the firms — domestic or foreign — that supply this commodity on

this market. Here W), is a positive constant, Q; is the quantity demanded, and & is 2

positive constant strictly less than 1. Also, PQj; is the unit price expressed in foreign

CUITENCY.
O the other hand, the firms only have conjectures about the price of good j on the
domestic market. We assume that each firm feF(i) has a subjective theory about the

relationship between price and quantity on this market that is captured under the form of a

perceived inverse demand curve.

More precisely, we assume that the inverse dernand curve perceived by a domestic

firm f'is given by

o, _
*622) PY/ = wf][Qﬂ] ) feF(i,1).

Here PY"; is the price that the firm thinks will prevail on the market and Q; is the quantity
demanded at this price. The subjective beliefs of the firm are captured by Wy, the position
parameter, and g1, the inverse of the elasticity of demand. For each possible value of
¥y, %), 0P <o, 0<g;1<1, equation (6.2.2) gives a possible perceived demand curve
for firm £ Thus when P varies inside the interval [0,) and g5 varies inside the interval

[0,1), equation (6.2.2) yields all the possible perceived demand curves for this firm.
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The specification represented by (6.2.2) is based upon Gary-Bobo, op cit, (Chapter
4) and Silvestre (1977a), who have extended the seminal contributions of Negishi
(1961,1972). Given (6.2.1) and (6.2.2), the domestic firm will choose a production plan
that maximizes its total profits over the two markets, taking into consideration the
production plans of the other oligopolists. In general equilibrium, the perceived value of
(L, %), say (9511, [€%:])), must be such that the production plans chosen by this
domestic firm together with the actions of all the other economic agents are mutually
consistent in the sense that there is equality between supply and demand on all markets.

The perceived demand curve depicted in (6.2.2) is parametrized by two parameters
W', and €. A much simpler parametrization of this demand curve can be obtained by
supposing that sfj. is given a priori. In this case, the perceived demand curve is
parametrized by only the position parameter, and it is this simple form of parametrization
we adopt in this thesis. We observe that when £5,=0, the perceived demand curve is
perfectly horizontal and we have the special case where the firm takes the price of its
product as given, i.e., it is a perfectly competitive firm on the domestic market.

We shall assume that a version of (6.2.2) also holds for each foreign firm, i.e,,

ol
*(623) PY/ = yfjf;[Qﬂ] " feF(i,2).

3. Profit Maximization: Domestic Imperfectly Competitive Firms
Let us now consider a particular commodity j that is bought and sold under

imperfectly competitive conditions. The industry producing this commodity is
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i=j-[jjc}+[iic]. For each feF(i,1), let Xf be an input combination used by this firm. Due to
the assumption that each imperfectly competitive firm produces only one commeodity, the
production possibility frontier feasible under Xf, namely T';(Xf), is reduced to a single

element, i.e., I(X%) = Y¥;,, the amount of good j that this firm produces. More precisely,

we have the following relation that defines Y¥;,

z/
AYZ, CRETH{([YJI][AKJ"])jeL(:') ' ([a},'j]]'[ﬁ}}fl])jeL(:‘)'[KYI ] h’}

i

and Z£ is the activity levei corresponding to the input combination Xf,. As explained in
Chapter 3, we assume that hi(y) = yBi, where 9; is a constant greater than 1. Also, because
L(i) consists exactly of one element, namely commodity j1, the equation above will assume
the following simpler form

a}"ﬂ]

[
prp | [ara][Hh] =0
o,

| (of [ arz,)”

which yields

e
Tooararz ]

where we define

632 ¢, = ([ ]et, |/Br,) ™
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Let Yij;; ) and Yf;;1,2 be the amounts of good j that firm f sells on the domestic and
foreign markets, respectively. Also, let GGjj; be the amount procured by the government,

then we must have the following relation

I =yl +¥f /
*(6.3.3) Y,.J.l = Y,-ju + y:j}.Z * GGr‘jl

Firm £ will choose X, Y&, 1, YT, to maximize its profit subject to its perception of the
conditions on the domestic and foreign markets for good j. More precisely, the decision

problem of this firm can be stated as follows:
Find Z5, Y'1, Y%, Y52 to maximize the following total profits
(634) Y.ﬂ,l(q’fx (S preran ¥ *+ Zreraa b " wy }1.1]

+ ‘D[K;-fl,z](‘*’jz(zf'eFﬁ.u o+ Zreraa) Yggz)-gﬂ -HY;, - H Yj21,2)

+ PGy |66 | - 2/ ucz ] - Sl [AMY g0, ) [PV %

- Zf;ﬂ [AMY(UI.Z.J"U] [P Y;l][y;;fu]
subject to (6.3.1) and (6.3.2).

In the above expression for firm f’s profits, the first term represents its revenues on
the domestic markets. Here Y .1 represents the sale of a foreign firm f' on the domestic
market. Also, HY'1, is the specific tax levied by the home government on 1 unit of the I
commodity produced at home and sold on the domestic market. Following usual

conventions, we allow HY'j1; to be positive or negative, with the interpretation that a

negative tax is really a subsidy.
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The second term represents the firm's revenues - net of subsidies and tariffs - on
the foreign market. Here Y22 represents the sale of a foreign firm f ' on the foreign
market and HY'j1> and HY? 2 represent, respectively, the taxes levied by the home and
foreign government on 1 unit of the i good produced domestically and sold on the
foreign market. Usually, it is the case that HY";;,<0 and HY?, >0, i.e., the home country
subsidizes exports while the foreign country imposes tariff on imports. Both HY'; and
HY?,, are expressed in foreign currency. Also, @ is exchange rate (the amount of
domestic currency needed to buy one unit of foreign currency) used to convert earnings in
foreign currency into domestic currency.

The third term represents the revenue obtained from the government procurement.
Here G’Gfijl is the quantity the government wants to purchase from the firm and PGGYj, is
the unit price the government is willing to pay. Both GG’ and PGGYj, are fixed by the
government, and, therefore, they are considered as exogenous variables by the firm. These
variables often constitute the basis of an industrial policy to help a2 domestic industry move
down the learning curve.

The fourth term represents the cost of inputs needed to sustain the activity level
7' Here UCZ; is the minimum cost of sustaining 1 unit of activity level. Because the
technology linking inputs and activity levels exhibits constant returns to scale, and also
because all producers are assumed to be price takers on the input markets, UCZ; is
completely determined once input prices are given. The problem of cost minimization has

been fully dealt with in Chapter 5.
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The fifth term represents the margin costs involved in transporting the output Y
to the domestic market, while the last term represents the margin costs involved in
transporting the output Y¥1.2 to the foreign market. Here AMY 1,151 is a technological
coefficient representing the amount of good j'1, j=1,...,jj, needed in transporting 1 unit of
good j from the producers of industry i to the domestic market for good j. The
technological coefficient AMY 1251y represents the amount of good j'1 needed by a
producer of industry i in transporting a unit of good j to the foreign market.

Now define
*639) Q= Zreray¥hy + rerin) ¥
*639) Q) = Treranha + Zrerun Vo
Letting A and p be the Lagrange multipliers associated with (6.3.1) and (6.3.3), we

have the following first order conditions for an interior solution to (6.3.4).

"(637) lFJ"'[Q' ]_5{1 - HY 4 Yu{1 “n [ ”Qﬂ]('ﬂﬁ'l)

-ZJ =1 yn;'l)[PY'l] #=0
—8.2 2 f
*(6.3.8) Q[Y’jz[Qﬂ] ! 112 H}’le + YylZ i2 I 12] ]
- S AMYy 3 )| PY ) - =0,

*(6.3.9) -A+pu=0,

f (61‘_])
*(6310) - UCZ 1[ ”’] d
AY, [AYZ]
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_-—y———[g"f‘][z‘f ]9,- S LAEN Y

*(63.11) ol 4
ay Jarz," 7
i1 il
Sy .
*(6.3.12) Ygf ¥l -Yi, - GGj =0

Multiplying (6.3.10) by Z°, we obtain the following equation

Al iz ] _
s

Uczi[zl.f ] +

f
*(6.3.13) Z 12 PX. [X + it (,j+1,1.r)[X(€,g'+1,1,:)]

3 S
+ 2o PX ;) s)[ (:_y+ls)] + PX(:',;}+2)[X(:'.3'+2)]

_Afeu]lali# T
4y, [avz]"

In (6.3.13), we have used

[(Xf) : ﬂ.(X(J;'Jj"']']'r))r:l,...,tt ' (XJ{JI+1-S)3=2'3’ (XJ{.jj+2)J

ifs
Jle

to denote the cost-minimizing input combination that sustains the activity level Z,

4. Comparative Static: Domestic Firms
Equation (6.3.7) gives us immediately the following comparative static result

[ (@ - o £ [ay!
(641) Wirh (¥4 - &/ [Q] Wzym[HY ]

(Yy{luvf af +l)[Q ])

B3 )15 1)) - -

yLl
- S
W4Yj“
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where we have let

oo ”

(642) wir/ =
i1l ” 1 f
[Qﬂ] - HYy, +Yrjll 'gﬂ [ I ]
ZJ =1 (yll_;’l)[P 1]
HY!
(643) war! = A
i1l ;l 7 f
[Qﬂ] jll + Yrﬂl )[ ][QJI]
- J =1 (ullj'l)[PY‘l]
A
. f _ ifl1,] =il
(644) W3t} = — o
J
[-'_;l] *H};n +Yun( 1 [le][Qﬂ]
. f'=1 (fjl.l,j’l)[P ;"1]
(645) way/ = Tt (JJIIJ‘IJ[PY*l]
| i1l -¢f -1
f 1 f 1
sr/jl[ 1] ’ ;11"'Y:j11 ﬂ[ ][Qﬂ] ’
~21 (fjl,l,j'l)[P le]
s wuﬂ)[P |
(646) War/ . .
yl,l,_;l i:’ [PY ]
= (iLLEDL k1

Equation (6.3.8) gives us immediately the following comparative static result

S e+ -
(647) W) (& + ¥,

- W3Y.f JD+[1?Y? ])

- WSYf

a.[é.] | - waxs (& + [A7,])

1,2 Zﬂ"l [WS :_112_;'1] [

wars, 2(};{2 - (gj2 + 1)[Qj2] + )
0

(12, J'l)]
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where we have let

-
m(w. Q. ’2)
2 2
(648) wWir/, = — [ : ]
2 1 2
@[w. A2, - Y, - HYJ”]
P . -z ‘_—1
+1 (- o) | 12][QJ'2 N

(zﬂ aMY, o U[P ])

o[nr),]
(64.9) w2yl = 22

" ["pjz[gjz] "o HY, - HYJ'ZIJ}
halen) 0] 7

(4., amy PY, D

(i1.2,i'1)

D|HY
I _ [ J1 2]
(64.10) w3r), =

@ {sz[gjz]_ F o HY, - HYZ”}
“f,ﬂz( 12)[5”12][(212]-8 )
(2 s MY 15, [PY )
Q(".ﬂz )71l %fz-])
¢[wj2[gj2 amyl, - HY? J
+1f (-6 [WJZ][QJZ]HE -1
'(Ef’=1 AMY 15, j‘l)[P 3 ])
J1 AM mlzm[P ]
d)[ jz[Qﬁ] 7 - By, - Hrfu]
kel ea

-(24-4 AMYw'm.j'u[P ,—-1]

S
(64.11) war), =

(6412) wsr],
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AMY [PY

(12,71}
(6.413) Ww5Y/, . =
i2.J Z AMY(uIZkU[PYkl]

Equation (6.4.1) can be rearranged as follows

(6414) (mrf, - - w3k ) ¥4 W1Yf[ ] warf (e - 1)) 0,

s _
- w2y} [HY ] W3U“[ i

- f
W4Y:‘ [W4 yll;'l][ (yll_;'l)]

f _
- W4Y,.jl_l(z [Farfy nBTa) -2 =0

Equation (6.4.7) can be rearranged as follows

~

(6419) (Wtf, - waxf )&, - (wirf e ] - war] (e 2+

12 =j2

- warf |y}, | - ws M[HY ] wars I
+ (Wl}’y{; - warf, - wir/, - W4Yg!;_2) [#]
- WSYUI (Eﬁ] 1[W5 if12.j 1][AMY (ifl-Z.f’l)])
_ WS}:{ [WS 1, ,'1] ﬁYj,ID =0,
Equation (6.3.13) gives us the following comparative static result

(6416 TL,¥2 WX.f.S(PX.. +X£)

S
+ Zf (z F+Ll, t)(PX(: J+LLe) + X(ly-i—llt))

p v/
z (l_y+ls)(PX(i,ﬂ'+l,s) + X(:',ﬁ+l,s))
s v/ _ 2 _alzr
swxt (Px, o+ XD ) -a-62] ]

+ A +6]47z] =0

where
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PX [X
(6417) WX] = —— - =
if 2
Xi=1 251 P [X ]+ )l (._U+11:)[X(.1;+nr)

3
+25=2 PX{:‘,jj+l,s)[X(:',jj+l.s)] + PX(;',;)'+2)[ (i.jj+2)]

PX [ ]

(6.4.18} WIX{”H“)— —— (}ﬂ+llf) (i, j+110) y

‘i J

f=1 Z =1 PX. [X. ] 2’=] P (lﬂ"'ll!)[X(l_y-l-!I;)

3 ’
2=y PX, y+ls)[ (;1,+1s)]+PX ﬂ+2)[ le)]
/

(6.4.19) wx/ PX(i.ﬂH.s)[X(r.ml.s)]

(Lj+ls) o2 s W 4
1." lz-‘ PX [X ]"'Z PX(jﬂ+1]f)[X(iﬂ+l.1.f)n

3
2 -ZPX(:mn)[X(; y+ls)] + PX(,J+2)[ tigiv2)l/

PX,. [Xf ]
(6.420) Wx/ = (i G+ (hji+2)

(ifj+2) ~ x/ it
Z lz.s IP i‘]+zf=1PX(z_y+lll)[ (i g+11¢)

3
+Zj=2

+ PX

_y+ls)[ (i, ff+15) (1',_{'j+2)[ (1',_[;‘4-2)]

Now from (6.3.9), we have A = fi. Using this result and (6.4.14), we can rewrite

(6.4.16) as follows

v/ S
A(6421) Zj] ]_Z ljs Xy‘,‘. + Z WX{] _U+11f)[X'(Iiﬂ+l.1of)]

f > f f
+ Y3 wx By 1s)]ww( ,U+2)[X(iﬂ+2)

(iﬂ+ls) (i g+
+ 302 wxllbx, ] + 3 WX{MIU[PX

s s
SN AN PX. . )] + WX(IMZ)[PX(,.I}.”)]

= (wir},, Wsyj{l)yff wir) e [ﬂ] w3 (ef, 1),

ys (l’._ﬁ+l,l,l)]

- waxf [am,] - ws ,.1[,,,1]

61



s
- W4Y (Z; 1[W4 ;,.11;1][ (U“JU]

- warf (s ][W4 y”ﬂ][PY ,ID +6[2]- ar, - 6]arz]

Similarly, using A = / and (6.4.15), we can also rewrite (6.4.16) as follows:

i 52 v/ S
A(6'4'22) Ef"lz = ys Xys *+ Z WX _u+llt)[ (i, f+L5Le)
i S
+ Z WX{:_{]H s)[ (i, jj+ls) + WX(I_U+2)[ (i, jf+2)

S
+z\-f=lzs=l q's[PXijs] ZT—IWX(ij-i-l,l,t)[ (:‘,_;j+1.1,t)]

+ Zi:z W£,j+l's)[ﬁX(]'_ﬂ'+Is)] W}‘n ﬂ+2)[PX(i ;_‘;'+2)]
=(W1Y.f —W41;J{2)5?f. —(W1Y.f ] way/ ( +1))sz

n if12
_ Wzyf HYJIIL!] W3 :12[HY ] W4Yf }:;fu]
¥ (le.f Wzijﬁz - W3}, - W4Yﬁz)[@]

- WSYf [WS i, ,q][Af‘;fY rmz.j'u])

- wsth (Ao [wsth, [ PYa)) + 62 ] - 4v,, - 647z

Equation (6.3.1 1) gives us the followmg comparative static result:

A(6:4.23) el.[zi.f] - ¥, - ¥ -6, [47z,] = o

Equation (6.3.12) gives us the following comparative static result:

~6424) ) - S¥S y“] SW[Y ] SGG -1[GG.,f1 =0,

where we have let

I
(6425 ST, = U” / A
(6.4.26) SIr’yfl2 A / A

/-
(6427) SGGJ = GG / A

Finally, equations (6.3.5) and (6.3.6) give us the following comparative results:
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"(64.28) Q - Zyer )59k il, 1[ yll] Lfer(i2)5 y21[ g21] 0,

N6429) Q) Zj‘eF(:l)SQUIZ[UIZ] 2y er(i2)S0 u?-?-[ 22] >

where ve have let

(64.30) SQYS, =¥f,/0n and SOYS =¥h /04, feFGD,
(6431) SO, =Y},/0; and SQ¥h, =Y},/0,.  feFG2).

The linear equations in percentage changes (6.4.21) - (6.4.22) summarize the
comparative static results concerning the variables associated with the output side, namely
z5 Yu:, Yfijm, Y12, and G';i. The linear equations in percentage changes (6.4.28) and
(6.4.29) capture the relationship between the sales of the individual firms and the total
supply on the domestic and foreign markets, respectively.

To obtain the complete set of linear equations in percentage changes that
characterize the profit-maximizing behavior of firm f, we must also include those
equations involving the input variables, namely Z'; and the input combination X% When
these exogenous variables change, the optimal values for X', also change and we have the

following comparative static results
n6432) X = 2 + Ax, + Ax, + 4k, -[ox,|([Px, | - =2.i[sx ] [P X, )

A 'J] {AX'J'S - Zk:l[SXuk][ vk]}
for isiic+],.._ii, j=1,..jj, s=1,2, feF(,1),

where
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¥sll is|

O'Xy. Tk d is = < St
P Tea [P || X2

We have obtained the following comparative static resuits concerning the demand

for labor inputs of various skiil types:

~ -~

~6433) X[ g = X g AX(,J,H“
- ["Xﬁ-ﬂﬂ-l-rJ] {[PXw+11f)] [S (5. +11&) ][PX Jj+LLE) ] }
- [GX(f,jo.l.r)] { [ (i,jj-!—],l,:)] - [SX(ilj+lIk ][AX.J,+11 k ] }
for t=1,...,tt, i=iic+1,.. i,
where
1
ity = 1=aXei 11

r ;
[ X(=ﬂ+llr)] SX(:;;+11:)

X(j‘. i llt) - 7
L+l
zk l[ (i Ji+L1, k)”SX: (i, i+1Lk) |

Mos .
SXf — [PX(i.if'H.l,r) [X(i,jjﬂ,l.t)
(Ly+LLn) T on I 7
k=1 [PX(J‘.IHI.I.k)] [X(i,ﬂ'ﬂ,],k)_

The comparative static results for effective labor inputs, capital, and agricultural

land are given by

A 4 4 Y 7S
6430 K] =TAX, 0 T4 UAX, 1+ (452] + 2
A , . .
- o, ){[P X gars) ~ 2k S‘{( 1 PR G e
i, ff+l5 - f -
[ X(:‘.jjﬂs Zk =1 SX i+Lk) Ax(i,ji+l,k}

for s=1,2,3 and i=iic+],...,ii
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where

]
1—aX; ji1s)

X (i, jj+ls) =

~X(rf'.ﬂ‘+1,s) = 3[6X(i.jj+l.3)] {SX({JJ; l.s}]
Zi=1 ["X(i.ﬁﬂ.k)] [SX(r',jj+1,k)]
SX({JU_HJ) = B[PX("»ﬂH»s)][X({.wl.:)]
Zi-1 [SX({.JJH.H] [X({._UH,J:)]
PX e [PX(J'-B'H.I.:)] X({ﬂn.l.:)

(G+11y =
(4410

Also, we obtain the following comparative static result for the price of one unit of

effective labor inputs:

D _ <! ! D v
~(6.4.35) PX(f,_y+1.1) Tot=l [SX(f,g+1.1.:)][P‘}‘(f,ﬂ+1,|.r)]

+ Zf:l [SX(fi,jjn,l,t)] [AXU’.JJ"H-I-')]

Finally, we have the following comparative static result for other cost tickets

“f —_ ‘..‘.JF‘ v p
"(6.4.36) X.l',jj+2 =2z + AXZI, + AX(:,gu)‘

If the domestic firm f chooses to operate only on the domestic market, then
Yfij1,1>0 and Yfijl_z'_—o. In this case Yfijl,z does not appear in (6.4.29). Furthermore,
(6.4.22), which characterize the first-order condition for an interior solution on the foreign
market, must also be removed from the set of linear equation in percentage changes that
characterize the optimal solution of this firm. Similarly, if firm f chooses to operate only

on the foreign market, then Yfij],1=0 and Yf;j1,2>0. In this case, Y%, does not appear in

65



(6.4.28) and (6.4.21) must be removed from the set of linear equations in percentage

changes that characterize the optimal solution of the firm.

5. Demands for Inputs and Demands for Margins at the Industry Level:
Domestic Oligopolistic Industries

Let X;, be the total demand for intermediate input js by all the domestic

imperfectly competitive firms in industry i, then we have
*651) X, = Treray X{ i=iic+1,...,ii, j=1,....Jj, and s=1,2.
Similarly, their demands for labor, capital, and agricultural {and are given, respectively, by

* _ f - . -
(65.2) X(i,y'+1.1.t) = XreF(il) X(,.‘ﬂ_ﬂ.!.‘) i=iic+1,....ii and t=1,.._.tt,

*(653) X, iy = Zreray Xi s i=iic+1,...,ii and 52,3,
Also their demand for other cost tickets is given by
$(654) X, 0y = Zrerin X[ jua) i=fict,...,ii.

The four preceding equations give us the following comparative static results,

respectively

Fal v = f X
(65.5) Xy's = 2/ eF(il) SQXg's[Xf

s i=tic+1,...,1, j=1,...,ij, and s=1,2.

where
x/
(6.5.6) SQX,;; = Xi i=iic+1,...ii, j=1,...4j, s=1,2, and feF(,1).

ifs
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657) X = Sreriin SQX({HH'W[XI isiic+1,..ii, t=1,..tt,

(Lg+iLo |’
where
> SN
(658) SOX[ ..., = ?(LM i=iic+],...,it, j=1,...j, s=1,2, and feF(,1).
- (i jj+L1t)

- <r _ s "f - " —
N659) X, s = Trera SQX“'J,],H'S)[X(I_.I}.H'U] i=iic+1,...,ii and §=2,3,

where
X/
(6510) SQx/ .. . = X(L“” i=iict], i, §=2,3, and feF(i,1).
o (i, Jj+1,5)
oy _ S “f —r .
~65.11) Xijan) = ZreFiil) SQX(:‘.;}+2)[X(;',1;'+2)] i=iic+1,...,ii,
where
x/
(6512) SQx/ o2 = Xf_ﬂ*zi i=iic+1,....ii and feF(i,1).
(i.jj+2)

Recall that X;;; denotes the input demand for good j from source s by industry 1.
We suppose that the delivery of Xj; to industry i requires various quantities of the
commodities produced domestically and is described by the following equations

$(6.5.13) MXys 11y = AMX s jo1) [ Xijs]

for j'=1,...,}, =1,....JJ, §=1,2, and i=tic+1,..,ii.
Here, MX ;; .1, represents the total amount of good j' produced domestically needed in the
delivery of X to industry i and [AMXy ] is a technological coefficient. The above

equation yields the following comparative static result
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~

r6514) [Arx, | = [arex,, ]+ %,

-

for i=iic+1,..,ii, j,j’=1,....]j, and s =1,2.
For domestic oligopolists, we have the following relationship between the basic
values and the prices they actually pay for intermediate inputs

“6s15) PX, =Py +3h [Py, |[amx, )+ Bx,,
for i=iic+1,...,ii, j=1,...,jj, and s=1,2.
The left side of (6.5.15) is the price of 1 unit of good js used as an input by industry i. The
first term on the right side of (6.5.15) is the basic value of 1 unit of good js on the market;
the second term gives the margins required for delivering 1 unit of good js from the
market place to industry i's location. The third term, HX;;, represents the tax (or subsidy)
that industry i has to pay on the market when it purchases 1 unit of good js. This tax is a

sales tax, not a production tax.

Tax Equations: We assume that the sales taxes paid by domestic producers for
intermediate inputs js are described by the following equation

*©5.16) Hx, = ([Hx,,|(cpn) [,

( [TX_ ][ PY ] ) [a'ZHX,}.J ( - ) [a3HX1js
s Js iis
where [HXUS]' [alHXUS 1 IG’ZHX "J'S] ' [a 3HXU‘S] are parameters, TX;, and VX are

ad valorem and specific tax rates, respectively. CPI is the consumer price index.

Equation (6.5.16) yields the following comparative static result

~6.5.17) AXys =[alHX | [CPI) +|@2HXy (T s + PY )
+ [aBHXﬁs] VX,
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Equation (6.5.15) gives us the following comparative static result
“esasy [Px f=[wiex [Py |+ [merx Ax,] -
+ 3Py J(Z4 73X o ) [[PY11])
+|waex fsaawaex,, Javix ,, )
i=ictl,. L, =100, s=1,2,

where the weights are defined as follows:

, pY,
WIPXJ.S] = s
L 4 g
P, + HY, + TPy, [anx )]
. HX,
W2PX, | = —
L L 4
PY, + HX, + Th [Py, [amx ]

W3px. ] =1- [WIPX.. ] - [szx.. ]
| ijs ifs ifs

I- AL
GIVL Sl [Py, Jamx

wipx
) (ifs, k1 )]

The amount of good j supplied on the domestic market by domestic oligopolists is
"6.5.19) Y = Treran ¥y et .ji, isjjjetiic.

The amount of good j'l required as margins to transport Yj;;,; to the domestic

market is
"65200 MY = AMY 0] e et =1,
The amount of good j supplied on the foreign market by domestic oligopolists is

M6.521) Yo=Y epa Yij{z, et i, i=j-ijeic.
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The amount of good j'1 required as margins to transport Yj; 2 to the foreign market
is

*6522) MY i=iict], i, isgietic, =1,

(1.2, "Mﬂ(y'l.z,j'l)[y:jlj]’
Equations (6.5.19) through (6.5.22) give us the following comparative static

results, respectively.

N6523) By =3 fep(i_l)wzf;,l[ﬁﬁl], e, i, i=iicHic,
where

WYJ{1 = Y,_J{J /Y‘.ﬂ‘l, feF(i,1), i=iict],....ii, j=i-icHje
~6.5.24) A:IY(D.LLJ.,I ) = Af\:ﬂ’m.l_u,l )+ fy.“, j=iicH L, i, ijiCHIC, =1,
N6.525) T2 =S eri )Wﬁz[zﬁz] et i, =j-fieiic,
where

wyl =yl /¥ feF(i,1), isiic+1,....ii, j=i-iic+je

if1.2 inz2/inze

-~

N6.5.26) MY

2 AMY(ijl.z.j'l) + YijI i=iic+l,.. 1, j=i-licHjc, )=1,...,1.
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6. Profit Maximization: Foreign Imperfectly Competitive Firms
We shall assume that all the foreign oligopolists in an imperfectly competitive
industry possesess the same technology of production. This technology is supposed to

belong io the same class as that of domestic oligopolists. Unlike the case involving

70



domestic oligopolists, we shall not consider explicitly the input decisions of foreign
oligopolists; our attention will be focused on their output decisions.

Let us consider a foreign oligopolist feF(i,2) and denote by Z', and Y, its chosen
activity level and output, respectively. We assume that the following version of {6.3.1)
exists between Z5 and Y'p:

2]

(661 Y. = ,
A, [4vz, |

i2

where (i, AYip, AYZp, and B; are the counterparts of i, AYj, AYZ;, and 6
respectively.

Let Yrijz'l and Yfijp_z, denote the sales of this firm on the domestic and foreign
markets, respectively. Also, let GGf;,-z,z be the part of output procured by the foreign

government. Then the following relation must hold:

f_yl vl _—gGf =
(662) Y;jz Ygz,x y;j2,2 GG:j2 =0

The problem of the foreign oligopolist feF(i,2) is to choose Z5 Yia, Yi2, Yoo
to maximize the following total profits, expressed in foreign currency.

¢
p r 1 1 2
(6.63) Y,-,-;,](Y’jl[Qﬂ] T -HY 2.1 HYm] / ¢

+ PGGY, (660 |+ (1| (#al0a] 7 - #73,)
- f[ucz,) - shalan,,, . |[PY[45]

- 232?1 [AM’?g'z,z.;"z)] [P Yf'2] [y}fgz

subject to (6.6.1) and (6.6.2).
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In (6.6.3), the first term represents the revenues on the domestic markets. Here
HY';, and HY?,, are the specific taxes levied by the home and foreign governments,
respectively. Also, the exchange rate is used to convert this earning into foreign currency.
The second term represents the revenue made from the foreign government's procurement
GGz Here the price offered by the foreign government is denoted by PGGYj22, an
exogenous variable.

The third term represents the revenue made on the foreign market. Here HY?, is
the specific tax levied by the foreign government on this firm. The fourth term represents
the total cost required to sustain the activity level Z*. Here UCZ;; denotes the cost of
sustaining 1 unit of activity level. The fifth term represents the margin costs involved in
transporting the output Y'i21 to the domestic market, while the last term represents the
margin costs involved in transporting the output ijjy_z to the foreign market. Observe that
AMY 2142 and AMY .22 are technological coefficients that represent, respectively, the
amount of good j2, j=1,....jj, needed to transport 1 unit of good j2 from the foreign
producers of industry i to the domestic and foreign markets.

Letting A and p be the Lagrange multipliers associated with the constraints (6.6.1)

and (6.6.2), we have the following first-order conditions for an interior solution:

#(664) _l_ I)Uf[Q ]-Efl _ HYl _ HYz + Yf (_ f) l_{lf Q —g}"‘l_]
S ! L 21 210 T\ TE | T aflEa
-4 =
- MUZ.?.f'Z)[P YJZ] #=0
—& 2 -£ -1
'669) ¥pl0p] 7 - HY G, ¢ thallepl?lea] )

_ v .
Sho AMY g, o [PY ] - =0
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*(6.6.6) -A+ u=0,

718
*(667) - UCZ, + i [gﬁz][eiz][z" ]6 =0,
T any[arz, ]
9:'2
*(6.68) -[g"'z][z"f] —-Y,=0
AV [AYZ, ]

S S vl _cal =
*(669) ]':12 y;_'jzl szz GGyvz -

7. Comparative Static: Foreign Firms

Equation (6.6.7) gives us the following comparative static result:
- 0 N7z - 4 _ % P
(6.71) CZ,, + (0, 1)[z,. ] Ay, BfZ[AYZfz] +A=0

Now equation (6.6.4) yields immediately the following comparative static result:

(672) wirf, (#/ - &/ [0 [ ] @) - warf, (A, - ?)
—W3}’I.JJ;'1(HY.2 —Eo) W4YUJ;1(Y,£1 + ¥ - (I +1)[Q]—é>)

_WSY"JQ-I( [WS 0211‘2]([ (;21;'2)] [P D) -

where we have let

[vﬁ[Qﬂl"*‘) fo

[ ] - HY!,, H}'le
L il lle,]

\" ; =1 (yzu'z)[PY '2]

(673) WlYf

73



(6.7.4)

(6.7.5)

(67.6)

(6.7.7)

(6.78)

H}'fz,l /tp

-
W2Y.21 - ; Ff | )
1 y!jlo'] H}’le HYle
D
f . “h-
RAREEA LA
_Z ‘=1 (9211'2)[P ]
2
wir/ = i/
y21 ( f _8;1 1 2
fiks Hlen] ™ - Hr),, - YL,
-e" 1
S _.
"Ll e
N mm'z)[‘py ]
( -f -1
f(_f J I
; \}:J'll( gjl)[gjjl][Qﬂ] ]
W4szl =77 P o ] N
1 le[Qﬂ] - HY;) HYJZIJ :
D - -1
S f 1
+sz1( )[?'][011] J
\ ZJ =1 (yZIj'Z)[ ] /
Y, [PY )
o ( j'= (112112)
WS}(;JZI - - ] . h
! “
lpjl[ ] —H}’;z] HY]ZI
@
f - f *
b enlealien]
\ ZJ =1 (yZlJ"’)[P '2] /
e (AMYUQ]”)[PY. D

B21)2 T [y
( k=1 (erkZ)[P 2])
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Now (6.6.6) implies 2= 4, which together with (6.7.2) allow us to rewrite (6.7.1)

as

~(679) UéZ. - (le_f W4}:—’;1) (WIY;{,] .c;f] W4Yf1\£ + 1)) le

- i S \yS _1Nz/

warl, [Ar,, |- WBJ,I[HY |-l [ih |+ (6, - )2
f s f f

(-t W, - -0

- f i
WSY Z =1 [WS 1121]'2][ (i12,1 ,'2)])

- f i _ - 1
WSY; 2, 1 Z =1 [WS 21,52 ][PY;QD AYijZ 6.‘2 [A YZ:'2]
Equation (6.6.5) gives us immediately the following comparative static result

(6710) Wy, (¥, —s.[é.] Wz}:)f_“{ﬁ}’?l]

- Wﬂ;éz(%z + ¥, = (e + 110,

- warh, (= [W4Y,,£2,r2]([M,,22,2)] [7,))) -

II
o

where we have let

(7l ]Jj

(sz[Qﬂ]“sﬂ * Yf;z( ;2)[1{112] J2

/o
(6.711) wir),, =

\.—_./

~(Zho My, o [PY ) - HYS
~-HY?
(67.12) wark, = 22

S (CONCI R CO (08 M
'(Zj:j"ﬂ AMT, :jz,z,j'z)[PYj'zD HYJZZZ
v/ e Yo .15
6113 warf, - 122( '9;2[ ;2][ 12] ) —
(rale T el ol

—ts 4
(Zj'=l AMY(y'z,z,j'z)[PY'zD HY ;22 J
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fi2.2.3')

(6714) war’s = (zf;“AMY [PYHD

2.2 £ el
2 I {_ :
[ 0]+ vhalea)lw 0] )
-2
AT amY s )PV ) - BT
(67.15) Wayf . = M (“22’2)[ ]
, _
2y AMY(gz,z.u)[PYkz]

Using (6.7.10) and 2= 4, we can rewrite (6.7.1) as

) mrl_ Y. (my/ [ ]
6716 UCZ, =| B
w3y’ -w3rs e, +)

522
_way! f 3
W2y [HY ] Wsy“,z[y;m (9 )2

- / y
W4};22 [W4 2.2, 12] [MY(UZ.ZJ'?-)]

_ way/ 5y N oy - ;
W4};j2'2(z [W4}’,J£212][PYj,2]] v, - 6,[47z,)

~

72,2

Equation (6.6.8) gives us immediately the following comparative static result:
~6717) 65y [2,-f ] - APz, - T, - 6,[47Z;] = 0.

Equation (6.6.9) gives us immediately the following comparative static result:

~6718) 71 - S¥/ [Y ] Sm[r ] SGG/.

S
2,1 [GGQ‘.’!J

2,2

where we have let

fo_yf IS
(6719) SY/, = Ijﬂ]/};«,
;o
(6720) SY/, = ,122 / A
p
(6721) SGG/,, = GG/, /1]
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Let Y be the supply of good j on the domestic market by foreign imperfectly

competitive firms. Then we have

"67.22) V2 = Lrerj-jesiic2) Vi ot ..., iietic
Equation (6.7.22) gives us the following comparative static result

N6.723) Yo =Trer(j-jeriic2) [Wﬂﬁllf}jle j=iiet L, ), =-gjetic.

where

©6724) Wrh =vh /¥, ijictl,. i, isj-icHic, feF(G,2).
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CHAPTER 7

TECHNOLOGiCAL CHANGE: THE LEARNING CURVE

The process of economic growth is driven by three fundamental forces: capital
accumulation, a rising labor force, and technological progress. Traditional ecoromic
theory, while acknowledging the contribution of technological change, focused mainly on
labor and capital -- the capital-labor ratio, to be more precise -- in explaining the rise in
income per capita. The empirical studies of Abramovitz (1956) and Solow (1957) have
made the overwhelming importance of technological change relative to lzbor and capital
an incontrovertible fact in explaining the process of economic growth.

In this chapter, we introduce technological progress -- under the form of the
learning curve -- into applied general equilibrium analysis. Given the difficulties in defining
and measuring technological change, and given the present state of empirical research in
science and technology, our attempt must necessarily be modest. To put our attempt of
introducing technological change into applied general equilibrium in a proper perspective,
we provide a general discussion of the process of technological progress in Section 1 of
this chapter. In Section 2, we provide our specification of the learning curve. Section 3
explains how the learning curve provides a basis for carrying out industrial policies,
especially strategic trade policies under conditions of increasing returns to scale and

imperfect competition.
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1. The Process of Technological Change

In discussing technological change, economists often distinguish between invention
and innovation. Invention, by itself, is not economic in nature; it is the discovery of a
principle that enriches knowledge, but the discovery might stay confined in the domain of
science without yielding any practical application. Furthermore, invention is characterized
by extreme uncertainty and, therefore, is almost impossible to predict ex ante. Because of
these reasons, invention is often excluded from the agenda of economic research.

Innovation — or more precisely, industrial innovation — on the other hand, is a
purely economic application the main objective of which is to create a new production
process by using resources in a new fashion. It is important to point out that innovation
includes not only techniques of production, but also products, markets, and organizations.

In the recently flourishing field of Industrial Organization, much attention has been
focused on the area of industrial innovation. Firms devote resources to R&D activities
either to find a new product (product innovation) or a new process (process innovation)
that can reduce the cost of producing a known commodity. The search for a new product
or a new process is not always successful because the results of innovation R&D activities,
like invention, are also fraught with uncertainty, although to a much lesser extent. In
deciding whether to embark on an R&D program, a firm must weigh the potential
monopoly profits made if the R&D program is successful against its costs.

A successful R&D program vyields two distinct types of output. The first type of

output involves some product-specific information that enables the firm to manufacture a
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particular new good or produce an old good by a cheaper process. The second type of
output involves some general technical information that might facilitate subsequent
innovations. The product-specific information can be appropriated by the firm either
through the protection of a patent or because the product produced from this blueprint is
difficult to imitate. The genera! technical information, on the other hand, cannot be
appropriated by the firm simply because intellectual property right is hard to define or
enforce. The general technical information thus represents spillovers to the rest of the
economy.

Because R&D is an activity that produces knowledge, a public good, imitation by
rival firms might erode the potential earnings of an inventor. As a result, it is sometimes
difficult to recover the costs of undertaking R&D activities through the functioning of the
market mechanism. Therefore, private incentives for R&D have a tendency to result in a
socially suboptimal level of R&D. The implication following frem this viewpoint is that
R&D activities should be subsidized.

On the other hand, there are other factors that tend to make R&D activities
socially excessive. Now a firm can reap the fruit of R&D only if it beats its rivals in the
development process. Under the rule of winner-takes-all given by the protection of a
patent, there are no rewards in coming in second or third. Even when there is no legal
protection involved, the rewards of a firm that comes in second are still substantially lower
than those emjoyed by the winning firm. In a rush to beat each other in the R&D

competition race, each firm will tend to invest more than its rivals. The result is a
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duplication of R&D activities, i.e., private incentives cause the level of R&D to be socially
€XCessIve.

Furthermore, market structure also plays an important role in determining R&D
activities. The incentives for undertaking R&D activities depend on whether the industry
in question is 2 monopoly or competitive and whether the firm is a new entrant or has
already established itself in the industry. For a succinct discussion of all the above R&D
issues and their implications for industrial policy, we refer the reader to Itoh et al. (1991).

R&D activities lie at the heart of a theory of endogenous technolngical change
formulated by Romer (1986). According to this reseércher, a firm produces its output
using four factors of production: labor, capital, its own technological knowledge and the
economy's aggregate stock of technological knowledge. The economy's aggregate stock
of technological knowledge can be considered as the sum of what all the firms and
workers in the economy know.

Each firm can engage in R&D activities to accumulate knowledge, just as it can
accumulate capital. Knowledge, like capital and labor, is subject to diminishing returns. So
firms choose the right amount of knowledge in the same way they choose the right amount
of labor and capital to maximize profits. When a firm embarks on an R&D program to
accumulate technological knowledge, it generates externalities to the rest of the economy
under the form of general technical information. These externalities represent an increase

in the economy's aggregate stock of knowledge.
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Because the economy's aggregate stock of knowledge enters the production
functions of all the firms in the economy, aggregate output wiil increase propostionately
more than the increase in this firm's stock of knowledge. For the economy as a whole,
there is increasing returns to knowledge. It is this process of knowledge accumulation that
generates endogenously the productivity gains that sustain growth in the long run.

To assess quantitatively the contribution of research to productivity growth, most
empirical studies in the literature use a framework that extends the model of Solow
(1957). A firm produces an output from three factors of production: labor, capital, and its
stock of technological knowledge. For estimation purposes, the firm's production function

is often specialized to be Cobb-Douglas, say

*(11) Y, = 4e¥ (SR )KL,

where Y, is the firm's output in period t; A is a constant; A is the rate of neutral
disembodied technical change; R, is the real gross investment in research made in period t;
o;, i=0,1,..., are the coefficients used to capture the distributed-lag effects of past
investments in research on the stock of research capital; K; and L, are the capital and labor
inputs used in period t, respectively; also, o and B are output elasticities,

Observe that in the above production function, the unobservable stock of

technological knowledge is indexed by > o R .. Also, constant returns to scale is

assumed only with respect to the two traditional factors of production -- labor and capital.
For an exposition of this framework and a detailed discussion of its shortcomings, we refer

the reader to Griliches (1973). The above production function can easily be extended to
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incorporate the externalities generated on this firm by other firms in the economy. All that
needs to be done is to incorporate a multiplicative term tha'_c represents the economy's
aggregate technological knowledge stock into the firm's production function. The
assumption of constant returns to scale now applies to the firm's own stock of
technological knowledge and the two traditional factors -- labor and capital.

Equations like (7.1.1) have been estimated for agriculture by Griliches (1964) and
Evenson (1968); for chemical firms by Minasian (1969); and for selected manufacturing

industries by Mansfield (1965).

2. The Learning Curve

It has been observed repeatedly that in manufacturing input requirements per unit
of output decreases as cumulative output increases. In a study of the effects of a new
technique in steelmaking — continuous casting — Rosegger (1986, p. 87) found that man-
hour per ton of output 12 months after commercial start-up were approximately half of
what they had been at the outset. In the manufacturing of computer chips, most of the
chips produced at the beginning did not work. Initially, usable chips accounted for about 7
to 10 percent of the total number of chips manufactured. This was because in some subtle
way the conditions for production were not quite right although the design and the
manufacturing process are largely a matter of experimenting with details over time. As the

details are worked out, the proportions of usable chips rise sharply. The steadily increasing

33



performanze in steel making and compuier chip manufacturing can only be imputed to
learning from experience.

The process of learning from experience -- or learning by doing -- is not a recently
observed phenomenon. During World War II, it was found that a doubling of the
cumulative output of a certain type of airframe resulted in a 15 percent reduction in labor
inputs per airframe. A remarkably precise empirical relationship exists between N, the
cumulative output and labor requirements: the labor requirement per airframe is
proportional to N''?; for a full survey, see Asher (1956). During a period of twenty years
(1932-52), the Horndall steel mill in Sweden produced steel continuously. Absolutely no
changes were made to the plant or equipment; yet the output increased at a steady rate of
2 percent per year. The steady increase in productivity can only be attributed to the
cumulative effects of a long and slow learning process.

Although the results of learning by doing are often documented under the form of
productivity gain per man-hour, the intermediate input requirements are also observed to
follow a decreasing course: there is a reduction in waste with increasing experience. This
is clearly demonstrated in the process of computer chip manufacturing where the
percentages of defective chips -- as high as 95 percent at the beginning -- decline
significantly as experience accumulates. For intermediate inputs, though, the rate of
improvement is often much lower than the rate of labor saving that can be realized within

the same period of time.
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Arrow (1962) advanced the hypothesis that technical change is a vast and
prolonged process of learning about the environment in which we operate. Furthermore,
learning can only take place through the attempt to solve a problem, and it is the very
activity of production that creates problems for which solutions must be worked out.
Because learning is a product of experience, the question is to choose the economic
variable that represents experience. The economic examples advanced earlier suggest that
cumulative output might be a good candidate for representing experience. Arrow,
however, argued that cumulative gross investment is a befter index of experience and
assumed that technical change is completely embodied in new capital goods. Capital goods
built at any moment incorporate all the knowledge then available, but once built their
productive efficiency cannot be altered by subsequent learning.

Given the structure of the model in this thesis, technological change can be
described by the evolution of the technological coefficients through time. One way of
introducing endogenous technological change is to introduce R&D activities into the
model. Extending the framework used by Griliches (1973), we can specify a functional
relationship between investment in research and the technological coefficients. We have
chosen to mode! technological change through the learning curve. Our choice is dictated
both by the existence of numerous documentations of learning curves for various
industries and the relatively underdeveloped empirical literature on the contribution of

R&D for growth accounting.
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Now consider a particular industry i. Let SIGMAZ;(7) be the cumulative activity
fevel up to period T, i.e., the sum of past activity levels up to time T. If the industry
produces a single good, then there is a one-to-one correspondence in each period between
output and activity level, and therefore, SIGMAZ;(t) can be used as an index for
cumulative output up to time t. On the other hand, if the industry produces several
commodities, a problem might arise concerning how to measure its cumulative output, In
this case SIGMAZ;(t) provides a possible solution to this problem.

For each t=1,...tt, the technological coefficient associated with labor input of type

t is assumed to evolve through time according to the following equation:

£(721) AX(7 +1) = AX(0)

_‘T]X J gLt
(irﬂ"*'l.l.!)(SIGmZi(f)) (i, g+118)

(i, +LL1)
where

SIGMAZi(x) = SIGMAZ{(t-1) + Zi(x).
In percentage change form
N122) AX(T+ ) oy = AXO) s~ X (SIGMAZ (7)), where

SIGMAZ (7 - 1)
SIGMAZ ()

ZI.( 7) R
’ [SIGMAZI.(T )}[Zf &

nXji+11p 1S @ parameter called the experience factor (see Fardej (1991), p.207) that is

A(723) SIGMAZ(t) = [ }[Sfc}mzi(r -1 )]

specific to the learning process of labor input of type t used in industry 1

For capital and land, we assume the following relation

*(124) AX(t+1) = AX(0), ., (SIGMAZ,(z)) " ati), 523,

i, fi+1s) ,jj+1,s)(

In percentage change form
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N125) AX(t+1) = AX(0) nX(f'ﬁ”'S)(SIGAMZI_(r)).

(i, jj+1.5) (igj+ls)

Here nXij10, 52,3, denote, respectively, the experience factors specific to the learning

process involving the use of capital and agricultural land in industry i.

We have decided not to model the technological change involved in the
substitution among labor, capital, and land. We have also ignored the technological change

involved in combining inputs from various sources to arrive at the effective inputs.

For intermediate input requirements, we assume that learning by doing takes place
through the reduction of effective inputs per unit of activity level. More precisely, we

assume

)—rz«‘l’,-j, 1

*(126) AX (T +1) = AXIJ.(O)(SIGMAZE(T) i

In percentage change form

N12T) AX(z+ 1), = AX(0), - mX, (SIGMAZ/(<))

(5)
where nX;; denotes the experience factor associated with effective intermediate input j

used in industry i.

That the learning functions indeed follow such a course have been documented for
aircraft construction by Wright (1936), Asher (1936), Alchian (1963), for shipbuilding by
Searle (1945); for machine-tool building by Hirsch (1952,1956); for electronic and
electro-mechanical products by Cole (1958), Conway and Schultz (1959); for steel, glass,

and paper as well as electrical appliances by Baloff (1966, 1971).

3. The Learning Curve and Industrial Policies
Learning by doing -~ or dynamic economies of scale -- constitutes the theoretical

basis for the infant-industry argument. It is argued that an infant domestic industry,
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because of high initial production costs, cannot compete against imports from foreign
firms. However, if some forms of protection, such as tariffs, subsidies, or quotas are
provided, the infant industry might be able to start production. As time goes on and
experience accumulates, production will become more efficient. When the industry has
moved down the learning curve sufficiently, the domestic industry might be able to
compete without any protection from its own government. When such a time comes, all
protective barriers can be dismantled. At this stage the domestic firms might even enter
and compete on the international market. In helping the domestic industry move down the
learning curve, the home government can use other policy tools, such as procurement or
R&D subsidies. If the industry in question exhibits increasing returns to scale and its
product is sold on imperfectly competitive markets, helping the domestic industry down its
leaning curve can be used as a strategic trade policy for shifting monopoly rents from
foreign to domestic firms, see, for example, Krugman (1984), Spencer and Brander
{1983).

In this thesis, the learning curves specified by (7.2.1), (7.2.2), and (7.2.3) will be
used in conjunction with the model of imperfect competition formulated in Chapter 6. The
incorporation of the learning curve into Chapter 6 may provide a better simulation result

regarding the effects of some of the strategic trade policies mentioned above.
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CHAPTER 8

CAPITAL INVESTMENT

1. Inputs for Capital Investment
Let us consider capital investment in industry i In this industry capital is created by
using produced commodities, imported and produced domestically, according to the

following technology
7\

* . U

8.1.1 A= —

{ ) [AI’ II’] Leontief [AI.J .

u J:’.l

where AL, Al j=1,., Jj, are technological coefficients; I; is the number of units of
capital invested in industry i; I;; is the effective input of the jth produced commodity used
in capital production.

This effective input is obtained by combining the jth produced commodity from

both sources -- domestic and imported -- according to the following production function

*8.1.2) I = CES Lo (aI ) 1
o i Al ifs s=1.2'p'J' '
s=12

ijs

where Ij;; is the amount of the jth produced commodity from source s, s = 1,2, used by
industry i to create its capital, and Al ali;s , Ly, j = 1., I, s = 1,2, are technological

coefficients.
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For any given level of capital investment T, the producers of capital for industry i
choose a combination of produced commodities (L), j=1,.., 1, s= 1,2, as inputs into the

creation of capital to
. 11 2
813) min T2, 52, [P, ][1,.]

subject to (2.1.1) and (8.1.2). Here PI;;, is the price of intermediate input j from source s
that producers who create capital for industry have to pay.

Formally, problem (8.1.3) has the same structure as that of cost minimization for
intermediate inputs that has already been solved in Section 2.1 Chapter 5 and we can

immediately write down the comparative static results for (8.1.3) as follows.
rg14) 1=+ [Juﬂ ] + (4] +[4r]

[ u] ™ it Ty, [Pluk]
A]

- TR |ST [AI ]
=1, i, j=1,..4, s=1,2
where
i 1ol and Slys = 2PIUS [IUS]
i 21, Pl [Ijjk
We also define

*(8.15) PI, = Z?;‘Z§=’I[P ]a's“‘ra's]_.

As defined, PI;, an endogenous variable, can be interpreted as the price of one unit

of new capital in industry i, i.e., the price of one unit of capital currently produced.
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2. Allocation of Investment Across Industries

In the preceding section, we have determined the optimal input requirements for
creating a given number of units of capital, say I, in industry i. In this section, we explain
how private investment is allocated across industries. We do not attempt to explain
aggregate private investment. Our view is that aggregate private investment is best
explained in a macromodel which captures the effects of monetary phenomena and
macroeconomic policies. Consequently, without an appended macromodel, this
multisectoral model results must be interpreted as showing the effects of a change in
"ariff", etc., under the assumption that macroeconomic policies lead to a given (i.e.,

exogenous) change in the aggregate level of investment. This model does not reveal what

macroeconomic policy leads to the assumed exogenous change in aggregate private
investment. The implied assumption is that such a policy does exist.

We divide the ii industries into two groups. Let us assume that the first group
consists of iil industries, while the second group consists of ii-iil industries. It is the
investment in the first group that is treated as endogenous. Without any loss of generality,

we shall assume that industries 1,2,.._.iil form the first group whose investment pattern we

wish to explain. We shall denote by ii ihe exogenous aggregate investment for the first
group and see how I1, that we also call total private investment expenditure, is allocated

among the first il industries.
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Let I, be the level of capital investment in industry i, and recall that PI;, defined in

Section 1, is the price of one unit of capital currently produced for industry 1. Then we

have the following constraint
*(82.1) It=73 [Pli][ll,}
Equation (8.2.1) describes the investment budget constraint for all the industries whose
investment behavior we want to explain. This equation simply states that the sum of
investment expenditures across those industries i<iil is equal to the exogenous aggregate
private investment.

For each i=1,.., i, let K, be the current stock of capital in industry i. The stock

of capital in this industry at the beginning of the next period is given by

(822) KL =K(1-d)+1,
where we have denoted by K1, the capital stock of industry i one period from now. Also,
we let d; be the rate of depreciation for this industry.

Define

PX, .
*(823) R = —(ItD _ g4
I PI !

H

As defined R, is the current net rate of return on capital.

The expected rate of return after one period is assumed to be given by

k1, Ylokil .
Rl; = [R}] A , where alK; is a positive parameter.
i
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We assume that the total aggregate private investment 11 is allocated among the first il

irdustries so that their rates of return expected in the next period are equalized, i.e.,

K1l '“[“Ka]
* - i
(82.4) Rl = [Ri] X :
where R1 is their common expected rate of return in the next period.
In those industries for which the above rate of return theory is not appropriate, we

use the following equations:

*(825) I, = [NRI“[sHFT1,), i > iil,
*(826) IR = %

where al; is a positive parameter, SHFTI, is a shift variable, I1R is the real level of

aggregate private investment treated endogenously, and KPI is the capital-goods price
index.

From equation (8.2.1), we have

@27 e (st [P - 1) = (2 oI D + (i [P Y] - 1)
= ZalPn]r]

Then if we let 72 = 3, [P, ][7,] = 11 denote the total investment of all the industries i
for which i>iil then we can rewrite (8.2.7) as

*828) N+12=30[Pr][1]+ 12 = T [Pr][L).

total investment for all the industries in the economy. Using (8.2.8) we obtain the

following comparative static result
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@29 (11 ‘-?12);1 N (11 ?12j f2= z“l‘[SI IPI] Eﬂ 5, I ] (11 + 12) 2

where

PI 41
(8.2.10) SI. = [ 'I '] = the share of industry i's investment in the total
oot

investment. It is clear that (“ L 12) =390 1] ] Hence (8.2.9) can be rewritten as
+

~e2an (i [sz]) 4= =i st ([P ]+ [1])

Equation (8.2.2) through (8.2.6) yield, respectively, the following comparative

static results
N A 1 I Y. . ”
Pt ] i =
8.2. L =K|t-——|+ || fori=1,..,ii.
(8.2.12) K [ KlJ (KIIJ ,
A i 5 - p — pr, fori=1,..,i.
(8.2.13) (R. + a’.JRf PX(:‘.J’J‘+|_2) I,
i H

r8214) R -[ok] (K1, -K) =Rl
r8.215) I, = [ali][flR] + SHFTI, fori > iil

~82.16) T1R = I - KPI

3. Demand for Margins
For the producers of capital in industry i, we assume the following demands for

margins

“83.1) MI ., =AMl ]
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where L is the demand for commodity j from source s to be used for capital investment in
industry i; Mg 1, is the amount of commeodity j produced domestically required in the
delivery of I to the capital producers for industry i; and AMIjjs i1y is a technological

coefficient. We can obtain the following comparative static result from (8.3.1)

~

sy T Ig_s, i=1,..0,5'=1,.j,s5=12

)=AA?H

N832) MI

For producers of capital goods for industry i, we have the following equation

*(8.33) Pl =PY,+ Hly+ T4, [P}’j,l ][AMY o1 )],

fori=1,...,i, j=1,...,jj, and s = 1,2.

In (8.3.3) the term on the left side represents the actual cost of 1 unit of good js to

be used for capital formation in industry i. The first term on the right side represents, as in
(5.4.3), the basic price on the market of 1 unit of good js; the second term represents the
taxes per unit of good js that has to be paid on the market at the time it is bought. The last
term represents the cost of transporting 1 unit of good js back to the location of the

producers of capital for industry 1.

For producers of capital goods, we have the following sales tax equation:

* _ - alfl
834) Hs, = ([Fs,,] fcrs] )[ ]
a2Hl, a3l
(s lpn )l s, o]
where 17]&3 . alfﬂl.ﬁ . a2fﬂy.s, and a3fﬂg.s , are parameters; TI;, and VL are ad valorem
and specific tax rates, respectively. Also we recall, CPI is the consumer price index.

Equation (8.3.4) yields the following comparative static result
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~(835) Al = [alHI.. ] [cPr] + [a2H1.. ] (Fr,, + Pr,) + [aBHI__ ] [1?1.. ]
ifs ijs ijs ijs s ifs ifs
Equation (8.3.3) yields the following comparative static result

re3.6 [P, = [mier Py, ]+ [waer A,
+ rer (s ha[pser,, o [PY,4])

+[wapr \zdoa[wsp, Jour, o))

where the weights are defined as follows:

PY,
[, | = !
¥
PY, + HI, +3h, [Py, Jamr o]
HY,
[w2rr,| = =
ifs

PY, + HI + i [Py, o, |

[P Y f'l]EM (rjr's.j'l)]

("f"f'“] ) g [PYH]AM]

[Wspfijs] =1- [Wlpfﬁs] - [WZPI&.S]

[W3PI
rffs.w]
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CHAPTER 9

CONSUMER DEMAND

1. Problem Statement
Let Cy, j=1,....ji, 5=1,2, be the aggregate consumer demand for commodity js and
PC;, be the price paid by domestic consumers for one unit of this commodity. Let M

denote aggregate expenditure. Then the following aggregate budget constraint must hold:
©O.11) TL,T ., [PC,-S][C,-S] =M

Because we are not interested in income distribution, we shall assume that
domestic consumers behave as if they were a single consumer who chooses a consumption
bundie (C;,);-1...4i. »=1,2 to maximize an aggregate utility function subject to the aggregate
budget constraint (9.1.1). More precisely, given an aggregate expenditure level M, we
must choose a consumption bundle (Cjg);-1,_ i, «=12 tO

C i
a J
(9.1.2) max U {(ch] | ,}

=

subject to (9.1.1) and (9.1.3), where

=1,....i.
=12 pcj 0

b

o
(9.13) C, = CES{| | (aC,)
s=1.2

js
Equation (9.1.3) shows how C;, s=1,2, are combined to yield C;, the effective

consumption of good j. Here AG;, aC;, pC;, j=1,...,jj, 5=1,2, are postive coefficients.
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These positive coefficients together with the positive coefficients AC;, j=1,...Jj, that
appear in (9.1.2) are introduced to allow for changes in tastes.

To solve the utility-maximization defined by (9.1.2), (9.1.1), and (9.1.3), we

proceed as follows. Let

C.

J . .
=1 =1,..
‘i T ac el

J
C,
PR - E— =1, s=1,2
s [AC. ][AC.]
J5 J
p, = [chs][Ast][ch], =1, s=1,2
a;; = aCj, =1,...0, s=1,2
p; = pCJ., =1,

Then (9.1.2), (9.1.1), and (9.1.3) become

(9.1.4) max U {(C;)i;}

subject to

©.15) T4, 1 [pjs"cﬁ] =M

©16) ¢, = CEs{(c,)  (a) .p,} =1,

2. Solution of the Utility-Maximization Problem
In this section, we solve the utility-maximization problem defined by (9.1.4),

(9.1.5), and (9.1.6). Letting A be the Lagrange multiplier associated with the budget
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constraint (9.1.5) and w;, j=1,....jj, be the multiplier associated with the constraint (9.1.6),

we have the following first-order conditions:
* - = =1,...
(9.2.1) DjU{(cj)j=1} #, =0, =1,

*(9.2.2) - /‘L[pjs]+ ,uj(DSCES{(CjS)S:LZ.(ajs)ﬂl'z.pj}) -0,

=1,...00, s=1,2

*©23) M -4 ¥, [pjs][cjs] =0
*(9.2.4) CES{(CJ'S)ul,z'(ajs)m],z'pj} -¢; = 0, =10

Now let vV, = H; //1 , then rewrite (9.2.2) as follows

*(9.2.5) p,, + vj(DSCES{(cjs)Fm}] =0, =150, s=1,2.

Observe that in (9.2.5) we have suppressed the parameters of the CES production
function. It is clear from (9.2.5) that v;>0. Now multiplying (9.2.5) by c;, then summing
the results over s=1,2, we obtain
*(9.2.6) Z§=l P+ VJ.Z§,=1 D CES {(C.fs)s=l,2} =V,

=1,
Note that the second equality in {9.2.6) is due to Euler theorem applied to CES((cj)s-1,2)-

Summing (9.2.6) over j=1,...,jj, and using the budget constraint (9.1.5), we obtain

*027) M =315 [5,|e] = Thivye,
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Now we observe that (9.2.1) and (9.2.7) together imply that the optimal solution of
(9.1.4), (9.1.5), and (9.1.6) is also the solution of the following utility-maximization

problem: Choose a combination (¢j)j-1,..5 to

(928) max U{(cj) j:l,...,j}}

subject to the following budget constraint

*(929) M= Zf’;] Vi,

Note that for the maximiztion problem defined by (9.2.8) and (9.2.9), v; can be
interpreted as the consumption price of one effective unit of good j. We shall now exploit
the properties of the solution of the problem defined by (9.2.8) and (9.2.9) to characterize

the solution of the utility-maximization problem stated in Section 1.

p.-1
c
Direct computation shows that DCES({c;s)s-12) = ajs(—ﬁj . Using this result
c,
]

in (9.2.5), we obtain

c. P~
*(9210) p, - v,a, f =0, =1, 5=1,2
j

Equation (9.2.10) gives us immediately the following comparative static result:
(9211) p -V, - (pj - 1)(ch -é)=o0.

Equation (9.2.4) gives us the following comparative static result:
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. C.
A _ 2 2| é
(92.12) ¢, = Es=1\DsCES{(%s)s=l.z}_. ‘

p.c.
=2 s js | oA
zs_][ v ] ¢,  by(9:2.10)
Ji
=2
ES—I [Scjs]c_;s
where we have let
[P cjs][cjs] P s

R U0 A R LA CA R

be the share of good j from source s in the total expenditure on good j from both sources
s=1 and s=2. In deriving the last equality in (9.2.12), we have also used (5.2.5).

If we multiply (9.2.11) by SC;,, then sum the results over s=1,2, we obtain

2 ~ 1 _ s _ 1 ~1_a)_
5=1 Sst[pfs] Vi (‘o j 1)( s=1 SCJ'S[CIS] ",-) 0
The last term on the left side of this equation is zero by (9.2.12). Hence
. 2 .
(0214 7, = ZS=]Sst[pjs]
Using (9.2.14) in (9.2.11), we obtain
~ 2 A -~ ~ _ -
Pj ~ Lg=1 Sst,[pjs,] - (p}. B l)(cjs - cj) =0, le,
- - ~ ~ 2 ~
0215 &, =¢ -0 (b, -53,5C,[5,)

where we have let
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1

l—pj'

(9216) o, =

Using the definition of p;, c;, c;, we have

Js
c =é. —/]C. ~ AC
js Js Js
¢ =C. - AC.
J J J

Substituting the values of ﬁjs, 6;’5 , and Ej, given by (9.2.17), into (9.2.15), we obtain

0218 €, - C, - 4c, +oC,(PC, - 32,5 [Pc, ]
+oC (4C, - fz,scﬁ,[,&cﬁ,]) =0
forj=1,....jj, s=1,2
where we have let
1

1-pC.°

J

(9219) oC, = =1,

Equation (9.2.18) gives the comparative static result for C;, j=1,...,jj, s=1,2. We
shall now derive the comparative static result for C;, j=1,...,jj. To this end, first note that

by using the values of ﬁjs , given by (9.2.17), in (9.2.14), we have

A 2 D 2 p y
(0220 ¥, =32, SCJ.S[PCJ.S] + ZS=ISCjS[Ast] + Ac,
_ 3 2 y y
= BC; + 30 SC,l4c |+ Ac;
where we have let

A P = §2 p
(0221) FC, = T3 5C, [P ]
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Now let us go back to the utility-maximization problem defined by (9.2.8) and
(9.2.9). If we write ¢=cj(vs,..., v, M), j=1,.-..jj, as the solution of this utility-maximization
problem, then we obtain the following comparative static result immediately

(92.22) Ej. = \:Dﬂ.ﬂcj(vl,..., Vi M){cﬂﬂ M

i
ay VJ" -
b/
+Ej.=1 DJ.,cj(vl,...,vﬂ.,M) .y Ve
7

= [a‘incomej] M+ Zf-’;zl [spricej,] V.,

J

where we have let [gincome;], j=1,....jj, denote the income elasticity of effective good j and
[epriceg], j,j=1,-...ji denote the cross price elasticity of effective good j with respect to the
price of effective good j'.

Substituting the value of Ej, given by (9.2.17), and the value of ff}.,, given by

(9.2.20), into (9.2.22), we obtain th efollowing comparative static result for C;

7(9.2.23) C"J. - [&'incomej] [A;I] - Zf’;:l [epriceﬂ.,] [ﬁCJ.,]
- z;?izl[eprfceﬁ,] (=2, Scj,s[jcj,s] + [jcj,l) - [jcj] =0
i=1,...i

3. Income and Price Elasticities

In our model, the aggregate utility function is assumed to be of the Klein-Rubin form, say

(93.) U(cl,...,cﬂ) = Ef;lc‘ij lﬂ(cj - Ej)
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where 61., Ej, j=1,....]j, are positive parameters with Eﬂlé‘f = 1. Here Ej represents

the subsistence consumption level for effective commodity j.

If we maximize (9.3.1) under the budget constraint

(932) M-XL ve =0,

then we obtain easily he following demand functions
= _J _ ¥ — P .-
(93.3) ¢, =ct - (M 1V .,cj,) , =10
J
Using (9.3.3), we obtain immediately the following elasticity of income

g . o,
J J

VjCj/M B Scj ’

(93.4) gincome ; = =L

where Sc; is the share of good j in the total aggregate budget M. Similarly, the price

elasticities can be computed directly from (9.3.3), and we have

Vj'Ej'/M .. .
(935) @ricel.,., = —51 —'Eé';—'- . J)j = 1,___, JJ: J = J
. g i .
gprice . = —éincome Zj‘::: lj grice .,

4. Demand for Margins

For households, we assume the following equations

* = 11'= 1 =
94.1) Mc(js.j'l) = AMC(J.”,U[CJ.S],, forjj'=1,..0, s=12.
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Here Cj, is the amount of good j from source s consumed by households; MCy ) is the
amount of good j* produced domestically needed to deliver C; to households; and
AMCy; )y is a technological coefficient.

Equation (9.4.1) yields the following comparative static result

-

r942) MC,, . = AMC, ., +C,, i = b, s=1.2.

Finally, houscholds pay PY;g, 5=1,....j}, s=1.2, for 1 unit of good js on the market, HC;; as

sales taxes on this unit, and transport this unit home at a cost of
i
S [PV [4MC )}
The actual price of 1 unit of good js for consumption purpose is
*9.43) PCy=PY,+HCy+ T4, [PYJ_,]] [AMCUS_J.,l )]..
For consumers, we assume the following sales tax equation:

*(944) HC, = [ EC,-,][CPI]) [arric,,

([, ][7r,]) 27 e, ) 1
Js Js Js
where. ﬁcjs, alHCjS, a2HCJ.s, and a3Hst, are parameters, TC;, and VC; are ad

valorem and specific tax rates, respectively.
Equation (9.4.4) yields the following comparative static result
r945) AC,, = [a1HC,|[CPI] + [a2HC, | { TC,, + PY, )
+[a3HC ] e, |
Js s
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Equation (9.4.3) yields the following comparative resuit
ro46) B, | =miec JPr, |+ [warc Jac,]

+[waec|(zia[w3rc,, )|[P10])
+[warc Jsialwsrc,  Jamc,, ;)

where

. PY,

1PC | =

7 Cﬁ] PY +HC. +%4 [PY ][AMC ]
js s T ar={ft (. J)

. HY,

W2PC. ] = J

| Js

PY, + HC, + i, [PYJ.,I ][AMCWl )]
wirc,| = 1-[mpc,| - [warc,]

[PEp [ A4 |

(js.j'l)] i
i [PYHIAMC(J.S' o)

w3 pC
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CHAPTER 10

COMPETITIVE EXPORTS AND IMPORTS

Let PE;; be the export price, in foreign currency, obtained by exporting 1 unit of
competitive commodity j produced domestically. Here PE;;, j=1,...jic, is fo.b. price in

foreign currency that includes payments for transport and other margins involved in the
delivery of the commodity j to ports, but it excludes transport cost from the domestic

ports to the final destination.

We assume that the foreign demand for the jth commodity produced by the home

country is given by
*(10.1) PE,=F,(E,)ISHFTE,) i=1,...die
where F;(E;) is a non-increasing function of E;;, the volume of exports of good j1; and
SHFTE,, is a shift variable.
Equation (10.1) yields the following comparative static result
7(10.2) ﬁEﬂ = —aﬂéﬂ + SHﬁTEjl, i=1,....jjc
where g, is the reciprocal of the foreign elasticity of demand for the jth commodity

produced by the home country, i.e.,

e, =-DF (E ) [ﬁ]

For exports, we assume the following equation for margin demands
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* —_
(103) ME_ . = AMEUIJ_,U[E}]] ,

where E;, is the quantity of good j1 exported, ME 41) is the amount of good j'1 produced
domestically required to deliver E;; from producers to the home country's port; and
AME,, ., is a technological coefficient. Then from (10.3) we obtain the following
comparative static result

A(10.4) ME forj=1,... jic, i'=1,....jic.
=10

iy = E Gy Ep
Competitive exporters make zero profits in equilibrium, as indicated by the

following relation:
“05) [PE,|@ = Py, + Sh_ [Py, |[ME, |+ HE ,, foriml,..

~ The left side of (10.5) is the f.o.b. price paid by foreigners converted, via the exchange
rate @, to buy one unit of good j1. The right side represents the total cost of delivering
one unit of good j1 on board foreign ships. First, exporters have to buy 1 unit of good j1
on the domestic market at the basic price PY;, in domestic currency. Next, this 1 unit of
good j1 needs to be transported to a domestic port and loaded on a ship; the margins
required are represented by the second term on the right side of (10.5). Finally, exporters
have to pay export taxes, represented by the last term on the right side of (10.5).

The export tax is assumed to have the following form

*(106) HE, = [signHE )| | [EEﬂ][CP]])[“lHEj:]

[E ][PE ] [aZHEﬂ] [I/Ejl][ayIEﬂ,
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Here sign(HE;) = +1 in the case of a tax; and sign(HE;) = -1 in the case of a
subsidy. IT{EJ.] ,alHE , a2HE ), and o3HE,, are all parameters, TE;; is the ad
valorem rate of protection; and E;, is the specific export tax rate.

Importers who are perfectly competitive make zero profits in equilibrium. Let PYj,
be the price, in domestic currency, of one unit of good j2 received by the importers at their
domestic country's ports. We assume that

- 1 L .
(10.7) [P}’ﬂ] = [PFszl D+ [H}’jz], forj=1,.., iic,
where PFY|; is the price, in foreign currency, of one unit of commodity j produced abroad

and delivered at the port (c.i.f.); ® is the exchange rate (the price, in domestic currency, of
one unit of foreign currency); and HYljz is the tariff in domestic currency imposed upon 1
unit of imported good j2.

Observe that the first term on the right side of (10.7) represents the price in
domestic currency that importers have to pay foreigners to have one unit of good j2
delivered to the domestic ports. This term plus the tariff importers have to pay, namely
HY'J-Z, represent the total cost of importing one unit of good j2. The term on the left side
of (10.7) namely PYj, is the revenue importers obtain by selling 1 unit of gooa j2 to the
domestic demanders right at domestic ports.

We can model tariffs in a variety of ways and so we add the equation
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*(108) HY), = ( [ﬁlsz] [CP]]) [oer, |
A GG R A
for =1,.. jic,
where ﬁsz, alHsz, aZHYjZ, and a3HYj2, are all parameters, CPI is the calculated
consumer price index; TY), is the ad valorem rate of protection; and VY, is the specific
rate of protection.

Equations (10.6) and (10.8) give us the following comparative static results,

respectively
~(109) AE, = [alHEﬂ][CPI] + [aZHEJ.l](TEﬂ +PE, + cp) + [a3HEJ.l][VEﬂ]

~ 1 _ -~ LY ~ ~ -~
~(1010) A7) = (a1t [cPr +[a2mm (77, + PRV, + &) + [asH, [,
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CHAPTER 11

GOVERNMENT SECTOR

1. Introduction

In a modern mixed economy, state intervention is often called for to remedy the
defects of the price system. The government might wish to reduce income and wealth
inequality through taxation or cash transfers. Fiscal and monetary policies are conducted
with the professed aim of maintaining a high and stable employment and a low level of
inflation.

The government also engages in the provision of public goods, such as defense,
law and order, which, if left to the market, will not be produced due to lack of private
incentive. For roads and bridges, lighting and paving of public streets, which are not public
goods, the rationale for collective provision resides in the fact that to charge a user of
these facilities through the price mechanism would be disproportionately costly: it is more
efficient to finance the construction of highways and bridges through some form of
taxation and adopt the policy of no user-charge.

When an economic agent, through his production or consumption activities,
generates negative spillover effects on other economic agents, social costs exceed private
costs. To correct this form of market failure, the government might choose to regulate the
activities of or to impose a tax on this agent. On the other hand, if the spillover effects are

positive, he social benefits exceed private benefits of the economic agent. Because this

111



economic agent cannot reap the benefits of the externalities he showers on others, his
activity level tends to be socially suboptimal.

The remedy for this form of market failure is to subsidize the activities that
generate the positive externalities. Public expenditure on education and health care is often
justified on the basis of the positive externalities these two activities generate for he whole
economy.

According to the conventional theory of economic policy, the government is
supposed to posses a social welfare function that depends on variables, such as income per
capita, rate of economic growth, rate of inflation, distribution of income, etc.. Given a
quantitative model of the economy and the behavior of its trading partners, this social
welfare function is then maximized.

The solution of this constrained maximization problem yields the optimal
intervention policy whose form is determined by the constraints identified in the
quantitative model. In applied general equilibrium analysis, government expenditures are
often broken down into transfers and real expenditures. The government is treated as an
economic agent with its own utility function whose arguments consist exactly of the
amounts of public goods and services it buys. Government real expenditures are then
determined by maximizing this utility function.

The conventional theory of economic policy is hardly convincing in explaining how
governments actually behave in reality. Much more useful as an explanatory tool is the

public-choice approach, which is the application of economics to political science.
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According to this approach, politicians have their own self interests, and behave in such a
manner to further these interests instead of pursuing the objective of maximizing "the
con:mon good”.

In the economy, there are various interest groups whose fortunes depend on the
policies adopted by the government. These interest groups lobby the government by
offering campaign contributions or the promise of delivering a block of votes. The utility
function of politicians depend on both the number of votes they get and the contributions
they can appropriate for their personal use. Politicians then behave as merchants of
influence: the policies they adopt are the Nash equilibrium of a noncooperative game in
which the players consist of the government and various interest groups. This approach
has been proposed by Grossman and Helpman (19932, 1993b) to explain protection and
trade negotiations.

At the present time, modeling government behavior is not a top priority on the
research agenda of applied general equilibrium analysis. Most research efforts are directed
to more pressing and unresolved issues, such as the introduction of financial markets or
explicit formulation of the dynamics of the economy. Because our main interests are in the
area of industrial and trade policies, a full treatment of government behavior is beyond the
scope of this thesis. In our model, the government's main objective is to choose industrial

and trade policies to promote overall economic performance..
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2. Government Expenditures

Now let G;, be the amount of good j, i=1,....jj, from source s, s=1,2, bought by the
government at the prices that prevail on these markets. Recall that in our model
commodities j1 and j2, j=jjct1,....Jj, are perfect substitutes. In this case Gj and Gp
represent the amounts purchased from the domestic suppliers and the foreign suppliers,
respectively.

When there are no domestic oligopolistic firms on the domestic market for good j,
j=iictl,....ji, it is clear that G;;=0. We shall adopt the convention that the government, in
filling its tota! demand G;j;+Gj2, will go first to the domestic oligopolistic firms. In case the
total domestic supply falls short of Gj+Gj, the residual will be met from foreign sources.

In Chapter 6, we have also introduced direct procurement policies for which the
government negotiates to buy an amount GGrjjl of good j1 from domestic oligopolistic
firm f in industry i, i=iic+1,...,fi, at the exogenous (negotiated) price PGGY,. Here recall
that industry i produces a single output whose index satisfies the relation j-jjc=i-iic. If
commodity j involves an industry that the government considers to be important, then a
direct procurement program might be a good strategy for nurturing this targeted industry.
The industry, with a guaranteed market for part of its output, can survive and reduce its
production costs through time, through learning by doing. The economies of time thus
realized might benefit the whole economy through interindustry linkages or help the
industry to compete more effectively on the world market and thus shift oligopoly rents to

the home economy.
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The home government can also promote a targeted industry through a number of
policies such as import tariff, export subsidies, and technological improvement. Our main
task is to simulate these policies and to asses the economic implications of each policy.

Now let
*(1121) GG, = Zsera GG,.Jf], jSictl,...i, i=j-jjeHie,
be the total amount of good j that the government procures directly from the domestic
oligopolists who produce this commodity. Total government expenditures, GEXP, is
given by

ey <2 y

“(1122) GEXP = S, 3%, PG [G, |+ TiL jen PGG |GG, | + GTRNSFR
On the right side of (11.2.2), the first term represents the total cost of purchasing the

combination (Gj,)-1,.ji. 12 the second term represents the total cost of the direct

procurements (GGj1)j=jje+1,..gi; the last term, GTRNSFR, represents government transfers.

Furthermore,
*(1123) PG, = PY, + T4 aMG,, , )[PJ’j,I], =1, s=1.2,
*(1124) PGG, = PGGY, + T, aMG,, ., [PV, ]. A IR

where AMGy;,1) is a technological coefficient representing the amount of good j'1
required in the delivery of 1 unit of good js to the government.

For our own use later, we define

*(1125) MG, = 4MG,, . [G |, =1, 51,2, =1,
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As defined, MGy, Tepresents the amount of good j'1 required in delivering Gj to the

government. Similarly, we also define
* _ - oy
(11.2.6) MGG(J_IJ,U = AMG(jl,j'l)[GGﬂ]’ =tetl, L J )=

Equations (11.2.1) through (11.2.6) give us the following comparative static

results
N127) GG, = Eperny WGG;][GGI-_;]], i=iict,. i, i=i-icHiic,
where
(11.2.8) WGGI,{] = GGI.{I /GGﬂ, feFG,1), jjetl,... i, i=j-jctic,

N1129) GEXP = $I, 32, WEXPG (PG + G )
+ T4 WEXPGG (PGG, + GG )
+ [WGTRNSFR|GTRNSFR]

where
(112.10) WEXPG, = PGjS[st]/GEXP, =100, 5=1,2
(112.11) WEXPGG | = PGGﬂ[GGﬂ] /GEXP, =it i

(11.2.12) WGTRNSFR = GTRNSFR/GEXP

- _ ~ i’. ~ -
N11213) BG, = MPG [PY |+ 54, W2PG,, ,\ (4MG, ) + PV,
=14, s=1,2

where

(112.14) WIPG, = PY[PG =, s=1,2

(112.15) W2PG,, , = AMG ., )[PYJ.,]]/PGJ.S, =10 =12, =1,
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. . ; A
N112.16) PGG, = WIPGG,[PGGT, |+ T4 W2PGG , 1) ANG,, ) + PV, )

=it
where
(11.2.17) WIPGGJ'.1 = PGGY].I/PGGJ.I, j=ictL,.
_ et won=]
(112.18) W2PGG,, ., AMGULJ.,U[PYJ.,I]/PGGJ.I, =ity 1= 1,0
N11.2.19) MG(js.j'l) = AMGU.SJ,U + st’ i=1,...0, s=1.2, j=1,...0)

S

N11220) MGG, ., = MG, 1) + GGy, =iict] iy J =1l

3. Government Revenues
Government revenues come from two sources: expenditure taxes and income
taxes. We shall consider a subsidy as a negative tax. First, we deal with expenditure taxes.

Let
*(1131) GREVIl = ¥i_, }Q;IZLIHX,..S[XUS]
Y AO RV /M | M ED> R >EY (N C.]
*(1132) GREV12 = T4, HY’[Jz]
*(1133) GREV13 = xi HE £ |
*(1134) GREV14 = T4 JMm’;“[ y”]+z§f=ﬁc+,ﬁyl [m]

Total expenditure taxes are then given by

*(11.3.5) GREV1 = GREV11 + GREV12 + GREV13 + GREV14.
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Now let GREV2 denote the total amount of income taxes collected. The precise
equation used for calculating GREV2 is given in Chapter 12. Then total government
revenues, GREV, is given by

*(113.6) GREV = GREV1 + GREV2.

Equation (11.3.1) gives us the following comparative static result

N113.7) GREVIL = Si, T4, 32, WiGREV 1 (Ax, + X, )

o A
¥ B0, T2 W2GREV L (B + )

+E, 52, WIGREV 1L (AC, + é,-s)
where
(13.8) WIGREV1L, = HX,[x, |/crEVI)
W2GREV1L,, = HI [T | /GREV 1

W3GREV11, = HC, [c. ] JGREV11
75 s a5
i=1,...i, j=1,...J5, s=1,2
-~ _ s -~ ] -~
N1139) GREVI2 = T, WGREV12 (HY} + 7,

where
- HY o
(113.10) WGREV12, = HYJ.Z[YJ.Z]/GREVIZ, =1,
Equation (11.3.3) gives us the following comparative static result
e 5 )
N113.11) GREV13 = j!=,WGREV13j(HEﬂ + Eﬂ)

where
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WGREV13, = HE ,[E | [GREV13, j=1,...ic.

Equation (11.3.4) gives us the following comparative static result

- _ Sl >
~11.3.12) GREVi4 = X4 ... WIGREV14J(H}’,~1,1 + Y;jl.l)

Y Y
I jest W2GREV14 (HY! ) + 7, ]

where

_ i
(113.13) wiGREV4, = AT [v. | /GREV14

we

_ gyl .
WIGREV1A, = HY)\,[r. | /GREV14, ot i
Equation (11.3.5) gives us the following comparative static result

N113.14) GREV1 = WIGREVIGREV11] + WzGREm[GREVlz]
+W3GREV1[GRF:‘V13] + W4GREV1[GR£T:V14]

where

(11.3.15) WIGREV1 = GREV11/GREV1,
W2GREY1 = GREV12/GREV1,
W3GREV1 = GREV13/GREV1,
WAGREV1 = GREV14/GREV1.

Finally, equation (11.3.6) gives us the following comparative static result

~113.16) GREV = WIGREV[GREVI] + W2GREV|GREV 2]

where

(11.3.17) WIGREV = GREV/GREV ,
W2GREV = GREV2/GREV .
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4. The Government Budget Constraint and Economic Policies
Let GSAV denote government saving. Then we have-
*(11.4.1) GSAV = GREV - GEXP
When GSAYV is positive (negative), we have a budget surplus (deficit). When GSAV=0,
the government budget is balanced.

Given the structure of our model, a theoretically satisfactory treatment of
government economic policies would require the use of intertemporal optimization. First,
the government must fix a planning time horizon. Second, a time profile for each of the
variables under government control, such as taxes, subsidies, expenditures on goods and
services, must be chosen. Once the time profiles in these variables have been chosen, a
static general equilibrium for each time period must be found. Third, compute the utility
enjoyed by households under static general equilibrium for each time period to obtain the
time profile of households' utilities for the entire planning time horizon. Fourth, use a
discount rate to convert the time profile of households' utilities into discounted social
welfare.

The objective of the government is to choose a time profile for each of the
variables under its control to maximize discounted social welfare under the constraint of
-zero debt at the end of the time horizon. The government problem thus formulated is that
of a Stackelberg differential game. At the present time such a model is technically

unmanageable.
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To focus our attention on industrial and trade policies, we shall adopt a more
modest approach to economic policy. First, we impose a balanced-budget constraint on
the government, i.e.,

*(11.4.2) GREV-GEXP=0.

Second, given the only constraint represented by (11.4.2) and the many instruments under
its control, more definite results can only be obtained by endogenizing two control
variables and forcing the rest to be exogenous. For example, to support an infant industry
the government might impose a tariff on imports and distribute the tariff revenue thus
obtained to the consumers. In this case, the tariff and government transfers are the only
two endogenous policy variables. The government might choose G;, for some js as a

policy variable. If G;, is exogenous, we suppose that it is given by

. N [20] N _
(11.4.3) st = [MR] SHFTGJ.J . j=1,....Jj and s=1,2.

*(1144) MR = M/CPI

Here G = government demand for good j from source s
MR = real aggregate household expenditure
M = aggregate household expenditure
CPI = consumer price index
aG; = a parameter
SHFTG;, = a shift variable

Equations (11.4.3) and (11.4.4) give us immediately the following comparative

static results
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r1145) G, = [ans] [MR] + SHFTG . i=1,....jj and s=1,2.

A(114.6) MR= M - CPI.
Finally, equation (11.4.2) gives us the following comparative static result

N11.4.7) GREV - GEXP = 0.
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CHAPYER 12

NATIONAL INCOME ACCOUNTING
AND MACROECONOMIC CLOSURES

1. Introduction

Models in the Walrasian tradition are static in nature; they are not well suited for
analyzing short-run phenomena, such as unemployment and inflation. The most
satisfactory approach is to extend the Walrasian paradigm by introducing demand and
supply functions for money and other financial assets. Unemployment might be analyzed
according to the disequilibrium approach of Benassy (1982) in which economic agents
face various rationing mechanisms on the markets they want to trade. The extended
Walrasian paradigm would allow such important macroeconomics variables as the price
level, the money supply, and the unemployment rate to be endogenized.

In applied general equilibrium analysis, the arrival date of the extended Walrasian
paradigm is still in the distant future. In the meantime, in an attempt to deal with transient
phenomena that take place one or two years in the future, researchers in applied general
equilibrium analysis have incorporated some well-known features of conventional
macroeconomics into their models. This chapter deals with national income accounting

and macroeconomic closure rules used in the thesis.
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2. Gross Domestic Product

Let GDP denote gross domestic product. using the value-added approach to

national income accounting, we have

*(122)) GDP = YI. VA,

where VA,, i=1,...,ii, is the value added generated by industry i. More precisely, for

perfectly competitive industries, we have

*(122.2) VA, = Yjer) Ple[}:;n] - Zia PY;‘][Xy'I]
] ) |
- o Ti<, PFY, X,.jz] >3 ﬁHl(Psz - aY)) X'ﬁ]

- XL T T PY | M i=1,...,iic.

(ir's.j'lJ] :

For imperfectly competitive industries, we have

«1223) w4, = Pr[v, |+ ((Po,, - BV, )Y, ) @ + PGGY |66 |
- S PYy[ X | - @ TE PFY,,[ X, ]
- Xf:gﬂl(PYkz - HYIJzIX;‘kz]
- Zij:l zf;:l E§=l PYj‘l[M(iks,j'l)]

- T Zea PY W(ifl.s.j'l)]
i=ilic+1,...,ii, j=i-iicHjc.
Equation (12.2.1) gives us the following comparative static result
N1224) GDP = T W4 V4],
where

WVA, = VA, [GDP, i=1,....
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Equation (12.2.2) yields the following comparative static result

N122.5) PA, = 5 jery WWA,(PY, + 7} - SH wova | X, ]
-y, WBVAB_(PFIZQ + X+ ¢)
i P}}z D H}Tllz I}y] v
s WA || 2 Pr | LAY+ X,
] gyl 2 gl 2 i2
Py, - HY,) 2\ PY, - HY,

2 i

~

(ﬁY_, + MX i=1,...iic
il

i, Th, T2, WA o)

(ijs. Jj'1)
where

(226) wwa, = PY,lr, |4
wava, = PY X, |4
WA, = o[ PFY, | X, | V4,
Wavd, = (PY, - HYL)X,, V4
WAy rm = Frin mrzjs.;"u]/V 4

Equation (12.2.3) yields the following comparative static result

( rO. Y. )
i PQ.
PQ, - HY} s2

J2 Jji.2
2
5y o Sy .7 _ 12 |y
N122.7) VA, = WWA(PY, + T, )+ W2V, [PQ T ]Hym
j2 fi2
+Ir:j1 L+ @

sWIWA,(POGY, + GG\) - T WA, (PY,, + Xy))
S5 WA, (PFT,, + X, + @)
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PY, .
[PY —sz}’l }PY“
2 k2 :

k
HY! . .
_( = 1 JHYJZ + Xis
PY, - HY),
o e . ]
S Th S WA, L (PYL o+ KX

~Th. e WEVA,

(ih.j'l))
_yi 32 p ’

i Y2 Weva PY, + My ),
i=tict+1,. i, j=i-licHje.

(l'fl.s-j'l)(

where

(1228) WWA4, = Py |V, |4,
WA, = (PQ, - HY)\, Y., o /v
W4, = PGGY,[GG | 4,
Wiy = Py, A,
w4, = o[PFr, Jx,, V4,
WeVd, = (PYH - Hyklz)xikz /¥4,
VA g iy = PV |MX |4

WSVA(I‘J'LJ-J"!) - PYJ"l MY(&'I-SJ'U]/ VAi

3. Aggregate Consumer Expenditure

Let DEPR denote capital depreciation for the whole economy. Then
*(1231) DEPR = T, [4,Jx.J71).
Households' income, say INCOME, is equal to gross domestic product minus capital

depreciation.

*(1232) INCOME = GDP - DEPR
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Letting aps denotes the average propensity to save and {[pINCOME] the income
tax rate, then aggregate consumer expenditure M is given by
*(1233) M = [INCOMEDISPY]1 - aps)

| where disposable income, say INCOMEDISP, is calculated by adding government

transfers GTRNSFR to net income {after income taxes are paid).
*(1234) [INCOMEDISF)] = (1 - pINCOME)[INCOME] + GTRNSFR

Equations (12.3.1) through (12.3.4) give us, respectively, the following
comparative static results

N123.5) DEPR = i, WDEPR(K, + PI )

where

WDEPR, = [d, |k, ] P1,]/DEPR

| \ GDP \ .- DEPR \ ..
3. m:(—m] D -[—_)DHJR
N123.6) INCO mweonis) “PF ~ \INConE
~123.7) M = INCOMEDISP
- 1 = pINCOME)\[ x4
238) IM mzmsp:(( )
~123.8) INCO. NCOMEDISP [INCOMYE]
+(——G— mm][GIﬁNSFR]
INCOMEDISP

4. Balance of Payments
Let EXPORT and IMPORT denote the values of total exports and total imports,

respectively. Then we have
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_ "y ) )
*(124.1) EXPORT = ‘D( j-1PE Ejl] * f=iif+1(Psz - HYJ‘I.Z)}:J'I-2)

«(1242) IMPORT = O(Sh\(Zhi X, +C), + D11, + G L) [PFT, )

¥} _ oyl
j=ﬂ6+1(Psz Hy:ﬂ.l)yjz'

+

In standard national income accounting, the current account is the sum of the
balance of trade, the net interest payments received by domestic residents from the foreign
country, and the net transfers, such as grant and foreign aid received by the home country.
The sum of the current account and the capital account is then equal to the country's
change in foreign reserves. Our model, like most models in applied general equilibrium
analysis, excludes international capital flows and net transfers. Therefore, the balance of

payments under a flexible exchange rate regime is given by

*(124.3) EXPORT - IMPORT = 0.

Equation (12.4.1) yields the following comparative static result
N12.44) EXPORT = @ + TJ, WlEXPOR]}(ﬁEﬂ + Eﬂ)

( )
PO, i

] PO, - HY,) "

+Z4. jers W2EXPORT,

where

WIEXPORT, = @[PE | £, | [ExPORT
W2EXPORT, = ®(PQ,, - HY? |[¥, ,|/EXPORT

Equation (12.4.2) yields the following comparative static result
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~1245) IMPORT = TI, WIIMPORTJ_(CD + PFY, + sz)

(( Py i )
i2
42 |\py,
HYIZI 2
J
¥ e W2IMPORT, :
HYN
| HYJ'Z + Y
\A\PY), - HYj2. /

where
= [

(1246) WIMPORT, = o|r, || PFY | [mPORT

"(1247) ¥, = ‘:"=1X'j2 +Cpy + ):;1;]19_2 + Gy =1,...dj-
- - 1

(1248) W2IMPORT, = (PY,, - HY), ¥, [MPORT

Recall that Y}, is the total supply of imported good j on the domestic market.

Equation (12.4.7) yields the following comparative static result

N1249) P, =S m, [X,,| - war [C ]

T 3T, (1| + #a,[G ). =1,

where

WiY,,; = X:'jz/sz
CJ“Z / YJ‘Z
W3Y1‘2.i = ].'jz /sz
WaTi = Gp /Yy
The balance of payments equation (12.4.3) yields the following comparative static

result

~12.4.10) EXPORT - IMPORT = 0.
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5. Macroeconomic Closures
We have the following national income identity

*(1251) GDP = M + I + GEXP
The macroeconcmic closures used in our mode! include the national income identity
(12.5.1), the aggregate consumer expenditure equation {12.3.3), the balance of payments
equation (12.4.3), and the government balance budget constraint {11.4.2).
Equation (12.5.1) yields the following comparative static result
- I ) i (GEXP

5. = M GEXP
N12.5.2) GDP ( aopM +epp) + Cepp )oixr

Another closure rule, known as the Walrasian closure rule, is also tsed in our
model. According to the Walrasian closure rule, labor markets are in equilibrium and wage
rates are determined endogenously. To deal with unemployment, some computable
general equilibrium models, such as Deardoff and Stern (1986) or Dixon et al (1982), use
the Keynesian closure rule, which consists of dropping the requirement of full employment
and using instead the assumption of a constant dggregate consumer expenditure.

The subject of macroeconomic closures remains a contentious issue concerning the
role of traditional macroeconomics. See fcr example, Deardoff and Stern (1990) and
Cooper et al (1985).

Finally, the exchange rate is endogenous, and one of the prices in the model is

chosen as the nume'raire.
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6. Macro-Indices and Wage Indexation

The consumer price index is defined by the following equation
R < -
126.1) CPI = T4, %2, [WCJ,S] [PCJ.S].

where the weights are given by

WC = [PC.f-‘ ] [Cf-‘ ] )
js _'?;zl zg,=1 [PCJ,,S,] [Cj’s']

The capital goods price index is defined by

A(12.62) KPI = ;Zf;,[§1,.][131,.]

where
- ST
SI, = ———
! ;"'1=1 SI,.,

Aggregate employment is defined by
*(1263) L=3" 1
In percentage changes, (12.6.3) becomes
r(1264) L =30 [wL]L,,

where the weights are given by

WL,=L‘/L, t=1,..., tt.
Aggregate capital stock in the base-period value units

*(1265) K =31 K,
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In percentage changes, (12.6.5) becomes
N1266) K = 3L, [K]K,,
where the weights are given by
WK =K. [K

Ratio of real private investment expenditure to real private consumption
*(126.7) IMR = INR/MR,
where IIR is already defined (see equation (8.2.6) and notice that MR = M/CPI). In
percentage changes, (12.6.7) becomes
~(12.6.8) IMR = [1R - MR

Aggregate agricultural land is defined by
*(126.9) LAND = S}, LAND, .
In percentage changes, (12.6.9) becomes
N126.10) LAND = X,  WLAND,[LAND]
where

WLAND; = LAND, / LAND

Wage indexation : In percentage change form, wage indexation is given by

r261Y) X, = [eex L NeB e Fex L s BRE

+ FPX(..jo.l,:) + FPX(:‘._{;’H.I,:) ?

fori=1,...,ii, and t=1,.._ tt,
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where wPX . is a parameter and the FPX's are variables. If @PX =], for

,i+1,1,1) (4, jj+1,1.0)

all t=1,....tt, and the FPX's = 0 then we have full wage indexation.

"Other cost” tickets indexation is defined by

~2612) BX, o0 = lapx, L N[CPI] - FRX
where “’PX(i,,-j+z) is a parameter and FPX 6,ji+2) is a variable.
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CHAPTER 13

GENERAL EQUILIBRIUM 5 LA NEGISHI

In Chapter 2 through 12, we have studied the optimizing behavior of individual
economic agents - firms, consumers, government. It is now time to bring together the
decisions made by these economuc agents and see if their individual choices are mutually
consistent. Thus this chapter has two objectives. First, we define general equilibrium.

Next, comparative static results for the market-clearing conditions are derived.

1. States of the Economy

By a system of basic prices, we mean the array

P= [(PYIS);'jll:z-"'if’(PE}I);=| ..... jc'(PQJ"z)jzﬁc+l ..... yJ

Recall that v, is the value of the position parameter of the domestic inverse
demand curve for good j1, j=jic+1,....ji, perceived by an imperfectly competitive firm f —

domestic or foreign — that produces the j* commodity. The array

¥ = (#4) - jent...s
TV = i)

can be interpreted as a system of "pseudo-prices" in the Walrasian tradition. According to
this interpretation, the Walrasian auctioneer will send to an imperfectly competitive firm f

the value ¥, and the basic prices of the inputs this firm uses. Taking the pseudo-price whi
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and the prices of inputs as given, firm f then plays a Cournot game in quantity strategies
against its rivals.

For each competitive industry i, let

0 = (X..Z.,(Y__) ) i=1,.._iic
1 I H le jEL(l)

be a production plan that specifies its input combination X, activity level Z and output
vector (Yi_“)jeug).
Let ©f be the production plan of an imperfectly competitive firm f in industry 1,

ie,

@f = (x/.Z0 Y[ ¥ 12 feRG), inorl,.. i, [t
Here we recall that Y';, denotes this firm output and Yiu1, Y its sales on the
domestic and foreign markets, respectively. Also, s=1 indicates that this is a domestic firm,

while s=2 refers to a foreign firm.

Definition; A state of the economy is a list

P¥ o, ('Qr');'=1,....:‘ic' (‘Q{ )}1“,“.}".1)-"'-"" ' (Iy's)i-:"""fi--’
(13.L1)

(CJ'-‘)g:ll"i"'ﬁ' (Eﬂ)jzl,....ﬁc' (},12)j=1,...,ﬁc

We recall that in this list @ is the exchange rate; I, is the demand for intermediate
input js to produce capital goods for industry i; Cj is households' demand for good js; Ejx
is the volume of exports of good j1; Yj. is tie volume of imports of good j2. The list

defining a state of the economy contains only the most basic information about the
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economy. From this list, one can cdmpute PXi; (equation (5.4.3)), P, (equation (8.3.3))
PC; (equation (2.2..)), PG; (equation (11.2.3)), PGG; (equation (11.2.4)) and the
demands for margins. One can also computes GDP, national income, M (the aggregate

consumer expenditure).

2. General Equilibrium: Definition

Definition: A state of the ecoromy

P.¥,®, (Q:‘ )i=l....,:'ic' (‘Q{ )"=""‘+1'---""' (Iy‘s)"ﬂ""""' '

feFi} J=hoo g

3=12
(st)i‘:llzﬂ ' (Ejl)j=1
is an equilibrium if the following conditions are satisfied.

a) For eachi=l,...,iic, the production plan Q; maximizes the profits of industry ; uider the
price system P. Because such an industry is perfectly competitive and operates under
conditions of constant return to scale, its profits must be equal to zero in equilibrium,
ie.,

*(1320) e |PT,[1] = 2422, [Px,.]%,.]
+ Zf:l[PX(f,ﬁﬂ,l,uIX(f,ﬁﬂ,l,r)]

+ Z3=2[PX(5,3'+1.5) IX(:,jn,s)]
+[PX(:'.1‘;‘+2)IX(:',1:‘+2)] i=1,... jic.

b) For each i=iic+1,...,ii and each feF(j), the production plan Q; maximizes the perceived

profits of firm f, given
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d)

bl) the prices of its inputs;

b2) the production plans of its competitors, namely (Q'f ) FreF(i);
r'2f

b3) its perceived value of the position parameters QF, where j=i-iic+ijc is the index of

the commodity it produces.

Furthermore, the perception of this firm must not be contradicted in equilibrium, i.e.,
*(132.2) PYJ by = ['I’jl QJ. ., j=iiet],.. i, feF(j-jjctiic),

where Q;1, we recall, denote the total supply of good j on the domestic market by all
the firms -- domestic or foreign,
For each i=1,...,1i, the competitive producers of capital goods for industry 1 make zero
profits in equilibrium, i.e.,
323 [P]1)= sz e i=1,...ii.
For competitive exporters, their profits are also zero in equilibrium, i.e.,
*(1324) [PEJo) = PY, + Th_ [Py, [AME,, )| + HE,,

=1,...0e.
The left side of (13.2.4) is the fo.b. price paid by foreigners converted, via the
exchange rate @, into domestic currency for 1 unit of good j1 exported. The right side
represents the total cost of delivering one unit of j1 on board foreign ships. First,

exporters have to buy one unit of j1 on the domestic market at the basic price PYj;.

Next, this unit has to be transported to domestic poris and loaded on foreign ships; the
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margins required are represented by the second term on the right side. Finally, export
taxes, represented by the last term, must be paid.

e) In equilibrium, competitive importers also make no profits, i.e.,
*(1325) PY, =|PFY,|0+ HYY, i=1,...iic.

Here PFYj: is the price in foreign currency of 1 unit of commodity j produced abroad
and delivered at domestic ports. This c.i.f. price is exogenous. Also HY'; is the import

tariff imposed by the home government.

f) The consumption bundle (st ) j=1..,; maximizes households' utility, given that the
3=12

basic price system is P and that the aggregate consumer expenditure is M, with M
computed according to equation (12.3.3)
g) There is equality of supply and demand on all markets.
The market-clearing conditions are as follows. For commodities bought and sold
under perfectly competitive conditions, we have
*(13.26) T4 Y, = XL X, + Tiady + Ch+G,+Ey
+ 3 f:’:=123=1 MX@«,_J-U]
+ TS T M, )]+ 2 T,
+Zfa X [MGrj's.ju] + 2P [m(j’l-jl)]
+ Tiiicat [MY(,-erl_J-U] + X ciic 1 [My(,‘-,-q,z_ju]’ =1, die.

J"s-jl)]

where the term on the left hand side denotes the total supply of good j by all the domestic

competitive industries. On the right hand side, the first term represents the demand for
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domestic input j by all the industries for current production; the second term is the demand
for domestic input j by all the industries for capital investment; the third term is
households' consumption of domestic good j; the fourth term is government expenditures
on domestic good j; the fifth term is export of domestic good j; the sixth term is the
amount of domestic good j used as margins by industry i in obtaining X, units of
commodity j’ from source s to be used as input in current production; the seventh term is

the amount of domestic good j needed in delivering Iijs units of commodity j', from source

s to industry i for capital construction; the eighth term is the amount of domestic good j

needed in delivering Cj;; units of commodity j*, from source s to households; the ninth term
is the amount of domestic good j needed in delivering Gy units of commodity j', from

source s to the government; the tenth term is the amount of domestic good j needed in
delivering ME;; units of domestic commodity j’ to domestic ports for exports. The last
two terms represent, respectively, the amount of good j! required as margins by the
domestic oligopolistic industries in delivering theif outputs to the home and foreign
markets.
The market-clearing conditions for commodity bought and sold under imperfectly

competitive conditions are
*B27) Q, = 3D X "')j:::zilly, + g:lcj, +30 G, +GG,

+ T E}{';:l 2 [W (if's. 1 )] + 3k zfv:'f:l )2l [MI (if's. j1 )]

+ T ot [MC”.,,JU]""Z?;‘:I [ME(,--I,,-U]

T Lo [MG(j's.ju] + e jen [MGG(I'I.J'U]
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+Ef=[ﬁ..~]+i [M}’(U_,].l.j”] +z::i=[iic]+l [MY(;J"I.Z._;'I)]’ =it i
T4e term on the left hand side of (13.2.7) represent, respectively, the supply of
commodity j by domestic and foreign producers. The right hand side is similar to the right
side of (13.2.6) except for GG;j, that replaces E;;.

For competitive exports, the price PEj; must clear the market, i.e.,
*(1328) PE, = ?’lejl(Eﬂ) , i=1,....ic.

For commodities bought and sold abroad under imperfectly competitive conditions, the

market-clearing condition is
-E ] . -t X3
*(13.2.9) PQJ.2 = 'sz[sz 2 jl, =ijet+1,. .0,

where we recall, Qj; denotes the total supply on the foreign market for good j and PQ;;

denotes the price prevailing on this market.

For primary factor inputs, we have the following market-clearing conditions:

*(13210) L =X, X, o000 t=1,....tt

where L, is the supply of labor of skill type £, and X jj+1,1,y) is the demand by industry i for
labor of skill type ¢,

*(13.211) K, = X

(i, +12)" i=1,...,1

where K; is the supply of capital in industry i; and X ;4 2) is the demand for capital in

industry i,
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*(13.2.12) LAND, = X, ;.15 =1, i

where LAND; is the supply of agricultural land in industry i; and X ji+1 3) is the demand

for agricultural land in industry i.

Observation: Equations (13.2.11) and (13.2.12) imply that both capital and land are
industry-specific: there is neither capital mobility nor land mobility across
industries. On the other hand, there is labor mobility across industries, as indicated
by‘ equation (13.2.10).

Finally, under a flexible exchange rate regime, the balance of payments must be in

equilibrium, i.e., equation (12.4.3) must hold.

3. Comparative Statics

Equation (13.2.1) gives us the following comparative static result

~M1331)  Xjera ﬁyjllswyiji] = zfiﬂzil[ﬁxw][‘gw’yﬁs]
+ 2 [ﬁX(i,_y'H.l.t)ISWX(i.ﬂH-l.I)]
_"' ) [ﬁX(i,jo,s)][SWX(:'.;IH.S)]
+ [ﬁX(f,;jn)][SWX(i.ﬁﬂ)] * ‘a"
where

M133.2) 4, = [4XZ ] + [47z] + zjeL(,)[AY“Ym][SYYm]
+3d, [/i Y,.ﬂ] [.S’WYm] + T2 [Ax :_,-] [SWXU]
+ T, z}_l[ixw][swxm]

r |3
+ Zia [AX(i.jjn.l.u ISWX(:‘.;]+1.1,:)]

3 -
+ Xie2 [AX(i,jf+],s)][SW(i,jj+l,s)]
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where

SWX’I}S P‘Yus[ ]/ TC,-,

ifs
and TC; is the sum of all the terms on the right side of equation (13.2.1) which is the total

cost of production in industry i.

SWX(,;;,-H,L:) = [PX(i,j+l,1,r)]{X(i,_ﬁ+I,l.l)]/[TC:']
SWX ; iers) = [P X(i.ﬁ+1.s)][X(f.wl,sJ]/IT C; ]
SHX i jiv2) = [PXri.ﬁm][Xn.ﬁm]/ITC:' ]

Equation (13.2.2) gives us the following comparative static result
N1333) BY, - ¥ + e, [le] =0, jiicHl,..gi, feF(-jctic).
Equation (13.2.3) gives us the following comparative static result

(13.3.4) [131,_]+f R ADXE I[SW",,S][IUS]
YA 1[SWIN][PI ]

where

(71, ],

Sha Zha [PLy,

[SWI,. ] =
ijs
U-r’r

Using the expression for I;;;, given by equation (8.1.4), we then have

(133.5) z4,12 I[SWIWII”] = I, + izl [swJar,]
+ Tho sk [sm J 4]+ [4r, ]

- £flo u][ 5. [s;;;l[]s(?, I] _P:J[”uk]}
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jlu.,} ]
S, [ﬁzqk] )

We now show that the last two terms on the right side of equation (13.3.5) are

) Z}= SWI,.._,
- T4 [GIU] ["ZE:I [SWI;H (Z{j

equal to zero. In'deed, we have
a336) T2 [sw1, |=kals1, [71,) = =2 [s1,5 23 [, MArs]
where

2
Z::l [PIU: }Iyg .
i 2
Zﬁ:l ZS':I [PIU";' ]Ilj'g'

pr 11
5] - z[[m][]f o [, ] -

Hence
2 -
(1337) 81, [52 w, | = swr,,
Using (13.3.7), we ci.n rewrite (13.3.6) as
(13.3.8) 2221[SWIWKZLl[SIUkIﬁIU_kD = }:LI[SWIU,C lﬁzr_ﬁ]
It now follows from (13.3.8) that the fifth term on the right side of equation

(13.3.5) is equal to zero. This argument can be repeated verbatim, with ﬁfy.s in place of

ﬁ]l.js to assert that the last (sixth) term on the right side of (13.3.5) is equal to zero. Now

substituting (13.3.5) into (13.3.4), we obtain the following end result

A(1339) PI, = zfﬂzi,,[smmlﬁfm] + zf‘,,z;,[smmlﬂm]
+ 34 [SWIU_ ][jfy_] +[ar,]

where
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_ v2
[SWIﬁ] =32 [Sm,_js]_
Equation (13.2.4) gives us the following comparative static result

N13310) PE + & = [WlPE”Iﬁrﬂ] + [WzPEJ,lII-?E”]
+[w3re ]z 4., [#3PE,, 10, 27 0]

+[ware, Nzu[ware,, . [49E, )

where the weights are as follows:

= PY}I |
WIPE | {PYﬁ] +[HEj,] + ):j:’.'=,[PYj-1][M(jI.j’l)]
HE
W2PE

ns 77, ]+ [HE ) + zj-‘f; AL
W3PE, = 1- W\PE, ~ W2PE

W3PE . = [PYJ"L]IM(J'I.;"U]

FINe V]
b [PYHIAMEUL y )]

(jl.j'l)]

From equation (13.2.5), we obtain the following comparative static result
s _ - - \ Y
N33 [Py = ey fpiy, &)+ [wary, | 2
where the weights are given by

[PFYJ_z ] @ HY!

[Wlprﬂ] - [ppyﬂjcp + HYJ,lz and [WZPYJ'Z] - [pF}'jz]coji HY, '

Equation (13.2.6) gives us the following comparative static result
iic T2 B v i 7
N133.12) i [WI;.]][YU]] = Z:;[WX,,-,][X,-,-;] + z;.=,[WIWlIm]
e, [e ]+ wG,[G,] + WE,[£,]

i i w2 y
+ T S o e, ]
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where

+ Z::Ll Efizl zz=l [m(y"s, jt )][A;H(fj's.jl)]
+ 2 X [WCU,SJU][MCU,”U]
+ ¥, 3 [WG( s jl)] [MG(I‘SJU]
+ Zf ! [M(j'l | jv]
= uc-l-l[ (y'nﬂ)][ (i UU]

2imiic+1 [ y']l.jl)][ (:J"I.Z._fl)]

/Z"c

ij ul i'j1
iic

WXajl - Xijl/ i'=1 I:"jl

- iic
mg‘l - yl/ i'=1 Ul

wC, = /z:ml i 41

WG, = 1/2" i"j1

WT "Eﬂ/ i, i'j1

M(t}"s.jl) (u511)/zu~1 i'j1
sy M"msm 1Y

WMC s 1y = MCips 1) / i i'fl

WMG 1) = usﬂ)/ Tt 7 j1

WME o 1) = ME(;I;U/ 1Y

MY 1) = (y'nm/ Y,

WY(I‘J"LZJU - (!1"1,2.1'1)/ El'il i'jl

Equation (13.2.7) gives us the following comparative static result
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ACERDNNPED XEb s (oW ERED D31 M M
+ 2ialwe,]¢,] + =2 jwo 6] + [7e6,,Jc6,]
+ 30 j:';=1 )3 [Mm"s. jl)][m(&"-’-f”]
=1 T Ty [m(ﬁ's.jl)][mf i's.j “]
+ Z_,“:’-;] 2, [WMC( s, jl)][A;[C(J"SJU]
AT
[MG

rj'l.jl)]
s
+ Zf=1 Es:l [WG(j's,jl)] (J'"-’.J"U]

+ Zf’; e+l [WMGG( FL) ][MGG(J‘UU]

+ 3 y
-—uc+l [W}’(f;"l,l.ﬂ)][mﬁ'l-l-ﬂ)]

i y T o
* Lisiics [mﬁ'l.z.jl)][Mym"l.z.ju] S i Ui
Here the weights are defined as follows

WXy, = Xy [Op WO, = Ci /2

Wi, = [gfs/le ’ WGJ'S - GJ'S/QJ'I
g = Ly /Cn WM oy = MXraj's.jl)/ o
- WGG, = GGjl/ Qs WMLy ) = Mm‘s.ju/Qﬂ
WMC s, 1y = MCppn ) 2

WG{J‘S-J’U B G(f'S.J'U/QJI

WME .\ ;) = ME m/n
MGG ;1) = MGG m;l)/Q
MY oy 1) = (:J"l.l.m/ 2

(2.1 MY{:}"I.ZJI)/ 2
The comparative static result of equation (13.2.8) is given by equation (10.2) of

Chapter 10.
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Equation (13.2.9) yields the following comparative static result

Y., - sﬂQ.z, =iictl,.. 0

NI3314) PQ, = ¥, }

Equation (13.2.10) gives us the following comparative static result

'\(13.3.15) L, = Z:":][H{X(i.ﬁ.p],l.:)][X(:',jjﬂ.l.!)]'

where

_ i
[WX(i,ﬂH,l..r)] - X(:'._ifﬂ,l,!)/ i'=1 X(;",ﬂ+l,l.l’)

Equations (13.2.11) and (13.2.12) give us the following comparative static result

N13316) K = X, ..o

N133.17) LAND, = X, ..o
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CHAPTER 14

THE COMPLETE MATHEMATICAL MODEL:
A LINEAR SYSTEM IN PERCENTAGE CHANGES

In the thesis, the equations whose identifying numbers carry the star (*) superscript
constitute a statement of the mathematical model in its nonlinear form. The variables in the
nonlinear form statement are all variables. Thus the nonlinear form statement of the model
consists of equations, such as (6.3.7), (6.3.8), and (8.3.1),.... The linearized form -- in
percentage changes -- of the mathematical mode! is represented by all the equations whose
identifying numbers carry the hat (*) superscript.

Because our computational procedure is based upon the linearized form in percentage
changes, we gather in this chapter all the equations that constitute the statement of the

mathematical model under this linearized form.

Figure 14.1. The List of Equations, a Linear System in Percentage Changes

No. Equations Subscript  Description

5.2.1.5. /‘E’us - Zi+ [GXU]([};X.‘;:] . 2%_1[3;(,}* I};X'J’*D ;:i;;c, &cﬁjsof

- [4% ] - [4x ] - [4Xz)] 1,2 competitve
+ (X [ AX o] - TF1 18X i J(AX g ) = 0 intermediate
where nput J ff"m
source s:
o] _exalx domestic and
oX v T 1o ek and SX B =3 imports
Ty z*=’[PXut]Xut
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5229 % _ ¥ Ny =14,
X(:'.y‘ﬂ,l.r) X(:’._U'H.l} AX(:‘.,{;’H.I.:) i=1,....iic

4arfi.ﬂ+l.Lt)1PX{f.ﬂ+l.l,r)]

« [z -
‘[GX(:.;;+LL:)KZ*=I [SX(i,y+l.l.k)I'PX "~ﬂ'+l-1-")D
*{UX(.._U-HJ.:)IAX(.',HH.LU]

t [T 4 -
_[C"'X(.‘._ya,l.:.:)lzlr-l [SXn.m1.1,;;][‘4')‘,(.‘,;;‘»,1,1,&)D =0

where
1
oX . . =
G+ 1 _
(g 110D I aX(f’.ﬂﬂ.l,r)
sx PX(.-,Lsn,:.:)]Xn._yn.u)

(e ll) e
Zk=1 [PX(:.JJ+|,|.k)]X(i,y+ LLk)

3 UX(L_U+l.l.l‘)ISX(i.jj+l.l.!)]

SX =
fi.g+1.1.¢1) 2
- Zk-1 ["X(r.y+1,1,t)lSX(f.;j+1.l.k)]
52.2.10 v - _ A — AX 7 s=1,2,3,
X, vy~ M gers ~ X gy AXZ + 2, i1, iic
[PX(:. FRPED> &[] ﬁ+Lk)IPX(:’, bl o
i 5+Ls)] - .
G j+ls) zg=1[SX(:‘, i+ wIAX(.', Ji+Lk)
where
i
OX gels) i-aX,
. PX(i,jj+l.5)]X{f.ﬂ+l,J)
SXipeta) = 53 m ¥
Zi= T Lk} T i LE)
Sy _ aX(i.ﬂ+1.s)ISX(l‘,Jj+l.:}]
fiif+1.8) 2
Zi= _"X(s.y+1,k)lsx(.‘,y+1.&)]
1t
Zia ([PX(E.Jj+1.l,J‘)]X(r',ﬁ+l,l.!))
PX ) = X
(i, jj+11)
i=1,...,iic

52211 b f 3
PX(:.ﬂn.u - Zeal [SX(:.JJH.I,UIPXH.;)'H.I.U]

" 4 —
—Zr-1 [SX(:,Jj-rl.l.!J IAX(:‘.;)'H.I.U] =0
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523.2

53.7

538

53.9

542

X 2=, -AXZ 44X, =0
P, - Zi+ ATY + ATYZ,
‘[ay ulIPY s T Ly EL(‘)SY}:j![PY}:j'l

[GYY }{A il - Zj’eL(i) SY}:;*I[A};YU'ID =0

where
|
T = 2vr -1
i1
P}’le le
SSYUI = rm(r} - -
J_|[PYYU IYYM]
- [aYY ]SSY
- i1
SYYU' B nn(r)
Zrier . [ssv,.]
Y, -YY. + AY. =0
il i1 ii'l
yl - LjeLfi, J)SSY '1[PY'|]

+ ' eL(i, )Ss'y'l[ lj]] 0
where

SSY’ =

[Pral1#)

N Teean{Ph ]/[A )

(s

(s /'y

is

=0
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545

5.4.6

6421

Ax,, [alHX ICPI] [aZHXU ](TX +PY)
[a3HX IVX ]-o

Px,, - [WlPXU.,II;Y,,]- [WZPXU':I&X"F]
[W3PXIFKZ, =1 [W3PX(U‘;.;'UI‘5Y1': ])
—[W3PX,J, KZ‘}L: [W?’PX(,;;.;'UIAMX(U:.J"UD =0

where
PY,
WIPX = 4
#PY, + HX, +ZH I[P ]AMX
HX
g.l'
p
PY_ .+ HX, + EJ,=1[PYJ,,1]AMX

(4s.j'1}

W2PX s
(g1

W3PX =1-(W1PX.. +W2PX.)
is ifs is

[P Y ;"1] AMX (o 1)
i, ([Pr ) ax
S Ti PXL| X)) + 2
+2§=2WX

W3irx

(s }
(ys.k1)

(uy+llr)['i’{;jj+l.l,r)]
rr,,u+LJJ[ fry+is) +W£.u+2)[ (:_yu)]
"'Zf iZs 1 #X, [PXy:] + Z!-l (: i+1l r)[PXf'iﬁH.Lf)]
+Ei szunl.s)[ X(l.lHl:)]

—(WIY.. ~ W3t} l) ¢t

nym[P lﬂ+2)]
(s [e4] - warf (e + 1) 2,

s /
+W21;“[HY. |+ w3t u“]

+W4Y4{1(ZJ =1[W4 911111 ('J“J'U]
wwar (s .1[“’4 ullJlIPYJ"l]) -8Z]]

+,&};jl + Gi[AYzl] =0
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where

- 11%1""
el ke

wir (q!LJ"U[P ]

“[i[ l_,]' ,Hi[f’y]{ ll#llen] J]
PR 151 )
SCE T S l"’“l]

" J =1 g]LJU[P ]
YA amy ymu[P]

wayl =

o [Qﬂ] HY}, +ng1-1 _*J [ ﬁ][ ]
\ ZJ =l (yHJU[P ]
P
way _ (alU U[ ]
Ll .U (9““)[1} ]
» gAt

4 [Zfﬂ 23=1 PX;;;[X;(:] + zfﬂ FX, (i _u'+].l.l')[X{l._[f+|-Lf)n

g !
+£=2 PX(:‘.J'}'+1.:)[X(E,.[I'+L:)] * PX( 'JJ*‘ZJ[ (i4+2) ] J

- £ X(: 1Lt X{' ﬂ+11-’)] _

fi.4i+1Lt) [Z? 32 EX ’X ]+2¢| y+u.u[ gw'—'-')]J

+23=2 _ﬂ+l-¥)[ (u,-+l.s)] +FPX Fﬂ+2)[ (l'.ﬂ*z)]

PX{- g+1..r)[ fi.g+Ls) "

wxs
(L4 +L3) [Zﬂ_lzﬁ_lPX [XI 21 124 ,Mu;)l (:pl.l.r)]]

+TeaPX -um)[ rmLu]*PXn.pv[ (1.11‘+2J]

£ X{i, j+2)[X(jl- J+2)]

wx/ =
\L+2) i g
g [gﬂ 17X [Xf] 2’ X u:+u.t)[ rrﬂ+uf)]]

"'Zf:z .u+l.-v}[ fJ+L’)]+PX ﬁ"’z)[ "y+2)]
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6.4.22 /] Nx wx’ v feF(i,1 Profit-
Z}u-l SHIH{X st] Zt-l [X;r-ﬂ'l-l!f) N (l, )

i3 (lﬂ'+|1f} i=ii('ﬁ‘1,...,ii .. .ng
’a PR
Z;-z WX(! ”}1 Ry X(J J,',r+l.r)] WX(J _y+2)[ ( 1;+2)] Jryeri-tie g‘;;lp:;t?g
+ZJ-1 23-1 WX, [PX } + z‘«'=1 (: Fi+LL !)[ r:‘,,y‘+l.l.r)] oligopolists £

+Z-"2 (: J+l s)[P i+l .r)] + (i._ﬁ+2)[PX(i.ﬂ'+2)]

—{lef - wax}, 2) v,

H{m ,_,u[ ] wart (e, +1)0,

+w2x] [H}’ ]+ w3t/ [HY ]+W4Yuf12 12

-(WlY..f - wart - wirs, - W4Y.f'2)[d>]

f
+W5Y“ [WS ylzjll (ulZJU]

+W5Yf ():f 1[Ws UIZHIPY,ID JZ7]
+AY, + 6472 ] =0

where
e
, cD[?’J.z[QJ.z] )
wirs =
L2 { ” ~£p 1 2
J.Z[Qj.z] - HY), - HY},
7 "E'z']
+Yijll [sz '—12] ’
o
\ (zj.=,AMYrm [P}’ﬂ])
wars, = [HY-’""Z]
v T 1 2
y}ﬂ[Qﬂ] - HY), - HY?,
-1
12
+}1112 £ [YIJQIQJ!]
\“(Z?’:lAM (12, J'l)[PY ]
oo d)[HY”'z]
if1,2

~Ep 1 2
Y’R[Qﬂ] - HY), - HY?,

“uflz €2 [yﬂ][Q;z]
—(Z,--=1 (ulz;U[P ]
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6.4.23

6.4.24

6.4.28

6.4.29

o (1l 7)o, 5 7)

;oo
i = svﬂ[sz] E - Hrl, m;”
"'Yu{z ,2)[ ;21912] e
'(Z mz;l)[P ,--;D
wsyl, = 2 A mzm[*” ¥ ]
svjz[sz] - HY}, ~ HY2,
1 ,z)[?’,zIQ,z] o
—( AMY, ”[PYj,ll)
wsy/ MY(JJ'I 2.5 U[P ]

.21 = 5
7B Ay (uleU[PY ]

) A = - olaiz] - S
jeiic+i-dic
ul yll[ yll] Sylg,[ ,m] SGG. UI[GGJI =0, feF(i,1)

whe;fa » . P y JElicti-iic
SYyn = yll/ i1 Sy12 = Y:’jl,Z/};l’and
SGG], = GG/, [¥/
if1 yl i1
iiic+1.. i
Q ™ Zreriny 2 yll[ m] Lrer2; S0, ;21[:;2.1] 0 i .

where

v/ =y/ f
SQY, 711 Yyll/le and SQY/ 721 YJjZ.l/Q_,']

7 (2 7 [vr 1. j=iict+1,....ij
sz - Z:f eFfil) SQ};'I.Z[KJI.Z] Zf €F1i2) SQ];:,zlsz,z] =0 4
where
I
SOV, =

p
12 Q,, and sor/, j2.2 Yqz.z/sz
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domestic
oligopolist firm
f

Cutput suplied
by domestic
oligopolist firm
f

Domestic sale
of both
oligopolists
firms: domestic
and foreign



6432 R1 31 _Ax - AX, - A%,

Qs i

o, -]
o {32, ] [

X, = —
i 1-ax,

R

g‘s
yo_ quk[ /

0.4.33 v/ 2
? X{J;le) - X(r‘,j,i-i-l.l) AX(i_yle)

*{ ;y+1.|,e)]{PXIf.y+1.L:) - % [SX(; _U+1.lk][PXJ ﬂ+11k)]}

TN [ 1 [ B
where
oX = 1
(g+LLe o1
" 1 aX(i,_[}'-}-l,l..r)
f
x = [PXf"ﬂ+l.l.f] [X(_i._y'-i»l,l,r)]
LG+ T 7
"“1[PXfJ)‘+llA][Xiﬂ+11n]
sxy/ [GX’EHU][ (r_y+111)]
(i, ji+1,10) = o
Z .U+11k][ (:1}+11k)]
6434 s -  om _5f
X(r‘.;j+l.s) AX(:‘.jo.s) Ax(g_ﬂ...u AXZ,- Z,-

PX(:‘. L ﬁ=1
+a¥(f,ﬂ+1,s) y
Ax(i. iHLs zﬁ=1

Sx(f;.ﬂ'*'Lk)]lib{(f-ﬂ'"l-k) -0
o LB
Sx(f,ﬂ+l.k) A)((i,ﬂ'-i-l.k)

where

155

s—l 2

FL.di
feF(i,1)

t=1,...1t,

i=iic+],... i

feF(,1)

§=1,2,3

i=tic+1,...,ii

feF(i,1)

Dmends for
intermediate
input js by
domestic
oligoplists firm
f

Demands for
labor of skill
type t by
domestic
oligoplists firm
f

Demands for
factor s by
domestic
oligoplist firm f



6.4.35

6.4.36

6.5.5

6.5.7

6.5.9

6.5.11

1
oX . . =
(i, jj+1.s} —aX
v 1 (i, ji+1.s)

v/
Sxy/ — [PX(i.ﬂH.s)] _':X'{r'.,z',r'-bl,s)]

{(Li+ls) = 3 i /
Zk=l[SX(i,jj+l,k)_ [X(:‘.ﬂ+l,k)]

, s
v/ — [6}‘(1'»1’141.5)_ _SX(:'.jj+1.sJ]
(i, ji+1,5) - 3 7
Zk:l[JX(f-ﬂ+1.k)][SX(J‘._[J‘H,L-)]

p ot I -
PX(i.ﬁH.I) Li=t [SX{i.ﬂ+1.l.r)] [PX(:',J;;‘H,L:)]
" I - B
~Zi=1 [SX(I'.IJ'H-IJ)][AX(:',;;'H.L:)] =0
v/ _7f _ av7 _ & _
X(i.ji+2) Zf AXZ:‘ AX(:‘,jj+2) =0.
X fixrl-
Xys = Zrerp SQX,;,-S Xijs] =0
where
xS
S s
50X} = X,
s

~

- 12 o _
Koy ™ ZfeFa SQX(f,ﬂ+l.1.r)[Xn.;j+1,1.u] =0
where

x/
i _ (i, jj+L1.¢)
SQX(i.jf+1.l,t) -
(i, ff+11,r)

-~

- ! x/ =
Xyt = Zreray SOX (f-JJ+1.s)[X(1'.JJ'+1,s)] =0
where )

x/

SQXf _ (iji+Ls)
(ig+ls) ~ x

(i, jf+1,5)

- _ I o/ _
X(,.'m,z) ZfeF(i.l) SQX(;-,J';+2)[X(:'.J}'+2) =0
where

r
SQXf _ X(i-j}'+2)
(i, {f+2) X
{i.j+2)
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5=1.2.3

feF@.1)

i=iic+l,.. i
feF(i,1)

i=iicH1,.. 0

feF(,1)

i=iic+1,...di

=1
=12

i=iictl,.. i
=1,...1

i=iic+],.. i
s=1,2,3

i=tic+1,.._i

Demands for
factor s by
domestic
oligoplist firm {

General price
of labor per
unit paid by
oligopolisis

Demands for
"other costs"
tickets

Total demand
for
intermediatc
inputs js by
domestic
oligopolist
industry i
Total demand
for labor type t
by dom-estic
olicopolist
industry i

Total demand
for factor by
domestic
oligopolist firm
fin industry i

Total demand
for other cost
tickets by the
domestic
imperfectly
competitive
industry i



6.5.14 y Ty ¥
MX o ) s~ Kis 0

6517 fix, - [aifix Jobr] - Ja2nx  |1x, + Py )

- [astx  J7x ] = 0

6518  px - [wirx JPr |- [w2rx,, [+, ]

-[W3PX,.J.: ](z;?,':l [W 3PX ) Iﬁ}'m ])
{warx, Nzpa[w3rx,,, o Ja0ix 0] = 0

where
PY_
WIPX, = !
PY, + X, + T4 [Py, | ancx
HY

W2PX = s
M
PY, + HX, +% j.=l[PYJ_,1]M

(ifs. ')

(4.5
W3PX,, =1-(W1PX,, +W2PX )

W3irx = [PYJ"I] Mrrﬁ.j'u
] e

(!'l'-‘-kl))
6523 ¢
Yar ~ Zreray

Iyl | =
wif (] =0
where
wyl =v/
il T Kjl,l/jijl.l

6.5.24 ’ e s
MYy~ Mgy ~ T = 0
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ji=1,..di
i=iic+1,...,ii
s=1,2

=1
i=tictHl,.. L H
s=1,2

=L..0
i=fict+1....,ii
5=1,2

i=iicH],... i
jiiicic

FiictL, i
i=j-fic+iic

j=1,...i

Demands for
margins te
facilitate
commodity
flows to
producers

Taxes
(subsidies) paid
by domestic
producers for
intermediate
input s used
for current
production

Zero pure
profits in the
distribution of
goods to
domestic users

Output
supplied at
home by
imperfectly
competitive
industry i
Margins
needed to
tranfer
domestic
supply to
domestic
market



6.5.25

6.5.26

6.7.9

~

_ rlyr ] = i+l
KJI.Z Zf EF(LUWJI.Z[YIJI.Z] =0 i=i-jjctHic
where

f _yr
W}:;;‘l.z - Ijjl.Z/Yzle
y - _ _ i=iic+], .. ji

(1,2, 7'1) (1.2, 51) Yijl,.‘! 0 JEi-licHje,

i=1..di
Wf [gf] i=iic+],.. i
2 A (f,+1) " feFaD
521

r | fyi A - f

mmjm[ﬂ}m]J’%};zl[ Jm] +W4Y121[ §21 9;: 1
f ‘A 'l
A, -waxf w3yl -warf )&

f

ST, [Ws ;2112][ ;2,!._;"2)]

syl zﬂ=1 751, ] [Pr..) + ax, +9,[47z,] = o

where
(w4l ) fo
W”:Jél = { -ef
W[Q_] M- HYL, - HY)
yZl [Ep ][Q ] j]_
*Zy:l (yzl;ZJ[PY }
HY‘ l/cp
wart =
if ,: 1 2
[Q ] —HY )~ HY )
+ny21(_ )[ [le]_ 0l
\_Efz (if2.1,* 2)[P ]
2
W3Y,f;l = A l/cp
[Q ] i "Hyjlzl HYle
° +Yuj;1 "911[ [Qﬂ] &
-z j-=1 AMY rrjz.l.j'ZJ[P J"Z]
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Output
supplied in
foreign markes
by imperfectly
competitive
industry i
Margins
needed to
tranfer
domestic
supply to
foreign market
Unit cost of
output of
domestic
imperfectly
cotnpetitive
industry i



warf - [};J( [""' llea]” i J/
#2d
{ Hleal g - HI HY;'ZM]
fm(" “h [ ﬂ][Qﬂ] -
‘Zﬁ:l AMY(-_’;'z.l.j'Z)[PYj'z]
wsrf, = (£ am uzlmlPY' ]
_[ fea -, - o,
+Yuj;1 f[ ][Qﬂ] o
~Th_ AM LAY 2)[PYJ"2]

WSYf = ( (%2.),j°2) [PYJ"2 ])
23,572 --
e (flﬂﬂmuJP }
6.7.16 [ [ ] j=iic+1,...ii  Unit cost of
A 22 122 i2 A j=jicti-iic  output of
ucz y J 0. I P
12 f _wav/ j2 feF(i,2) foreign
WS};Z WBF;ZZ(S * 1) imperfectly
f 2 1 f N7 competitive
"'m}’,rzz{m;zzj““"m;zz[ yZZ] -(6,-1)z industry i

A (s I[Wztrjgzj,,][ mzm]
HaYS (SO a1, | [PE)) + 4T, + 6,]472,] = 0
where

(#l2.] )
1Y122 = JZ[QJZ] g -1
" [@10]”+%24J[][]’2q

{24 meP]) e

Wzyl;;z = —
[( J2 [QJEJ 7 922 11)[?12 ][Qﬂ] g )]
(ZJ - MY 2;2)[P } Hyfzz
-1
ward - ny;z[ 12[ 1'2][Qﬁ] g )
vz - 2 ! 17!
[(‘PR[QJ?] "Y.:u( €2 [TJZIQ J n

-{Zj‘lzl AA{Y{UI.Z.]Q) [P ]] mﬂZ J
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6.7.17

6.7.18

6.7.23

8.2.11

W4}'f (ZJ =! l’!”“J’U[PYﬂD
~n S
( .r‘-’ "’J} ”r ( ﬂ[ ﬂIQﬂ] ]]
{zdo 8 [PV J‘ZD
, AM}’(W . [PYJ.,Z]
P S i ]
(1122 %3] Sll'?)
g lz71- 7 _ f=iic+1,...,i  Output produced by
i2 [Z" } AYZI Yf? 92[AYZ"2] i foreign oligopolist
JFi-ictjjc  firm
feF(i,2)
_stf Iy ] I ] sl & ]=0 i=iic+1,...,i Output supplied by
2 5'2' LI O 2 i foreign oligopolist
whe}e s jei-dictijc  firm f
SY::;ZI = Yg}_"2,1 ];2 feF(i,2)
S -y S
S}:jZ" - }:3'22 };,-2
f S lyS
SGGyz2 GGyz.?, i
' _ =jict1,...
Y_;z Z:.f’EF(J JJC+"62)[ 021] 21 0 jiﬂj.jjc-pjj“];
where
S —yf
Wy;jll - K_‘i2,l }3
I -1 - j[_. - /il.. - Al i=1,..,ii,  Demands for inputs to
iis d i =1,....i, capital creation
ﬁf -2 st | pPr. 5=1,2
o] . [, [ 21 | =0
AI Zk 1 SI Al ik
where
Pr.|1r.
ol = ! and Sly, = — [ "”] g
1-al, Sia (P11,
(Z::‘il [SI,Dil _ u] ([S] KPI + ] )) 0 Investment budget
where
st, - _[PLIL and
Zi=1[P1e]1e)
- I1
P
2i=1 5%, I+ 12
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82.12

82.13

8214

B82.15

8.2.16

832

8.3.5

8.3.6

9.2.18

. . 7 I i=1,...,ii
K1, —K,-( ——')—( i ]I,— =0
K1, Kl
(5 - b=o0 "
. S - .. + -
R,' +d,— i (i, jj+12) i
Ry - R, + [ |(KY; - K;) = 0 i=1,.... il
I - [a1,]i1R ~ SHETI, = 0 i=iil+1,...,
! I I ii
fIR-T+KP[ =0
y Ty -7 = i=1,....ii
fis,j") (ijs. j'1) Irjs =0 s=1,2,
Jg=L.d
I;ly.s - [a]H[US][CﬁI] - [azHJU-"](fIIjJ‘ + ﬁyj;) ?=}v-':i.i
L.
- [a381 P14 ] = 0 s=1,2
Pl —mPI [ﬁr, ] — W2PI [HI ] =1,
ifs ijs js ifs ijs =10
.. - —
- JJ s=1,2
W3PI m(z A W3PL, L [PY, ])
_ y y _
WiPL (ZJa P3Pl 1 )[AMJ@J‘UD -0
where
PY,
WPl = v £ .
PY, + HIy + b PY [av
H]i's
W2Pl, = — e
be e+ Eh PY [ ]
WP =1 - WP —W2Pl,
-~ _ - N - M o _ -~ .__:1,'" ..’
¢,-¢ -ic, +[acjifc, - Bfsc,Jrc, ) il

e lfic, - safseulic,] =o

161

Capital stock for the
next period

Rates of return on
capital in each
industry

Expected rates of
return on capital

Equations for
handling exogenous
investment

Real private
investment
expenditure

Demands for margins
to facilitate commodity
flows to capital
creators

Taxes (subsidies) paid
by domestic producers
for intermediate input
Js used for capital
creation

The actual cost of 1
unit good js to be used
for capital formation
in industry i

Household demands
for commodities
classified by source



9.2.21

9.2.23

9.4.2

9.4.5

94.6

10.2

10.4

where =Ll
. [PC _:]C . 5=1,2
oC, = ;= and SC, = —— =g
zia([PC,e ] )
b, - S350, e, ] <o
éj - a’ncomej[l‘l:!] - Zfﬂgpﬁcejk[}’sct] ~ /AJCJ. =L
- zle(e;mceﬁ(ﬁck +32,(sc, Jac, ) = o
R . . —
MCjsj1) = AMCys ) = Cjs = 0 el
AC,, - [airC,Jcbi] - [a2rc fic, + £r,) =L
- [a3#c, Te,] - o =12
bc,, - [wipc, Jor,] - [w2rc Jhc,] e
|wspc feia[wsec,, L [57 )
{wsec, Jebafmarc,, , Javc,, )] = 0
where
PY_
WIPC, = —
PY, + HC, + 3, [Py, lamc,,
HC,
W2PC, = —&
PY, + HC, + Zd. [Py, Jamc,,
W3PC, =1-(W1PC, + W2PC,)
Js s i Js
|PY,,|amC,,
W3PC i = S5 =
Zf=‘([P YkI]AMC(js.kU)
PE, +¢,|E,|- SHFTE, =0 =l die
il JINT A J1
- o - j=1,..djc
m{jl,ﬂ) (i1j') Ejl =0 i=1,...dj
=12
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General price of each
commodity to
households
Household demands
for commodities,
undiffercntiated by
source

Demands for margins

to facilitate commodity

flows to households

Taxes (subsidies) paid
by domestic
consumption of goods
js

As mentioned above

Export demand
functions

Demands for margins
to facilitate commodity
flows to domestic ports
prior to export



10.9

10.10

11.2.7

11.2.9

11.2.13

11.2.16

I:EEJ,I - [alfﬂfﬂ][d’l] - [aZHEﬂ](fEﬂ + f’EJl + &5) J=L..dic

—[a3HEﬂ][I;Eﬂ] =0

HY), - [“”ﬂ’;zl[@ll - [az’wﬂ] (7’32 +PIY, + ED)

GG - Xs- EF(.U[WGGUI][GGUI

«[aBHYJ 2 [VY: ] ={
Where
WGG, = ac/,fcs,

I ¥2, WEXPG (PG + G )

~¥2_ e WEXPGG |(PGG + GG )

-[WGTRNSFR][GTRNSFR] =0

where

WEXPG,, = PG |G | [GEXP

WEXPGG . = PGG. [GG. ] /GEXP
Fl Jjl Jl
WGTRNSFR = GTRNSFR/GEXP

PG -~ WIPG, [P
T WG [AMG 1 + P
where
W1PG . = PY, /PG_
Js
wap G(jS-j‘l) JSJ'U

PGG, - WlPGGﬂ[PéG:r;l]

>4
Zj*:] WzPGG(jl.j'l)

where

(AA}G

(/1)

WIPGG . = PGGY. /PGG.
J1 Jl J1

W2PGG L)

]/Pu

S
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+ PY

71

)=0

= AMG,, . )[P}’j,l ] /PGGJ_I

=L,...ic

JEiicH

i=j-fic+ic

i=1,...i
s=1,2

j=iict, .

Export taxes on
domestic good j under
perfect competition

Tariff per unit of
imported good j under
perfect competition

Total amount of good j
that government
procures directly from
the domestic
oligopolists

Total government
expenditure

Price per unit of good
js paid by government
prevailing in the
markets

Price per unit of good j
paid by povernment for
its procurement



11.2.19

11.2.20

1137

11.3.9

11.3.11

11.3.12

MGy = AMG ) =G = 0
MGG\ .\, =~ AMG , .\ -GG, =0

2 Y * v
GREVIL - S, T4\ o WIGREVIL [ + X )

- - 2 ke ~
3 T ¥ W2GREV 1,.1_5(H19_5 ¥ Iy.s)

_NF 2 3 ~ Y
T4, 2 wGREV1L (AC, + €, ) = 0

where
WIGREV11. = HX. [X_. ] /GREVn
ifs is|” is

W2GREV11. = HI. [I.. ] /GREVII
ijs is| ijs
W3GREV11. = HC. [c_ ] /GREVII
s sl s

GREV12 - T4, WGREmzj(ﬁYj‘2 + YJZ) =

where
_ 1
WGREV12, = HY},[Y ] /GREV 12

GREV13 - T4, WGREV13J.(P}E Lt E
where

WGREV13 = HE. [E ] /GREV13
J Al n
A A
GREV14 - T ;.\ WIGREV14 (A + 7,
-S4 jon W2GREV14 (RY) , + ¥ ) =
where
WIGREV14 = HY! [Y.. ]/GREVM
b JLIIT#1

W2GREV14, = HY) [¥., | /GREV14
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)

AJ'I) =0

0

Demands for margins
to facilitate commodity
flows to government

j Demands ior margins

to facilitute commodity
flows {ur government
procurement

Government revenue
from taxes on good js
flowing to current
production, capital
creation and
consumption

Govermument revenue
from tariff on imported
good j

Government revenue
from export taxes on
good j under perfect
competition

Government revenue
from taxes on good j
sold under imperfect
competition



11.3.14

11.3.16

11.4.5

1146

11.47

11.4.8

1224

12.25

GREV1 - WIGREVL[GRP:'VI 1] - mGREm[GREm]
—W3GREV1[GREV13] - W4GREV1[GR&V14] =0

where
WIGREV1 = GREV11/GREV1,

W2GREV1 = GREV12/GREV1,
W3GREV = GREV13/GREV]1,
WAGREV1 = GREV14/GREV1.

GREV - MGREV[GREW] - ch;RBf[GRévz] =0
where
WIGREV = GREV1/GREV

W2GREV = GREV?2/GREV

éjs - aG'js[AEfR] - SHﬁ‘Tst =0

MR - M + Cﬁ'f = 0

GREV — GEXP — GSAV =0
GREV?2 - pINCOME[INCOME] = 0
GDP - T\ wVA V4] = 0

where

WVA, = VA, |GDP
4, - 5y WA PY + T )+ 28 wova X ]

s 3 X 3

sxte wva (PRY, + X + )

e Jﬁr
1 2

PY, - HYL)

o —L AT + X,
PY , - HYL ) 2T
il iz

i osl 52 p y -
tZja1 Zj=1 2=t WSVA(% j’l)(P Yfl * ans, j'l)) .
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i=1,...iic

Total goverament
revenue from indirect
taxes

Total government
revenue

i Govemment demands

for commodities
classified by source

Real household
expenditure

Balance budget
constraint

Total government
revenue from income
taxes
Gross domestic
product

Value added
by industry under
perfect competition



1227

where

W4, = PY ¥ |4,

|

2
12

W24 = PY. [X._ ] fra,
i AT i
WA, = @ PFY, | X, | 4,
_ 1
WavA, = (PY, — HY, )X fv4
WV ey = F Yj’l[mws.f'u]/’/ 4
’ PQR ] A 3
—_— - PO
[P sz - H}j‘;? 7
HY?
VA, - WlVAI.(.JBJ;.l + 7, J) - WA, {—-—1’2—
PO, - HY,
+Pm 2t @

)

-wwa(PGGY, + GG ) + Tf_ wava,(Pr, + %)
+Ti, WSVA%(Pﬁ]fn +X w2+ &))

[PYk

+Zf- e WA,

+3 4, 22 WA

where

wws, = Py v, | va,

wava, = (PQ,,

rn;r'r.s.m(P Yo + MI,

- HY?

— "2  |py
1 } k2
2" HYkZ

| ——f2 gyl 4 ¥

1 } k2 k2

{PY.{-Z - HYkz

e . .
SZfLy B B WA, )(PYJ_,I + MY

)[Y!J'LZ]@/ V4,

W34, = PGGY, (GG | va,

WarA4.
ik

W5VA.
ik

= PYkl[Xikl]/VAz‘
= (D[PFYkzﬂkaz]/VAf

_ 1
W6VAik - (P Ykz - HY, k2 )kaz / VA;‘
WWA(fks. iy P Y;"I[MX(iks.j'l)]/ VAr'
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(r‘kf-j'l))

m.s,ru) =0

jridicHje
i=fic+H,...
Jid

Value added by
industry under
imperfect
competition



12.3.5

12.3.6

12.3.7

12.3.8

12.4.4

12.4.5

WA, o1y = P [ (ylsfu]/VA

DEPR - Yi.  WDEPR (K, + P1,) =
where

WDEPR, = |d |k, | PI,]/DEPR

GDP )GﬁP + ( DEPR

DEPR = 0
INCOME ) E

INCOME - ( —_
INCOME

M — INCOMEDISP = 0

INCOMEDISP — [(1 — PINCOME)
INCOMEDISP
( GTRNSFR

- INCOMED]SP)[GTENSFR] =0

J[INC‘OME]

EXPORT - & - T\ WIEXPORT (PE | + E |
JAU A J

{ o, ]ﬁg
2 2

J"QJ.2 - H}; 12 J

HY?
A2 2 0
— 1t Yy
PQ, - HYZ,
where

WIEXPORT, = cD[PE IE ]/EXPORT

~S4. josy W2EXPORT,

W2ERPORT, = &(PQ,, - Y, |It. | [EXPORT
IMPORT - )%, WUMPORT (& + PFY , +7 )

PY, .
__..._._.J_lpy_
PY, - HY! sz
J

izl

i
HYJ'I-I Sl >
—  HY +Y
PY, 7o
121
where

WUMPORT, = o|r,, [ PFY,,|/mporr

~TL_ jour W2MPORT,

W2IMPORT, = (PY,, - HY), | . /MPORT
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Depreciation

Total national
income

Total income of
households

Disposable income

Total export

Total import

Total import



1249

12.4.10

1252

[26.1

12.6.2

1264

12.6.6

12.6.8

* ii

sz - X Wlez,l.
NN W3Yj2'i[1ijz] - W4YJ_2[GJ.2] -0
where

WY, = X, Y,
War, = C, /Y,
Wi, =17,
War, =G, ¥,

v _ = 1. Total volume of
[X'J"z] W2Yj2 CJ'2] imported good j

D D _ Balance of
EXPORT — IMPORT =0 payments
- MY - I Y (GEXPY - Gross domestic
GDP - [@F)M - (@)I - ( GDP )GEXP =90 product
p; _ S 2 p - Consumer price
cPI =1 Z“l[WCF] [PCJ‘ ] 0 index
where
re,lc,]
wC. = o A L ,
o ” 5
y; Z_l,-'el Y [ch's'] [Cj,s,]
KPI - Z:'_il][g]"][ﬁ]l] -0 Capital price index
. ST
where SI. = ——;l-l—'———
i'=1 SI i
;o ro— Aggregate
L= 2 [WLI]L’ =90 employment
where
WLI = L{ /L
K- Z{i I[WK ] ]2 -0 Total capital stock
= i i
where
WK, = KI. /K
IMR - 1R+ MR = 0 Ratio of real
private investment
to consumption '
spending
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12.6.9 b _ orl _ ©p i=1,...,ii  Wage indexation
PX(r‘.jo,l.r) [mPX(f.Jf*-l.l.!)][CPI] FPX(-.HH.U t=1,...t

_FPX(LU+1,U - 'FPX(.,ij.l,r) - PPX(;_gH,:,z) =0

12610 1 4ND - ¥ |[WLAND,| LAND, = 0 Total land
Where
WLAND, = LAND'./LAND

12611 3 1 5 b _ o i=l,.,i Price indexation
BX, ., ~10PX ) ||CPI} - FPX ) = 0 Price indexat

13.3.1 D i 5 i=1,...1i fits
o P, I ] B[, 5, e 2o

in production
_s | p WX _ under competitive
Zi=1 [PX(;,_yn,l..-)][S r':‘.jj-i-],].t)] 4, industry

s I3
=252 [PX(i,_;j+].s)][SWX(:',_U+1.$)]

_[PX(I'-.U"'Z)][SWX(?'-JI"'Z}] =0
where

WX, = [PX.. ]X_ /e,

is ijs

SFV‘X(J'.J}‘H,I,!) = [PX(i,ﬂ—i-l.l,r)]X(i,_y’+1.1.r)/Tci

SWX(:‘._;‘]‘-!—I.U = [PX(r'.jf+1,s)]X(:‘,_gj+l,s)/TCi

SWX ; ez = [PX(f.ﬂ+2)]X(l'.ﬂ+2)/TCi
13.3.2 A - AX7 - A¥z - E’!"(U[Afy ISYY ] i=1,..iic Weighted sums of
; i i i=1 71 i1 the technical-
-3 ere[AY, [swr, | - sz [ax, Jswx ] change terms
) y [a affecting the
-z, x2,[Ax, [swx production
0 T[4 functions of each
-2 [AX(:.;ju.J.u ][SWX(;'.J;+ ;.1,:)] industry

-%i2 [‘&Xn,;ju,s)][SWXﬁ.Jja».r.s)] =0

1333 pv _wf - Sfla 1= j=iictl,..ii  Perceived
Ple Ele T & [le] =0 .f.ifg;!) domestic inverse
AT demand for good j
under imperfect
competition
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B39 pr - za,zi, w8 1] =1, fc')erm-cal;ricg;‘cgcl‘i::n
~T Az swr 4]
T [swr JAr,] - ar = o
where
[P1,]1,

" ]
(7))

SRER TN
SWI, = o, SWI iis

2
anl SWIUJ =

s=1

13.3.10 [ﬁEj]] +® - [WIPE”][}sYJ.l] - [ufszﬂ][f}Eﬂ] =i z:;)c:np:;;:;zf
~[w3rE, = ;%,, [wsrE, , J77,] ggg?e perfec
-[w3re , Jzi, [73PE 0, J4ME, 1 0] =
where ,
Y,
PE,] - [PYJ,I] +[HE |4+ sziprj,l- ave, |
[warE,| = !
CAE AR >R 2 I

[W3PEﬂ] =1~ [WIPEjl] - [WZPEjl]
[PYJ"I IAMEUI-}'U]
Zf:l[PYklIAME(jI.kl)]
13.3.11 }3}32 - [;ley}zlpﬁyﬂ + &)) — [szyﬂlf}};;] =¢ J=L..jic Price per unit of

[W1

[WSPEmJ.l }] =

imported good j
where under perfcct
[PF s ]db competition
[Wlpr_z] = - 2
i PFY |® + HY
| i?] J2
HY
[W2PY,2] = / -
J PFY @ + HY,
| j2_ j2
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13.3.12

e J) -zl 2] - 20
—WCﬁ[éﬂ] - WGﬂ[éﬂ] - WEﬂ[éﬂ]
L T [M(fj's.ﬂ)][m( "J"SJ‘U]
::';1 2%:1 22=1 [m(;j's, il )][A;H (ij's. jl)]
‘Z‘,q:l Z§=l [Wc(j's,jl)][]‘;fc(j's-ﬂ)]
~¥h T [WMG( 7s, jl)] [I’}G(f’s.fl)]
'Zﬁ:l [m( J1,71 )] [A}E( j'l.ﬂ)]

] y
i=fic+1 [W(g"l.],jl)][M(Y(:j‘l.l,jl)]

i y
i miic+] [WY(,;,-'L:. jl)][MY (.2, jl)] =
where
jic = e
UI/Z WX = X:;r'l/z"l}?’ﬂ
WI" =]u'l/Z:leul'WC =C /ziml v

il
- iic i}
WG G /z Y, i WE A EJI/Z:H # 41

M{:‘j's,jl) = MX(USJU/ 004 i f1
(i'sg1) (u 811)/2’: =1 rJl
WMC jos 1y = MCusﬂ)/ ap4 i1
WMG ) = MG osﬂ)/ g A
WME 1 j1) = Mrj'lm/ oy 1
MU“I.I.J'U u'lljl)/ oy i'j1

— i
(§.2,j1) MY(&"L?JU/ =1 Fijy
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13.3.13

A RSN CARCEA A
- §{=IZ§=1 M(rj's.jl)][mf'j"'f”]
- ’:‘; -l:’;=lZz=1[m(g'S,jl)][Eﬂ(ﬁ'&fl)]

- X _Wc(f's.ju][M“rj's.ﬂ)]

— ll"
[WE(J 171 }[ME(J"I.J'U]

¥4 T WG{J"S}'U][A:IGU””]

-4 ,Jc+x[T’VMGG ", 1)][MGG(;UU]

i= rzc+llM,(y'1111)][ (qll_;l)]

i —
i =ifc+1 [m(ﬁ'l,ljl)][ ({'1"1,2.."1)] =0
where

W, = X:jl/Qﬂ; Wiy = ]r'jl/le
Wi = CnfQns WG, =Gy [0,
WGG, = GG, [0,

(i's.j) l"ﬂ{(ij's.ju / Qfl

s = Mg,/ o
M{j’l, e ME(}'I.J'U/ Qﬂ

C( il T MC(J"S.J'U / Qfl

WG(}"J, - MG(J"S.J'U / Qfl

WMGG 1y 5, = MGG, 11,10,

L) ﬂﬂ(r'j'l.l.jl)/le

(ii',2, 1) = MY(G"I.Z.J'I) /le
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13.3.14

13.3.15

13.3.16

13.3.17

¥ +5.0,=0 e

) ) 7 N B =1,.1
L{ - i=1[WX(J',_[;'+1.I.I)][X(i».ﬂ'*'l'l'l)] =0

where

_ ii
m(f,jﬂ.l.r) = X(I_'ﬁﬂ.l’,)/zr":l X(i'.y'+1,l,.')
Kl' - X(l.ﬂ+1v2) = 0

A o _ i=1,..i
LAND, - X, .13 =0
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Figure 14.2. The List of Variables in Percentage Changes

Variable Subscript Number Description
Z; i=1,....iic iic Industry activity levels
Xijs i=1,....iic 2iic x jj Demands for inputs j (domestic and imported)
lel’-é-’-u for current production of industry i
s=1,
X(ijﬂ,l, 0 i=1,....jic iic x 1t Demands for labor inputs by skill group for
=1,..1 industry i
X ji+1.5) s=1,2.3 3iic Industry i's demands for labor in general,
i=1,....uic capital and agricultural land
X ji+2 =1,...,iic iic Demands for "other cost” tickets
PXjjs i=1,..jic  2iicxjj Purchasers' prices for produced inputs js for
lel’-é-’l' current production in industry /
§= >
PXiji+1,1,y =le-sdic  diext Prices paid by industry 7 for units of labor of
=Lt different skill types ¢
PXiji+1,g)  17heodic 3iic Prices paid by industry 7 for their labor in
5=1,2.3 general, rental of capital and rental of land
PX jj+2) i=l...jlic e Prices of "other cost" tickets to industry i
AXijs i=1,..iic e xj Input-s-augmenting Te<hnological change for
=Ll industry /
5=1,2 24
AXj Bl i Hexj Input-j-augmeming Technological change for
FhJ industry i
AXZ, i=1,...,iic lic Neutral-input-augmenting Technological
change for industry i
AXjjjer1y 7L licx Specific-skill-augmenting Technological
o =1,..,1t

change for industry
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AX ji+1,5)

AX(i ji+1)

AXi ji+2)

MXijs j'1)

AMX s i1y

PYYj,
PY;,
PY;,
PFYj,

i=1,...

s=1,2,

=1

=1,

i=l,...

-Tl.
T
*

et

|1_|.l.l'_-.
L

i

—
-
[3%]

—— T s
I !
ot e [
:—l L ‘ -
o :

-

L

i=1,...

Jic
3

| 1+

Jic

Jic

-
e
ey
[¢]

& £ :,:1

s,lIC

(=
S—r

Jic

JjeL(i)

i=1,..
=1,

=1,

Jic

LliC

lic

|

i

3iic

iic

iic

ii¢c

2iicxi

2iiexiji®

tic x nn(i)

iic x L(i,j)
iic x na(i)
jic

lic

iic x jj

lic
iie

iic

Labor-, capital-, and agricultural land-
augmenting Technological change for industry
i

Primary factors-augmenting Technological
change for industry i

"Other costs" ticket-augmenting Technological
change for industry i

Weighted sums of the Technological change
terms affecting the production functions for
industry /

The amount of goods j'1 needed as margins to
transport good js to domestic industry i for
current production

The amount of goods j'1 needed as margins to
transport 1 unit of good js to domestic industry
i for current production

Supplies of domestic composite goods j! by
industry i

Supplies of domestic goods j’/ by industry
Supplies of domestic goods j/ by industry i
Total supplies of domestic commodities j/

Aggregate imports of commodity j under
perfectly competitive markets

Basic prices of domestic produced good j by
industry i

Basic prices of commodities j from source s

C.i.f. domestic currency import prices of commodity j

C.i.f. foreign currency import prices of commodity j
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AY,

AYY;

AYYZ;

HX;is

TXijs

PY;

3
X ijs

i=1,..,1ic

j=1,....nn{i)

jlelp

i=1,...,lic

i=1,...,iic

i=1l....,iic

L.
s=1,2

i=1,...,iic
=L
s=1,2

i=i,...,tic
=l
s=1,2

=1,...Jie

j=1,...dic

=L..dic

j=iict,..

j=jict,...

i=iictl,...

feF(,1)

i=tic+1,...

=hodi
feF(i.1)

iic x nn{i) x
L(iJ)

iic x jj

lic

Ziic x jj

Ziic x jj

2iicx jj

iic

1ic

Jic

i

Ii-iic

(ii-iic)xF@,1)

(ii-ne)x
< FG,1

Technological coefficient

Augmenting technological change with respect
to domestic commodity output j

Neutral output-augmenting technological
change for industry 7

Taxes per unit of sales of inputs js for current
production to industry

Variables that allow taxes on the sales of inputs
Jjs to industries for current production to be
modelled as ad valorem tax

Variables that allow taxes on the sales of inputs
s to industry 7 for current production to be
modelled as specific tax

The tariffs per unit of imports under perfectly
competitive industries

Variables that allow tariff per unit of imported
goodsj to be modelied as ad valorem tax

Variables that allow tariff per unit of imports to
be modeled as specific tax

Basic prices of commodity j under imperfect
competition

C.if domestic currency import prices of
commodity j under imperfect competition

Activity level of domestic firm f in industry i,
under imperfect competition

Demands for intermediate inputs from source s by

domestic firm fin industry i, under imperfect
competition
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X'G4i+1,1.)

X igi+1,9)

f
Xiji+2

AXijs

AXi 541,10

AXiji+1,5)

AXi ji+1)

AX(i ji+2)

i=iictl,...

t=1,..1
feF(Q,1)

§=1,2,3

i=iic+l, ...

feF(,1)

i=iictH,...

feF(i,1)

i=iictl,...

=l
s=1,2

i=fictHl,...

=1, i

i=iic+l,...

i=iictl,...

t=1,...1t

i=iictl,...

s=1,2,3

I=tictl,...

i=iic+l,...

i

Ji

i

i

i

(ii-iic)xtt
xF(i,1)

3(ii-iic)

xF(L,1)

(ii-iic)
xF(3,1)

2(ji-iic) x jj

(ii-iic) x jj

fi-iic

(ii-iic) x tt

3(ii-iic)

ii-iic

ii-iic

Demands for labor inputs by skill group by
domestic firm f'in industry i, under imperfect
competition

Industry i's demands for labor in general,
capital and agricultural land by domestic firm f
in industry i, under imperfect competition

Demands for "other cost" tickets by domestic
firm f in industry i, under imperfect
competition

Input-js-augmenting technological change for
domestic industry i, under imperfect
competition

Input-j-augmenting technological change for
domestic industry i, under imperfect
competition

Neutral-input-augmenting technological
change for domestic industry i, under imperfect
competition

Specific-skill-augmenting technological change
for domestic industry i, under imperfect
competition

Labor-, capital-, and agricultural land-
augmenting technological change for domestic
industry i, under imperfect competition

Primary factors-augmenting technological
change for domestic industry i, under imperfect
competition

"Other costs" ticket-augmenting technological

change for domestic industry i, under imperfect
competition
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f
Wi

Qi1

AY;

MY

i=iict1,...,ii

i=iictl,.. ii
=L 4
il OO |
s=1,2

i=jic+1,...,11
_?‘=l,...4j
=10
s=1,2

jEiicHL i
feF(i,1)

jijot.... i

JEiictL,.. i

j=iicHiic
feF(,1)

i=iic+l,... il
Jj=ljcti-iic
feF(1,1)

JFietlL. i

i=tic+1,..,ii

i
j=ijeti-ic

i=HCH], ..
j=ije+i-iic

i=L..d

ii-iic

2(ii-iic) x ji

2(ii-iic) x jj*

(ii-iic)xF i, 1)

jidie

(ii-iic)xF(i,1)

(1i-iic)xF(i, 1)

idie

(ii-iic)

(ii-iic)

(ii-fic)xii

Weighted sums of the technological change
terms affecting the production fuactions for
domestic industry i, under imperiect
competition

The amount of goods j'1 needed as margins to
transport good js for current production of
domestic imperfectly competitive industry i

The amount of goods j'1 needed as margins to
transport 1 unit of good js for current
production of domestic imperfectly competitive
industry i

A positive constant

Total amount of good j supplied domestically
by both domestic and foreign oligopolists

Aggregate imports of commodity j under
imperfectly competitive markets

Total amount of good j by domestic
oligopolists f

Total amount of good j supplied on the
domestic markets by domestic oligopolists

Specific taxes levied by domestic government
on every sales of good j1 on domestic markets

Technological change associated with activity
level Z;

Technological change associated with domestic
output Yj;;

The amount of good j'1 as margins needed to
transport good Y to the domestic markets
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AMYiin

£
Yz

W2
Qi2

1
HY 2

2
HY 12

£
Y2

MY 2

AMY1.251

Yii
Yi

1
HY.iZ,I

jriiicHic

j=1.....0j

i=tic+1,...,ji
j=fic+i-ic
feF(i,2)

j=iic+1,... g

=iict,. i

joficH .. i

jEiicHL i

imiicHl, .. i
jiiicHjo
feF(i,1)

i=iic+l,....1
j=i-licHjc
j=L...d
i=lic+1,...,ii
jei-iictijc
=10
i=iic+],...,ii
jei-iictic
i=iic+],...,ii
j=i-iicHjjc

j=fic*l,onndi

(i-tic) x jj

(ii-E)NE(,2)

li-iic

e

e

JiHjic

(ii-iic)xF(i,1)

(ii-iic) % j

(ii-iic) x jj

(ii-iic)

(ii-1ic)

B-iic

The amount of goods j'1 needed as margins to
transport 1 unit of good j! from the domestic
producers of industry / to the domestic markets

Total amount of good j by foreign oligopolists
f

A positive constant

Total amount of outputs supplied by domestic
and foreign oligopolists on foreign markets

Export taxes in foreign currency levied by the
home government on the sales of good j1 on
foreign markets

Export taxes in foreign currency levied by the
foreign government on the sales of good jl on
foreign markets

Total amount of good j supplied on the foreign
markets by domestic oligopolists f

The amount of good j'1 as margins needed to
transport good Yj; to the foreign markets

The amount of goods j'l needed as margins to
transport 1 unit of good j1 from the domestic
producers of industry i to the foreign markets

Total amount of good j supplied on the
domestic markets by domestic oligopolists

Total amount of good j supplied on the foreign
markets by domestic oligopolists

Specific tariff levied by the domestic
government on the sales of good j2 on
domestic markets
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2
HY",

f
Y ij2,1

AMY 142

UCZ;,

AYZ;,

AY;:

2

HY%2
£

Y2

AMY ij2,2,§2

ijs

It

IIR

K1,

JEiic+],.

i=iict,...,ii
jei-icHic
feF(i,2)

i=iictl, .. ii
jei-iicHic

i=L..4di

i=ilc+l,..ii

i=iictl,... i

i=iic+, . i
jei-iieie

j=ijerl, .0

i=iic*1,...,ii
=L
feF(i,2)

i=tict],... i
jiicH-iic

J=Lod

i=1,...,ii

FL...Jp
5=1,2

i=1,...,ii

e

(r-iic)xF(i,2)

(ii-fic) x jj

(ii-iic)

(ii-iic)
(ii-iic)

T-iic

(ii-iic) x j

2ii x jj

ii

ii

Specific export taxes levied by the foreign
government on the sales of good j2 on
domestic markets

The sales of good j2 by foreign oligopolist firm
on the domestic markets

The amount of goods j'2 needed as margins to
transport 1 unit of good j2 from the foreign
producers of industry i to the domestic markets

The cost of sustaining 1 unit of activity level of
foreign oligopolistic industry

Technological coefficient

Technological coefficient

Specific taxes levied by foreign government on
every unit sales of good j2 on foreign markets

The sales of good j2 by foreign firm f on the
foreign markets

The amount of goods j'2 needed as margins to
transport 1 unit of good j2 from the foreign
producers of industry i to the foreign markets

Demands for inputs (domestic and imported)
for capital formation

Capital creation by using industry i
Total capital creation by using industry
Real private investment expenditure
Aggregate private investment

Future capital stocks for industry i
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Rl

PIijS

Pl

PI

SHFTY;

AIijs

Ml 5'1)

AMIic i1y

Hlj;g

Tlijs

VIijs

i=1,..ii

Fl..di
s=1,2

ii

ii

2ii x jj

i

ii

2it x jj

iixjj

ii

2ii x jj2

2ii % jj2

2ii x jj

2ii x ji

2ii x jj

Current rates of return on fixed capital

Economy-wide expected rate of return on
capital for industry 1

Purchasers’ prices for produced inputs js for
capital creation in industry i

Costs of a unit of capital to industry i

Costs of units of capital

Capital-goods price index

Shift variable for capital creation in industry i

Input-js-augmenting technological change with
respect to capital creation

Input-j-augmenting technological change with
respect to capital creation

Neutral input-augmenting technological change
with respect to capital creation in industry i

Demands for margins to facilitate input flows
to industry i for capital creation

The amount of goods j'1 needed as margins to
transport 1 unit of good js to domestic industry
i for capital creation

Taxes per unit of sales of inputs js for capital
creation to industry i

Variables that allow taxes on the sales of inputs
Jjs to industry i for capital formation to be
modelled as ad valorem tax

Variables that allow taxes on the sales of inputs

Jjs to industry i for capital formation to be
modelled as specific tax
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5

a0

PC;s

PC,
Ast
AC;
MCys i1y

AMCs j1)

HCjs

TC;,

VCis

CPI

£)

PE

b=l
s=1,2

ja=L..d
s=1,2

Al N |
s=1,2

=10
s=1.2

FL...
s=1,2

i=1,..dic

=L..4ic

| =3

2ii

Jjic

iic

Household demands for good j from source s

Household demands for good j

Purchasers' prices paid for commodities js by
households

Purchasers' prices for consumer goods j

Commodity-is-augmenting change in
household preferences

Commodity-j-augmenting change in household
preferences

Demands for margins to facilitate the flows of
goods js to households

The amount of goods j'1 needed as margins to
transport 1 unit of good js to households

Taxes per unit of sales of commaodity js to
households

Variables that allow taxes on the sales of
commodity js to households to be modelled as
ad valorem tax

Variables that allow taxes on the sales of
commodities js to households to be modelled
as specific tax

Consumer price index

Export volumes of commodity j1, that is sold
under perfectly competitive markets

F.o.b. foreign currency export prices of

commodity j1, that is sold under perfectly
competitive markets

132



MEj1 1)

]
TE;

]

]

SHFTE;;

GEXP

15

is

f
GGijl

f
GG ii2,2

=1, je

J=1,..jc

i=1,....dic

s=1,2
J=lic

s=1,2
jElictl,...di

et L

j=iic+1,...,ii
JElicH-ic
feF(i,1)
i=iict+],...,ii
JElictH-ic
feF(i,2)

1i x jic

iixJjc

1ic

iic

Jic

lic

2jjc

2(ij-4jc)

(o)

(ii-iic)
xF(i,1)

(ii-iic)
xF(i,2)

Demands for margins to facilitate the flows of
exports | from domestic perfectly competitive
producers to the ports of exit

The amount of goods j'1 needed as margins to
transport 1 unit of good j1 domestic perfectly
competitive producers to the ports of exit for

exports

Taxes per unit of exports j1 under perfect
competition

Variables that allow taxes per unit of export
good ] be modelled as ad valorem tax

Variables that allow taxes per unit of exports
to be modelled as specific tax

Shift variables for the demand for exports

The exchange rate, domestic currency price of
a unit foreign currency

Government expenditures

Government demands for good j from source s
under perfectly competitive markets

Government demands for good j from source s
under imperfectly competitive markets

Government procurement of good j from
domestic oligopolists

Home government procurement of good jl
supplied by oligopolist firm f

Foreign government purchases of goods j2
from domestic firm fin industry i

183



PG,
PG,

PGG;,

PGGY;,

GTRNSFR

MG 1)

MGgjs i

AMGg;in,

AMG ;i)

GREVI1

GREVI12

GREV13

JElct.L 0
s=1,2

j=iictl,. i

J=iictl.

B-iic

2jj x jjc

2o

2jj x jie

2ix({i-jic)

Lix(ii-jic)

Price per unit of goods js paid by government
prevailed under perfect competitive markets

Price per unit of goods js paid by government
prevailed under imperfect competitive markets

Price per unit of good j1 paid for direct
government procurement under imperfect
competitive markets

Basic price per unit of goods paid for direct
government procurement to the domestic
producer under imperfect competitive ma-kets

Government transfer

Demands for margins to facilitate the flows of
goods js sold under perfectly competitive
markets to government

Demands for margins to facilitate the flows of
goods js sold under imperfectly competitive
markets to government

The amount of good ;1 needed as margins to
transport 1 unit of goods js sold under
perfectly competitive markets to government

The amount of good j’1 needed as margins to
transport 1 unit of goods js to government

Demands for margins to facilitate the flows of
goods js sold under perfectly competitive
markets to government

Government revenue from domestic sales of
commodity s for intermediate inputs, capital
creations, and household consumption

Government revenue from imported goods

Government revenue from exported goods
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Government revenue from domestic and
foreign sales paid by domestic firm under
imperfectly competitive markets

Total amount of expenditure taxes received by
government

Total amount of income taxes received by
government

Total government revenue

Shift variable

Money income of the households
Real income

Ratio of real private investment expenditure to
real private consumption spending

Gross domestic product

Value added accrues to industry i
Depreciation

National income

Disposible income

Aggregate exports

Aggregate import

Aggregate employment
Employment of labor by skill type t
Aggregate capital stock

Capital stock used by industry i
Aggregate land used

Land demanded by industry i
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CHAPTER 15

THE SOLUTION OF THE MODEL:
ITS NATURE AND ITS COMPUTATION

The objective of this chapter is to explain the nature of the solution to our model
as well as its computation. We also discuss how the model can be used for short-run

analysis or long-run planning.

1. Endogenous and Exogenous Variables

Our model contains a huge number of variables; we divide them into two groups.
In the first group, we put those variables that are assumed constant by the models. These
include the various elasticities that enter production functions, such as elasticities of
substitution or transformation, price elasticities and elasticities of expenditure in the
utility function of households, etc..

If possible, the values of these elasticities are taken from econometric studies or
from similar source. Otherwise, they are calculated from the base-period data by &
mathematical procedure known as calibration in the field of applied general equilibrium
analysis; Shoven and Whalley (1992) contains a detailed discussion of this procedure.
The remaining variables belong to the second group.

The variables in the second group are further divided into endogenous and

exogenous variables. Clearly, an endogenous variable is one whose behavior we wish to
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explain. An exogenous variable, however, is not explained in the model. There are several
reasons why one chooses to make one variable exogenous.

First, inspite of its importance, this variable is determined outside the economic
system. As an example, one might mention the weather as an important factor in
influencing agricultural output and, therefore, farm income. Second, one might classify a
variable as being exogenous due to lack of a theory to explain its behavior. This is the
reason population growth and technical progress is often taken to be exogenous in
multisectoral growth models. Sometimes, investments for capital accumulation are also
considered to be exogenous.

In the multisectoral growth model MSG-4, the fourth and latest version of the
Johansen model, used by Norwegian Ministry of Finances as a quantitative tool in
macroeconomic planning, the production capacity of the economy is determined by the
exogenous growth of the labor force, the exogenous technical change in each sector, and
the exogenous accumulation of capital (see Longva et al (1985)). Precise numerical
assumptions about their development are required to calculate growth paths five to thirty
years into the future. Other variables, also often assumed to be exogenous, are tax rates,
government expenditures, and so forth.

The choice of exogenous variables is also dictated by the time horizon under
which one would like to conduct the analysis. In the short run, the capital stock should be
exogenous while its rate of return should be determined within the system. In the long run

when there is perfect capital mobility, the stock of capital should be endogenous while its
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rate should be set exogenously equal to the world interest rate. 1f one wants to analyze
unemployment in the short run, then the wage rates should be set exogenously. the

unemployment level then becomes endogenous and is equal to the demand for labor.

2. Solution Computation

Suppose that the choice of endogenous and exogenous variables has been made,
and the model has been calibrated to fit the base-period data. Let x° = (x"|....x"|) be the
vector of exogenous variables and y° = (y°|,....,y°m) be the vector of endogenous variables
obtained from the base-period data. Here 1+m=n. The vector y° is thus the solution of the
model associated with the vector of exogenous variables x°. The vector (x".y") satisfies
the m relations that characterize an equilibrium.

Now, suppose that the vector of exogenous variables changes from x” to x™+Ax.
Let y*+Ay be the new vector of endogenous variables that is the solution of the model
corresponding to x"+Ax. How should Ay be calculated? A possible answer to this
question is as follows. First, let us write the m relations that define the equilibrium as

(15.2.1) fl(xo,y°)= 0,
fz(xo’yo)z 0,

1,00 °)=0.
Here f,...,f, are real-valued functions of class C? defined on an open subset of the n-

dimensional Euclidean space.
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Next, differentiate (15.2.1) at (x°y") to obtain a system of linear equations in
percentage changes for the vectors x and y. In our model, the equations constituting this
system are indicated by a superseript ~ (hat) in the equation numbers that identify them.
These equations represent the linearized form in percentage changes of the mathematical
model and have been gathered in Chapter 14. For our purpose, we shall write this system

more compactly under the following form

(15.2.2) [S(x”, 3 )E} -0,

where T is an m x n matrix whose entries can be computed directly from (x°,y°),

—dxl/xlo_ ndy1/y1o-

L2 P)
I
>
il

s, %] | &, /7

The linear system in percentage changes (15.2.2) can be rewritten as follows.

(15.2.3) [51(x",y°)]%+ [SZ(x",y")])?: 0,
where 31(x%y°) is the matrix made up of the first 1 columns of J(x°,y") and 32(x",y°) is

the matrix made up of the last m columns of J(x°,y").

If 32(x°,y°) is invertible, then

(15.2.4) 5=-[2(x", y“)]' 6. -

It follows directly from (15.2.4) that

189



&, % 0O lf/x{’ ) &,
(15.2.5) - 2 (= )[R ()]}
.ﬂf&’m ¢ y: ¢ yx "r_-dr.r
dx

(15.2.6) ~ A7) [ dx’].

Expression similar to (15.2.6) was used by Johansen (1960) to approximate the
change in the solution of his model associated with a change in the exogenous variables.
This approach has also been used by Deardoff and Stern (1990) for approximating a new
equilibrium for their world trade model.

Clearly (15.2.6) only yields good approximations when the changes in the
exogenous variables are small enough; otherwise, the error might not be acceptable. To
deal with this situation, Dixon et al (1982) have proposed to approximate the new solution
by the Euler method used to obtain a numerical solution of a first-order ordinary
differential equation. This technique can be explained as follows.

If D,f(x",y°), the derivative of f, f=(f1,...,fm), with respect to y evaluated at x°y",
is invertible, then by the implicit function theorem, there exists a unique function of class

CZ
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(15.2.7) g : N(x%) = N°),
where N(x°) is a neighborhood of x° and N(y°) is a neighborhood of y°, such that g(x°)=y°
and for all x in N(x%), we have g(x)eN(y°) and f(x,g(x)) = 0. The function g maps a
vector of exogenous variables x to a solution y = g(x) of the model for x belonging to a
neighborhood of x°. Using (15.2.5), we can assert that derivative of g evaluated at (x°y°)
is Dg(x°) = -A(x",y°) = -A(x",g(x")). Therefore, for any xeN(x°), we have
(15.2.8) Dg(x)=-A(x,2(x)).

Now suppose that the vector of exogenous variables change from x° to x°+Ax and
x’+Ax belongs to some neighborhood N(x°) for which the existence of a function g,
defined by (15.2.7), is guaranteed. Then the variation in the solution of the model is
(15.2.9) Ay = g(x°+Ax) - g(x°).

To approximate (15.2.9) by the Euler method, let T be a variable, 0<t<1, and
define
(15.2.10) (1) = g(x"+1Ax), 0<t<l.
We have o(0) = g(x°) = y°, o(1) = g(x"+Ax), and Ay = o(1) - ©(0). Differentiating

(15.2.10) with respect to 1, we obtain-

(15.2.11) %"ri = [Dg(x" +1 Ax)]Ax
= —[A(x" +TAx,g(x" +1 Ax))]Ax
= —[A(x” +1 Ax,m(t)]Ax

In (15.2.11), the second equality is obtained using (15.2.8) and the last equality is

obtained by using the definition of (7).
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Now define
(15.2.12) 8(r,0) = ~A(x* +1 Ax_.u)))

where ® = (®,,...0p) is an m-vector. Then the differential equation (15.2.11) can be

rewritten as

(15.2.13) 6;—0; =8¢, o)A x, w(0) = y°.

Let N (x°) and N (¥°) be the closures of N(x") and N(y"), respectively. Because
both N(x°) and N(y°) can be taken to be bounded, their Cartesian product N (x") x N (y")
is a compact set in the n-Euclidean space. Furthermore, because { is of class C”, the map
A xy)eN )N (%) - ARy) is of class C!. Hence its derivative DA(X)y) is
continuous on N (x*) x N (v°). In particular, the partial derivative of A with respect to y

is bounded in N (x°) x N (y°), i.e., the norm of the linear map D,A(x.y) is bounded

ks

(15.2.14 max DAGY) <A <
‘ ) (x.y)EN(x"ij(y”)l 2 ( )! max

where A, is a positive number.
Using (15.2.14) and the definition of 8, we can now assert that the norm of the

partial derivative of $ with respect to @ satisfies the following relations

(15.2.15)  max 1D,9@.0)|= _max ‘DzA(x" +1:Ax,m)| <M g
@ E!T_’(y“ ) ® (:ﬁ(_v" )

Now it is well known (see Lang (1983, Corollary 4.3, p.107)) that the following

mean value theorem holds
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(15.2.16) I9(1,0 + Aw) - 8(t,0) < {Acoloril;ai{]‘DZS('t,w + EAo)|

Here [9(t,0 + Aw) - 3(t,®) and |Aw| denote, respectively, the Euclidean norms of
the vectors 3(t, 0 + Aw) - 8(r,0) and Aw .

Together (15.2.16) and (15.2.15) imply that 8(r,®) satisfies the following
Lipschitz condition
(15.2.17) $(r,0) - 8@ o) <r__lo - o] foralo, in N(y°).
The Lipschitz condition (15.2.17) allows us to invoke the corollary of Theorem 3 on page
187 of Birkhoff and Rota (1969), which asserts that in the limit an approximate solution
of (15.2.13) obtained by the Euler method converges uniformly to the exact solution of
this differential equation. For our purposes an estimate of @(1) by the Euler method can
be described as follows.

Let k be a positive integer and define a finite sequence (rk',mk')kkeg in the

following manner

(15.2.18) a) % = k'/k
b) mﬂ zyﬂ

oo+ o ) ]

<07 [pG s ano”)] £
) b

=o' = A v ano0 ) 2

193



ot = " - [A(x" + rk"lm,wk"l)]{%x—], k=1,... .k

The Euler scheme defined by (15.2.18) can be used to approximate @(1) to any

desired degree of accuracy. More precisely, we have

(15219)  limo* = of1) = g(x° + Ax) = »° + &y,
k—

oo

3. Nature of the Computed Solution

The method proposed in the preceding section for computing the solution of the
model gives an answer to the following question. Suppose that y° is the solution of the
mode! when vector of exogenous variables is x°. What will be the solution of the model if
the vector of exogenous variables is x! instead? The Euler scheme, as represented by
(15.2.18) gives us an answer to this purely comparative static exercise by providing an
approximation of the exact solution y' that is associated with the vector of exogenous
variables x'.

Although our model does not have any explicit dynamics, we would like to
visualize the economy evolving from one time period to another. The driving forces
behind this motion is the growth in the labor force, technical progress, and capital
accumulation. The length of each period is assumed to be sufficiently short so that the
labor force, the capital stocks, and the production technology can be considered as

exogenous within each period.
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However, there is also enough time in each period for capital investments and
learning by doing to take place. The length of a time period is thus chosen so that the
effects of capital investments and technical change only take place in the next period. In
this fashion, the economy is assumed to be in static general equilibrium in each period,
given the exogenous variables of this period. However, in the fo.llowing period, the
economy possesses a new stock of capital, a new stock of knowledge, and a new labor
force. The static equilibrium for this period will not be the same as the static equilibrium
of the last period. The Euler scheme in the preceding section can then be used to compute
this equilibrium. If one links these static equilibria over a number of periods, one obtain a
time path for the economic development of the economy under consideration. In this
manner, our model can be used for economic planning or to assess the impact of

industrial and trade policies after some time has elapsed.
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CHAPTER 16

DATA SETS AND DATA TRANSFORMATION

1. Presentation of Data Sets

We need two sets of data for computing general equilibrium: an input-output (I0)
data set and an elasticity data set. Parameters, such as revenue, cost, and expenditure
shares are calculated through a calibration process, using the IO data set. Other
parameters, such as substitution or transformation elasticities, price elasticities,
expenditure elasticities are assumed constant and may be taken from econometric studies
or other literature. However, we may also calibrate price and expenditure elasticities
following Frisch's formula (see Frisch, 1959).

The input-output (10) data set is taken from an IO Table published by national
bureaus of statistics in many countries. The IO Table presents data in matrix form. Each
column shows intermediate and primary inputs used and obtained from its own and other
industries in the production process. Each row shows how the output of each industry is
distributed among intermediate and final demands. In addition, in its columns an IO table
also lists trade margins, transport costs, and final demands such as private consumption,
government expenditure, gross fixed capital formation, export, import, and changes in
stocks. Its rows also list indirect taxes, subsidies, and components of primary factors such

as the value of labor and capital uses, gross operating surplus, and depreciation.
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For our computations, we need an IO data set that contains 4 {four) separate files:
(a) cne for domestic transactions for both current production, final demand, and capital
formation; (b) one for import transactions for both current production, final demand, and
capital formation; (c) one for trade margins and transport costs; and (d) one for indirect
taxes and subsidies (net taxes). Domestic transactions will be free of imports, trade
margins, transport costs, and net taxes. It is unlikely that an IO Table, presented in its
usual format, is suited to cur needs. Therefore, we shall transform the data from an
ordinary IO Table into data files required by our CGE model. The method of

transformation is explained in the next section.

2. Input-Output Data Set
2.1. Indonesian Input-Output Table

We intend to apply our model to Indonesia. First, The Bureau of Statistic of
Indonesia (BSI) publishes an Input-output (IO) Table that is updated every five years. 10
Table (Volume II) contains data for both 66 and 19 sectors. For our computations, we use
the 19-sector IO Table for the year 1985, published in 1989. Moreover, we merge the
sectors "public administration and defense" into a sector called the "unspecified sector"
because the former sector contains mostly zeros in both its row and column. Therefore,
we finally have 18 sectors in our application.

The 19 sector Indonesian IO Table consists of three basic tables: (a) transactions at
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Table 16.1. Transactions at Purchasers Prices (Billion Rupiah)

ol a2 03 04 a5 o8 a7 ‘ o8 09 H
ol 132.13 131.82 0 22.29 0 0 0 6873.69 .49 0
02 0 327.80 4.11 29.43 0 10.05 0 921.72 3.36 0
03 4.43 8.41 648.51 61.838 0 06 0 2604.18 653.90 0
o4 12.47 51.55 1042 1649.23 0 16 0 49.22 37.90 G
05 56 157 11.21 7.64 9.67 13.48 1.76 8.34 1062.13 0
06 0 0 0 .69 0| 20003 0 182.29 .05 0
n7 0 0 0 03 0 8.38 640.67 3.07 769.40 5709.34
08 0 0 0 457.26 0 32.69 0 1316.19 8134 0
o9 554,37 347.24 407.62 67.18 6599 84.34 295.26 452.54 9378.17 124.89
10 34 5.94 42.27 40.07 43.57 88.24 168.03 111.51 533.16 30.66
11 0 0 7.25 11.26 3.04 1.49 4.80 35.53 194,20 41.92
12 574 937 94.18 15.42 16.03 5.87 105.86 17.95 51.01 4422
13 0 Q 0 0 0 0 0 0 0 0
14 0 .22 5.42 233 4.40 425 92.59 39.53 75.98 98.57
15 1.82 6.15 28.68 3.99 6.10 2.58 115.69 41.56 122.31 69.19
i6 58.88 22.54 74.10 30.36 19.22 27.16 550.39 186.63 274.62 139.14
17 0 0 0 0 0 0 0 0 0 0
18 4.01 6.90 62.72 10.73 35.66 6.35 180.20 39.13 7871 82.85
19 0 0 0 0 [ 0 0 6.44 8235 9.72
190 774,76 51949 1356.81 | 2409.78 ¢ 207.68| 476.60 215525 | 12894.52| 13419.069 6350.48
200 0 0 0 0 [ 0 0 0 0 0
201 132435 949.07 1091.36 598.53 24382 28L11 951.75 745.74 1941.15 294.19
202 4500.73 $526.07| 2719.75| 179526 | 1039.65|) 1296.72 | 12931.39 1704.10 5141.58 3579.57
203 8312 34.26 127.27 39.77 10937 68.05 667.88 492,68 739.37 409.03
204 57.79 40.20 22.84 30.18 11.59 10.46 20.94 677.33 306.40 4.55
205 o Y 0 0 0 0 0 0 -806.68 0
209 636599 | 6549.60| 3961.22| 2463.74 | 1404.43 | 165634 | 1457196 3619.85 7321.82 4287.34
216 714075 | 7469.09 | 5317.72| 4873.53 | 1612.11| 213294 16727.21 1651437 | 20740.90 | 10637.82

(Continued...)
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(Continued...)
Table 16.1. Transactions at Purhasers Prices (Billion Rupiah})

I 12 13 i4 15 16 17 18 19 180
o1 0 46.50 .03 0 0 0 0 30 0 7207.25
02 0 0 36 289.38 .84 0 0 38.96 ¢ 1617.01
03 0 93 27 15573 23 4] 0 4.08 0 4142.62
o4 0 0 0 678.88 1.59 0 0 47.04 0 2538.46
05 0 556.69 .08 20.89 .10 0 0 2.64 0 1696.77
06 0 0 0 185.96 76 0 0 627 0 576.05
07 104.45 1315.55 .05 01 .06 0 0 0 0 8556.02
a8 0 0 2.51 1108.12 14.87 2.49 0 61.90 0 307137
09 120.63 7218.57 217.49 165.13 287.68 179.60 0 2109.80 3.2t 22080.21
ig 791.28 1916.53 189.45 178.30 1484.86 29.21 0 102,50 323 5779.15
1 287.45 10.90 107.26 145,93 51.14 42.68 0 213.27 113 1163.25
12 50.2% 31.3% 88.40 64.99 179.65 436.63 0 111.53 0 0
I3 0 0 0 0 0 v} 0 0 0 1288.51
14 1.91 69.01 171.36 26.37 95.23 78.56 0 50.13 0 815.83
15 1472 36.74 290,34 40.44 809.05 146.83 0 89,42 1.46 1827.05
16 14,13 409.76 642.36 213.75 358.31 608.07 0 312.58 0 394198
17 0 0 0 0 0 0 0 0 0 0
18 21.86 19.77 127.33 3497 1169.50 167.60 v} 276.81 59 2350.09
19 0 .96 11.72 6.02 01 95 0 1.55 0 118,71
190 1406.72 | 1163331 184898 | 3338.86 4454.29 1692.62 0 3428.76 9.63 | 6877731
200 0 0 0 0 0 0 0 0 0 0
201 143.37 3232.80 2058.83 707.03 1741.17 1298.73 6071.4 338893 ( 13.56| 2707692
202 197.86 234216 8542.66 1342.64 2755.99 4513.36 o 1966 87 2886 | 6232522
203 53.97 399.72 489.35 234.28 1166.90 429.18 303.57 365.93 82 6214.54
204 71 248.87 873.58 170.70 82.54 165,24 0 111.50 49 2835.84
205 0 0 0 0 0 0 0 0 0 -806.68
209 395.91 6223.55 11964.43 | 245465 5746.59 6406.52 6375.0 5833.23{ 43.73| 9764588
210 1802.63 | 17856.86| 13813.41| §793.51 10200.9 8099.14 6375.0 9261.99 | 53.35| 166423.2

(Continued...)
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(Continued...)

Table 16.1. Transactions at Purhasers Prices (Billion Rupiah)

3ol 302 303 304 305 306 309 310 401 402
o 0 0 63.19 79.86 0 143.05 7350.30 0 0
02 8310.66 0 3594 64.58 0 8411.1%8 10028.19 421.97 .20
03 1211.24 3.99 77.84 1473.52 0 2766.59 6909.21 37206 .95
04 3107.60 .04 .54 40.66 34.03 0 3182.87 5721.32 14.75 06
a5 396.42 Y 0 71.46 124.74 0 592.61 2289.38 3.40 .03
06 2366.96 0 0 12.32 MmN 0 2651.99 3228.04 1.17 02
a7 2.10 0 ¢l 30051 9799.36 0 10102.38 18658391 1157.50 73
08 15758.33 0 0] 11871 191.02 2 16068.06 19145.42 21157 4,21
o9 587543 71820 545830 352.07 4105.39 49,26 16558.65 38638.86 | 9658.58| 201.8
10 1652.19 181.71 0 «96.83 4983.54 0 6720.59 12499.74 476.64 4.19
11 522.24 117.13 0 0 0 0 639.37 1802.63 0 0
12 0 374.21 161%94.1 0 0 0 16568.35 17856.86 0 ¢
13 0 0 0 0 0 0 0 0 0 0
14 4544.43 651.76 0 9 [ 212,74 5408.92 6224.76 0 0
15 391394 330.23 0 0 0 571.56 481574 6642.79 0 0
16 416237 377.02 0 0 0 522.71 5062.09 5004.07 3.65 .04
17 0| 6375.00 0 0 0 0 6375.00 6375.00 0 0
13 539518 229671 126.73 0 2.04 ¢ 7820.66 10170.74 57 14
19 -17.68 -25.90 0 0 3547 4} -8.11 111.40 55.77 1.00
190 £7201.40| 134001} 217797 97623 2116627 1356.27 113879.97 | 182657.29| 12382.8| 213.4
200 0 0 0 0 0 0 0 0 0 0

200
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(Continued...)

Table 16.1. Transactions at Purchasers Prices (Billion Rupiah)

403 404 409 501 502 563 509 600 706
H 0 ¢ 0 186.37 0 23.17 209.55 7140.75 7350.30
02 6.72 0 428.89 903.91 872.38 353.93 2130.21 7465.09 10028.19
03 4.78 0 379 842.15 89.89 281.67 1213.70 31112 6909.21
04 46 0 15.26 446.68 23691 148.95 $32.53 4873.53 572132
05 .18 0 361 454.80 48.88 129.99 673.67 1612.11 228938
86 15 0 1.34 362.90 367.10 163.76 1093.76 2132.94 3228.04
a7 8.8l 0 1667.03 558.98 .89 204.30 764.16 16727.21 18658.39
08 13.66 0 22943 i113.12 677.31 609.19 2401.63 16514.37 19145.42
09 507.30| 207.37 10575.1 4865.39 580.52 1876.58 7322.89 20740.90 38638.86
10 3.24 0 484.07 691.51 271.74 414.60 1377.85 10637.82 12499.74
11 0 0 0 0 0 0 0 1802.63 1802.63
12 0 0 0 0 0 0 0 17856.86 17856.86
13 0 0 0| -10667.79] -3145.61 0 -13813.4 13813.41 0
14 0] 431.24 431.24 0 0 0 9 5793.51 6224.76
15 0] 648.43 648.43 0 0 -4206.52 ~4206.52 10200.38 6642.79
16 061 %0117 904.54 0 0 0 0 8099.14 9004.07
17 0 0 0 0 0 0 0 6375.00 6375.00
18 44| 90246 908.75 0 [y} 0 0 9261.99 10170.74
19 1.47 0 58.25 0 0 0 0 53.35 111.60
190 547271 3090.7] 162341 0 0 0 0 166423.19 182657.29
200 0 0 0 0 0 0 0 0 0

Source: Indonesian Input-Output Table, 1985, Vol. 1, Central Bureau of Statistic, the

Republic of Indonesia

Abbreviations:
01 = Paddy; 02 = Other farm food crops; 03 = Other crops, 04 = Livestock and its product;

05 = Forestry; 36 = Fishery; 07 = Mining and quarrying; 08 = Manufacture of tood, beverage, and
tobacco; 09 = Other manufacturing industries, 10 = Petroleum refinery; 11 = Electricity, gas, and
water; 12 = Construction and building; 13 = Trade; 14 = Restaurant and hotel; 15 =
Transportation and communication; 16 = Financial institution, real estate, and business services;
17 = Public administration and defense; 18 = Other services; 19 = Unspecified sector; 190 = Total
intermediate input; 200 = Import; 201 = Wage and salary; 202 = Operating surplus; 203 =
Depreciation; 204 = Indirect tax; 205 = Subsidy; 209 = Gross value added; 210 = Total input; 180 =
Total intermediate demand; 301 = Private consumption (C); 302 = Government consumption (G),
303 = Cross fixed capital formation (GFCF); 304 = Change in stock; 305 = Export of goods; 306
= Export of services; 309 = Total final demands; 401 = Import of goods; 402 = Import sale tax;
403 = Import duty; 404 = Import of services; 409 = Total import; 501 = Wholesale trade margins;
502 = Retail trade margins; 503 = Transport costs; 509 = Total trade margins and transport costs;
600 = Total output; and 700 = Total supply.
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Table 16.2. Transactions at Producers Prices (Billion Rupiah)

o1 a2 03 o4 o5 06 07 o8 09 i0
o 130.15 123.25 0 21.71 0 0 0} 667540 .48 0
02 0 302.42 3.25 24.54 0 95 0 850.42 276 0
03 418 177 372.51 34 0 035 ol 217518 36072 0
o4 10.67 44.75 8.63| 141490 0 13 0 39.39 33.30 0
o8 39 112 8.01 3.3% 8.40 9.48 1.28 6.47| 73779 0
o6 0 e 0 42 0 131.06 0 112.48 03 0
07 0 0 0 01 0 4.20 640.13 409 | 62711} 5708.74
08 0 0 0 378.83 0 26.16 0] 113423 6693 0
a9 304.82 313.00 347.09 49.36 52.26 75.85 247.43 341.36| 799452 103.19
19 28 4.92 3501 33.40 36.58 73.86 142.03 93.43 462.32 27.90
1 0 0 7.25 11.26 3.04 1.49 4.80 35.53 194.20 41.92
12 5.74 937 54.18 15.42 16.03 5.87 105.86 17.95 51.01 44.21
13 41.27 55.28 114.78 270.15 16.87 82.20 57.35 839.85| 15359.43 19.22
14 0 22 5.42 233 4.40 4.25 92.59 39.53 73.98 98.37
15 14.37 22.96 63.59 86.16 11.23 27.56 133.14 297.00 596.82 75.03
16 38.88 22.54 74.10 30.36 19.22 27.16 550.39 186.63 274.62 139.14
17 0 0 0 0 0 0 0 0 4] 0
18 4.01 6.40 62.72 10.73 39.66 6.35 180.20 39.13 78.71 7285
19 0 0 0 0 0 0 0 6.44 82.35 9.72
190 774.76 919,49 | 1356.51| 2409.78| 207.68| 476.60 2155.25| 12894.5| 13419.1] 6330.48
200 L] 0 0 0 0 0 0 0 0 0
201 1324.35 949.07 1091.36 598531 243.82| 28111 951.75 745.74 | 1941.15 254.19
202 4900.73 | 5326.071 2717.75] 179526 1039.65| 1296.72 12931.4 1704.1¢| 5141.58| 3579.37
203 83.12 34.26 127.27 35.77 10937 68.05 667.88 492,68 73937 40%.03
204 5119 40.20 22.84 3018 11.59 10.46 20.94 677.33 306.40 4.55
205 0 0 0 0 ] 0 0 0f -306.68 0
209 636599 | 6549.60| 3961.22| 2463.74 ° 1404.43 | 1656.34 | 1457196 | 3619.35| 7321.82 | 423734
210 7140.75 | 7469.09{ 531772 4873.53 | 1612.11 | 2132.94 16727.2 | 16514.4{ 26740.9| 10637.8

(Continued...)
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Table 16.2. Transactions at Producers Prices (Billion Rupiah)

11 2 13 14 15 16 17 18 19 180
01 1] 45.18 03 0 1] 4] 0 29 0 7001.49
02 o 0 27| 21507 61 0 0| 25.73 0 1430.08
03 0 87 22| 12880 20 0 0 341 G| 350863
04 0 ) 0| 57444 133 0 0] 3981 0| 216734
05 0y 390.17 06| 1466 07 0 0 186 0 1205.14
06 ) 0 0] 13209 49 ) 0 478 0 381.36
07 10082 72711 02 01 05 0 0 0 0] 781234
08 0 0 205| 91878 1138 177 9| 5409 ol 259369
09 91.58| 5299.27 164.84 | 12767| 23848 15215 O 169969| 263 1782522
10 680.43 | 162596|  156.19| 14762 125472|  24.53 0| 8576| 2.79|  4887.73
i1 287.43 10.70 107.26| 14993 5114|4268 0] 21327 113 1163.25
12 50.29 31.39 88.40| 64.99| 179.65| 43663 O 111.53 0 1288.51
13 110.05 | 2274.45 6636] 40163 | 202181 2517 0| 34817] 79| 64852l
14 191 69.01 17136 | 2637 9533|  78.56 0| s0.13 0 815,83
15 a8I18|  72850] 31032| 162.55| 870.55] 134.49 o 19531 170 379971
16 1413 | 40976  64236| Z213.75| 35831 608.07 0] 31258 0| 3941.98
17 0 0 0 0 0 0 0 0 0 0
18 2184 1977| 12733 | 5497| 116990| 167.60 C| 27681 59| 235009
19 0 94 11.72 5.02 01 95 0 1.55 o 119.71
190 190672 | 1163331] 1848.98 | 333886 4454.29| 1692.62 0| 3428.76| 9.63| 6817731
200 ] 0 0 0 ) 0 0 0 0 0
201 12337 | 3232.80| 205883 | 70703{ 1741.17| 1298.73| 6071.43| 338893 13.56] 2707652
202 19786 | 234216| 854266 | 134264| 275599 4513.36 0| 196687 2885| 62325.22
203 5398 | 30072  48935| 23428| 116690| 429.18| 303.57| 36593 82| 621454
204 K] 24837|  873.58| 170.70 8253 | 16524 0] 111.50] 49| 283589
205 0 0 0 0 0 0 o 0 0 $06.64
209 35551  6223.55| 1196443 | 245465| 5746.59| 640652| 637500] 583323 43.73| 9764588
210 1802.63 | 17856.86| 13813.41 | 5793.51| 1020088 | 8099.14] 637500 926199 5335| 166423.19
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(Continued...)
Table 16.2. Transactions at Producers Prices (Billion Rupiah)

301 302 303 304 305 306 309 310 401 402

ol 0 0 0 61.68 71.58 0 139.26 7140.75 0 0
02 6281.12 0 0 34.92 51.86 0 6467.89 7897.98 421.97 .20
03 988.54 3;76 0 6779 1126.81 0 2186.89 5695.52 372.06 95
04 2655.21 03 47 35.57 30.16 0 2721.45 4888.79 14.75 06
05 258.78 0 0 64,19 §7.61 0 410.57 1615.71 3.40 .03
o5 1566.66 0 0 9.49 176.77 0 1752.92 2134.28 117 20
07 21 0 0 299.671 978201 0 10081.96 17894.23 1157.50 73
08 13882.99 0 0 106.90 160.21 0 14150.10 16743.80 211.57 4.21
09 4603.26 563.94 | 4634.56 313.90 3325.84 49.26 13490.75 3131597 9658.52} 201.82
10 1382.51 152.84 o -1i423 4813.05 0 6234.16 11121.89 476.64 4.19
1 52224 117.13 0 0 0 0 639.37 1802.63 0 0
12 0 374.21| 16194.14 0 0 0 16568.35 17856.36 0 0
13 533421 140.63 631.68 73.89 1147.78 G 7328.20 13813.41 0 ]
14 4544.43 651.76 0 0 0 21274 5408.92 6224.76 0 0
IS 5541.38 372.97 192.12 22.48 349.09 571.56 7049.60 10845.31 0 0
16 4162.37 377.02 0 0 0 522,71 5062.09 9004.07 3.65 04
17 0| 6375.00 0 0 0 0 6375.00 6375.00 0 0
18 5395.18| 2296.71 126.73 0 2.04 0 7820.66 10170.74 57 14
19 -17.68 -25.90 0 0 35.47 0 -8.11 111.60 55.77 1.00
190 57201.40 | 11400.10 21779.70 976.23 | 21166.27 | 1356.27| 113879.97| 18265729 12382.77§ 21336
200 0 0 0 0 0 0 0 0 0 0

(Continued...)
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(Continued...)  Table 16.2. Transactions at Producers Prices (Billion Rupiah)

402 404 409 501 502 503 309 608 760
[ ] 0 0 0 0 0 0 7140.75 T140.75
174 6.72 0 428.8% 0 0 0 0 746%9.09 7897.98
03 4.78 0 e 0 0 0 0 53171.72 5695.52
o4 46 0 15.26 0 ¢ 0 0 4873.53 4888.79
05 .18 0 16 0 0 0 0 1612.11 1615.71
06 .15 0 134 0 0 0 0 213294 2134.28
07 881 0 1167.03 0 0 0 0 16727.21 17894.23
o8 13.66 0 229.43 0 ¢ 0 0 16514.37 16743.80
o9 507.30 207.37 10575.07 0 0 0 0 20740.50 3131597
10 3.24 0 484.07 0 0 o 0 10637.82 11121.8%
11 0 0 0 0 0 0 0 1802.63 1802.63
12 Q 0 0 0 0 0 0 17856.86 17856.86
13 0 0 0 0 0 0 0 13813.41 13813.41
14 ¢ 431.24 431.24 0 0 0 0 5793.51 6224.76
15 0 648.43 548.43 0 0 0 0 10200.88 10849.31
16 06 901.17 904.94 0 0 0 0 £099.14 900407
17 0 0 0 0 0 0 0 6375.00 6375.00
18 44 902.46 908.75 0 0 0 ) 9261.99 10170.74
19 1.47 0 5825 0 a 0 0 53.35 111.60
190 547.27 3090.68 16234.1 0 0 L 0| 166423.19 182657.29
200 0 0 0 0 0 0 0 0 0

Source: Indonesian Input-Qutput Table, 1985, Vol. 1, Central Bureau of Statistic, the
Republic of Indonesia

Abreviations:

01 = Paddy; 02 = Other farm food crops; 03 = Other crops; 04 = Livestock and its product;

05 = Forestry; 06 = Fishery; 07 = Mining and quarrying; 08 = Manufacture of food, beverage, and
tobacco; 09 = Other manufacturing industries; 10 = Petroleum refinery; 11 = Electricity, gas, and
water; 12 = Construction and building; 13 = Trade; 14 = Restaurant and hotel; 15=
Transportation and communication; 16 = Financial institution, real estate, and business services;
17 = Public administration and defence; 18 = Other services; 19 = Unspecified sector; 190 = Total
intermediate input; 200 = Import; 201 = Wage and salary; 202 = Operating surplus; 203 =
Depreciation; 204 = Indirect tax; 205 = Subsidy; 209 = Gross value added; 210 = Total input; 180 =
Total intermediate demand; 301 = Private consumption (C); 302 = Government consumption (G},
303 = Gross fixed capital formation (GFCF); 304 = Change in stock; 305 = Export of goods; 306
= Export of services; 309 = Total final demands; 401 = Import of goods; 402 = Import sale tax;
403 = Import duty; 404 = Import of services; 409 = Total import; 501 = Wholesale trade margins;
502 = Retail trade margins; 503 = Transport costs; 509 = Total trade margins and transport costs;
600 = Total output; and 700 = Total supply.
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Table 16.3. Domestic Transactions at Producers Prices (Billion Rupiah)

61 62 03 o4 05 06 87 08 a9 17
o 130.15 128.25 0 21.72 0 0 0| 667540 48 0
02 0 182087 323 24.64 0 95 0 484.56 276 ¢
03 4.18 777 572.05 54.25 0 .05 0] 2086.14 335.28 0
04 10.67 44,75 863 141092 0 A3 0 39.12 32.19 0
o5 39 1.12 8.01 5.39 8.40 9.49 1.28 6.47 754,30 0
[ 0 0 0 42 0 131.06 0 112.31 02 0
a7 0 0 0 .01 0 420 639.94 3.70 43198 4749.16
08 0 0 0 340.50 0 2597 0| 1083.26 50.14 0
09 437.45 270.42 306.72 48.80 38.57 75.42 138.95 25835 | 3695.63 64.35
H 28 4.80 33.85 31.26 35.57 68.03 125.02 80.94 404.41 26.08
i1 0 0 7.25 11.26 3.04 1.49 4.80 35.53 194.20 41.92
12 5.74 937 54.18 15.42 16.03 5.87 105.86 17.95 51.01 44.72
13 41.27 5528 114.78 270.15 16.87 82.20 5735 839.835 | 1558.45 19.22
4 0 22 5.39 2.33 435 425 91.14 3871 72.59 91.60
15 14.37 2297 63.55 86.16 11.17 21.56 127.22 296.41 594.44 69.95
i6 58.88 22.54 74.10 30.36 19.22 27.16 477.16 185.71 262.32 120.19
17 0 0 0 0 0 0 0 0 0 0
18 4.01 6.90 62.72 10.73 39.66 6.35 180.20 35.13 78.71 82.85
19 0 0 0 0 0 0 0 6.44 42.54 9.72
190 727.39 86836 | 1314.45| 2364.70| 19286 47021 1948.92| 12289.99| 856243 | 5319.26
200 4737 51.13 42.05 45.08 14.82 6.40 206.34 604.54 | 4856.65| 1031.22
201 132435 949.07| 1091.36 598.53{ 24382 281.11 951.75 745.74 | 194115 294.19
202 4900.73 1 5526.07| 2719.75| 179526 | 1039.65 | 120672 12931.4] 170410 5141.58| 3579.57
203 83.12 34.26 127.27 39.77 109.37 68.05 667.88 492.68 739.37 409.03
204 57.79 40,20 22.84 30.18 11.59 10.46 20.94 677.33 306.40 4,55
205 0 0 0 0 0 0 0 0 0 0
209 6365.99 | 6549.60| 3961.22| 2463.74 | 140443 | 1656.34| 14571.9] 3619.85| 7321.82| 428734
210 714075 | 7469.09| 531772 4873.53 | 1612.11| 2132.94] 16727.2 | 1651437| 207409 | 10637.8

(Continued...)
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(Continued...)

Table 16.3. Domestic Transactions at Producers Prices (Billion Rupiah)

11 12 13 14 15 16 17 18 19 180
01 0 45.18 .02 0 0 0 0 .29 0 7001.49
02 0 0 27 21228 61 0 0 29.49 0 1052.76
03 0 37 22 124.82 20 0 0 34 0 38923
o4 0 0 0 574.09 133 0 0 39.69 0 2161.51
05 0 390.17 .06 14.65 07 0 0 1.86 0 1201.65
06 0 0 0 13174 49 0 0 478 0 380.82
87 10045 721.99 02 £1 .05 0 0 0 0 6651.51
08 0 0 205 894,13 1138 v77 ] 53.96 0 2463.56
09 73.16 3924.55 141.09 11%.25 158.60 80.71 0| 120548 263 11060.14
19 635.20 1512.95 144.21 136.88 1145.67 22.89 0 74.76 279 4485.61
h¥ 287.45 10.50 107.26 149,93 51.14 42.68 0 213.27 113 1163.25
i2 50.29 31.39 38.40 64.99 179.65% 436.63 a 111.53 o 1288.51
13 11005 2274.45 66.36 401.63 202.18 25.17 0 348.17 79 6485.21
14 1.91 65.19 135.50 24.7 86.34 74.06 0 481.16 0 746.45
15 4797 727,65 294.68 161.03 728.86 148.64 0 194.10 170 3618.42
i6 13.65 321.98 467,78 185.25 286.00 410.92 0 303.23 0 3266.46
17 0 0 0 0 0 0 0 0 0 0
18 21.86 19.77 127.33 54.97 1169.90 167.60 0 169.89 .59 2243.16
9 ] 96 0 5.11 .0 22 0 1.55 0 66.55
190 1341.99 {1 10048.01 | 157524 | 325548 4022.46 | 141129 0] 2803.63 9.63 58526.29
200 64.72 1585.30 273.74 83.38 431.83 281.33 0 625.13 0 10251.02
201 143.37 323278 | 2053.83 707.03 1741.17| 125873} 30714 | 338893| 13.56 27076.92
202 197.86 2342.16 | 854266 | 134264 275599 4513.36 0| 1966.87§ 2836 62325.22
203 53.98 399.72 489.35 234.28 1166,90 429.18 | 303.57 2635.93 .82 6214.54
204 T 248,87 873.58 170.70 82.54 165.24 0 111.50 49 2815.8%
205 0 0 0 0 0 0 0 0 0 -806.63
209 39551 6223.55| 11964.4) 2454.65 5746.59 | 6406.52| 63750 5833.23| 43.73 97645.88
210 1802.63 1785636 | 13813.4| 579351 | 10200.88] 8099.14| 63750 9261.99| 53.35| 166423.19

(Continued...)
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Continued...)

Table 16.3. Domestic Transactions at Producers Prices (Billion Rupiah)

201 362 3063 304 305 306 309 310 401 462
o1 0 0 0 61.68 T7.58 0 139.26 7140.75 0 0
02 633435 0 0 30.12 51.86 0 6416.33 7469.09 0 0
03 936.28 3.76 0 61.64| 112681 ) 2128.49 5317.72 0 0
04 2654.61 0 33 26.91 30.16 0 2712.01 4873.53 0 0
05 758.66 0 0 64.19 87.61 0 210.46 1612.11 0 0
05 1565.86 0 0 949 | 176.47 0 1752.13 2132.94 0 0
07 21 0 0| 203.48| 973201 0| 10075.70] 1672721 0 0
08 13787.38 0 0| 10322] 16021 0| 1405081 1651437 0 0
09 2057801 387.53] 1670.76| 189.47| 332584 49.26 968076 | 20740.90 0 0
10 1320.77 | 139.43 0| -12104| 4813.05 0 615221 | 10637.82 0 0
11 522.24| 117.13 0 0 0 0 63937 1802.63 ] 0
12 0| 37421 16194.14 0 0 0| 1656835 17856.86 0 0
13 533421 | 14063 | 63168 7389| 1147.78 0 7328201 1381341 0 0
7] 430206 | 53228 0 0 o| 21274 5047.07 5793.51 0 0
] S124.20| 32300 19212 2248 349.09] 571356 658245 | 1020088 0 ol
16 a002.29| 307.68 0 0 0| s2271 3832.68 809914 0 0
17 o[ 637500 0 0 0 0 6375.00 6375.00 0 0
18 259035 | 2296.70| 126,73 0 2.04 0 7018.82 9261.99 0 0
19 2277 2590 a 0 35.47 0 13.20 53.35 0 0
190 | 54771.60 | 10971.47 | 18815.76 | 81553 | 21166.27| 1356.27( 10789690 166423.19 0 0
200 241981 | 428.63 | 296394} 160.70 0 0 SO85.08 | 16234.10| 12382.77] 21338

(Continued...)
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(Continued...)  Table 16.3. Domestic Transactions at Producers Prices (Billion Rupiah)

403 404 409 501 502 S0 509 (14 700
o1 0 0 0 0 0 0 0 7140.75 7140.75
az 0 0 0 0 0 0 0 7469.09 7469.0%
03 0 0 0 0 0 0 0 5317.72 5317.72
o4 0 Y 0 0 0 0 0 4873.53 4873.53
o5 0 0 0 0 0 0 0 1612.11 1612.11
06 0 0 0 0 [ 0 0 2132.94 2132.94
o7 0 0 0 0 0 0 0 16727.21 16727.21
08 0 0 0 0 0 0 0 16514.37 16514.37
o9 0 0 0 0 0 0 0 20740.90 20740.90
16 0 0 0 0 0 0 0 10637.82 10637.82
11 0 0 Q 0 0 0 0 1802.63 1802.63
i2 0 ¢ 0 0 0 0 0 17856.86 17856.86
13 0 0 0 0 0 0 0 13813.41 13813.41
14 0 0 0 0 0 0 0 5793.51 5793.51
15 0 0 0 0 0 0 0 10200.88 10200.88
I6 0 0 0 0 0 0 Q 8099.14 8099.14
17 0 0 0 0 0 0 0 63743.00 63745.00
18 0 0 0 0 0 0 0 9261.99 9261.99
19 0 ¢ 0 0 0 0 0 53.35 53.35
190 0 0 0 0 0 0 0 166423.19 166423.19
200 547.27 3090.68 16234.1 0 0 0 0 0 16234.10

Source: Indonesian Input-Output Table, 1985, Vol. 1, Central Bureau of Statistic, the
Republic of Indonesia

Abbrewviations:

01 = Paddy; 02 = Other farm food crops; 03 = Other crops; 04 = Livestock and its product;

05 = Forestry; 06 = Fishery; 07 = Mining and quarrying; 08 = Manufacture of food, beverage, and
tobacco; 09 = Other manufacturing industries; 10 = Petroleum refinery; 11 = Electricity, gas, and
water, 12 = Construction and building; 13 = Trade; 14 = Restaurant and hotel; 15 =
Transportation and communicaticn; 16 = Financial institution, real estate, and business services;
17 = Public administration and defense; 18 = Other services; 19 = Unspecified sector; 190 = Total
intermediate input; 200 = Import; 201 = Wage and salary, 202 = Operating surplus; 203 =
Depreciation; 204 = Indirect tax; 205 = Subsidy; 209 = Gross value added; 210 = Total input, 180 =
Tota! intermediate demand; 301 = Private consumption {(C); 302 = Government consumption (G),
303 = Gross fixed capital formation (GFCF); 304 = Change in stock; 305 = Export of goods; 306
= Export of services; 309 = Total final demands; 401 = Import of goods; 402 = Import sale tax;
403 = Import duty, 404 = Import of services; 409 = Total import; 501 = Wholesale trade margins;
502 = Retail trade margins; 503 = Transport costs; 509 = Total trade margins and transport costs,
600 = Total output; and 700 = Total supply.
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purchasers’ prices (Table 16.1}, (b) transactions at producers’ prices (Table 16.2); (¢)
domestic transactions at producers' prices (Table 16.3). Table 16.1 includes import
transactions, trade margins, transport costs, and taxes. Table 16.2 includes domestic and
import transactions at producers' prices. Table 16.3 contains data on domestic transactions
at basic (producers) prices. Transaction for capital formation appears in only one column
in all three tables. All three tables are far from meeting the requirements of our

computations.

2.2. Data Transformation

Prior to data transformation, each of the three tables taken from the Indonesian IO
Table is reorganized so that the order of industries and commodities meets our needs.
Industries and commodities are listed in the following order:

01. Paddy

02. Other farm food and crops

03. Other crops

04. Livestock and its products

05. Forest products

06. Fishery

07. Mining and quarrying

08. Manufacture of other products not elsewhere classified
09. Electricity, gas, and water supply

10. Construction and building

11. Trade

12. Restaurant and hotel

13. Financia! intermediaries, real estate, and business services
14. Other services

15. Unspecified sector

16. Transport and communication

17. Manufacture of food, beverages, and cigarettes

18. Petroleum refinery

210



Basically the difference between the original list and our current list is only for
industries or commodities 8, 10, 15, and 17. Considering the list of industries in Table
16.1 - 16.3, we observe that industries 8, 10, and 15 are now, respectively, called
industries, 17, 18, and 16, whereas industry 17 is now assimilated into industry 15 which is
originally named as industry 19. After moving these industries and reordering all the other
industries, we finally arrive at the above list.

The first 15 industries or commodities are presumed perfectly competitive while
the last three industries or commodities are imperfectly competitive. Unlike industries
under perfect competition, imperfectly competitive industries are considered more
concentrated or perhaps face more institutional arrangements such as government
regulations,

We begin the transformation of data from these three tables by listing the industries
and final demands in the rows and the commodities, primary factors, and other costs in the
columns (see Figure 16.1). The process of transformation then continues with the
following steps.

First, we form two matrices on domestic transactions, called: (1) XCGE],
commodities used for current production (Xj1), consumption (C;), government
expenditure (G;;), and export (E;1); and (2) INV1, commodities used for capital formation
(I;;1). Considering Table 16.3, we can easily generate matrix XCGE1, whose order is 21 x
18, by first taking out two columns on gross fixed capital formation and changes in stocks.

We then take from the rows trade margins and transportation and communication the

211



values of the commodities that are not used as intermediate inputs, such as commodities
that are used purely as trade margins and transport costs. In other words, matrix XCGE1
contains only the values of domestic transactions for intermediate inputs and some
components of the final demands. In creating matrix INV1, we begin by taking the sum of
the two columns gross fixed capital formation and change in stock and cali the result I;.

Next we calculate the share of each commodity j1 used as intermediate inputs for current

production (Xj;/Xj,, where Xﬂ = Zj; ] X',ﬂ) by every industry. This share is then

multiplied by I; to form the matrix INV1 whose size is of 18 x 18. For instance, for
commodity 12 (construction and building), considering row 12 of Table 163, L =
16,194.14. This number is computed by summing gross fixed capital formation ( column
303, that is 16,194.14) and changes in stocks (column 304, that is 0). The share of
commodity 12 used as intermediate inputs by industry 17 is 0.0139, that is 17.95/1288.51
(the sum of intermediate use of commodity 12 (see column 180) is 1288.51 out of which,
17.95, is used by industry 8 (see column 8)). Therefore, the entry in the matrix INV1 (at
row 17, column 10 after reordering the rows and columns) is 225.09, that is 0.0139 x
16,194.14. That means commodity 10 contributes 225.09 as inputs for capital formations

in industry 17.
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Second, we form two separate matrices for imports, namely: (1) XCG2, for
transaction on imported intermediate inputs used for current production { Xi2)
consumption (Cj;), and government expenditure (Gj2); and (2) INV2, for capital formation
(liiz). XCG2 can be formed by taking the difference between the second and the third IO
tables and taking out both columns on: gross fixed capital formation and change in stock.
Therefore the order of matrix XCG2 is 20 x 18. By the same process as for the.domestic
transactions, matrix INV2 can be
formed by first computing the share of each commodity j2 flowing as intermediate inputs
for current production (X;»/X;2) by every industry. This share is then multiplied by Ij to
form INV2. The order of INV2 is 18 x 18.

Third, we form eight matrices for margins: (1) one for trade margins from
transactions of domestically produced commodities (j1) used for current production by all
inductes, private consumption, government consumption, and export (TMCP1); (2) one
for trade margins from transactions of imported commodities (j2) used for current
production by all industries, private consumption, government consumption, and export
(TMCP2); (3) one for trade margins from transactions of domestically produced
commodities (j1) used as intermediate inputs for capital formation (TMINV1); (4) one for
trade margins from transactions of imported commodities (j2) used as intermediate inputs
by all industries for capital formation{TMINV2); (5) one for transport costs margins
needed to deliver domestically produced commodities (j1) used for current production,

consumption, government consumption, and export (TCCP1); (6) one for transport costs

214



margins needed to deliver imported commodity (j2) used for current production,
consumption, government consumption, and export (TCCP2); (7) one for transport costs
margins needed to deliver domestically produced commodities (j1) used as intermediate
inputs for capital formation (TCINV1); and (8) one for transport cost margins needed to
deliver imported commodities (j2) used as intermediate inputs for capital formation
(TCINV2).

We begin by third step forming a matrix, called MT1 whose order is 20 x 18, for
trade margins combined with transport costs. This matrix is calculated by taking the
difference between Tables 16.1 and 16.2 of the Indonesian I0 Table. Next, we need to
divide the matrix MT1 into two matrices, one for trade margins called TM and one for
transport costs called TC. Considering Table 16.3, we note that there is two columns for
trade margins (columns 501 and 502) and one for transport costs {(column 503). The row
sums of these three columns are shown in column 509. We form matrix TM for trade
margins by first taking the share of both trade margins (columns 501 plus 502) and
transport costs (column 503) in the total trade margins and transport costs (column 509).
Then, we multiply this share with each data entry in matrix MT1.

Subsequently, we can form matrix TC for transport costs by taking the share of
each data entry in column 502 from row sum of MT1 and multiplying this share with each
data entry in matrix MT1. Also, note that the uses of trade margins and transport costs by
each component of final demands (including gross fixed capital formation and changes in

stocks) appear in the last five columns of TM and TC, whose orders are 23 x 18. From
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both TM and TC we shall set apart transactions of intermediate inputs flowing for current
productions from those flowing for capital formations. The matrix for trade margins used
for current production, called TMCP, is created by taking out from matrix ™™ the
columns of gross fixed capital formation and changes in stocks. Following the same
procedures we use to create TMCP, we can form the matrix for transport costs used for
current production, called TCCP. Both TMCP and TCCP have order of 21 x 18.

Next, we need to form a matrix on trade margins used for capital formation, called
TMINV. First, we need to sum both columns of gross fixed capital formations and
changes in stocks that appear in TM. Then we follow the same procedures used to form
matrix INV1 to generate matrix TMINV. Finally, Following the same procedures used to
form TMINV, we can create a matrix on transport costs used for capital formation, called
TCINV. Both TMINV and TCINV have the same orders of 18 x 18.

After forming matrices TMCP, TMINV, TCCP, and TCINV, we then create two
matrices from each of the above matrices to distinguish import-related transactions from
domestic transactions. First, we need to calculate the shares of domestic and imported
commodities in total intermediate inputs, consumption, and government expenditure.
These shares can be calculated by taking, respectively, the ratios of XCGE1 and XCG2 to
the sum of XCGE!1 and XCG2. For capital formation, we use, respectively, the ratios of
INV1 and INV2 to the sum of INV1 and INV2. The calculated domestic shares are then
multiplied by each of above matrices to form, respectively, TMCP1, TMINV1, TCCPI,

and TCINV1. Accordingly, we multiply the import shares by each above matrix to form,
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respectively, TMCP2, TMINV2, TCCP2, and TCINV2. The orders of TMCP1 and
TCCP1 are 21 x 18, TMCP2 and TCCP2 are 20 x 18, and TMINV1, TMINV2, TCINV]1,
and TCINV2 are 18 x 18.

The last data file required is for indirect taxes and subsidies. This file contains net
taxes for domestic and import flows in both current production and capital formation.
From the 10 Table we obtain rows for indirect taxes and subsidies and columns for taxes
on imports. We, therefore, need to form 4 matrices for net taxes: (1) TAXCPI, net taxes
on domestic flows for current production, consumption, government consumption, and
export; (2) TAXINVI, net taxes on domsstic flows for capital formation; (3) TAXCP2,
net taxes on import flows for current production, consumption, government consumption,
and export; (4) TAXINV2, net tax on import flows for capital formation.

Matrix TAXCP1 is formed by, first, taking the share of commodity j1 in total use

of domestic intermediate inputs by industry i (Xy/Xi, where X, = }:f-": ! X'J. ;)

Considering Table 16.3, this share is muitiplied with the rows for the net taxes (rows 204 -

205). Matrix TAXINV1 can be formed by first taking the share (I;/Ii, where

I = Zj?; p Iy, ;) and then multiply this share with the net taxes. For import flow we can

form TAXCP2 by first taking the share of commodity j2 from the total use of j2 by all
industries (X;2/Xj, where ij = Z:; ] X{j2) and then multiply this share with the

column of import taxes in Table 16.3. Similar to the procedures used to create TAXINV1,

we can form TAXINV2 by first calculating the share of commodity j2 for capital
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formations (1;2/L;, where [ = v 1..,) and then this share is multiplied with the column

for import taxes. Finally, we note that all these matrices now conform to the specification
of Figure 16.1. That is, as mentioned in the beginning of this section, the original rows
become columns and the original columns become rows, and the order of industries or

commodities follows the above list.

3. Elasticities Data Set

Some elasticities, such as price and expenditure elasticities are calculated from 10
data sets, using the Frisch formula. Other elasticities, such as elasticities of substitutions
between import and domestic output, transformation elasticities, elasticities of substitution
between primary factors, and export elasticities are fixed and adapted from other studies
and research publications. It is unavoidable that these data sets may not be suitable for our
studies. Therefore, policy recommendations, when it comes to the level of magnitudes,
would have been more suitable as these data sets improve, especially with respect to
quality. We then forewarn the readers to interpret cautiously the result of our simulations.

As for data on elasticity of substitution between import and domestic commodities
(oXy) it is fixed, 6X; = 2 for all commodities under perfect competition and 6Xj; = 1 for
all commodities under imperfect competition. For Indonesia, this data is also used by
Trewin et al (1993). Data on elasticities of substitution between primary factors (6Xj-1)
is chosen to be oXgj+9 = 0.5 for all factors and industries. In his detailed literature

survey, Caddy (1976) pointed out that there is little basis for assigning different values to
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different industries. The same value was also adopted by Trewin et al (op cit) for
Indonesia. We also choose to fix the reciprocal export elasticity, €;; at 0.05. This value is
considered to be reasonable since Indonesia has not played a major role in the world

eXpOrts.

4. Indonesia's Economy and Sectpral Relative Importance

Indonesia, with a population estimated at 186.00 million in 1992 (or 164.05 million
in 1985), is the fourth most populous country in the world. Situated between the Asian
and Australian continents, it extends over part of the world's largest archipelago with the
area approximately of 1,92 million square kilometers comprising approximately 13,700
islands, of which 6000 are inhabited.

Agriculture, including forestry and fishing, is the dominant economic sector in
1985, accounting for 22.8 percent of GDP. Manufacturing sector is the second largest
sector, accounting for 15.5% of GDP. While GDP grows by more than 6% per annum
between 1985 and 1990, Manufacturing continues to be one of the most rapidly growing
of Indonesia's major economic sector. Manufacturing becomes the dominant sector in
1990, accounting for 20.3% of GDP. Agriculture is thus the second largest sector,
accounting for 19.8% of GDP.

In 1985, Gross Domestic Product (GDP) at current market prices amounted to Rp.
98,406.52 billion. Indonesia has been increasingly involving through trade with a

numerous countries in the world. Net export -- export minus import -- is estimated to
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amount to 7,049 billion rupiah in 1985 which then declined to 3,243 billion rupiah. The
rate of inflation as measured by the Consumer Price Index (CPI) has been less than 10.0%
in each year from 1984 to 1992. The CPI (1980=100) was approximately 159 in 1985 and

then increased to 192 in 1990.

Table 16.4. Indonesia's Economic Performance in 1985 and 1990

Descriptions 1985 1990
Population (million persons) 164.05® 186.00%”
Share in GDP (%) of®
1. Agriculture 22.8 19.8
2. Mining and quarrying 14.8 12.2
3. Manufacturing 15.5 20.3
4. Others 53.1 477
GDP (billion rupiah)® 98,406.52 210,866.20
Net Export (billion rupiah)®” 7,049.10 3,243.00
CPI (1980=100) 159 1929

Source: Central Bureau of Statistics, Jakarta, Indonesia, except CPI which is taken from
Statistical Year Book for Asia and the Pasific (1991), U.N. Publication.
Note:
(a) 1985 Intercensal population survey
(b) Data is for 1992 (based on population estimates)
(c) Data is taken from Indonesian Input-Output Table, (1990), volume I, p.68 and 70
(d) Data is for 1988.

In a more aggregate data, Table 16.4 also indicates the structural changes
prevailing in the Indonesian economy throughout the second half of the 1980s. Where in
1985 the highest contribution to GDP accrues to agricultural sector (22.8 percent), in

1990 the highest share in GDP contributed by manufacturing sector (20.2 percent).
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Furthermore, in a more elaborate manner, Table 165 shows the relative
importance of every industry we study. This relative importance can be observed from the
proportion of sectoral output used as intermediate inputs and sectoral contributions in
GDP, export, import, and labor costs.

Column 2 of Table 16.5 indicate that the proportion of sectoral output flowing as
intermediate inputs varies from 10.19 percent, the lowest, by industry 01 (Paddy) to 74.45
percent, the highest, by Industry 09 (Electricity, gas, and water). Regarding the sectoral
shares in GDP (column 3 of Table 16.5), Industry 09 contributes the lowest, 0.4 percent,
followed by Industry 05 (Forest products), 1.43 percent. The highest contribution comes
from Industry 07 (Mining and quarrying), 14.82 percent, followed by Industry 11, 12.16
percent.

Indonesia has long evolved in trade with numerous countries. Among 18 sectors
studied we find that both Industries 09 (Electricity, gas, and water) and 10 (Construction
and building) do not have transactions in both export and import (see columns 4 and 5).
Industry 14 (Services) contributes none to total export but 5.87 percent to total import.
Other than those two industries whose shares in both export and import are zero, we also
find three other industries whose imports are equal to zero; they are Industries 01 (Paddy),
06 (Fishery), and 11 (Trade). The highest contributions in both export and imporst come,
respectively, from Industry 07 (43.43 percent) and Industry 08 (Other manufacturing),

that is 63.76 percent.
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Another economic indicator that shows the relative importance of the industry is

the sectoral contribution in labor cost. Column 6 of Table 16.5 shows that among all

industries, Industry 15 (Unspecified sectors) contributes 22.47 percent (the highest) to

total employment and Industry 09 contributes only 0.53 percent (the lowest) to total

employment.

Table 16.5. Sectoral Contributions in Intermediate Inputs, GDP, Export, Import,

and Labor Costs (in Percent)

Output
Usedas Shares  Share Shares  Shares
Intermedi in in in in Labor
No. | Industry ate Inputs GDP _ Export  Import Cost
01. | Paddy 10.19 6.47 0.34 0 4,89
02. | Other farm food crops 11.63 6.66 0.23 2.73 3.51
03. | Other crops 247 4.03 5.00 2.40 403
04. | Poultry and its products 48.52 2.50 0.13 0.09 2.21
05. | Forest products 11.96 1.43 0.40 0.02 0.90
06. | Fishery 22.05 1.68 0.79 0 1.04
07. | Mining and Quarrying 11.65 14.82 43.43 7.48 3.51
08. | Other manufacturing 41,28 8.16 14.99 63.76 7.17
09. | Electricity, gas, water 74.45 0.40 0 0 0.53
10. | Construction and building 56.26 6.32 0 0 11.94
11. | Trade 1141 12.16 5.09 0 7.60
12. | Restaurant and hotel 56.19 2.50 0.94 2.80 2.61
13. | Financial intermediaries,
real estate and other services 17.43 6.51 2.32 5.85 480
14, | Other services 30.27 5.93 0 5.87 12.52
15. | Unspecified Sectors 18.04 6.53 0.16 0.36 22.47
16. | Transport and 39.43 5.84 4.10 4.19 6.43
communication
17. | Manufacture of food,
beverages, and cigarettes 74.42 3.70 0.71 1.37 2.75
18. | Petroleum refinery 50.00 4.36 21.37 3.08 1.09
Total 100 100 100 100

Source: Calculated using Tables 16.1 through 16.3.
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CHAPTER 17

SIMULATIONS

1. Introduction

Our main purpose for carrying out this simulation is methodological. As a result,
the simulation should be considered as an exercise to illustrate the solution method we
use. It is worth noting, however, that relying on our data sets, we hope to observe
whether our model can provide an alternative policy tool in analyzing the impact on such
economic indicators as GDP, employment, inflation, of any change in such policy variables
as tariffs, export subsidies, government procurement, and technological improvement.

As mentioned in Chapter 15, our simulation outcome is computed using the Euler
method for 1 and 2 iterations, and then, by the extrapolation process, the values for an
infinite number of iterations such that the linearization errors may be negligible, if at all. In
every table of the simulation results, therefore, we present the values computed through
extrapolation with infinitely many iterations.

We observe that all our policy simulations are targeted toward industry 17, which
is manufacture of food, beverages, and cigarettes. This can be explained by two reasons.
First, Indonesia, in its sixth Five-Year Development Plan (REPELITA VI) points out that
the agroindustry constitutes the basis for transforming the economy from a predominantly
agricultural economy into an industrialized one. The other reason is that this indu;try is

one of the three industries under imperfect competition. It is highly concentrated and
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considered more difficult to develop since it requires a huge amount of capital and
technology for both infrastructures (like roads to and from rural areas, electricity, and
communication) and human resources, especially in rural areas. The government has been
promoting this industry, without neglecting other sectors. As we know, i agricultural
sector contributes approximately 70 percent of employment in Indonesia. Furthermore,
realizing that it has been dependent on the revenues from oil exports for too long, the
government of Indonesia has also tried to promote non-oil exports through the promotion
of the manufacturing and agricultural sectors.

In terms of contribution, this industry, in 1985, contributed approximately 9.92
percent (Rp. 16,514 billion) to the national output (Rp.166,423 billion), less than 4
percent to GDP, and 0.7 percent to total export. Regarding labor costs, in the same
period, this industry paid Rp. 745.74 billion or approximately 2.75 percent of total labor
costs paid by all industries. Therefore, given its economic potential and attention it
receives in Five-Year Development Plans, the government expects to s¢¢ some progress in

its contributions to national development.

2. Selections of Endogenous and Exogenous Variables

Before carrying out the simulations, we form the coefficient matrix I (see equation
(15.2.2)). The order of 3 is m x n, where m is the number of equations and n is the
number of variables in our mathematical model -- expressed as a linear system in

percentage changes in Chapter 14. We know that the size of ¥ increases as the number of
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industries and commodities increases. For the 18 industries and commodities chosen, 3
contains approximately several tens of thousands of rows and more than a hundred
thousand columns. Considering the limitations in computer power and the processing time
required, we find ii reasonable to condense the size of J through the substitution process
to reduce the number of variables and equations.

Afier reducing the size of J, we finally have 211 equations and 6,706 variables.
Out of 6706 variables, we then choose 211 as endogenous and 6,495 as exogenous. The
list of endogenous and exogenous variables is shown in Figure 17.1. Figure 17.1 shows
that rows 1 - 24 contain all the selected endogenous variables. Among these variables we
include GDP, exports, the balance of payments, the consumer price index, industry
employment and outputs, and so forth. Rows 25 - 74 contain exogenous variables, such as
rental costs on per unit capital and agricultural land, all kinds of taxes, tariffs, exchange
rates, government procurements, technological coefficients, and so forth. However, as we
mentioned in Chapter 15, the order and the choice of endogenous and exogenous variables

may change according to the needs of users.
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02.

03.

04.

05.

06.

07.

08.

09.

10.

11

12,

13.

14,

15.

Figure 17.1. The List of Variables after the Condensation
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Industry i's demands for labor in general
capital and agricultural land

Supplies of domestic composite goods j1 by
industry i

Total amount of good j supplied domestically
by both domestic and foreign oligopolists

Total amount of outputs supplied by domestic
and foreign oligopolists on foreign markets

Price of outputs supplied by domestic and
foreign oligopolists on foreign markets

Basic prices of domestic commodity j under
perfectly competitive markets

Basic prices of imported commeodity j under
perfectly competitive markets

Price per unit of good j on domestic markets
under imperfectly competitive markets

Price per unit of good j on foreign markets
under imperfectly competitive markets

Gross domestic product

Consumer price index

Aggregate exports

Balance of payments

Current net rate of return on capital

Economy-wide expected rate of return on
capital for industry
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A positive parameter in the domestic demand
for good j under imperfect competition

Total amount of good j supplied on the
domestic markets by domestic oligopolists £

Total amount of good j supplied on the
foreign markets by domestic oligopolists f

The sales of good j2 by foreign firm on the
domestic markets

The sales of good j2 by foreign firm f on the
foreign markets

Ratio of real private investment to real private
consumption

Future capital stocks for industry 1
Total employment
Government saving

Prices paid by industry i for labor, rental of
capital, and land

Demands for "other cost" tickets

The cost of sustaining 1 unit of activity level
of foreign oligopolist industry

Taxes per unit of sales of inputs js for current
production to industry
Taxes per unit of sales of inputs js for capital
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Taxes per unit of sales of commodities js to
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Taxes per unit of exports
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Specific taxes levied by domestic government
on every sales of good j1 on domestic markets

Specific taxes in foreign currency levied by
the home government on the sales of good j1
on foreign markets

Specific taxes in foreign currency levied by
the foreign government on the sales of good j1
on foreign markets

Specific tariff levied by the domestic
government on the sales of good j2 on
domestic markets

Specific taxes levied by the foreign
government on the sales of good j2 on
domestic markets

Specific taxes levied by foreign government
on every unit sales of good j2 on foreign
markets

The exchange rate, domestic currency price of
1 unit of foreign currency

Government transfer

Government procurement of good j1 from
under imperfectly competitive markets

Government procurement of good j1 supplied
by domestic oligopolist f in industry i

Shift variable in governnemnt demand for
good js

Basic price per unit of goods paid for direct
government procurement under imperfect
competitive markets

C.LF. price per unit of imported good j2 in
foreign currency
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A positive parameter in foreign demands for
good J sold under imperfect competition

Input-js-augmenting technical change for
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The amount of goods j'1 needed as margins to
transport 1 unit of good js to domestic
industry / for current production

The amount of goods j'1 needed as margins to
transport 1 unit of good js to domestic
industry i for capital creation

The amount of goods j'1 needed as margins to
transport ! unit of good js to households

The amount of goods j'1 needed as margins to
transport 1 unit of good j1 to the ports of exit
for exports

Technical change associated with the use of
services in facilitating the flows of goods js to
government

The amount of goods j'1 needed as margins to
transport 1 unit of good j1 from the domestic
producers of industry i to the domestic
markets

The amount of goods j'1 needed as margins to
transport 1 unit of good j1 from the domestic
producers of industry i to the foreign markets

The amount of goods j*2 needed as margins to
transport | unit of good j2 from the foreign
producers of industry i to the domestic
markets

The amount of goods j'2 needed as margins to
transport 1 unit of good j2 from the foreign
producers of industry 7 to the foreign markets
Shift variabe for capital creation in industry

Shift variable in foreign demand for export
good j1 under perfect competition

Total capitsl stock
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73. I 1 Total mvestment

74, 11 I Total aggregate private private investment

3. Simulation Process

Prior to simulations, the mathematical model - expressed as a linear system in
percentage changes in Chapter 14 -- must be calibrated. The economy under consideration
is assumed to be in equilibrium, and the equilibrium is commonly called the benchmark
equilibrium. The parameters of the mathematical model are either chosen from
econometric studies or computed from the known values of the endogenous and
exogenous variables that represent the benchmark equilibrium.

In Chapter 15, we have used the compact symbol 3(x°,y°) to denote the m x n
matrix (see equation (15.2.2)) that represents the mathematical model in its linearized
form around the benchmark equilibriurn. The matrix 3(x°,y°) is partitioned into two
matrices, say 31(x°y°) and J2(x"y°), that correspond, respectively, to the vector of
exogenous variables and the vector of endogenous variables. The matrix -[J2(x"y")]
IS1(x°,y")], (see equation (15.2.4)), represents the linear approximation of the percentage
changes of the endogenous variables in terms of the percentage changes of the exogenous
variables in a neighborhood of x°. Next, from 132(x%y)]" [31(x%y")], we compute
A(x°,y"), see equation (15.2.5)), which serves as the basis for computing the changes in

the endogenous variables induced by the changes in the exogenous variables.

231



Having calibrated the model, we proceed with the computational programs for
simulations. We choose to use the Euler process with 1- and 2-step iterations.
Subsequently, applying the extrapolation process, we calculate the results for an infinite
number of iterations. In these simulations, the object of industrial and trade policies is
industry 17, namely manufacture of food, beverages, and cigarettes. More precisely, we
calculate the effect on macro variables, industry employment, and industry output of
hypothetical 20 percent tariff increase, 20 percent export taxes decrease, and 20 percent
government procurement increase -- all applied in industry 17.

The last simulations are intended to evaluate the effects on macro varables,
industry employment, and industry outputs of technological progress through learning
curves -- directed specifically on technological progress through workers experiences (see
equation (7.2.2) and (7.2.3) at industry 17). Here we assume that, the industry's
cumulative output, called SIGMAZ;(-1) is equal to zero. Moreover, at the beginning of the
period, we assume that there is no technological progress, i.e., the percentage change of
AX(0)q14+1,1) 1s set to zero. We also take the experience factor, nX(74+1,1), 8s constant at
0.322 (see Fandel (1991), p.207). Finally, as the initial data we assume the percentage
change in activity level of industry 17 is equal to 6 percent.

Based on these conditions, we calibrate the technological progress, in percentage
change, for the following year, namely AX(1)q74+1,1. After this calibration, we integrate
the result into our mathematical model in order to evaluate the effects, for subsequent

period of time, of this technological progress on macro variables, industry employment's,
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and industry outputs. Furthermore, we also continue our simulations, following the same
steps as mentioned above, for five years. In Tables 17.4, 17.5, and 17.6, we present the
effects of techmological progress through workers experiences on macro variables,
industry employment's, and industry outputs for the subsequent years: year 1, year 2, and

year 3.

4. The effects of Policy Changes on Macro Variables

This section describes, given the economic environments as represented by the
setting of exogenous and endogenous variables and elasticities, the effects on macro
variables of such hypothetical government policies as 20 percent increase in specific tariff,
20 percent decrease in export tax, 20 percent increase in government procurement, all is
targeted on industry 17; that is, manufacture of food, beverages, and cigarettes. We also
try to explain the variations in macro variables across government

Table 17.1. The Effects (in Percent) on Macro Variables of Policy Changes Applied on
Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

20% Tariff 20% Export 20% Gov't

Increase  Subsidy Increase Procur. Increase

GDP 0.0028 0.0169 0.41x10~
CPI -0.58x10° -0.39x10™ -0.16x10°
Export 0.0049 0.0805 0.13x10°
BOP 0.0526 0.2646 0.42x10°
Aggr. Employment 0.62x10° 042¢10°  0.17x10°

Note: Industry 17 is imperfectly competitive.
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policies. Table 17.1 shows the effect of those government policies, respectively, in
colunins 2, 3, and 4.

In column 2 we observe that as we increase the tariff on imported manufacture of
food, beverages, and cigarettes by 20 percent, GDP increases by 0.003 percent; domestic
price decreases by an insignificant point (0.58x10° percent); export increases by 0.005
percent; the balance of payment increases by 0.053 percent; and aggregate employment
increases by an identical amount in percentage point as domestic price level.

Column 3 indicates the effects on macro variables of a hypothetical 20 percent
increase in specific export subsidy on the output of this imperfectly competitive industry.
Parallel to the taniff effects, we observe here that all concerned macro variables concerned
but inflation go up. However, the magnitude, in absolute terms, of its effects is larger than
that of tariff. GDP goes up by 0.017 percent; the domestic price level goes down by
0.39x10™ percent; export rises up by 0.081 percent while balance of payment increases by
0.265 percent; and aggregate employment increases by 0.42x10™ percent.

The last column shows the effects on macro variables of a hypothetical 20 percent
increase in government procurement. In this case, we observe that GDP goes up by
0.41x10° percent, the domestic price level goes down by 0.16x10” percent. With quite
small in magnitude, the increase is also experienced by export, the balance of payments,
and aggregate employment. We also note that all these small changes happen because, due

to lack of data for the initial year, we assign a very small value for government procurement
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close to zero (0.1x10°%). Moreover, we assume that the unit price set by government is
unchanged.

Considering macro variables as genera! indications of economic performance, we
may observe that the presence of a small specific tariff, export subsidy, or government
procurement all helps to increase GDP. The CPI also declines under the three policies.
Presumably, the increases in the outputs of the various sectors via industrial linkages help
to reduce the general level of prices. Furthermore, beneficial effects of these policies on
export, the balance of payments, and aggregate employment are also observed. As far as
industry 17 is the targeted industry, and given the policy options available, it seems that

export subsidy can provide a relatively higher economic performance.

5. The effects of Policy Changes on Industry Employment

Table 17.2 shows the effect on industry employment of such policy changes as
mentioned above. Columns 2 - 4 contain the effects of, respectively, a tanff increase, an
export tax decrease, and an increase in government procurement. In general, we observe
that each of these policies, which is targeted at industry 17, does not significantly show
variations across industries in both signs and magnitudes. Although manufacture of food,
beverages, and cigarettes is the targeted industry, Industry 11 (Trade} and Industry 18
(Petroleum refinery) seem to benefit most from these policies.

Similar to the effect on aggregate employment, the variations of the effects of

policy changes appear to be more significant across policies than across industries. Table
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172 shows that the effects on industry employment of all three policy changes are all

positive. The rate of increase, however, is higher when export subsidy is applied rather

than other policies.

Table 17.2. The Effects (in Percent) on Industry Employment of Policy Changes Applied

on Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

20% Export  20% Gov't
No. | Industry 20% Tariff Subsidy - Procur.
Increase Increase Increase
01. | Paddy 0.46x107 031x10°  0.12x10™°
02. | Other farm food crops 0.49x107 0.34x10°  0.13x10™
03. | Other crops 0.42x107 0.20x10°  0.11x10™
04. | Poultry and its products 0.44x107 029x10°  0.12x107°
05. | Forest products 0.48x107 0.33x10°  0.13x10™"°
06. | Fishery 0.48x107 0.33x10°  0.13x10™
07. | Mining and Quarrying 0.54x107 0.37x10°  0.15x10™
08. | Other manufacturing 0.44x107 0.29x10°  0.12x10°°
09. | Electricity, gas, water 0.37x107 0.25x10°  0.99x10™
10. | Construction and building 0.27x107 0.18x10°  0.71x10!
11, | Trade 0.48x107 0.32x10°  0.13x10™°
12. | Restaurant and hotel 0.40x107 0.27x10°  0.11x10™°
13. | Financial intermediaries,
real estate and other services 0.46x107 0.31x10° 0.12x107°
14. | Other services 0.24x107 0.16x10°  0.63x10™"
15. | Unspecified Sectors 028x10°  0.19x107  0.75x107
16. | Transport and communication 0.40x107 027x10°  0.11x107°
17. | Manufacture of food,
beverages, and cigarettes 0.44x10”7 0.29x10°  0.12x10™°
18. | Petroleum refinery 0.54x10”7 037x10°  0.14x10"

Note: Industry 17 is imperfectly competitive.
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6. The effects of Policy Changes on Industry Output

Table 17.3 shows that for the same policy changes we first observe that, given a
policy change, the effects on output across industries in percentage are quite small.
Secondly, similar to the effects on macro variables (Table 17.1) and industrial employment
(Table 17.2), the effects on industry outputs appear to vary significantly across policies
rather than across industries. In general we observe that all policy changes have a positive
impact on industry outputs.

Considering the targeted industry 17 in Table 17.3, we observe that, given policy
changes, part of its output that is sold in the domestic market increases by 0.006 percent
as tariff increases, decreases by 0.011 percent as export subsidy increases, and increases
by 0.16x107 percent as government procurement increases. Contrary to the sale at home,
its foreign sale declines by 0.06 percent as tariff increases, rises by 6.53 percent as export
subsidy increases, and increases by 0.13x10” as government procurement increases.
Regarding supplies of foreign oligopolists in the domestic market, we observe a decline of
0.06 percent as tariff increase, a rise of 0.97 percent as export subsidy is raised, and a
decline of 0.10x10° percent as government procurement increases. Similar changes of
foreign oligopolists' sales in the domestic market -~ except for the case of export subsidy
increase -- are observed in other imperfectly competitive industries: industries 16 and 18,
that is imports decline in industries 16 and 18, respectively, by 0.12 and 0.01 percents.

The numerical results confirm the intuition that under a tariff, domestic cligopolists

will switch their sales to domestic markets and reduce sales in foreign markets.
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Table 17.3. The Effects (in Percent) on Industry Output of Policy Changes Applied on

Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

20% Export 20% Gov't
No. | Industry 20% Tariff Subsidy Procur.
Increase Increase Increase
01. | Paddy 0.26x107 0.19x10° 0.19x10™"
02. | Other farm food crops 0.39x10° 0.54x10™ 0.65x10™"!
03. | Other crops 0.31x10° 0.18x10° 0.40x10™"°
04. | Poultry and its products 0.26x10° 0.35x10™ 0.42x10™°
05. | Forest products 0.14x10° 0.59x10™ 0.85x10™"
06. | Fishery 0.47x10° 0.14x10° 0.28x10™°
07. | Mining and Quarrying 0.73x10° 0.52x10™ 0.40x10™°
08. | Other manufacturing 0.29x10° 0.16x10° 0.35x101
09. | Electricity, gas, water 0.16x10° 0.17x10™ 0.12x107
10. | Construction and building 0.45x10° 0.27x10™ 0.14x10"°
11. | Trade 0.15x10° 0.011 0.26x10°
12. | Restaurant and hotel 0.39x107 0.53x10™ 0.17x10°
13. | Financial intermediaries,
real estate and other services 0.25x10° 0.32x10™ 0.21x107"°
14. | Other services 0.33x10° 0.37x10™ 0.49x10"*
15. | Unspecified Sectors 0.47x10° 0.64x10™ 0.16x10°
16. | Transport and communication
a. Sold in domestic market 0.0011 0.0067 0.11x107
b. Sold in foreign markets -0.1363 0.7895 0.13x107
c. Import -0.0213 -0.1234 -0.21x10°
17. | Manufacture of food,
beverages, cigarettes
a. Sold in domestic market 0.0006 -0.0109 0.16x107
b. Sold in foreign markets -0.0640 6.5280 0.13x10°
c. Import -0.0550 0.9689 -0.10x10°6
18. | Petroleum refinery
a. Sold in domestic market 0.39x10™ 0.0004 0.65x10™"
b. Sold in foreign markets -0.0041 0.0219 -0.61x107
c. Import -0.0006 -0.0061 -0.99x10™"°

Note: Industry 17 is imperfectly competitive.

The competitive edge yielded by the tarff also help domestic oligopolists to displace

foreign sales at home market. On the other hand, when the home government subsidizes
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exports, domestic oligopolists cut back sales in domestic markets and increase sales in
foreign markets. With less attention in domestic markets, domestic oligopolists allow
foreign imports to go up.

Regarding the variation across industries for a given policy, we may observe that
unlike the other policy changes, export subsidy increase has a more dramatic effect on
industry 11. The output of this industry increases by 0.1 percent, a rate much higher than
that of any other industry except for that of industry 17. This happens because the increase
of the sale in foreign market, especially by all imperfectly competitive industries, provides

higher trade margins for wholesale and retailers.

7. The effects of Technologica! Improvement on Macro Variables

Table 4 shows that all macro variables but the domestic price level increase at
declining rates throughout the time periods specified. However, unlike the preceding
simulations, here we observe that the magnitudes are quite large.

Table 17.4. The Effects (in Percent) on Macro Variables of Technological Changes
Applied on Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

YEAR 1 YEAR 2 YEAR 5
GDP 1.5252 1.0240 0.0774
CPI -0.0016 -0.0011 -0.0001
Export 45876 3.1879 0.2488
BOP 15.0730 11.7440 1.0411
Aggr. Employment 0.7012 0.4636 0.0346

Note: Industry 17 is imperfectly competitive.
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Given other exogenous variables and all the specified parameters, GDP goes up by 1.55
percent in the first year, 1.02 percent in the second year, and 0.08 percent in the fifth year.
Export and the balance of payments go up, respectively, by 4.59 and 15.07 percents in the
first year, 3.19 and 11.7 percents in the second year, and 0.25 and 1.04 percent in the fifth
year. Aggregate employment experiences a similar trend: that is, an increase of 0.7 percent
in the first year, 0.46 percent in the second year, and 0.03 percent in the fifth year. The
domestic price level, however, goes down by 0.002 percent in the first year, by 0.001

percent in the second year, and by 0.0001 percent in the fifth year.

8. The effects of Technological Improvement on Industry Employment

Sinilatr to aggregate employment, industry employment shows a steady increase
though at declining rates through time. Regarding the variation across industries, we may
observe that employment in targeted industry 17 increases, as expected, at a larger rate
than all other industries, whereas the smallest increase accrues to industry 15 since this
industry does not use the output of industry 17 as its intermediate input,

Industry 17 shows a large increase in employment demanded, that is 1.23 percent
for the first year, 0.81 percent for the second year, and another 0.06 percent in the fifth
year. Industry 15 faces an increase in employment of 0.80x10° percent in the first year, an
increase of 0.19x10° percent in the second year, and an increase of 0.39x10” percent in

the fifth year.
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Table 17.5. The Effects (in Percent) on Industry employment of Technological Changes
Applied on Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

No. | Industry YEAR 1 YEAR 2 YEAR
01. | Paddy 0.13x10° 0.31x10™ 0.64x10”
02. | Other farm food crops 0.14x10° 0.34x10™ 0.69x10°
03. | Other crops 0.12x10° 0.29x10™ 0.58x10”
04. | Poultry and its products 0.12x10° 0.29x10™ 0.61x10”
05. | Forest products 0.14x10* 0.33x10™ 0.67x10"
06. | Fishery 0.14x10° 0.33x10" 0.67x10°
07. | Mining and Quarrying 0.15x107 0.37x107 0.76x10°®
08. | Other manufacturing 0.13x10° 0.29x10™ 0.61x10°
09. | Electricity, gas, water 0.11x10° 0.25x10° 0.52x10°
10. | Construction and building 0.76x10™ 0.18x10™ 0.37x10°
11. | Trade 0.13x10° 0.32x10" 0.66x10°
12. | Restaurant and hotel 0.11x10? 0.27x10™ 0.56x10°
13. | Financial intermediaries,

real estate and other services 0.13x1073 0.31x10™ 0.64x10°
14. | Other services 0.68x10™ 0.16x10™ 0.33x10°
15. | Unspecified Sectors 0.80x10° 0.19x10° 0.39x107
16. | Transport and communication 0.11x10° 0.27x10™ 0.56x10™
17. | Manufacture of food,

beverages, and cigarettes 1.2348 0.8123 0.0605
18. | Petroleum refinery 0.15x10° 0.10x107 0.75x10”

Note: Industry 17 is imperfectly competitive.

9. The effects of Technological Improvement on Industry Qutput

In line with industry employment and GDP, industry outputs, presented in Table
17.6, also rise at decreasing rates over time. Again, the output of industry 17 goes up at a
much higher rate than those of the other industries. Considering the distribution of its

output, industry 17's sale on domestic market goes up by 2.5 percent in the first year, 1.69
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percent in the second year, and 0.13 percent in the firth year. Export from this industry
also goes up by 263.48 percent in the first year, 107.94 percent in the second year, and by
3.27 percent in the fifth year. Imports in industry 17 decrease though at declining rates
over time, that is a decline of 224.76 percent in the first year, 45.61 percent in the second
year, and 2.09 percent in the fifth year. Similar trends and large in magnitudes are also
observed in industries 16 and 18.

The productivity gain -- through learning by doing -- together with increasing
returns to scale help industry 17 to grow at a very high rate. Its growth — through
interindustry linkages -- spills over into the other two oligopolistic industries, namely 16
(Transport and communication) and 18 (Petroleum refinery), which also exhibit increasing
returns to scale. The results of the simulation also chow high growth rates in these two
industries.

Besides industry 17, industry 11 also experiences, for the same reason as when we
increase export subsidy, a large output increase: 0.47 percent in the first year, 0.31 percent
in the second year, and 0.023 percent in the fifth year. In short, we may conclude that with
the exception of industry 11, all imperfectly competitive industries grow at faster rates

than those of the other industries.
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Table 17.6. The Effects (in Percent) on Industrial Output of Technological Changes
Applied on Industry 17 (Manufacture of Food, Beverages, and Cigarettes)

No. | Industry YEAR 1 YEAR 2 YEAR S
01. | Paddy - 0.78x10"  0.52x10™ 0.38x10°
02. | Other farm food crops 0.0033 0.0022 0.16x107
03. | Other crops 0.0076 0.0049 0.37x107
04. | Poultry and its products 0.0021 0.0014 0.11x10°
05. | Forest products 0.0027 0.0018 0.13x10°
06. | Fishery 0.0069 0.0045 0.34x10"
07. | Mining and Quarrying 0.0022 0.0014 0.11x10°
08. | Other manufacturing 0.0069 0.0045 0.34x10°
09. | Electricity, gas, water 0.0011 0.0007 0.56x10™
10. | Construction and building 0.0012 0.0008 0.57x10™
11. | Trade 0.4737 0.3114 0.0231
12. | Restaurant and hotel 0.0032 0.0021 0.16x10?
13. | Financial intermediaries,

real estate and other services 0.0019 0.0013 0.98x10™
14. | Other services 0.0025 0.0016 0.12x10°
15. | Unspecified Sectors 0.0039 0.0026 0.19x10°
16. | Transport and communication

a. Sold in domestic market 0.6216 0.4182 0.0316

b. Sold in foreign markets 73.6980 178.6300 9.6855

c. Import -11.4990 -6.9074 -0.4751
17. | Manufacture of food,

beverages, cigarettes

a. Sold in domestic market 2.5265 1.6965 0.1285

b. Sold in foreign markets 263.4800 107.9400 3.2742

c. Import 2247600  -45.6130 -2.0945
18. | Petroleum refinery

a. Sold in domestic market 0.02733 0.0182 0.0014

b. Sold in foreign markets 2.1338 1.4611 0.1122

¢. Import -0.4180 -0.2775 -0.0207

Note: Industry 17 is imperfectly competitive.
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10. Conclusions

This chapter has demonstrated that, given its nature and the economic conditions
represented by the data sets, the solutions to our model can be used for analyzing and
evaluating industrial and trade policies. Our model is applied to Indonesia. For our
computations, we use the 19-sector 10 Table for the year 1985, published in 1989 by the
Central Bureau of Statistic of the Republic of Indonesia. However, we merge the sector
“public administration and defense" into the sector "unspecified sector" because the former
sector contains mostly zeros in both its row and column. Therefore, we finally have 18
sectors in our application.

nrior to simulations, the mathematical model -- expressed as a linear system in
percentage changes in Chapter 14 -- must be calibrated. The economy under consideration
is assumed to be in equilibrium, and the equilibrium 1s commonly called the benchmark
equilibrium. The parameters of the mathematical model are either chosen from
econometric studies or computed from the known values of the endogenous and
exogenous variables that represent the benchmark equilibrium.

Having calibrated the model, we proceed with the computational programs for
simulations. We choose to use the Euler process with 1- and 2-step iterations.
Subsequently, applying the extrapolation process, we calculate the results for an infinite
number of iterations. In these simulations, the object of industrial and trade policies is

industry 17, namely manufacture of food, beverages, and cigarettes.
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Our simulations include two parts -- policy changes (tariff increase, export subsidy
increase, and government procurement increase) and technological changes. More
precisely, we calculate the effect on macro variables, industry employment, and industry
output of a hypothetical 20 percent tariff increase, a hypothetical 20 percent export taxes
decrease, and a hypothetical 20 percent government procurement increase -- all applied in
industry 17. The last simulations are intended to evaluate the effects on macro variables,
industry employment, and industry outputs of technological progress through learning
curves -- directed specifically on technological progress through learning,

In the first part of the simulations (see tables 17.1 - 17.3), we observe that all these
policy changes have positive impact on economic performances, GDP, export, the balance
of payments, and aggregate employment increase whereas price level declines.
Furthermore, variations in industry employment and outputs are quite small, except that
industry 17 shows a higher growth, relative to other industries, in both its employment and
outputs. This industry will sell more on the domestic market than in foreign markets when
the government increases either tariff or procurement, and vice versa when the
government provides more export subsidy.

In the second part of the simulations (see tables 17.4 - 17.6), we observe that, in
sharp contrast to the policy changes discussed above, the effects on macro variables,
industry empioyment, and industry outputs of the technological progress in industry 17 are
dramatic. Technological improvement has a positive impact on macro variables, industry

employment, and industry outputs.
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The results of our simulation suggest that learning by doing has the most dramatic
effect on GDP, export, the balance of payments, and aggregate employment. The policy
implication that emerges from this numerical exercises is that R&D subsidies might be a
good industrial policy. Also, compared to tariff or procurement, export subsidies seem to
have a stronger impact on the economy. Intuitively, this result can be expected if the
foreign oligopolistic markets are large, and, therefore, industrial or trade policies directed

at these markets might give a much more positive effect on the domestic economy.
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PART V

CONCLUDING REMARK



CHAPTER 18

CONCLUDING REMARK

In this thesis, we have built a multisectoral model intended for industrial and trade
policy analysis. At the theoretical level, the innovations offered by the thesis consists of
the introduction of increasing returns to scale and imperfect competition as well as the
learning curve into the MSG model. Increasing returns to scale and imperfect competition
is introduced to accommodate highly concentrated industries that are considered to be the
target of strategic trade policies.

In conventional CGE models, technological progress is often assumed to be
exogenous and takes the form of a Hicksian neutral shift of the production functions
through time. In its treatment of technological progress, the thesis goes beyond the
conventional assumption of exogenous Hicksian neutral technical progress and assumes
that technical progress depends on the stock of knowledge accumulated in each industry.
This is the hypothesis of learning by doing advanced by Arrow (1962). As a proxy in the
stock of knowledge in each industry, we propose to use the cumulative output of this
industry.

In our model, learning -- although endogenous -- is not consciously pursued by
firms but is the byproduct of the production decisions of the producers in each industry. A
more complete treatment would allow firm to learn actively. However, such a treatment

must include several periods in the optimization problem solved by a firm, i.e., the CGE

247



model developed should be dynamic. Under the present state of the arts, such an extension
is not yet available. Future extensions of the model might include endogenous investment,
introduction of financial institutions, or linkages of several economies in a trade block.

Because the model is intended for industrial and trade policy analysis, we have
presented a rather detailed modeling of the government sector. In particular, the
government budget constraint is explicitly formulated. Also, a whole chapter is devoted to
the macroclosure rules adopted in the model.

The theoretical structure is calibrated to Indonesian data obtained from the 1985
Indonesian IO Table. The numerical model thus obtained is then simulated under several
policy scenarios: tariff against foreign firms, export subsidies given to domestic firms, and
government procurement -- all targeted at industry 17, an oligopolistic industry. All these
policies have a positive impact on the macrovariables, such as GDP, the CPI, the balance
of payments, and the aggregate employment. The effects seem to be most favorable under
the scenario of export subsidies. Presumably, this results follows from the fact that foreign
markets are large, and thus an export subsidy gives the domestic oligopolists a more
powerful incentive to compete on the foreign market. On the other hand, because the
domestic market is relatively small, a tariff levied on foreign imports will have a lesser
impact on the domestic economy.

We also simulate the model under the assumption that oligopolistic industry 17

(Manufacture of food, beverages, and cigarettes) experiences technological progress
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through learning by doing. The numerical results show a dramatic impact of the
technological progress in this industry on the economy.

The tentative conclusion -- with all the qualifications on the quality of the data
used in calibrating the model -- that emerge from the simulation exercises suggests that
R&D subsidies might have the most impact on the economy, with export subsidies
occupying the middle ground and tariffs the least effective.

We would like to note in passing that our model does not incorporate any
environmental dimension. In the simulation exercises, the growth induced on industry 16
(Transport and communication) and 18 (Petroleum and refinery) is quite high. These
industries are rather pollution-intensive. Hence the gain in GDP should be balanced against
the environmental degradation caused by the polluting industries. Again, this area perhaps

is one of the extensions we hope to pursue in our future research agenda.
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