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ABSTRACT

Both theoretical and empirical investigations were carried out on the
effects of industrial policy upon technical efficiency and welfare in the
environment where technical progress plays an important role.

It is found that whether industrial policy restricting actual or
potential degree of market competition positively affects technical
efficiency depends upon the relative strength of strategic effect and
market fragmentation effect of competition. If strategic effect dominates,
industrial policy limiting competition reduces technological effort.

A small change in industrial policy can cause a large change in
technological efforts, since it may cause a strategy switch between status-
quo and undertaking large investment and among entry accommodation, entry
deterrence and exit. Even if industrial policy intervention looks to be
harmful to consumers’ interest, it may in fact be Pareto-welfare improving
when it strongly encourages technical progress.

Industrial policy in practice is often endogenous with respect to
industry behavior due to varjous constraints faced by the government. One
such constraint is dynamic inconsistency of the optimal intervention.
Thus, industrial policy creates incentive distortion even if externality
justifies policy intervention. It is found, however, that active domestic
competition can reduce such distortion by diluting policy endogeneity as
well as by creating a competitive threat that liberalization is forced due
to better performance of competitors.

Japanese industry has achieved remarkable productivity improvement
for the last three decades, which has been one major source for substantial
real appreciation of Yen during this period. It is found, however, that
each industrial sector, including its workers, has been unable to
significantly appropriate the gain from its own technical progress.
Technical progress in Japan has generated significant externalities. It is
also found that the industrial subsectors targeted in the 1950s and 1960s
did achieve above average total factor productivity growth, while the
opposite conclusion holds for the agriculture sector of Japan.
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Title : Professor of Economics
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INTRODUCT1ON

A. Objective

The objective of this study is to examine some dynamic and strategic
issues of industrial policy in the environment where technical progress is
important. Specifically, major issues addressed in this study are the
following:

e 1Is liberalization allowing more domestic and import competition
beneficial to technical efficiency and welfare?

e Is temporary protection more conducive to technical efficiency and
welfare than permanent protection?

o What is the implication of policy endogeneity on industrial policy?

How can the distortion caused by policy endogeneity be controlled?

¢« How important technical progress has been in determining

competitiveness and real exchange rate of Japan? Was industrial
policy a success in terms of its effect on the economy-wide
technical progress?

These issues are very important, since clearly the primary concern of

industrial policy agthorities in many countries is to achieve better

industrial performance in terms of technical efficiency and productivity.

In fact technical progress often accounts for a major part of the growth of

those countries with successful development records.

Addressing these issues require both substantial theoretical and

empirical work. First of all, existing theoretical literature does not pay



adequate attention on the linkage between industrial policy and technical
progress in open economy. The rapidly growing international trade
literature on strategic policy depends mostly on the static framework.l/
Most industrial organization literature on technology development has
remained closed-economy focused. Consequently most diagnosis of industrial
policies in practice done by economists remain incomplete and often unper-
suasive, due to the absence of coherent theoretical framework. For an
example, although there exist many empirical literature attempting to
evaluate industrial policy experiences of Japan in the 1950s and 1960s,
they often provide more puzzles than answers. Most fundamentally a logical
explanation has not been offered for why Japan "succeeded," when in many
developing countries similar industrial policies have led to dismal
consequences? Existing literature sometimes do suggest seemingly
persuasive answers: active domestic competition and temporary protection.
But they do not provide consistent logical framework supporting these
suggestions.

Furthermore, most existing empirical literature on productivity and
competitiveness issue neglect to take a general equilibrium perspective.
Consequently it has not been examined whether sectoral bias in productivity
change, which has been substantial in the industrial sector of Japan and
of successful developing countries, has caused real exchange rate change.
It has been rarely addressed whether industrial policy has not just ended
up in helping one sector at the expense of others. This study attempts to

fill some of these gaps.

1/ Helpman and Krugman (1989, Chapter 9) identifies incorporating real
dynamics into the analysis of trade policy under imperfect competition
as one of the four main areas for future research.



B. Methodology and Analytical Framework

The study consists of the four distinct chapters, each of which
addresses different theoretical or empirical issues. The first three
chapters investigate theoretical issues of industrial policy, especially
focusing on its effect on the development of industry with a substantial
potential for cost reduction. The fourth chapter investigates empirically
the performance of the Japanese industry and attempts to assess the impact
of productivity change on real exchange rate as well as the impact of
industrial policy on technical efficiency from a general equillbrium

rerspective.

(a) Theoretical Part

The major assumptions of the theoretical chapters are the following.

First, competition is formulated as two stage game in most of the study.
In the first stage enterprises compete in investment for cost reduction.
In the second stage they compete in quantity or price. Since the main
focus of this study is technical progress and investment in technology has
a commitment value in product market competition, the above formulation

seems to be the minimal analytical framework.

Second, Naslh noncooperative sub-game perfect solution is used to
characterize the market equilibrium. It is assumed that enterprises cannot
sustain explicit nor tacit collusion. This assumption may be
unsatisfactory for analyzing industry with a large potential of cost
reduction, since cooperation among enterprises generate not only the
standard monopoly rent but also the efficiency gain of avoiding duplicative

investments in cost reduction. There may be a strong pressure for
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cooperation and collusion in such industry. I simply leave this question
open for future research.f/

Third, in the first two chapters the government is assumed to set
its policy before industry decides jits investment. The government has the
first mover advantage over industry. This assumption is very strong and
its reality can be questioned. Often the government can act only after
industry has committed its investment. Such timing structure may be even
rational or dynamically consistent for the government with discretionary
power for intervention. Therefore, the third paper investigates the
implications of policy endogeneity.

Fourth, quantity competition and strategic substitutes are assumed
for the second stage product market competition in most of the study. It
has been known since Kreps and Scheinkman (1983) that quantity competition
can be interpreted as a reduced form of the two-stage game where each
enterprise chooses capacity in the first stage and engages in Bertrand
price competition subject to capacity constraint in the second stage.
Since the main theme of this study is technical progress and it is likely
that investment for capacity expansion takes less time than investment for
cost reduction, it seems to me that formulating the second stage

competition as quantity competition seems to be a natural one.i/

2/ Itoh (1988) offers an interesting interpretation of the behavior of the
Japanese automobile industry before liberalization that competitive
threat from foreign producers seems to have induced the Japanese
automobile industries to avoid extreme price competition, which might
have negatively affected their investments.

3/ If the foreign enterprise has no capacity constraint in supplying its
good to the domestic market, import liberalization may trigger price
competition. Such case is also considered in Chapter III (Section D).
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Enterprises first compete in technology, then in capacity and finally in
price. Although quantity competition can be compatible with strategic
complement, the assumption of strategic substitute has a close relationship
with the "stability" condition of the equilibrium under quantity
competition.i/ In the case of duopoly the Hahn’'s condition is equivalent
to the condition for strategic substitute. Therefore it seems to me that
strategic substitute is a natural companion of quantity competition.

Fifth, the study focuses on domestic market competition. The main
reason is that protection has been the main instrument of industrial policy
in many countries. Adding competition in the export market is straight
forward and most conclusions of this study will go through except for the
wzlfare analysis. In fact the effects of policy on technical efficiency
would be amplified by the presence of export market competition, if
strategic substitute in export market is sssumed.

Sixth, the study assumes that the unilateral action by the domestic
government is feasible. Such action is often not feasible today since it
invites countervailing actions by foreign governments, especially when it
is taken by large developed countries. The consequences of reciprocal
actions and the possibilities and limitations of international cooperative

solutions are the subjects of future research.

(b) Empirical Part

The theoretical framework for empirical analysis is a monopolistic

competition model. It is also assumed that industry determines price so

4/ It has to be nbted, however, that the "stability" condition of the Nash
equilibrium has not yet got real economic foundation.
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that it has a constant markup over marginal cost. Although constant markup
assumption is empirically questionable and theoretical models developed in
this study also predict changing markup as industry improves its
competitiveness, it is necessary for me to use this simpler framework due
to various constraints including the availability of data.

The study also utilizes the standard growth accounting framework to
estimate total factor productivity growth of each industrial subsector,
except for the fact that it takes into account the possible divergence of
price from marginal cost due to market power. The most fundamental
assumption of this approach is constant returns to scale with respect to
labor and capital. Although this assumption is still compatible with
technological opportunities for cost reduction, the problem is that
empirical data available does not easily allow the decomposition of labor
and capital into those for production and those for cost reduction. In the
empirical analysis I simply have to assume that all labor and capital
reported for each period are used for production under constant return to

scale for that period.

C. OQutline and Major Findings

The first chapter analyzes the effect of competition on technology
catchup and welfare. The government is assumed to affect the degree of
market competition through entry and trade regulations. Section B focuses
on the asymmetric equilibrium in a duopoly model, while Section C focuses
on the symmetric equilibrium in a general N- firm oligopoly model. It is
found that liberalization has a favorable effect on technical efficiency

when strategic effect of competition dominates market fragmentation effect
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of competition. It is also found that reducing tariff can cause a Pareto
inferior change by increasing domestic price, especially when it causes a
discrete decline in investment for cost reduction by the domestic
enterprise due to nonconvexity of such investment.

The second chapter analyzes the effect of potential competition on
technology catchup and welfare. The government is assumed to set the
length of protection before the domestic enterprise invests. It is found
that shortening protection has a favorable effect on technical efficiency,
again if the strategic effect of increased competition dominates its market
fragmentation effect. Quite independently from this it is found that
shorter protection may induce a large jump in technological effort, since
it may trigger a switch in the technology development strategy from entry
accommodation to entry deterrence. It is also found that the tradeoff
between static welfare effect and dynamic welfare effect of protection is
neither absolute nor stable.

The third chapter analyzes the implication of policy endogeneity.
The first three sections discuss the endogeneity of industrial policy in
terms of its causes, consequences and countermeasures. The last two
sections analyzes the role of domestic competition as a control mechanism.
It is found that policy endogeneity can be caused by dynamic inconsistency
of the optimal industrial policy. It is also found that domestic
competition can substantially reduce the incentive distortion due to policy
endogereity by diluting its effect as well as by creating the competitive
threat that liberalization is forced by the faster technological catchup of

competitors.
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The fourth chapter empirically analyzes the linkage between produc-
tivity, competitiveness and industrial policy of Japan. Section B analyzes
the linkage between productivity and real exchange rate. It is confirmed
that significantly faster productivity growth of the industrial sector of
Japan over that of the USA has caused real appreciation of Yen in terms of
broad price index. Section C analyzes the sources of productivity growth
cf the Japanese industry. It is also found that both the total factor
productivity growth and rapid capital deepening have been significant
contributing factors. It is also found that price and quantity measures of
the total factor productivity growth yield similar results, suggesting
relatively small markups by industries at least in the long run. Section D
analyzes the linkage between price competitiveness and trade performance.
It is found that the sectoral shift in price competitiveness has affected
significantly the structural change of the trade and ‘ndustry of Japan.
Significant evidence has not been found for the view that the productivity
performance biased in favor of high price elasticity sectors in Japan has
caused the puzzling tendency for real appreciation of Yen even in terms of
the price of industrial sector.

Section E of the fourth chapter analyzes the linkage between
technical progress and factor returns. It is found that each industrial
sector including its workers cannot significantly appropriate the gain from
its own technical progress, implying that most gain are absorbed by price
fall of that sector and the increase in factor returns in the economy as a
whole. Section F attempts to make an assessment of industrial policy from
the general equilibrium perspective. It is found that the industrial

subsectors targeted in the 1950s and 1960s on average did achieve higher
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total factor productivity growth and faster decline of their output prices,
even measured relative to the performance of the U.S. industries. However,

the opposite conclusion holds for the agriculture sector of Japan.
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CHAPTER I

COMPETITION, STRATEGIC EFFECT

AND TECHNOLOGY CATCHUP

A. Introduction - Market Fragmentation Effect
and Strategic Effect of Competition

It is widely believed among pro-reform policy makers and their
economic advisors that competition is beneficial to technology development.
For an example, the recent OECD report on structural adjustment and
economic performance identifies competition as the first "golden rules for
success" for industrial adjustment and policy after reviewing the
experiences of major industrialized countries.i/ It is also conjectured
that major "success" factors for the good technological performance of
some East Asian economies especially Japan under the circumstance of import
protection is active domestic competition in these economies._z/

Consequently, it is even suggested sometimes that domestic competition

1/ OECD (1987), Chapter 6.

2/ Balassa and Noland (1988) note that "One might ask how the Japanes~
steel and automobile industries could become internationally competitive
in the context of protection from imports and from foreign investment,
when in the developing countries protective measures have generally led
to the establishment of high-cost industries. The answer to this
question may lie in the fact that MITI promoted the simultaneous

development of several firms; fostering competition among them...."
(Chapter 2, p. 38)..
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becomes more important in those developing countries where competition from
import is heavily restricted.

Conventional theories, however, tend to offer opposite conclusions.
In their influential paper Dasgupta and Stiglitz (1980) concluded that "If
the number of firms is increased, each firm in equilibrium spends less on
R&D, and so unit cost of production in equilibrium is higher" in their
seminal paper analyzing the interlinkage between market structure and
investment for cost reductionna’ Within the same framework, it is
conjectured by Tandon (1984) that free entry is generally harmful to both
welfare and technical efficiency.ﬁ/

Although it has been well known since Arrow (1962) that the
competitive market structure can be more conducive to R&D than the
monopolistic one due to the absence of incumbent rent, this Arrow effect

applies more to drastic R&D (drastic meaning causing the shift of the

market structure to monopoly) rather than to investments for cost reduction

3/ Dixit and Stern (1982) derived a concise formula linking the speed of
cost reduction, the number of enterprises and concentration within the
Dasgupta and Stiglitz framework (1980): The speed of cost reduction can
be given by -dc/dt = (kR/n)(1l - H/¢) for the case of Cournot
equilibrium, where ¢ is the average industry cost, n the number of
enterprises, R the value of industrial output, H Herfindahl index of
concentration, and ¢ the elasticity of market demand. n affects R and H
(H=1/n in the case of symmetric equilibrium). It is possible to show
that 4/dn (-dc/dt) < 0. Thus, a larger number of enterprises
decelerates the speed of cost reduction.

4/ 1 prove this conjecture under very general conditions in the section C
of this paper. Tandon (1984) compared numerically the technical
efficiency and welfare of the free entry equilibrium and those of the
optimal equilibrium with the number of entries being selected so as to
conform to the national welfare maximization, by assuming specific
functional forms for demand and cost reduction functions.
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which continuously take place within the environment of a given market
structure. The latter seems to be far more important in practice.

Krugman (1984) derived a result similar in spirit to that of
Dasgupta and Stiglitz (1980) for an open economy. He has demonstrated that
import protection can help industry achieve higher technical efficiency and
thus can enhance its export, given such technological opportunities as
scale economy, learning by doing and R&D.z' His result has also been
surprising and discomforting to those many who believe in the virtue of
competition.

The driving force for the above negative relation between competi-
tion and competitiveness is the market fragmentation effect of competi-
tion.g/ Higher domestic and foreign competition reduces the share of the
market served by each enterprise and thus reduces the incentive for higher
technical efficiency. This is because the profit which can be obtained by
the enterprise from cost reduction is proportional to the output of that
enterprise.

However, these theories ignore another aspect of competition: the
possibility that higher competition strengthens strategic motive of the
enterprises to undertake investment for higher technical efficiency (I call
it as strategic effect of competition). It is important to consider this

second aspect of competition, since the investment for higher technical

5/ Rodrik (1989) has also shown that import liberalization is inimical to
technical progress of the liberalized sector.

6/ 1 prove the market fragmentation effect of competitior. under much
general conditions than those assumed by Dasgupta and Stiglitz (1980) in
the section E of the third Chapter (also see the section C of this.
Chapter). They assumed constant elasticity demand and constant
elasticity cost-reducing functions in deriving this proposition.



19
efficiency generally has a commitment value to product market competition,
in addition to its direct effect on cost saving. In fact casual
observation suggests that one of the major motives for an enterprise to
invest in technology is to secure its competitive position in the future
product market competition. An enterprise successful in enhancing its
technical efficiency can increase its market share at the expense of the
others by aggressive capacity expansion and price undercutting. The
monopoly enterprise protected from competition does not have this strategic
motive for investment, so that it may well invest less than those
enterprises competing among each other, even if it has a larger captive
market.

There exists a large volume of industrial organization literature
now, which has analyzed investment enhancing effect of competition
especially in the context of R&D. In particular, Barzel (1968) in his
seminal paper demonstrated that competition could cause excessive
investment in R&D when the winner in the patent race could obtain the
exclusive right on the patented technology. Brander and Spencer (1983)
have demonstrated that strategic motive for cost-reducing investment
increases the total amount of industrial R&D and can potentially improve
welfare in the model of symmetric duopoly.z’ Similarly, Fudenberg and

Tirole (1983) have demonstrated that strategic motive accelerates learning

1/.They have also demonstrated that the equilibrium under the strategic
motive coincides with the second-best optimum (the optimum obtained
under the constraint that market power in product market cannot be
directly affected) when the two firms produce homogenous product under
constant marginal cost for the linear market demand. This does not
generalize to the case with more than two firms, however (See the
section C.2 and the Appendix section 5).
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by doing for the case of linear demand and linear learning. They (1986)
have also demonstrated that competitive threat forces the incumbent
monopolist to adopt technology more quickly than the timing optimal when
such threat is absent.

However, the primary concerns of these literature have been the
effect of patent system, the difference between precommitment and perfect
equilibrium for a given market structure, and the existence of incentive
bias for the innovation by either incumbent or entrant, and not the effect
of industrial policy intervention on the market structure, in spite of its
practical importance.ﬁ’ This paper attempts to analyze the effect of such
a policy. 1In doing that, I evaluate the effects of competition on
technical efficiency and welfare comprehensively, considering both market
fragmentation effect and strategic effect of competition.

The structure of the game analyzed here is the following. In the
stage 0 the government decides whether it allows an entry of either
domestic or foreign enterprise in the industry which has been protected by
the government entry and trade regulations.z’ In the stage 1 the
enterprisec which have opportunities to undertake cost-reducing investments

decide their levels. We assume that these investments are sunk in the

8/ The governments in both developed and developing countries often
intervene to regulate competition in industrial sectors through
investment licensing, quota and other non-tariff barriers and regulation
of foreign direct investment. One of their major objectives has been to
create "national champion" enterprise to accelerate the national
technology development in a certain sectors (See Flam (1988) for
European industrial policy for computer industry as an example of such
intervention).

9/ We reverse the order of the moves by the government and enterprises in
Chapter 3.
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stage 2 so that they have commitment values, while they cannot precommit
their stage 2 output levels in the stage 1. In the stage 2 the enterprises
compete among themselves in product market through their choices of
outputs. We depend on the Nash equilibrium in determining market
equilibrium.

The analysis consists of the two distinct parts. In the section B 1
analyze how import and domestic liberalizations affect technical efficiency
and welfare in the simplest possible setup, in order to demonstrate the
market fragmentation effect and the strategic effect of competition. T use
a simple duopoly model with a linear demand and an exponential cost
reduction function so that I can explicitly solve for the perfect
equilibrium involved. I also discuss the possible asymmetry of the impacts
of domestic and import liberalizations in developing countries.

The major findings of this section are the following:

(1) Import liberalization (removal of ban or quota) can cause a
positive technological response by the domestic enterprise,
since strategic effect of import competition can dominate its
market fragmentation effect. However, import liberalization in
the sense of tariff reduction always cause the negative
technological response by the domestic enterprise in this model.

(2) Strategic effect of import competition provides a new and
potentially most important case for tariff against quota.
Tariff always induces higher technical efficiency. Tariff can
also be Pareto superior to quota.

(3) = Stronger import ceompetition (improved cost competitiveness of

the foreign enterprise or reduction of tariff) can cause a
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Pareto inferior change in the domestic economy. Paradoxically
consumers can also get hurt, since stronger competition may have
a disproportionately large negative effect on the
competitiveness of the domestic enterprise, so that the market
price can actually go up. Stronger import competition can
worsen the existing distortion (i.e. underinvestment in
technology) substantially, especially when the profit function
of the domestic enterprise is nonconvex with respect to
investment due to high initial cost.

4) Domestic liberalization can be still beneficial to technical
efficiency even when import liberalization is harmful to it.
They may have asymmetric effects on technical efficiency in
developing countries.

In the section C I extend the analysis to N-firm competition but
limit my focus to symmetric equilibrium and domestic competition. I
analyze the effects of increased competition on technical efficiency and on
welfare. The major findings of this section are the following:

(1) Increased domestic competition (larger N) induces higher
technical efficiency, if its strategic effect dominates its
market fragmentation effect. It can even cause the expansion of
the output of each enterprise.

(2) I1f there exists no strategic effect, free entry results in both
lower welfare and lower technical efficiency than those under
the social optimum (I prove this proposition under fairly

general conditioms).
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(3) Given strategic effect, entry regulation can become counter-

productive both to welfare and technical efficiency.

B. Domestic and Import Liberalizations
in a Duopoly Model

This section analyzes explicitly the impact of import and domestic
liberalization within the framework of duopoly. A linear demand and an
exponential cost reduction function are assumed. The objectives of the
analysis are to evaluate the effect of liberalization both on technical
efficiency and on welfare and to assess the potential difference between
import and domestic liberalizations. I first analyze the investment decis-
ion of a monopoly enterprise protected from both domestic and foreign
competition in the subsection 1, then analyzes the impact of import
liberalization (i.e. liberalization of the entry of a foreign enterprise),
and the impact of domestic liberalization (i.e. liberalization cf the entry
of a second domestic enterprise) respectively in the subsections 2 and 3,

and finally discusses policy implications in the subsection 4.

1. A Domestic Monopoly Shielded
from Competition

This subsection presents the basic structure of the model and points
out the possible nonconvexity of profit function. It also demonstrates
that a monopoly enterprise not only produces less than the social optimum
for a given technology but also underinvests in technology itself.

I assume a linear demand:

(L) P(Q) =1-Q
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I also assume production technology of constant marginal cost (C).
The marginal cost however is assumed to decline exponentially as investment

for cost reduction (k) increases:

(2) C(k) = G, exp (- vk),

where C, (>0) 1is the marginal cost when no investment is done and v (>0)
represents the effectiveness of investment. It can be interpreted as the
technological capability of the domestic enterprise. We have C° < 0 and
c" > 0.

The domestic monopoly enterprise determines the size of output and

the level of cost-reducing investment, so as to maximize its profit x(q;k):

(3 x (q;k) = P(q) q - C(k) q - k. +.

Since the enterprise is shielded from competition, cost-reducing investment
has no commitment value and the precommitment and perfect equilibrium
coincide. The equilibrium output qm for a given k or equivalently C is

given by

(4) dxn/dq =1 -2q -C=0

or
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") qm = (1 - C/2)

The profit maximizing k (kM) or equivalently C (CM) is in turn determined

by

(5) dn/8k = (8C/8k)(8wx/3C) - 1 = (3C/8k)(-qm) - 1 =0

by the envelope theorem, assuming the presence of the interior maximum and

convexity of f(k) = m (q(k),k). From equation (2), we get

3C/3k = - vC

Substituting this equation into equation (5), we get the following

equation:

(6) an/dk = -(v/2)C* + (v/2) C - 1

- -(v/2)(C* - C+ 2/v) =0

The profit maximizing solution to this equation is

(7)  Cu(v) = (1/2)(1 - (1 - 8/v)%)

since the second order condition requires that

8%n/6k* = (8C/8k) (3/3C) (3x/3Kk)

= (8C/8k) v (1/2 - C) <0
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or
Cq < 1/2

given that 4C/3k < 0. It is clear from equation (7) that high v induces
low Cu. If v < 8 or efficiency of cost reducing investment is very low, no

investment takes place.
f(k) = n (q (k); k) can be nonconvex, since
(8) £ (k) = - (3%c/ak%)qm+ (- 8C/3k) (3qu/ak)

becomes positive when the second positive term dominates the first term.
In the current model it is clear from equation (8) that if Co < ¥, f(k) is
convex for k = 0, so that equation (5) does give the condition for the
global maximum.

On the other hand if Co > %, f(k) is concave for k < kwx(C(kx)= %)
and convex for k > kx. In this case the enterprise generally has to
compare f (k = 0) and f (kv), in order to get the global maximum, as
illustrated in Figure 1. Nonconvexity of f implies that a small reduction
in v can precipitate investment to zero, when it causes a switch from the
interior local maximum kM to another local maximum k = O.

Consequently investment for cost reduction can be lumpy. The
intuition behind this is the following. Although the net profit from
marginal investment by a high cost firm may be negative due to the small

output to which cost reduction applies, discretely large investment by such
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firm can be still profitable since it enlarges the market served by the
enterprise itself. There can be an increasing return from investment for
cost reduction, so that a small parametric change can cause discrete
changes in investment for cost reduction, output and price.

It is clear that the monopoly enterprise underinvests in technical
progress, since it cannot appropriate the increase in consumers’ surplus
due to price fall. 1If we differentiate welfare W (k)l? (the sum of
consumers’ surplus CS and producers’ surplus) at the monopoly level of

investment we get the following:

(9) awM/ak = 3cs/ak + an/dk = 8CS/dk = (8CS/dq) (3q/dk) > O

2. Impact of Import Liberalization
Import liberalization is assumed to cause the entry of a foreign
enterprise either through its export or through its direct investment.l}
For simplicity we assume that technology of the foreign enterprise is
exogenous to the equilibrium analyzed in this section. Specifically the

marginal cost of the foreign enterprise is assumed to be a parameter. This

10/ The explicit formula for investment is given by
ky = 1/V log Co/Cy= (1/V) log [2Co/(1- (1 - 8/V)0:3))
The welfare (WM) is given by
Wa = 1/29%q+ (P - Cwdam - ku
i 0.5,2 0.5
= (3/32)(1 + (1 - 8/V)~-")¥ (1/V) log [2Co/{1 - (1 - 8/V)~" 7}]

11/ We use the term import liberalization for this specific policy
change in this.section, unless otherwise specified.



assumption is not critical to most points of this section and would be
reasonable for most industries in developing countries in their catchup
process.

The competition resulting from liberalization is assumed to take
place through the following two stages: determination of the cost-reducing
investment in the first stage and determination of output in the second

stage. The Nash equilibrium of the second stage game is given by

(10)  gp (Cp, CF) = (1 - 2 Cp + Cf)/3 and

(11) qr (Cp, Cr) = (1 - 2Cp + Cp)/3

where qp (qf) is the output of the domestic (foreign) enterprise and Cp (Cp)
is the marginal cost of the domestic (foreign) enterprise. The comparison
with equation (4) suggects that competition reduces the output of the
domestic enterprise (i.e., qp < qy) for a given level of production cost.l;
In the first stage only the domestic enterprise has the option to
undertake cost reducirg investment by dassumption. We assume the same cost-
reducing function as equation (2). The enterprise determines its cost-

reducing investment (k) so as to maximize

(12) ap (kp) = (1 - qp - qF)QD- Cp qp - kp

12/ gp - 9M = -qr/2< 0 if Cp = Cyq, given equation (11l). This result is
general and follows directly from the fact that the competition
through quantity under the linear demand has the characteristic of

strategic substitute.
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subject to equations (10), (11) and

(13) Cp = Coexp (-vp kp)
We get

(14)  dmp/dkp= (38Cp/3kp)(-qp+ qp (8P/3Q)(3qw/3Cp)} - 1
where qp (8P/3Q) (dqF/3Cp) = - qp/3 represents the strategic effect of cost
reducing investment, while the first term in the bracket represents the
direct effect of cost reduction. The compariscn with equation (5)

demonstrates that competition reduces the incentive for cost reduction by

its market fragmentation effect (qp < qM) for a given k but increases it

by creating the strategic motive (qp/3 > 0). The second effect can

dominate the first effect as shown later.
If we assume the existence of the interior maximum and convexity of

np (kD), we have the following equation determining kp or equivalently

cpl7:
(15) CD2- (1 + Cp)Cp/2+ 9/(8vp) =0 or (2Cp - 1) + 9/(4vpCp) = Cf

The profit maximizing solution to this equation is

13/ A major implicit assumption is that the domestic enterprise
accommodates the entry of the foreign enterprise. As is clear from
figure 2, the domestic enterprise cannot deter the entry of the
foreign enterprise, if Cp< ¥%. We assume that this is the case.
See the third paper for entry deterrence. :



(16) Cp= (L + Cp)/4 - (L + Cp)2/16- 9/(8vp))0-3
since the second order condition for profit maximization requires that
(17)  82rp/3kp% 8Cp/dkp (4/9) vp (14 Cp- & Cp) < 0 or Cp< (1 + Cp)/b

given that dCp/dkp< O.

Equation (16) tells us the following two key findings. First,
higher efficiency of cost reducing investment (larger Vp) induces lower
marginal cost of the domestic enterprise, as in the case of a domestic
monopoly. If Vp is very large, Cp = 0O irrespective of Cp. Second, higher
competitiveness of the fbreign enterprise (i.e. lower Cf) prevents the
domestic enterprise from achieving lower marginal cost. Stronger foreign
competition limits the size of domestic market available to the domestic
enterprise, so that the incentive for cost reduction becomes smaller, since
both of the cost-reducing effect and the strategic effect are proportional
to the size of the market served by the domestic enterprise, as shown in
equation (14).

This negative effect becomes larger as Cp becomes smaller, since Cp
is a convex function of Cp as is clear from equation (15) and (17). Cp as
a function of Cy is illustrated in Figure 2. -3Cp/dCr can exceed one and
can become infinitely large as Cr approaches (18/VD)°‘§-1, when vp < 18.
Fﬁrthermore, a marginal reduction in Cg can cause a discrete increase in Cp

to C, as illustreted in Figure 2, when Co is relatively high. This is
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because the profit function m(kp) becomes concave for small kp when Co is
relatively high, as is clear from equation (17).

The fact that stronger foreign competition reduces the technological
effort of the domestic enterprise does pot imply that the absence of
foreign competition is most conducive to technical efficiency. If the
domestic enterprise is completely shielded from foreign competition, it
loses the strategic incentive for cost reduction completely and can become
more reluctant to make investment than the enterprise exposed to
competition. I then compare the incentive for cost reduction of the
enterprise shielded from foreign competition (M for brevity) relative to
the enterprise exposed to foreign competition (D for brevity) in the

following.

We can rewrite equations (5) and (14) in the following manner.

(5'y MM =g = (1 - ¢)/2 = - 1/(8C/8k) = 1/(vC) = MC

and

(16') MBD = (4/3)qP = (4/9)(1 - 2C + Cf) = MC

where MBY (MBP) stands for the marginal benefit of cost reduction for the
enterprise M(D) and MC for its marginal investment cost. Figures 3-A and
3-B show the two distinc.. possibilities for the relationship between MM
and MBP. 1If MBD is located below MBM for all relevant level of C as in

Figure 3-A, we have Cy < Cp for any v where Cy (Cp) is the level of
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technical efficiency optimally chosen by the enterprise M(D). 1In this case
liberalization reduces the investment for cost reduction and increases
marginal cost of production, no matter how high the efficiency of cost
reducing investment (v) is.

However, MBD can be located above MBM for a certain range 0B of C as
shown in Figure 3-B. 1In this case if v is sufficiently large, we have cP <

cM as shown in the Figure. MBP can cross MBH, if

MBD |coo= (4/9)(1 + Cp) > 1/2 = MBY |cop or
(18) Cp> 1/8

since MBD has a sharper slope than MM, Consequently, the positive
response to liberalization is possible. This obtains even though the
marginal increase of the competitiveness of the foreign enterprise always
causes the reduction of the investment for cost reduction by the domestic
enterprise.

The intuition for the second case is clear: 1In the case of monopoly
the effect of cost reduction on the profit of the domestic enterprise is
equal to its output. Although the output of the domestic enterprise
becomes smaller for a given C due to import liberalization (fragmentation
effect), the profit effect of cost reduction after liberalization also
depends on the negative output response of its competitor to its cost
reduction (strategic effect) as shown in equation (14). When the domestic

enterprise has high capability of technological development, the incentive
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for cost reduction can be larger in the case of duopoly than in the case of
monopoly, since strategic effect dominates fragmentation effect.

Based on the above result let us compare the effects of tariff and
quota on technical efficiency and on welfare. I consider the following
situation. Tariff and quota are set so as to bring about identical
domestic output and import, before a technological opportunity for cost
reduction becomes known. This can be done simply by setting the import
quota identical to the level of observed import subject to tariff in the
case of Cournot equilibrium (See Figure 4).

Then what will happen if the domestic enterprise suddenly perceives
a certain technological opportunity? The investment decision of the firm
subject to tariff is exactly identical to that for the enterprise D, while
the investment decision of the firm subject to quota is exactly identical
to that for the enterprise M, except for the fact that the two firms have
identical outputs when their investments for cost reduction are zero.
Consequently, it is clear that the firm protected by tariff achieves higher
technical efficiency and larger domestic output than the firm protected by
quota, since the firm protected by tariff still has a strategic motive to
displace import. (Compare Cq and Ct in Figure 5).

It is important to note that the profit of the domestic enterprise
is also higher unde; tariff protection than under quota, since quota
deprives the domestic enterprise of the opportunity to use its first mover
advantage in product market competition by making preemptive investment.

In fact quota protects the foreign enterprise rather than the domestic

enterprise from potentially stronger competition.
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The response of total supply in the domestic market depends upon the
technological capability of the domestic enterprise. If it is very high,
Ct = Cq as illustrated in Figure 5. This in turn implies that the reaction
curve under quota protection almost coincides with that under tariff
protection in Figure 4. If such is the case, it is obvious from Figure 4
that total supply is larger under quota protection than under tariff
protection. On the oth2r hand if the technological capability of the
domestic enterprise is relatively low, we can have C't< C'q = Cg as
illustrated in Figure 5. In this case, the total supply under tariff
protection is larger than that under quota protection. All domestic
erntities (consumer, domestic industry and the government) gain from the
switch from quota to tariff.

The standard cases for tariff against quota are larger domestic
output and larger government revenue.l} The above analysis provides a new
and potentially more important case for tariff, since tariff is found to be
more conducive to dynamic efficiency. If strategic effect is essential in
inducing the domestic enterprise to start investment in cost reduction,
tariff also leads to higher welfare in a Pareto sense. The above analysis
might be criticized on the ground that it does not properly compare tariff
and quota, since import declines under tariff. However, that criticism may
be off the point, since import restrictions are often introduced to protect

domestic enterprises at prevailing cost conditions, so that import

14/ See Helpman and Krugman (1989), Chapters 3, 4 and 6. An exception
may be the case where the level of the domestic output is determined
by the domestic cartel to control the enforceability of the
agreement (explicit and implicit), since quota then can force such a
cartel to increase domestic output to offset the increased incentive
for defection (Rotemberg and Saloner (1988)).
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replacement due to the improved technical efficiency of the domestic
enterprises is not likely to be a cause of concern.l;

Next I analyze the welfare effect of stronger import competition
(lower foreign cost or lower tariff). Stronger import competition can
cause Pareto-inferior change in the economy, as demonstrated below. First
it is convenient for us to develop a general formula for evaluating the
welfare change due to parametric changes. The welfare (WD) is given by the

sum of the consumers’ surplus (CS (q)) and the producer’s surplus PS (qp,

kp):
(19)  wP=¢CS (q = qp + qF) + PS (ap, kp)
Totally differentiating this relation, we get
(20)  awP = -qpdP + (P - Cp)dqp+ (-(3Cp/3k)qp - 1}dkp
where dP = P'’dq.
This formula suggests that we have to take into account the three
effects in evaluating the welfare effect of any parametric change. First,

terms of trade effect. Any increase in the domestic price implies terms of

trade deterioration, as long as qf (import or sales of the subsidiary of

15/ Since the domestic enterprise makes more profit under tariff than
under quota, it "should not" complain. It is also important to
recall that the traditional welfare comparison of tariff and quota
has been rather add hoc, since the rationale for restricting the
amount of import itself has not been clearly specifigd.



41
the foreign enterprise) is positive. Second, efficiency in the composition
of supply. Since the price which domestic consumers pay to the foreign
enterprise is above the marginal cost of the domestic enterprise, the shift
of supply from the foreign enterprise to the domestic enterprise benefits
the domestic economy. Third, efficiency of investment. Due to the
strategic motive of investment, the enterprise invests over what cost

minimization requires. That is

- (8Cp/dkp)gp- 1 = - (3Cp/dkp) (8P/3Q) (3qF/3Cp)qp< O

or the benefit of the reduction of marginal cost falls short of its
marginal investment cost. Consequently the expansion of the investment for
cost reduction icself is welfare reducing, although its total ecffect is
still positive in the case of the domestic monopoly enterprise.

Using the above frameworg let’'s analyze the welfare effect of the
marginal increase of the competitiveness of the foreign enterprise (dCy <
0). The negative technology response of the domestic enterprise tends to
reduce the positive terms of trade effect of stronger foreign competition
and to amplify its negative effect on the composition of supply. We have
already seen that 3Cp/dCr< 0, so that dCp > 0 and dkp < 0. dCg< 0 and dCp

> 0 also implies that dqp < 0 and dqp > 0. dCp + dCr can become positive,
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since the technological response of the domestic enterprise can exceed
one.}? If dCp + dCr > 0, we have dqp + dqp < 0 and dp > 0, since we have
q=qp+qr= {2 - (Cp+ Cr)})/ 3 andp =1 - q.

If dqp + dqF < 0, it is clear that stronger import competition

reduces both consumers’ welfare and industry profit. We can derive the

following formula from equation (20) (See the Appendix for its derivation).

(21) awP = - qdP + qp P’ (3qp/3CF) dCF

where the first term represents the change in the consumers’ surplus and
the second term represents the change in the profit of the domestic
enterprise. The second term is always negative for dCp < 0. The first term
also becomes negative if dCp < O causes dp > 0.

The above unconventional result can occur, since higher foreign
competitiveness can have an amplified effect on the competitiveness of the
domestic enterprise, when the output of the domestic enterprise is already
small. The reason is the following. Since the incentive for cost
reduction is proportional to the size of output, the small output allows
the domestic enterprise to exploit only highly effective opportunities for
cost reduction. Hence, a further decline of output caused by stronger

import competition causes the domestic enterprise to forgo even these

16/ When Vp is very large relative to 1 + Cg, it is not possible.
Approximation of equation (16) gives Cp = (9/16)(1/Vp){1/(1 + Cf)}.
Consequently,

lacp| = | (9/16) (1/vp)(-dcp/(1+ cF)2)|= (9/16)(1/Vp)|dcp|> |dcg|
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opportunities. The above amplified effect on the production cost of the
domestic enterprise in turn leads to the rise of the market price in the
oligopoly environment. Consequently, tariff can cause a Pareto-superior
change: lower domestic price, higher industry profit and higher government
revenue. Conversely import liberalization in the sense of tariff reductior
can be a Pareto-inferior policy.

The negative response of the domestic price to tariff sounds very
paradoxical, but its possibility has been pointed out by Venables (1985,
1987), although based on the grounds different from that of thé above
analysis. First, tariff can reduce domestic price by shifting the location
of the industries with large economies of scale to the home country and
thereby saving transportation cost (Venables (1987)). Second, tariff can
reduce domestic price by increasing the number of firms competing in the
domestic market and thereby reducing markup in the environment of segmented
markets (Venables (1985)). My analysis is closer to this second
possibility identified by Venables, since the negative response of domestic
price is caused by the negative effect of tariff ‘on the markup by the
foreign enterprise although not by increasing the number of enterprises but
by strengthening the competitiveness of the domestic enterprise. While
tariff is necessarily immiserizing for the foreign country in the Venable's
framework (1985) since it is anticompetitive abroad, that is not
necessarily the case in my analysis. If we consider the possibility of
export by the domestic enterprise, tariff can also lower the price abroad.

How general is my result? Increasing the number of foreign
enterprises does reduce the possibility of the negative response of

domestic price to tariff but does not eliminate it. Increasing the number
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of domestic enterprises again has no qualitative effect. Switching from
quantity to price competition is not likely to change the result
qualitatively, as long as marginal tariff can have a discrete effect on the
level of the cost of domestic enterprise, by influencing the decision
whether to undertake investment for cost reduction or not. On the other
hand, the analysis here does not say that tariff always reduce the domestic-
price, unlike the analysis by Venables (1985, 1987).

Figure 6-A illustrates the discrete welfare effect of liberalization
(removal of ban or quota). The area A represents the gain from the
reduction of monopoly underconsumption, when qp + qp > qq. The area B
represents the profit loss of the domestic enterprise due to the loss of
the market, when qp < qq. The area C represents the gain from production
cost saving when Cp responds positively to liberalization and the area D
represents its investment cost. The welfare effect of import liberaliza-
tion is generally ambiguous, since it depends on these conflicting effects.
When Vp is large, WP ---> (2 + Cp2)/6< 3/8 for Cp< 1/2, while W -..>
3/8.}7 Consequently, the welfare effect is negative, when Vp is large.

This is essentially the same result which can be obtained from a

17/ The welfare function can be explicitly derived as follows:

(21) WP = (1/2)(qp + qF)%+ (P - Cp)ap - kp

= -(5 + Cp) Cp/12 + (2 + C§2)/6-(9/16)(1/Vp) - (1/Vp) log
(Co/Cp), where

Cp= (L + Cp)/4 - [((1 +Cp)/4)2- 9/(8vp)]0-3

lim WP = (2 + Cp2)/6, since lim (1/V) log V = 0 as V - w,
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conventional static model of Cournot competition, since high Vp implies

that Cp = O irrespective of Cf.

3. Impact of Domestic Liberalization

Domestic liberalization is assumed here to cause an entry of another
domestic enterprise, a challeager. First we analyze the case where the
challenger has no opportunity to improve production technology and then the
case where both enterprises have technological opportunities for making
cost-reducing investment, which has commitment or strategic value for
product market competition.

When the challenger has no opportunity to improve cost, the analysis
is exactly the same as that for the last section except for welfare.
Domestic liberalization can stimulate the domestic incumbent enterprise to
undertake more investment for cost reduction. Whether it does so depends
on the balance between the market fragmentation effect and the strategic
effect of increased competition. Since it is likely that the foreign
enterprise has lower cost than the domestic challenger in developing
countries, domestic liberalization is likely to be less harmful to
technical efficiency than import liberalization in these countries.

The welfare change in response to a marginal parametric change is

given by

dW = (P - C1)dq1+ (P - C2)dqa+ {(-q1)(8C3/38ky1) - 1}dkj,

and for a parametric change of dCg, it is given by
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(23) dW = - P'qidq)- P'qpdq2- q2dCy

where q1 (q2) is the output of the incumbent (challenger), Cj (C2) is the
marginal cost of the incumbent (challenger), kj is the cost reducing
investment of the incumbent and Vj is its efficiency. When the challenger
has similar technical efficiency compared with the incumbent (consequently
q] ~ q2), then the net welfare effect of stronger domestic competition is
positive, as long as industry output expands. On the other hand, if the
challenger has only low efficiency (consequently q2 = 0), marginally
stronger domestic competition is welfare reducing.

The cverall welfare effect of domestic liberalization (the discrete
change from monopoly to duopoly) is illustrated in Figure 6-B. The area A
represents the reduction of both monopoly underconsumption and undersupply,
when q1 + q2> qM. The area B represents the loss due to the shift of
production from a more efficien? incumbent to a less efficient challenger
when q] < qq. The area C represents the reduction of production cost and D
for the additional investment cost. It is tempting to say that the net
welfare effect is positive, if Cg9=~ CyM, since B = 0. However, it is not
necessary the case, since investment is not cost minimizing due to the
strategic effect.i? It is also clear that domestic liberalization has
higher welfare effect than import liberalization if the domestic challenger

has identical cost with the foreign enterprise.

18/ If the incumbent enterprise ignores the strategic value of cost-
reducing investment, cost minimization implies that Cjqi+ k] < Cyqy +
kM so that (Cy - C1)q1 - (k1 - kM) > 0.
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Next we analyze a more realistic case where the challenging enter-
prise also has the opportunity for cost-reducing investment. The perfect
equilibrium of the two stage game is given by the following set of

equations derived from equation (15):

(24) 201+ (9/(4V1))(1/CL)= 1 + C2

(25) 2C2 + {9/(4V2))(1/C2) )= 1 + C1

where Vg is the efficiency of cost-reducing investment by the challenger
enterprise. The resulting equilibrium is illustrated in Figure 7 for a
symmetric case.

It is clear from this figure that the relative increase in the
efficiency of cost-reducing investment of the first enterprise reduces the
marginal cost of production of the first enterprise and increases the
marginal cost of production of the second enterprise, since it causes the
relative downward shift of the reaction curve I-I. It is also clear that
C1 + Cg declines around the symmetric equilibrium as either of Vj or Vp
increases.

However, C} + C2 can increase in the asymmetric equilibrium, since
both of the reaction curves can have slopes larger than one, as is clear
from Figure 7. Consequently, higher investment efficiency of one of the
enterprises can cause the decline of industry output and thus can reduce
the consumers’ welfare. Asymmetric equilibrium can thus bring about

unconventional result. One implication is that investment subsidy for cost
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reduction can lead to higher market price, if it is provided only to the

dominant enterprise with low cost.

The welfare effect of marginal parametric change is given by

(26) dWD = (P-C1)dq1+ (P-C2)dqao+ (-q1(8C1/8k1)-1)

+ {-q2 (8C2/3k2)- 1)}

The larger V2 (dVa > 0) brings about dq3 < 0, dq2> 0, dkj < 0 and dkp> 0, so
that net effect is not clear as in the other cases.

Finally, we analyze the impact of domestic liberalization (the
discrete change from monopoly to duopoly). We focus only on the symmetric
case. It is possible to show in this case that, although the effect on
technical efficiency is negative, the effect on welfare is positive when

the efficiency of cost-reducing investment is high. 1In the symmetric case

we have
(27)  €12- (1 + C€1)C1/2- 9/(8vi) =0
(28)  C1- (1 - (1 - 93,2
The comparison with equation (8) immediately suggests that Cy < C3. The

negative effect on technical efficiency, however, critically depends on

linear demand, which implies relatively strong market fragmentation effect.
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The welfare (WD)E? in this case is higher than in the case of monopoly,

when v is large. It is possible to show that wP o 4/9 and W 3/8.

4. Policy Implications

In this subsection I briefly discuss some policy implications which
can be derived from the above analysis, admitting its simplicity.

First, even if import competition makes the domestic enterprise
suffer market loss and the consequential decline of the investment for cost
reduction, it does not imply that instituting a ceiling on import
competition by, e.g., introducing a quota system can induce higher
investment for cost reduction. As demonstrated in the above analysis, such
policy can actually have a negative effect on the technical efficiency of
the domestic enterprise.

Second, strategic effect provides a new and potentially most
important reason why tariff is likely to be superior to quota when some
protection is unavoidable. The standard cases for tariff are higher

domestic output and higher revenue. In addition to these two favorable

19/ It is possible to derive the following formula:
WP = (1/2)(2q1)%+ 2(P - C1)q1- 2Ky

o5 (2 + 2 (1 - 9/v)%29/91)/9+ (2/v1) log ([1 - (1 -
9/v1)%:21/(2Co))
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effects, tariffs also keeps alive the strategic effect of investment and
therefore is likely to cause higher dynamic efficiency than quotadg9

Third, domestic liberalization can still improve technical
efficiency even when import liberalization hurts it. Domestic competition
is likely to have smaller market fragmentation effect for a domestic
enterprise in developing countries than import liberalization since
production cost of the domestic challenger is likely to be more similar to
the incumbent enterprise than that of the foreign competitor. Domestic and
import competition can thus have asymmetric effects on the technical
efficiency of domestic industry.

Fourth, however, it is not necessarily the case that the welfare
effect of domestic liberalization is larger than that of import liberaliza-
tion, since there exist two opposing forces. Import liberalization in
developing countries on the one hand can significantly reduce the undercon-
sumption due to monopoly distortion. On the other hand, it can also
transfer significant part of the domestic monopoly rent to the foreign
enterprise. The welfare effect of the slow down of technology development
is generally ambiguous, although its marginal decline is welfare reducing
since the domestic monopoly enterprise underinvests in technology.

Fifch, tariff may lower the domestic price, if it helps the domestic

enterprise substantially increase its investment for cost reduction. This

result may provide some support for infant industry protection in

20/ An important condition for this conclusion is that the domestic
enterprise is more blessed with investment opportunities for higher
technical efficiency, which are focused on the domestic market
competition. If the opposite happens to be true, then the ranking
can be reversed.
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developing countries, which is regarded to be legitimate by ﬁhe GATT.
However, it is important to noée that the result depends critically on the
asymmetric opportunities for cost reduction as well as on the market power
of the foreign enterprise. Furthermore, active use of tariff policy is
still costly in terms of consumption distortion compared with, e.g.,
investment subsidy and may also generate cost due to policy endogeneity

just as the other sector-specific government interventions.

C. Domestic Competition, Technology Catchup
and Welfare in an N-Firm Model

In this section I demonstrate that in the general framework of
N-firm competition increased domestic competition can potentially
accelerate technology catchup when its effect on the strategic motive for
investment dominates its market fragmentation effect. I use a model of
dynamic competition where enterprises determine their levels of investments
for cost reduction in the first stage and their output levels in the second

stage. I limit my focus on a symmetric Nash equilibrium in this section.

1. Market Equilibrium in the
Presence of Strategic Effect

The profit of the i th domestic enterprise (my)is given by

(29) = P(ZN q)aqi - Ci(kdai - ki
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where P(Q = =N qi) is the inverse market demand function, Q is aggregate

output, qiis the output of the i th firm, Cjis constant marginal cost of

production, and kjis cost reducing investment.

(30) P' <0, and

(31) C' <0 and C" > 0.

The second stage equilibrium is given by

(32)  8m/dq; = P'ql + P - Ci = 0.

We assume that

since investments for cost reduction are sunk in the second stage. Each

firm determines its output so as to maximize its profit, taking marginal

cost as given.

The second-order conditions are

(33) g%y aq2 = B* gy + 2 B' <0

I assume that the Hahn’s conditicn holds globally 2}:

21/ Hahn (1962). The condition (34) assures the stability of a myopic
adjustment process to a Cournot equilibrium. As is well known
(Dixit (1986) and Tirole (1988)), myopic adjustment process lacks
real economic foundation. However, given the current absence of a
real alternative, I depend on the stability condition of such
process in order to derive comparative static results, as most

existing oligopoly theories do.
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(34) P q4+ P' <0

It is clear that the second-order conditions hold when equation (34) is
satisfied. The Hahn’'s condition (34) also implies strategic substitute in

the product market comp:tition as well as the response coefficient less

than one in absolute value:%?

(35) 0 > 3qi/dq, |(8mi/dk = 0) > 1

The second stage equilibrium depends on the choice of investments
for cost reduction already made in the first stage, so that the equilibrium

output gjcan be written as

(36) qi{= qi(kls ey k].: ceey kN)
Given the assumption (33), (34) and (35), around a s tric equilibrium we
have

37 3q3/3kx< 0 for 1 » j and dq4/3kp 0 and

(38) =N (3qj/8kj> 0

Iro
S
~N

Bulow, Geanakoplos and Klemperer (1985) defined strategic
substitutes and strategic complements in oligopclistic competition.
In the case of linear demand product market competition always has
the characteristic of strategic substitute. In the case of the
demand curve with a constant elasticity it is not always the case.
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(See the Appendix) E}.
In the first stage of tle game each firm determines its level of
investment, recognizing the dependence of the second-stage equilibrium
output qjon the investment levels of all firms. The profit of each firm

can be written as the function of investments:

(39) nyg= 73 (qr(ky, ..., Ki,...), .oy qj(kl,...,ki,...), |

- gi(ky, ..., ki, ..., ky)

The perfect equilibrium is therefore given by

(40)  Bgi/dk; = P’ S dg/dkilai - g 8Ci/3k - 1 = 0,

where the first term represent strategic effect of the investment for cost
reduction. Since dqj/dkiK 0 from equation (37), the first term is posi-
tive, suggesting that each enterprise has an incentive for implementing
cost-reducing investment more than justified by the cost minimization.

The second order condition is given by

(41)  a%gy/a¥- pv(8Q/8Kk) (T 99/8kD

+ P’ [(5i(8%/3k?%) q; +(i 3qi/8k) 3qi/dk;)
- (3qy/8k;) (3Ci/dki) - ai (3%Ci/ak?) < O

23/ If we assume the diagonal dominance of the coefficient matrix for
the myopic adjustment process in the second stage product market
competition, it is possible to show that equations (37) and (38)
hold even for asymmetric equilibrium (see Dixit (1986)).
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It is satisfied if Cyis sufficiently convex. I assume that such is

a case.zf

I1f we focus on the symmetric equilibrium, we get ki=k for all i as a

solution to equation (40). We further have

(42) q=q3(ky, --., ki, ..., ky) = q4(k, ..., k, ..., k) = h(k) and

(43)  8qi/3k; = 3q;/3k; = U(k) < 0

for all i and j except for i = j. k and q satisfy the following equation

derived from equation (40).

(44) P’ (Nq) . [(N - 1) U(k)] . q - q3C/8k (k) - 1 = O

The determination of the equilibrium (q,k) is illustrated by
Figure 8. Here the q curve corresponds to equation (42) and the k curve
corresponds to equation (44). The q curve has a positive slope. This can
be demonstrated as follows: Since we have aqi/akj- dqj/dkifor the

symmetric equilibrium,

(45)  dq/dk|qcuve = dh/dk = Bain dqi (k, .., K)/3k] =

Sein g5 (k,..,k)/ak > 0

24/ It can be violated, if for an example -(38q;/dk;) (8C;/3k;) 1is positive
sufficiently, as I analyzed in the section B.
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from equation (38). Higher investments for cost reduction by all enter-
prises make production costs lower and the market price lower, so that the
outputs of all enterprises increase.

The k-curve corresponding to equation (44) generally has a positive
slope, unless dU/dk is not strongly negative (or strategic effect does not
become excessively strong as k increases). High level of output, on the
one hand, makes investment for cost reduction more profitable, since its
effect on cost reduction is proportional to the size of output. High level
of output also strengthens strategic effect, unless the market demand curve
is strongly convex, since it is again proportional to the size of output
(see the firm term of the equation (44)). I assume that the k curve has a
positive slope in the following analysis.

I further assume the following stability condition: the coefficient
matrix of the myopic adjustment process in the first stage investment
competition has the characteris?ic of diagonal dominance. The diagonal
dominance is a sufficient condition for the stability of such adjustment
process. It is possible to show that the diagonal dominance requirement in
symmetric equilibrium assures that the k curve is steeper than the q curve

(See Appendix). Consequently we assume that

(46) dq/dk |k curve > dq/dk |q curve.

We assume that this holds globally for all N.
Using this framework I can first demonstrate that strategic effect
increases equilibrium output and the size of cost reducing investment .in

the N-firm case. 1In the nonstrategic equilibrium the first term in
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equation (44) vanishes, so that the k curve shifts to the right (the k'
curve) as shown in Figure 8. Thus strategic incentive induces higher
technical efficiency. Consequently, equilibrium output and investment are
larger in the perfect equilibrium than in nonstrategic or open loop
equilibrium.

The increase in domestic competition (increase in N) shifts the q
curve down due to market fragmentation. Since I assume that product market
competition constitutes strategic substitute, entry of a new firm makes
incumbent enterprises reduce their sizés. Consequently, increase in
domestic competition shifts the q curve down as in Figure 9. Since this is
the only effect in the case of nonstrategic equilibrium, the increase in
domestic competition fragments the market and reduces the size of cost
reducing investment (E ---> B)E;.

Under the perfect equilibrium, however, the increase in domestic
competition tends to shift the k curve to the right due to increased
strategic effect. Although the increase in N also tends to reduce U (k),
the increase of (N-1) tends to dominate it,Z? unless the market demand
curve is strongly concave. Consequently the effect of the increase in
domestic competition on technical efficiency becomes ambiguous. If
strategic effect is strong and dominates market fragmentation effect,
increased domestic competition can induce higher investment for cost
reduction, as shown by E’ or A in Figure 9. Output of each enterprise can

also become larger (A) as a result of increased domestic competition. If

25/ See the section E of the third paper for more details and for an
exception.

26/ This is certainly the case for a linear demand (See Appendix).
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E: Perfect equilibrium
E‘': Nonstrategic or open
-loop equilibrium

Figure 8:

DETERMINATION OF q AND k



k

Figure 9.

IMPACT OF THE INCREASE IN DOMESTIC COMPETITION
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strategic effect is negligible, increased domestic competition reduces both

the size of domestic enterprise and the size of cost reducing investment (B

in Figure 9).

2. Strategic Effect and Economic Efficiency
a. Investment

Since the strategic effect is based on the motive of each enterprise
to secure market at the expense of others, investment tends to become
excessive on this account. However, on the other hand, the price
responsiveness of demand tends to make investment deficient in
oligopolistic market as in the case of monopoly, since each enterprise
cannot fully appropriate the gain from cost reduction (part of the gain
accrues to consumers). Therefore.stratzgic effect can compensate the
tendency for underinvestment in the oligopolistic market, but it can overdo
it. I demonstrate this more formally below.z}

The social welfare is given by

(47)  W(kg,...,ky)= [5 B(s) dS - ZC(kj)qy Zky
o

For the symmetric equilibrium we get

(48)  dW/dky= (P - C)(3Q/dky)+ (-q(3Cy/dkyi)-1)

27/ The following analysis is similar to that by Itoh, Kiyono, Okuno,
and Suzumura, (1988), Chapter 1l4.



64
The first term represents the effect of increased investment for correcting
monopoly distortion of undersupply and therefore positive. The second term
represents the strategic effect (i.e. the effect of higher market price due
to the induced contraction of the output of the competitors) and is
negative for social welfare (see equation (40)). If the first effect
dominates the second, the marginal increase of the investment for cost
reduction at the market equilibrium can increase welfare. However if the
second term dominates, investment for cost reduction is excessive.

Given equation (40), equation (48) can be rewritten to

(49)  0W/dky= (P-C) [3Q/3ky+ Zj4;0q4/dki]

= (P-C) [dq1/dkg+ 2(N - 1)U]

It is more likely that strategic effect dominates the effect of correcting
monopoly underinvestment as domestic competition (or N) increases,gy since

U tends to decrease less than 1/(N - 1).

b. Entry

In this subsection I demonstrate that the presence of strategic
effect can potentially make excessive entry problem less severe or even
reversed, since it makes market fragmentation by increased domestic

competition less severe.

28/ It can be shown that equation (49) has a negative value in the case
of Cournot competition and a linear demand, when N > 3. 1In this
case U « 1/(N+1) (See the Appendix).



I focus only on the symmetric equilibrium. The social welfare is

given as the sum of consumers’ surplus and profit:

Nq
(50) W) = [ P(s)ds - NC(k)q - Nk

If we also ignore the integer constraint on N, we get

(51) W'(N) = (q + N 3q/8N) P(Nq) - Cq - NC 3q/dN

- N(q 8S/3k + 1)(38k/dN) - k
Since m = P(Nq)q - cq - k, we get

(52) W'(N) = m + N [P(Nq) - C] 8q/dN + [-N {(q(3C/3k) + 1)](8k/aN)

The coefficients of 3q/3N and dk/dN are positive and negative

respectively, since from equations (32) and (44) we get

(53) P(Nq) - C = - P'(Nq)q > O eand
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(54') -(qdC/dk +1) = -P'(Nq)(N-1)Uq < O with strategic substitutes.

The expansion of the output of each enterprise has a positive effect on the

social welfare, since marginal cost of production is below the market price

under oligopolistic equilibrium. On the other hand the expansion of the

cost reducing investment of each enterprise has a negative effect on the
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social welfare, since private incentive for investment exceeds its social
benefit (i.e. cost reduction) due to the presence of strategic effect.

We assume that the response of profit to increased domestic

competition is negative:

(55) 3x/3N = (P - C) 8q/3N + qP'd(Nq)/8N - (C'q + 1) 38k/3N < 0.

This would be the case if P’ 3(Nq)/3N is sufficiently negative.

If the strategic effect 1s negligible, we have U = 0, so that

(56) W' (N) =an +N (P - C) dq/8N and dr/3N < O.

As discussed by Mankiw and Whinston (1986) this relation shows that there
exists negative externality for entry, since dq/3N is negative. The change
in social welfare due to a marginal entry falls short of private profit to
the marginal entrant. Consequently free entry leads to socially excessive
entries. The free entry number of firms (Ne) exceeds the socially optimal
number of firms (N*), as illustrated in Figure 10. Furthermore, if there
exists no strategic effect we know that the technical efficiency at the
free entry equilibrium is lower than that of the social optimal equilibrium

(ke < k*) from Figure 9 (compare E and B). Consequently, we can conclude



x (N)

W' (N) = « (N) + N(P-C) dq/4N
\
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that both welfare and technical efficiency are inefficiently low at the
free entry equilibrium when strategic effect is negligible.g?

The existence of strategic effect affects excess entry probiem
through the following two channels (Compare B and E’ in Figure 9). First
strategic effect weakens the fragmentation of the output caused by a new
entrant (i.e. 3q/dN becomes larger and can have a positive sign).
Consequently the gap between the private gain from entry and its social
benefit becomes smaller on this account. The sign itself may become
positive. Second, however, strategic effect increases investment for cost
reduction by incumbent enterprises (i.e. dk/3N becomes also larger and can
have a positive sign), which does not have a social benefit of itself. If
the strategic effect is very strong (3q/dN > 0), free entry can result only
in a deficient number of enterprises. Therefore, strategic effect can at
least potentially completely reverse the conclusion by Tandon (1984).

Entry regulation can be harmful to both welfare and technical efficiency.i?

3. Conclusions and Policy Implications

The main conclusions of this sectinn are the following. Increased
domestic competition can potentially accelerate technological catchup by

enhancing the strategic effect of the investment for cost reduction.

29/ Recall that Tandon (1984) derived the same conclusion only through
numegical simulation by assuming highly specific demand and cost-
reducing functions.

30/ As discussed by Mankiw and Whinston (1986) the contribution of
competition to product diversity is another beneficial effect which
can upset the conclusion by Tandon. As discussed in the section E
of the third chapter the contribution of competition to diluting
policy endogeneity can also upset the conclusion.
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Although the strategic motive for investment is not based on the national
efficiency consideration, it can potentially improve the national welfare
by correcting the tendency for underinvestment for cost reduction in
monopoly or oligopolistic markets. The tendency for excessive entry in the
oligopolistic market can also be potentially ameliorated or even become
reversed by the strategic effect.

The most important policy implication is that entry regulation
exercised very widely for industrial sectors in developing countries can be
counterproductive to the stated objective, i.e., higher technical
efficiency. 1In particular a monopoly enterprise protected both from
foreign and domestic competition can show very poor dynamic efficiency gain
due to the loss of strategic incentive for investment. Liberalization can

result in both higher welfare and higher technical efficiency.
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APPENDIX

1. (a.1) dwP = - P'qdq + qp P’ 3qp/8CFdCF:

If we totally differentiate the profit of the domestic enterprise,

(a.2) dnP = d ((P - Cp)qp - kp)

(P - Cp) dqp + qpdP - (qpdCp+ dkp)

(P + qp 4P/8Q - Cp) dqp + qp éP/3Q dqf - (qp 8Cp/dkp+ 1) dkp

qp dP/8Q (4qF/4Cpdcf + 3qp/dCpdCp) - qp dP/38Q 3qp/3CpdCp

qp dP/3Q 3qp/3CpdCy

given the following profit maximizing conditions:

(a.3) P + qp 8P/8Q = Cp

and

(a.4) qp 3Cp/dkp+ 1 = 3Cp/3kpqp dP/8Q dqp/3Cp

Therefore we get equation (a.l).
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2. Zja1-~N 3qj/3k; > 0 for a symmetric equilibrium:
1 show the equivalent condition: Tja;.N 39;/3C; < O Totally differentiating

equation (32), we get
(a.5) (P"gqy+ 2P')dqq+ (P"qi+ P')dq.p- dCy
and
(a.6) (P"qj+ 2P')dqy+ (P"qy+ P')dq.4= dCjfor j » 1
For a symmetric equilibrium we have qj= qj= QE, dg; = dq.i/(N - 1) for j »

i, and dq-j- dqi+ {(N - 2)/(N - 1)}dq.i. Consequently, we can rewrite

equations (a.5) and (a.6) into

(a.7)|p"qg + 2 P’ P"qg + P’ dq; [= 4G

(a.8)|pgz + P!  ((P"qg + 2P') + (N - 2)(P"qg + P'))/(N - L)]dq |} O

Trom the Hahn's condition all the coefficients of the matrix are positive.
Furthermore, the diagonal element dominates in each row in absolute value,
since

(a.9) 0 > P"qg + P’ > P"qg + (N/(N - 1)) P’

Consequently, we have



(a.10) 3q;/3C; < 0 and 3q./8C; > 0

(a.11) 3q;/3C; + 3q./3C;i < 0

as demonstrated in Figure A.l.
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N-FIRM NASH EQUILIBRIUM (SYMMETRIC CASE)
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3. The relative slope of the q curve and k curve:
The total differentiation of equations (42) and (44) with respect to

q and k around a symmetric equilibrium gives

(a.12) | 1 -(D + (N - 1)U} dql=|0
_(NP"q + P')(N - 1)U + aC/ak -B'(N - 1)q 3 U/ k + qa%c/ak?|ak| |o

where D = 3qi/dki. The determinant of this matrix is positive, as shown
below, which implies that k curve is steeper than the q curve.

I consider the following myopic adjustment process, where each firm
increases its investment if marginal profit is judged to be positive.

(a.13) ki= Aydgi/dki, Ag> O

Linearization around the symmetric equilibrium gives

]

(a.14) k1= A1gil A1g12 ... A1g1N ki - k*
]
ko  Agga1 A2g22 ... A2gaN ka - k*
9
ky  ANEN1 ANEN2 --- ANeNN kn - k¥

A sufficient condition for the stability of this adjustment process

is diagonal dominance:

(a.15) |giib Ejuleiil= (v - 1) |bi]



where gjj bjfor all j » i, given the symmetry of equilibrium.
Given the second order condition (equation (41)), ai= gix O.

Consequently, equation (a.l5) implies that
(a.16) aj+ (N - 1)by< O

If we denote 6%u/ahaki- E for all i and j except for i » j, we have

the following equality, given the symmetry of equilibrium:

(a.17) Sy 8%q/0k? = 3/d3k; i 3qi/dk = 3/8k; T 39i/K;
= Sy 8%qi/3kidk; = (N-1)E

We also get the following equality: For any 1 = j,

(a.18) T d%qj/dk; 3k = 3/3k (S dqi/dk) = 8/8ki (Zjsi 4i/dk])

- 3, 8%qi/dk3k; = U/3k - E

since U/dk = Sim1 N 8/3kj3q1/0kpe E + Zji 3°q/k 3K
3 3

Given equations (a.l7) and (a.1l8),

aj= gii
- P"(D + (N - 1)U)(N - 1)Uq + P*{(N - 1)Eq + (N- 1)UD )

- D aC/3k - qa2c/ak?

and
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bi= gi1
= P"(D + (N - 1)U)(N - 1)Uq + P'{(3U/3k - E)q + (N - 1)Uy

- U 38C/3k

Given these equations, equation (a.l16) implies that the determinant of the

coefficient matrix of equation (-.12) is positive.

4, 8/8N [(N - 1)i{-U(k))] > 0 for linear demand case:

We assume the following market demand function:

(a.12) P = a - bQ and

In this case

(a.l4) U = 3q;/8k; = 3q1/8C$C/dk = (1/b)(1/(N+1))C’ (k) < 0

Consequently,

(a.15) 8/dN [(N - 1) (-U(k)}] = - (1/b)C’ (k) 8/aN((N - 1)/(N + 1))

- - (2/b) C'(k)/(N + 1)2

Thus higher domestic competition strengthens strategic incentive for

investment.
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5. 8W/8ky < 0 for N = 3 for a linear market demand:

Since

(a.16) 8qi/0ky 8C/3k 8qi/3C4= 3C/3k (-1/bYN/(N + 1) > 0,

we get the following result corresponding to equation (49) in the text:

(a.17) 8W/8ki= (P - C)(-(1/b)N/(N + 1) + (2/b)(N - 1)/(N + 1)) 8C/dk
= (P - C)(1/b){(N - 2)/(N + 1))3C/8k < 0 for N = 3 and

=0 for N = 2.

The latter result is consistent with the result obtained by Brander and

Spencer (1983).



78

REFERENCES

Arrow, K. J. (1962), "Economic Welfare and the Allocation of Resources of

Invention," in Nelson, R. R. ed., The Rate and Direction of Inventive
Activity, Princeton University Press: 619-622,

Balassa B. and M. Noland (1988), Japan in the World Economy, Institute of

International Economics.

Barzel, Y. (1968), "Optimal Timing of Innovations," Review of Economics and
Statistics, 50, August: 348-355.

Brander, J. A. and Spencer, B. J. (1983), " Strategic Commitment with R&D:
The Symmetric Case,"” Bell Journal of Economics, Spring: 225-235.

Bulow, J. I., Geanakoplos, J. D. and Klemperer P.D. (1985), "Multimarket
Oligopoly: Strategic Substitutes and Complements," Journal of

Political Economy, 93, pp. 488-511.

Dixit, A. and Stern, N. (1982), "Oligopoly and Welfare: A Unified
Presentation with Applications to Trade and Development," European
Economic Review, 19, 123-143,.

(1986) "Comparative Statics for Oligopoly," International
Economic Review, Vol. 27, No. 1, February.

Flamm, K. (1988), Creating the Computer: Government, Industry and High
Technology, The Brookings Institution.

Fudenberg, D. and Tirole, J. (1983), "Learning by Doing and Market Perfor-
mance," Bell Journal of Economics, 14, 522-530.

(1986), Dynamic Models of Oligopoly, Harwood Academic
Publishers.

Hahn, F. H. (1962), "The Stability of the Cournot Oligopoly Solution,"
Review of Economic Studies, vol. 32, pp. 329-331.

Helpman, E. and Krugman, P. (1989), Trade Policy and Market Structure, The
MIT Press: Cambridge.

Itoh, M., Kiyono, K., Okuno, M. and Suzumura, K. (1988), Economic Analysis
of Industrial Policy, the University of Tokyo Press.



79

Krugman, P. R. (1984), "Import Protection as Export Promotion," in

H. Kierzkowski (ed.), Monopolistic Competition and International
Trade, Oxford: Blackwell.

Mankiw, N. and Whinston, M. D. (1986), "Free Entry and Social

Inefficiency,"” Rand Journal of Economics, vol. 17, No. 1 Spring, pp.
48-58.

0.E.C.D. (1987), Structural Adjustment and Economic Performance.

Rodrik, D. (1989), "Closing the Productivity Gap: Doces Trade
Liberalization Really Help?," in G. K. Helleiner (ed.) Trade

Policy, Industrialization and Development: A Reconsideration,
the Oxford University Press.

Rotemberg, J. J., and Saloner (1988), Tariffs vs. Quotas with Implicit
Collusion," Canadian Journal of Economics, forthcoming.

Tandon, P. (1984) " Innovation, Market Structure and Welfare," American
Economic Review, vol. 74, No. 3, pp. 394-403.

Tirole, J. (1988), The Theory of Industrial Organization, the MIT Press,
Cambridge, Massashusetts.

Venables, A.J. (1985), "Trade and Trade Policy with Imperfect Competition:
The Case of Identical Products and Free Entry." Journal of Inter-
national Economies 19: 1-20.

(1987), "Trade and Trade Policy with Differentiated Products:
A Chamberlinian-Ricardian Model."™ Economic Journal. 97: 700-717.




CHAPTER II

TEMPORARY PROTECTION AND TECHNOLGGY CATCHUP

A. Introduction -- Potential Competition
and Industry Behavior

80

The standard presumption among policy advisors for industrial policy

is that protection, if granted for industrial development, should be
temporary. The major reason is that the threat of import liberalization
believed to spur a domestic enterprise for active technological effort.
Temporary nature of protection from import and direct foreign investment
often regarded to be one of the major "success" factors of the activist
Japanese industrial policy in the 1950s and 1960s.l/

However, there exist only a few theoretical studies which have
examined the linkage between teﬁborary protection and industrial

development rigorously.i/ Quite recently, Matsuyama and Itoh (1987) have

is

is

1/ See Itami and others (1988), Chapter 7, for such view in the case of the
industrial policy for the development of the Japanese automobile industry.
However, the actual causality between temporary protection and industrial
development could have been reverse. Successful industrial development
of Japan could have allowed the government to remove protection. See the

Chapter on policy endogeneity.

2/ There exists a large volume of theoretical literature analyzing the

rationale for infant industry protection (See Corden (1974, Chapter

9)

for a good review). However, most of these literature focuses its
analysis on the optimality of trade interventions, making no substantive
distinctions between temporary and permanent protection. A major
exception is Grossman and Horn (1988), who have shown that when infant
industry faces informational or reputational barriers to entry, temporary
protection reduces the welfare by exacerbating moral hazard and adverse

selections, while permanent protection might enhance it.
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shown that temporary restriction of import and direct foreign investment
may accelerate industrial development, while permanent protection might .
lead to industrial stagnation. Utilizing the dynamic oligopoly model
developed by Spence (1979), they have demonstrated that protection can
grant the first mover advantage to the domestic enterprise over its foreign :
competitor in the domestic market. When protection is believed to be
temporary, the threat of future foreign competition gives the domestic
enterprise strategic incentive to accumulate its domestic market specific
capital, thereby preempting the investment opportunities by its foreign
competitor in the market. They suggest that the model fits well with the
Japanese experiences in the 1960s.

Although their analysis is highly insightful and in the same spirit
as this paper is in emphasizing strategic investment, the scope of their
analysis is limited to the role of market-specific investment such as
investments in distribution network and customer reputation, since the
critical assumption of their analysis is the location specificity of
capital. Consequently, it does not have direct relevancy to technology
development, which I regard as the central element of industrial
development.

Rodrik (1989) has shown recently that protection accelerates
technology catchup but temporary protection weakens this effect by reducing
profitability of catchup. He, thus, questioned the conventional wisdom
that temporary protection is conducive to technology development. However,
since he treats import as an exogenous parameter in hic model, he ignores
the strategic motive for investment by the domestic enterprise. Since

investment in cost reduction constitutes a sunk cost and thus has a
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commitment value in product market competition, his analysis is
substantially incomplete. He also does not analyze the welfare effect of
policy interventions. This paper attempts to provide a systematic analysis
of the linkage between the length of protection period and technology
catchup.

The basic conclusions of the paper are the following: the response
of the technology effort of the domestic enterprise to the change in the
length of the protection period depends critically on (1) whether the
strategic effect of increased competition due to import liberalization
dominates its effect on market fragmentation and (2) whether increased
competition causes the switch in the industrial strategy from entry
accommodation to either entry deterrence or exit. Stronger technical
capability of the domestic enterprise makes the positive response to
shorter protection more likely. Reducing length of protection can induce a
large jump in technological effort by such enterprise, if it triggers a
switch in the strategy from entry accommodation to entry deterrence. On
the other hand, reducing the length of protection tends to reduce
technological effort by the enterprise with only weak technical capability.

As for welfare, the above response of the technology effort plays an
important role, since there exists a tendency for underinvestment in cost
reduction by the domestic enterprise.f/ When the domestic enterprise under

permanent protection can achieve only a similar level of technical

3/ Underinvestment in technology is, however, substantially dependent on the
assumption of the analysis below that there exists only one domestic
enterprise. Overinvestment may arise for more competitive domestic market
structure (See the chapter on Competition, Strategic Effect and Technology
Catchup).
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efficiency as the foreign enterprise, temporary protection is likely to
reduce investment for cost reduction. Thus it has both negative dynamic
welfare effect as well as negative static welfare effect. 1In this case to
strengthen potential competition by reducing the length of protection may
lead to a Pareto inferior equilibrium. This is a specific example in
international trade field of the paradoxical effect of potential

competition suggested by Stiglitz (1981).

B. Technological Catch-up Under rmanent

and Temporary Protections

1. Analytical Framework

I use a two-stage duopoly model: there exist a single domestic
enterprise and a single foreign competitor.:/ The structure of the game
analyzed is the following. In the stage zero the government decides the
length of protection period (Tp). In the stage one the domestic enterprise
determines its investment for cost reduction. It is assumed that the
foreign enterprise does not have the opportunity for investment in the
f'ost stage, either because it has already exhausted technological
opportunities or because the market In question is too small to influence
his investment decision. In the stage two, the domestic enterprise and the
foreign enterprise compete in the product market. However, it is assumed
that the government grants protection for the domestic enterprise from

import competition (complete ban of export or direct foreign investment by

4/ Increasing the number of foreign competitors does not materially affect
the result of the paper. Increasing the number of domestic enterprises
can, however, substantially affect the welfare analysis, as explained in
the footnote 3. E
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the foreign competitor) for the period T, to encourage teéhnology
development. It is further assumed that product market competition has the
characteristic of strategic substitute in terms of quantity.f/

I assume the existence of a technological opportunity by which the
domestic enterprise can reduce its production cost linearly during the
catchup period [0, Tgr] until a certain limit CR as illustrated in Figure
1. I assume that CR is a choice variable but Tg is constant for
simplicity.

After import liberalization the two enterprises compete in the
domestic market. The market equilibrium depends upon how much cost
reduction the domestic enterprise has made. Lower production cost of the
domestic enterprise increases its market share, as illustrated in Figure 2
for the case of quantity competiticn and strategic substitute in the
domestic market. When the cost of the domestic enterprise declines below
a certain critical value Cgp, it can maintain its monopoly position even
after liberalization, given the existence of a fixed cost for the entry by

the foreign enterprise in the domestic market.

2. Domestic Enterprise Under Permanent Protection
The domestic enterprise permanently protected from import chooses
the level of technological catchup so as to maximize the net present value

of its profit (V (Cr)):

(1) V (CR) = fuw exp(-rt)my (t;C(t))dt - K(CR)

5/ This condition is equivalent to the stability condition of the Cournot
equilibrium proposed by Hahn (1962).
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where r stands for the discount rate of a firm, T M stands for the

monopoly profit and can be written as follows:

(2) M (t, C(t) ) = Max g (P(Q) Q - C(t) Q)

where P(Q) is the inverse demand function faced by the domestic enterprise,

Q is industry output and C(t) is the cost at time t. C(t) is given by

(3) c(t) = Co - t/Tr (Co - Cr) for t < TR

= Cr for t > Tr

K (Cr) is the investment cost to be incurred to achieve the cost reduction

from Co to Cr. We assume that

(4) K’ (CR) <0 and K" (Cr) > O.

I denote the discounted revenue by R(Cr):

(5) R(Cr) = [ exp(-rt) my (t;C(t))dt
O~®

The value-maximization condition is

(6) V' (CR) = R'(CR) - K'(CR)

- f exp(-rt) 3dmpq/3Cr dt - K'(CR)
O~®



88

The first term is negative, since higher production cost reduces
instantaneous profit of the domestic enterprise. Cgr is determined so as

to balance the marginal gain from improved cost condition and the increased
investment cost. I denote the value Cr maximizing V by cP. Figure 3

illustrates the determination of cP,

I assume that the second order condition V"(Cr) < 0 holds globally.

3. Domestic Enterprise Under Temporary Protection
Next I consider the behavior of the domestic enterprise under
temporary protection. I assume that the protection period T| is longer
than Tr for simplicity in the main paper.f/ The domestic enterprise

chooses CR so as to maximize:

(N V(CR;TL) = [ exp(-rt)my(t;C(t))dt + [ exp(-rt)=(t,Cr)dt -
o~TL TL~
K(Cr)

where «(t,Cr) is the instantaneous profit after liberalization. We have

to distinguish the two cases in specifying «(t; Cr), monopoly case and

duopoly case:
am(t;Cr) 1f Cr = Cgp

(8) 7(t;Cr) =

mp(tiCr,C*) if Cr > Cgp

6/ Since the main objective of the analysis of this paper is to compare
temporary protection and permanent protection, this assumption does not
materially constrain the analysis. This assumption simplifies the
analysis since no change in the market structure takes place after

liberalization. See the section 2 of the Appendix for the analysis of
the case for Ty < Tgr.
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where np (t; CRr, C*) is the profit of the domestic enterprise in the
duopoly equilibrium in the domestic market and C* is the production cost of
the foreign enterprise. We assume that C* is an exogenous parameter.
Remembering that R(Cr; Tp) denotes the discounted revenue, R(Cr; TL)
declines by a discrete amount at Cg = Cgp as Cg increases, since 1y
(t;Cr) > =xp (t;Cr, C*) for t > T, as shown in Figure 4.

Due to the discontinuity of the value function, the domestic

enterprise is confronted with the following strategic decision:

(1) Entry Accommodation. The domestic enterprise accommodates the
entry of the foreign enterprise and chooses the most profitable technology
level within this framework. The value-maximization condition in this case

is

(9) 3V(CR;TL)/3CR = |  exp(-rt) dmy/3Cp dt + [ exp(-rt) dxp/dCp
dt
o~Ty, o~TL

- K'(Cr)

= 0 for Cg > CEP
I denote the solution of this equation as C*, as shown in Figure 4.
(I1) Entry Deterrence. The domestic enterprise deters the entry of
the foreign enterprise by achieving significant cost reduction. The value

maximization requires

(10)  V(Cep;TL) lmonopoly > V (€% TL)|duopoy 1if 8V/3CR (CepiTL) | monopoly =
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It is the same as equation (6) for the enterprise under permanent

production, if V' (CR; TL)|monopoy = 0 and V(CR; TL) Monopoly > V(CA;TL)

Duopoly -

C. Impact of Temporxary Protection

n_Technjcal ficienc
1. Effects on the Discounted Profit
Here 1 examine the effect of the length of protection on the
technology development achieved by the domestic enterprise based on the
analytical framework developed in the section B. The striking point is

that shortening the length of protection can accelerate technology

development significantly if it can trigger the shift of the strategy of

the domestic enterprise from entry accommodation to entry deterrence.

92

First, I analyze the effect of the length of protection (T_) on the

level of the value function V(Cr;TL). The partial derivative of equation

(7) gives us

(11)  3V/3TL(Cr;TL) = exp(-rTL) [my (TL;CR) - #(TL;CR)]

rexp(-rTL) [AM(TL;CR) - aM(TL;CR)] = O if Cgr <

Cep

Lexp(-rTL) [*M(TLiCR) - 7p(TLiCR)] > 0 if Cg >

CeDp

since the monopoly profit is larger than the profit of the dcmestic

enterprise under duopoly. The value function does not shift once Cr < Cgp



as long as T > TR, since the highly competitive position of the domestic
enterprise prevents the entry of the foreign enterprise independent of the
existence of the import protection. Figure 4 illustrates the effect of
shortening protection from infinity to a finite period T > Tg.

Shorter protection period can make the domestic enterprise prefer
not to enter. As shown in Figure 5, when the revenue function R(Cgr; TL)
shrinks beyond the level of RE, the domestic enterprise prefers not to
enter.

The effect on the slope of V(CR) is given by differentiating

equation (9):

(12)  4%W(CRr;TL)/3TLICR = exp(-rTy)[(-dnp(TL;Cr)/3CR} - (-

dmm(TL;CR)/8CR) ]

for Cp > Cgp. The sign of this equation depends on the following two ef-
fects. First, the difference in the size of the market served by the
domestic enterprise (market fragmentation effect). If the entry of the
foreign enterprise reduces the size of the market served by the domestic
enterprise, the profit effect of cost reduction declines by that amount.
second, the response of the output or price of the foreign enterprise to
the cost reduction of the domestic enterprise (strategic effect). Import
competition creates strategic incentive for cost reducing investment. In

the case of strategic substitute the market fragmentation effect of import
liberalization is negative but its strategic effect is pesitive,’/ so that

the sign of 82V/8TL3CR depends on the balance of these two effects. 1f

7/ In the case of strategic complement strategic effect is negative, since
the aggressive behavior (e.g., price cut) by the domestic enterprise
invites a similar behavior by its competitor (e.g., price cut).
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strategic effect of import competition dominates its market fragment

effect, equation (12) has a positive sign.

2. Change in the Entry Accommodation Strategy

Let’s investigate what will happen to the optimal Cg as T is
adjusted when the entry accommodation remains the best stratejy. I assume
that the domestic enterprise under permanent protection does not achieve
the technology level necessary to deter the entry of the foreign
enterprise. I also assume that the entry accommodation strategy remains
the best strategy for any T_. Totally differentiating equation (9), we get

the following equation:

(13)  acA/3T_ = (8%V/3TLACR)/(-V" (CR))

The second order condition requires that V" (CR) < 0, so that acA/aTL has
the same sign as 82V/6TLaCR. Consequently, if the strategic effect of
import competition dominates its market fragmentation effect, shorter
protection or more imminent import competion results in lower production
cost. If the opposite is true, shorter protection results in higher
production costs. In the latter case, stronger potential competition from
import reduces technological effort by the domestic enterprise.

The causal relation between T: and Cp is bi-directional, since the
balance between the market fragmentation effect and the strategic effect of
import competition depends on the competitiveness of the domestic enter-

prise at the time of liberalization or Cgr. In order for us to obtain an
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explicit expression for the effect of the change in Cgr on the balance of
the market fragmentation and strategic effects, let us focus our analysis
on linear demand and Cournot-Nash competition. In this case, it is

possible to obtain the following equation (see appendix):

(14)  a%W(Cr,TL)/3TL3CR = exp(-rT.) (8C* - 7Cg - 1)

According co this equation, relatively high competitiveness of the domestic
enterprise at the time of import liberalization results in the dominance of
strategic effect. When the domestic enterprise has only low
competitiveness, market fragmentation effect dominates. Let us denote the
boarder line competitiveness by Cs, which is a function of the

competitiveness of the foreig. enterprise.

(15) Cg = C*x - (1 - C*)/7 < C*

As illustrated in Figure 6, the technological response of the
domestic enterprise to the length of protection period can have the
following two patterns in the case of linear demand and Cournot-Nash
competition. When CR(T_ = ®) or the production cost level under perwranent
protection is below Cg, shortening the length of protection from infinity
to a finite period encourages increasingly higher technolegical effort.b/

This is because shorter protection strengthens the competitiveness of the

8/ If V" (Cr) is constant, equation (13) implies that Cr is concave for Cp
< Cg and convex for Cr > Cg when Ty is large.
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domestic enterprise once Cg is below Cg, which in turn tends to strengthen

the positive effect of further shortening protection on technology. On the

other hand, when Cr(T_ = o) is above Cg, temporary protection is more
derrimental to the technical efficiency, the shorter the protection period
is.

3. Switch from Entry Accommodation Strategy
to Entry Deterrence Strategy and to Exit

When the length of protection is shortened, it can trigger the
change in the technology development strategy from entry accommodation to
either entry deterrence or exit. As is shown by equation (11l), as the
protection period (T.) becomes shorter, the curve R(Cr; TL) shrinks only
for CrR > Cgp and can cause such changes.

I first consider the switch to entry deterrence. I assume that the
domestic enterprise under permanent protection does not choose the
technology level necessary to deter the entry of foreign enterprise, as in
the last subsection. However, I also assume that entry deterrence by
domestic enterprisz is feasible, given T > Th.Z/ The assumed situation is
illustrated in Figure 7. 1In this case temporzry protection can force tie
domestic enterprise to deter the entry of the foreign enterprise as
follows.

As Tp becomes shorter, the curve R(CR; TL) shrinks for Cr > Cgp.

Let us assume that at a certain Jength of the protection period (T5D),

(15)  v(c*; TS.) = V(Cgp)

9/ 1f achieving the technical efficiency necessary for the entry deterrence
is feasible under some length of protection (TL > TR), then it is also
feasible for any T > TrR. However, it may become infeasible for TL < Tk
(see the section 3 of Appendix).
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and

(16)  V(C™; T.) < V(Cgp) for T < T5..

At TSL, the technology development strategy switches from entry
accommodation to entry deterrence. The domestic enterprise is induced to
make a large jump in technology development as the fine tuning of entry
accommodation fails to yield a larger profit than the drastic switch of
strategy to entry deterrence.

As shown in the section C.2 in the case of linear demand and Cournot
competition, the shorter protection period results in smaller technological
effort when the domestic enterprise chooses technology level inferior to
the boarder line competitiveness under permanent protection, as shown in
Figure 7. 1If we take into account the possibility of entry deterrence, the
relation of the protection period and technological catchup ray not be
monotonic. The shorter protection period can induce initially a smaller
technological effort but if it is further shortened it can trigger a
discrete increase in such an effort. Such response is illustrated as the
line 123 in Figure 8.

Finally we consider the switch of the strategy to exit. Reduced
protection period can invite monotonic increase in the technological effort
due to the dominance of strategic effect of competition, until the domestic
enterprise decides not to enter in the market. Such possibility is
illustrated as the line 45 in Figure 8. In this case, although protection
helps the domestic enterprise enter the market, longer protection beyoﬁd

the minimum level (TEL) retards its technology efforc.
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The main conclusions of this section can be summarized as follows:

(a) The relation between the length of protection period and
technology catchup depends critically on the balance of
strategic effect and fragmentation effect of increased
competition and on the potential switch in the technology
strategy taken by the domestic enterprise. High technical.
capability of the domestic enterprise tends to make the relation
between protection period and technological investment negative,
i.e. shorter period of protection encourages more technological
catchup, even if the switch of the business strategy does not
happen.

(b) The reduction in the protection period can trigger a large Jump
in technological effort, when the domestic enterprise switches
its technology development strategy from entry accommodation to
entry deterrence.

(c) The reduction in the protection period can also trigger exit of
the domestic enterprise. In this case temporal protection helps

the domestic enterprise enter into the market.

D. Impact of Temporary Protection on Welfare
1. Underinvestment in Technology Development

In this subsection I show that the domestic monopoly enterprise
underinvests in cost reduction, so that marginal increase of the investment
in cost reduction benefits the economy. The national welfare is

represented by
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(17)  W(Cr;TL) = V(CR;TL) + CS (Cr;TL)

where CS(Cpr; T.) 1is the consumers’ surplus. CS(Cr; TL) can be written as

(18) €S (CriTL) = J  exp(-rt)f (qm (C(t))dt
o~Ty,

+ [ exp(-rt)f (q(CR,C*) + q*(Cg,C*))dt
TL"""

where qM(q) is the output of the domestic enterprise before the
liberalization (after the liberalization), q* the output of the foreign

enterprise after the liberalization (zero if its entry is deterred), and f

is the instantaneous consumers’ surplus function.

Differentiating (17) with respect to Cgr, we have

(19)  38W/3Cg = 3V/3CRr + 3CS/3CR

- 3CS/3CR
= [ exp(-rt) £' (3qu/3C(t)}(4C(t)/3CR)} dt
o~TL
+ [ exp(-rt) f' (8q/3CR + 8q*/3Cg)dt
Ty~

since dV/3Cr = 0 by the profit maximization condition for the domestic

enterprise.

Since we assume the strategic substitute in product market

competition, we get
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(20)  3q/3Cg + 3q*/3Cg < 9

Since dqp/9C(t) < 0, f' > 0 and 4d(C(t)/aCr) = 0, we definitely have

(21)  8W/3Cr < O.

However, if the change in CR is non-marginal, A W/A CrR can be
positive, since such change 1s accompanied by the change in market
structure. In particular, if shorter protection causes the switch of
technology development strategy from entry accommodation to entry
deterrence, CrR declines discretely but market supply after liberalization
can also decline discretely. (In Figure 2, E (entry accommodation) can lie
above the 45° line through B (entry deterrence)). Since domestic
enterprise itself is indifferent to such switch, the net welfare may
decline, even though the economy still enjoys the discrete expansion of
supply before liberalization. On the othei hand, the switch from entry
accommodation to exit can be welfare reducing, since supply declines after
liberalization and the domestic enterprise itself i{s indifferent to such
switch even though elimination of protection brings about initial expansion
of supply.

Therefore we can conclude that the domestic enterprise underinvests
in cost reduction, possibly except when further cost reduction causes the
switch in technology development strategy from entry accommodation to entry
deterrence. The level of production cost is generally too high from the

national point of view in this model, so that policy interventions
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encouraging investment in cost reduction are welfare improving. Protection
can be potentially justified on this ground, as seen in the next

subsection, although it is rot the first best instrument.

2. Impact of Temporary Protection

Let us analyze the impact of the length of pretection on the
welfare. I concentrate in the case where entry accommodation remains the

best strategy.lg/ Totally differentiating equation (17) with respect to Ty

we get

(22) dw/dT = 48W/3TL + (8W/3Cr)(8Cr/38TL)

The first term represents the standard tradeoff between the loss in
consumers surplus and the gain in the producer’s profit due to postponed
liberalization in the oligopolistic domestic market for a given level of
the competitiveness of the domestic enterprise. I call it a static welfare
effect of longer protection. In the case of a linear demand and a Cournot-

Nash competition it is possible to derive

(23)  8W/aT. = exp(-rTy) (1 - 2C* + CR) (1 + 2C* - 3CR)/24

The second term represents the welfare effect due to the change in

the competitiveness of the domestic enterprise induced by longer

10/ As shown in the Appendix, it is possible to relax the assumption of TL
> Tr for the entry accommodation case.
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protection. I call it as a dynamic welfare effect of longer protection.
Since the domestic enterprise underinvests in cost reduction, the dynamic
welfare effect is positive if longer protection encourages investment in
cost reduction. In the case of linear demand and Cournot-Nash competition,

it is possible to derive

(24)  (8W/3CR) (CR/ATL) = (-8W/3CR)(-1/V"(CR;TL))

exp(-rTL)(1- 8C*+7CRr)/18

It is possible to identify the three regions in the (Cr, C*) space
by the signs of the static and dynamic welfare effects of longer
protection, as illustrated in Figure 9. In the area B (the domestic
enterprise has a similar level of efficiency as the foreign enterprise)
both static and dynamic welfare effects are positive, so that longer
protection benefits the economy. If the dynamic welfare effect is strong
(this would be the case when K" is small), consumers can also gain from the
longer protection, since the dynamic welfare efféct accrues to consumers.
Longer protection moves the economy from E to E' in the area B horizontally
but keeps it in the area B. Consequently, the optimal policy is permanent
protection among all protection programs (T > Tr). Conversely, temporary
protection reduces welfare. It can also lead to a Pareto-inferior
equilibrium, hurting both consumers and producers.

If the economy is in the area A or C (there exists relatively large
efficiency gap between the domestic and foreign enterprises), there exists

a tradeoff between static and dynamic welfare effects of protection. WUhen
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Figure 9: STATIC AND DYNAMIC WELFARE EFFECTS OF LONGEK PROTECTION
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the domestic enterprise has high efficiency, longer protection generates
positive static welfare effect, the gain in the producer’s operating profit

dominating the loss in the consumers’ surplus. However, it also generates

the loss in dynamic welfare, since longer protection makes the domestic
enterprise more conservative for investment in cost reduction due to weaker
threat from import competition. The net welfare effect is ambiguous.

If the economy is in area C, longer protection helps the domestic
enterprise to achieve higher production efficiency by preserving the
domestic market longer for the domestic enterprise. However, the
government can do that only by incurring increasingly larger static welfare
cost. However, if the government protects the domestic enterprise long
enough, it may be able to move the economy from the point E" to E (although
not necessarily). In this case marginal static welfare effect of longer
protection becomes positive, although the cumulative welfare effect can
still remain negative. Consequently, there is a possibility that marginal
protection is welfare-reducing but long-enough protection is welfare-

enhancing.

3. Some Policy Implication
Admitting the simplicity of the analysis, I try to draw some policy

implication. It is important to bear in mind that the welfare analysis
significantly depends on the assumption of a single domestic enterprise and
the consequential underinvestment in technology.

(a) Under the circumstance where technology development is



(b)

(c)

109
important, the standard presumption that increasing actual and
potential competition increases welfare can fail very easily.

As demonstrated in Figure 9, strengthening potential competition
from import can gererate negative static welfare effect as well

as negative dynamic welfare effect (area B).

The tradeoff of protection be:ween static welfare effect and
dynamic welfare effect is not absolute nor stable. There may be
no such tradeoff at least at the margin of the length of protec-
tion (area B). Even if such trade off exists, longer protection
can cause both positive and negative dynamic welfare effects,
depending on the circumstance.

As the traditional literature on infant industry protection
suggests, protection is not the first best instrument to correct
underinvestment in technology. Although investment subsidy
cannot correct the distortion due to the market powers in
product market, it is still likely to be superior to protection,
since it can increase technical efficiency without hurting

consumers.
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APPENDIX
1. Response of monnpoly and duopely profits to cost reduction (the case of
Cournot-Nash competition and a linear demand):

I assume a linear demand P = 1 - Q and a linear cost cq. In this

case the monopoly profit = ) is given by

(a.1) my = Maxq { (1 - q) q - Cq)

The profit maximizing q is given by

(a.2) qu= (1L -C)/2>0

By the envelope theorem

(a.3) 08nm/8C = -gqq < O

When the domestic firm (the production cost Cr) is confronted with a
foreign competitor (the production cost C*), the profit of the domestic

firm is given by

(a.4) =p = Maxg [(1 - (g + q*))q - Cr.q]



111

Assuming the Cournot-Nash equilibrium, the profit maximizing q and q* are

given by

(a5) q=(1 - 2Cg + C*)/3
and

(a.6) q* = (1 - 2C* + Cr)/3

Given these relations, the response of the profit (xp) of the domestic

enterprise .o the change of its cost is given by
(a.7) 8xp/3CR = -q + q(3P/3Q)(3q*/3CR) = - 4q/3
From (a.3) and (a.7), equating C=Cgr, we get
(a.8) A (C_, Cg)=(-3np/aCR) - (-3xm/3CR) = - (7CR - 8C* + 1)/18

2. Static Welfare Effect of Longer Protection:

I derive the result under the same assumption as the section 1 in
the appendix. The effect on the producers’ surplus of longex protection (a

unit increase in the protection period) is given by

(a.9) exp(-rTL) (mp-mp)=exp(-rT ) [(1 - CR)am -q°m -((1-Cr - q*)q - q*)]
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The effect on the consumers’ surplus is given by
(a.10) exp(-rTL) (q’m/2 - (q + q%)%/2)

Consequently, the static welfare effect of longer protection (a unit

increase in the protection period) is given by

(a.11) exp(-rTL){(l - CR)am - 9°M/2 - (1 - Cp)q + 1/2 q* - 1/2q¥%)
- exp(-rT)[(am - Q{(1 - CR) - (qu + q)/2} - q¥%/2]
= exp(-rTy) (g%/2) ((1 - CR) - (gm + q)/2 - q*)

- exp(-rTy) (1 - 2C* + Cg)(1l + 2C* - 3 Cr)/24

3. Analysis of the case where TL < TR:

When Ty < Tr, it is possible for the market structure to change over
time even after TL, since the domestic enterprise experiences continuous
cest reduction until Tg. The most general case is illustrated in Figure
A.l1. In this Figure liberalization forces the d&mestic enterprise to make
a temporary exit, since its cost at thé time of liberalization (CL) is too
high to have non-negative profit. At time Tp, however, the domestic
enterprise comes back to the market, since its cost has fallen to the level
Cg, which allows the domestic enterprise to make non-negative profit.
Further decline of the cost to Cep forces the competitor out of the market.

The domestic enterprise thus chooses Cg so as to maximize
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(a.12) V (Cr; TL)= R (Cr; TL) - K (CRr)

- f exp(-rt)my (t, C(t))dt + f exp(-rt) =p
o~TL Tp~-TmMm

(t, C(t), C*¥)dc

+ [ exp(-rt) my (t, C(t))dt - K(CRr)
TM—-‘D

subject to
Co - (t/TR)(Co - CR) for t = TR
(a.13) C(t) =

Cr for t =2 T

It is important to note that Tp and TM are positively and linearly
dependent on CR, except when Tp = TL or Tpo = Tu = Tr. Larger cost reduction
makes both the period of temporary exit and the period of duopoly shorter,
as illustrated in Figure A-1l.

There exist three critical values of CrR, which cause shifts in the
observed market structures. Let us denote by Cre the cost level of Cr,
which makes Tp equal to Ti. Similarly, Crep represents the cost level of
CrR, which makes Ty equal to TR, CrM represents the cost level of Cr, which
makes T equal to TL. It is obvious that Crv < Crep, since faster entry
deterrence requires' faster cost reduction. I assume that Crep < Cre for the
purpose of simplicity of exposition. Then it is possible to identify the
four ranges of Cr, which have different pattern of the shift in market
structure over time, as shown in Table A.l. Cre and Cr¢ are positively and
linearly dependent on TL but Crep is independent of TL.

R (Cr; TL) is continuous with respect to Cr, except at Cg = CRED.

When CR > Crep, the domestic enterprise accomrodates the entry of foreign
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enterprise after Tg. Since profit of the domestic enterprise under
duopoly is lower than that under monopoly and this shift in market
structure takes place for more than infinitesimal period (i.e., the period
for TR ~ =), R (Cr; TL) declines by a discrete amount at CR = Crep as Cr
inc:eases.

R(Cr; TL) is also continuously differentiable with respect to Cr,
except when the change in IR causes the shift in market structure.!/ Given
the above critical values of Cr, it is possible to derive dR/3Cr as in
Table A.1 for the four ranges. It is clear that dR/GCr declines
discretely at CaM as CrR increases, since monopoly profit is larger than
the profit under duopoly. On the other hand dR/3Cr 1s continuous at Cgrg.

Consequently R (Cr; TL) has the shape as illustrated in Figure A.2.

There exist five distinct possibilities for the CrR maximizing V(Cr; TL).

(a) Interior maximum for CrR > CrEp (entry accommodation)

(b) Corner maximum : CR = Crip (entry deterrence)

(c) Interior maximum for CerM < Cr < CrEp (entry deterrence)

(d) Corner solution : CR = CrM (absolute entry deterrence) and
(e) Interior maximum for Cr < CrM (absolute entry deterrence),

where absolute entry deterrence implies that even temporary entry of the
competitor during the catchup period is deterred.

The change of R (Cr; TL) in response to the change of T is shown in
Table A.2. Shorter TL reduces R and V except for Cr < Cav. The first
difference from the case where TL > Tr is that the value function shifts

down even for CR < Crep, since the competitor makes a temporary but

1/ It is important to note that =xp (Tp, C(Tp), C*) = 0, which allows us to
get the simplified formula as in Table A.1l.
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Figure A-2: REVENUE AND COST FUNCTIONS
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successful entry in the market when TL < TR as long as CrR > CrM. The
second difference is that CrM declines as T; becomes shorter while Crep
remains unchanged, since CmM depends on TL while Crep depends only on TR as
long as TR < TL.

The above differences allow more variety of strategy shifts than the
analysis in the main paper. For an example, shortening protection can
cause the shift from absolute entry deterrence to entry deterrence, simply
because the former becomes infeasible. It can cause the shift from entry
accommodation to entry deterrence like the analysis presented in the main
paper as well as the reverse shift. The shift from entry accommodation to
entry deterrence is more likely than the reverse shift when C* is high,
since the difference between the excess of monopoly profit over the profit
under duopoly tends to become larger, as Cr increases, when C* is high
(equation (14) does not change sign as long as Cr > Cg).

Table A.2 also shows 3°V/3T dCR. If strategy shifts do not take
place, the response of the technological effort to shorter protection
depends on the balance between the market fragmentation and strategic
effects of increased competition as in the analysis of the main paper for
the ranges II and III (Crym < Crep < Crep). For Cr < Cry, the
technological effort is not influenced by the margina{ change in the length
of protection. For CR > Crg, the technological efforé becomes smaller as
protection becomes shorter, since shorter protection only reduces the
opportunity from gaining profit from cost reduction by accelerating the

timing of temporary exit of the domestic enterprise.
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It is also clear from this Table A.2 that, if cost and revenue

conditions are such that Crep is not feasible but CrR remains below Cre, then
the analysis presented in the entry accommodation case in the main paper

also applies to the case for TL < TR without any substantive modifications.
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CHAPTER III

POLICY ENDOGENEITY, INCENTIVE DISTORTION AND
A STRATEGIC ROLE OF DOMESTIC COMPETITION

Introduction

In this chapter I discuss the implications of endogenous industrial
policy and a strategic role of domestic competition in reducing the
negative incentive distortion caused by policy endogeneity.

In the first three sections, I discuss the general issue of
endogenous industrial policy: 1its causes, consequences, and counter-
measures in order to place the subsequent analysis in perspective. In the
sections D and E, 1 formaily demonstrate that domestic competition can

positively contribute to solving the policy dilemma.

A. Policy Endogeneity in Practice
1. Endogeneity of Industrial Policy

In the earlier chapters, I assumed that the government policy was
exogenous. It was assumed that the government had the first mover
advantage over industry and the industry took the government policy as a
given parameter in deciding its activity. However, this assumption is
extreme, since the govermment in reality is often constrained from
maintaining its first mover advantage over industry.

The endogeneity of industrial policy is most clearly observed in

infant industry protection in developing countries. In many cases the
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schedule of protection is not preannounced. Even if such announcement is
made, the government is often unwilling to withdraw protection vwhich can
jeopardize the viability of the protected industry. Consequently, in many
cases the removal of protection is contingent on the successful development
of industry. I discuss a Japanese case of endogenous protection in the
1960s in some detail in the next subsection, to demonstrate the point that
even "successful" protectionist policy had at least some endogeneity (here
"success" meaning that temporary protection did not lead to permarent
protection and industrial stagnation).

The policy endogeneity is also frequently observed in adjustment
assistance for the industries having difficulties in coping with foreign
competition. Although most adjustment assistance programs stipulate
temporary nature of assistance, there exist many examples where temporary
relief from import has become permanent or quasi-permanent. The US import
protection of textile and steel sectors are good examples. In both cases
protection starting as temporary import relief has become now almost
institutionalized. Their full removal seems to be possible only when

protection becomes substantially unnecessary for their survival.

2. An Example of Endogenous Import

Liberalization

Here I describe the comprehensive import liberalization program of
Japan announced in 1960. In this year the Japanese Government issued a
general guideline for liberalizing its stringent foreign trade and exchange
control system. which had been used to tightly control the import regime.

The guideline governed whole liberalization measures in the 1960s and the
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early 1970s. Although there have been no major reversals of liberalization
in Japan, the timing of liberalization was significantly contingent on the
development of each protected industry, as seen below,

The general guideline classified traded goods in the following four
categories:l/

(A) Goods to be liberalized immediately

(B) Goods to be liberalized in the near future (within around three
years)
(c) Goods to be liberalized at an appropriate future time by

providing necessary time (to industries)
(D) Goods the liberalization of which are deemed to be difficult for
a considerable time in the future.
The category A includes mainly raw materials for industry. The objective
of immediate liberalization was to reduce input cost of the industry.
Import which do not compete with domestic industries or goods for which
domestic industries could already competitively supply (such as textile,
sundries, and steel) were included in either category A or B.

The category C included infant industries e.g.industries which were
under the process of technology development or which were deemed to merit
nurturing as critically important industries for the development of
machinery sector. Liberalization of several emerging industries proceeded
in a phased manner after 1963: automobiles (1965), machine tools (1970),

color film (1971), integrated circuits (1974), electronic computers (1975).

l/ Based on Yamazawa, I. (1984).
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Liberalization of these industries was postponed until they gained interna-
tional competitiveness.f/

Category D mainly included agricultural goods.

Given the clear endogeneity of import protection for infant
industries in Japan, the question was why it had not apparently caused
inefficiency due to incentive distortion. Two possibilities are
conceivable. The first possibility is that import protection was still
regarded to be temporary by the industries, given the determination of the
government to liberalize industrial import and international pressure for
liberalization. In fact the guideline mentioned the following three
reasons for liberalization: request from foreign countries, improved trade
balance and positive effect of international competition on the
rationalization efforts by industry. Credibly temporary protection can not
only avoid the incentive distortion caused by policy erndogeneity but also
may potentially accelerate technology development compared with permanent
protection, as analyzed in the second chapter. The second possibility is
active domestic competition in Japan. Domestic competition can reduce or
even eliminate incentive distortion caused by endogenous protection. I
will demonstrate this strategic role of domestic competition more formally
in sections D and E. Before doing that, I discuss the general issue of the
causes and consequences of policy endogeneity and countermeasures and put

the formal analysis in sections D and E in perspective.

2/ When the automobile import was liberalized in 1965, the Japanese
automobile industry already exported 17% of its production. When the
direct foreign investment was liberalized in 1971 (still wunder the
condition of minority status), the export output ratio was 38%. When the
import of electronic computers was liberalized in 1975, the export output
ratio was 4.5%.
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B. Consequences of Policy Endogeneity

Zndogeneity of protection causes incentive distortion. The
protected industry can take advantage of the endogeneity by reducing or
neglecting its effort for technological advance or for adjustment.
Consequently, policy intervention can not only lose its effectiveness
substantially but also can cause welfare loss even under the circumstances
where significant market failures warrant government interver<ion.

The welfare effect of policy endogeneity, however, depends on the
specific economic circumstance in which it is impinged upon. When another
distortion is present, smaller policy endogeneity can reduce economic
welfare, if the negative welfare effect of the second distortion is
sufficiently amplified as a result.i/ In fact, it is demounstrated by
Carmichael (1987) in the context of export credit subsidies that adopting
subsidy rate ceiling reduces welfare of the exporting country. The reason
is the following. When such ceilings are binding, enterprises can no
longer expect that the loss of competitiveness due to artificial inflation
of their export prices is compensated by subsidies, so that effective
export prices (i.e., gross export prices minus export subsidies) decline.
However, export prices are too low under the circumstance of export price
rivalry as analyzed by Carmichael (i.e., price competition and strategic

complement), so that adopting subsidy rate ceiling is welfare reducing.®/

3/ It is well known from Bhagwati (1971) that reductions in the degree of a
distortion will not necessarily be welfare increasing if there is another
distortion in the systen.

4/ The optimal intervention by first-mover government for export price
rivalry is tax (Eaton and Grossman (1986)). However, the optimal
intervention by second-mover government can be subsidy (Gruenspecht
(1988)).
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The existence of the second distortion (oligopolistic price rivalry) makes
the reduction of policy endogeneity (endogenous subsidy) a losing
proposition in this case.

Given the above caveat, let us analyze the welfare consequence of
policy endogeneity in the case deemed to be typical in actual industsial
policy practices. The effect of policy endogeneity is illustrated in
Figure 1. In this figure S stands for the government support and I for
industrial investment for higher efficiency. The utility function of the
government is assumed to be U (I, S). I assume that 3U/3S is positive for
small S but turns negative as S becomes larger. This would be the case if
the government were concerned with the size (output or employment) of the
assisted industry as well as the distortion caused by intervention, since S
(import protection for an example) increases the size of the industry only
with diminishing return and increasing distortion (e.g., consumption
distortion) (See Appendix for an exact formulation). Investment for higher
efficiency is assumed to énhance U but reduce 3U/8S. The latter assumption
82U/818S < 0 is justified, since higher investment by the protected
enterprise causes the expansion of its size and consequently reduces the
marginal utility from its further expansion induced by higher protection.
Finally it is assumed that U is quasi-concave. Under these assumptions the
government reaction curve (GG) and indifference curve (U) have the shapes
as illustrated in Figure 1.

The enterprise is assumed to maximize its profit w (I, S). It is

assumed that these exits a positive level of profit maximizing I for any S.
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Higher S is assumed to increase both ¥ and aw/ax.i/ It is further assumed
that the isoprofit curve 7 is quasi-concave. Under these assumptions the
reaction curve (II) and isoprofit curve o of the enterprise have the
shapes as illustrated in Figure 1.
Now I consider- three alternative equilibria: precommitment
equilibrium (P), fully accommodative equilibrium (A) and Nash equilibrium

(N). First, if the government can precommit itself to the optimal level of

support SF, industry will respond by undertaking the "nationally" optimal
level of technological effort Ip.f/ In this case, the government has the
first mover advantage and chooses its best equilibrium on the reaction
curve of the industry (1I).

Second, however, if industry has the first mover advantage, it

expects that the government will respond to the actual technological effort
in a compensatory manner along the reaction curve GG (e.g. faster
technological development triggers import liberalization or conversely
slower technological development delays import liberalization). The
industry chooses its best equilibrium on the reaction curve of the
government (GG). Consequently, industry will undertake only lower techno-

logical effort (I < IP) and also necessitates larger government support to

2/ The latter assumption M5 >0 is justified, when higher protection incre=ases
the size of market available to the domestic enterprise and makes cost-
reducing investment more profitable.

6/ However, even IF is too low under the circumstance where the government and
the enterprise can make a contract binding S and I. This is because
marginal increase of investment from P increases U, while it does not
affect w.
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the industry (s® > sP). The consequences of policy endogeneity are smaller
investment, higher industry support and lower "national" welfare.’/

Third, if neither of the government nor industry can precommit
itself, I expect that the economy will get settled in the Nash equilibrium.
Nash equilibrium is a natural outcome under such a circumstance, since in
Nash equilibrium neither party wishes to change its strategy given the
strategy of the other. The Nash equilibrium also entails policy endogene-
ity. As demonstrated in Figure 1, investment and welfare are lower than in
the precommitment equilibrium but higher than in the fully endogenous equi-
librium. Industry support becomes smaller than in the two equilibria. The
consequences of policy endogeneity in the case of Nash equilibrium are
smaller investment, smaller industry support and lower national welfare.

The degree of distortion caused by endogenous policy can be highly
significant. The welfare effect of full accommodation can be decomposed as
the sum of the effect due to the shift from P to N and the effect due to
the shift from N to A. The welfare effect of the first shift (from P to N)
is relatively small, since the government can economize its excessive use
of § (P lies at the rightward of the GG line) in exchange for the reduced
level of investment. A small deviation from P along the curve II results
in no corresponding first order change of the government utility due to the
eanvelope theorem. However, the welfare effect of the second shift (from N

to A) is relatively large, since the government is not compensated for the

1/ The government utility may not exactly coincide with the national welfare
in this model, since it is generally not rational for the government to
target the size of industry. However, imperfect information may justify
such practice.
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loss due to the further decline of investment (the increase in S has no net
welfare effect along the line GG). Compared with the equilibrium under no
intervention (F), not only the level of S and resulting distortion are
higher at A but investment level at A itself can be lower than that at F,
as illustrated in Figure 1. 1In this case the government intervention is
clearly welfare-reducing, in spite of the fact that no intervention
equilibrium is not efficient.

The negative welfare effect of policy endogeneity is further
amplified, if it exacerbates another existing distortion. To illustrate
the point let us assume that there is positive externality from investment
either technically (e.g., knowledge spillover) or pecuniarily. 1In this
case the strategic underinvestment by industry has a negative multiplier
effect on the welfare of the national economy.

Consequernitly, the welfare loss due to the policy endogeneity may
well be very large, which may offer one potential explanation for why the
consequences of industrial policy interventions have been often dismal. It
also offers a potential explanation for the simple fact that high
protection often coincides with low investment, which is hard to be
explained by a conventional analysis taking protection as exogenous.
Moreover, the snap shot analysis of policy regime often used to identify
non-uniformity of protection does not reveal adequately the true cost of
protection. In this sense the traditional focus of the trade policy reform

on making protection low and uniform may well be significantly incomplete.
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C. Causes olic dogeneit

and Control Mechanism

In this section, I review major causes of policy endogeneity with a
special focus on dynamic inconsistency and discuss potential mechanisms to
control policy endogeneity. There exists five causes of industrial policy
endogeneity, which seem to be important in reality: industry lobbying,
equity or income distribution concern of the government, prior commitment
to targeted industries, information asymmetry and dynamic consistency.

Industry can affect government policy by its lobbying activities in
the political and administrative processes. There already exists extensive
theoretical and empirical literature analyzing lobbying activities and
their welfare consequences.f/ An important insight from this literature is
that cost of protection is not adequately measured by the deadweight loss
derived from the assumption of taking protection as a parameter, since
lobbying and counter-lobbying absorb real economic resources. Another
important point is that the existence of lobbying opportunity can
fundamentally affect welfare rankings of alternative policies, since a
particular policy instrument (e.g., tariff) has a larger free-rider problem
for lobbyists than the other (e.g., subsidy) and as a result can upset the
traditional welfare ranking (trade intervention is inferior to domestic
intervention in dealing with domestic distortions).i/

Although industry lobbying theory has many valuable insights, it

also has major limitations. First, most fundamentally, the government and

8/ Baldwin (1982) offers an excellent review. Posner (1975), Findlay and
Wellisz (1982) and Tullock (1967) demonstrated the importance of
understanding the policy formation process.

9/ Rodrik (1986).
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political institutions do act (although may not always) to pursue policies
which are deemed to improve national welfare. Second, industrial lobbying
per se does not explain why infant industries and industries having
adjustment difficulties fail to improve efficiency in spite of seemingly
favorable conditions created by the policy intervention.

Second, industrial policy can become endogenous when it is driven by
ex post income redistribution or equity concern. Under such a circumstance
the policy intervention can become contingent on the enterprise behavior.
The enterprise can expect larger support from the government when it
performs relatively poorly so that the situation similar to the model as
analyzed in the last section emerges. Although no government would like to
penalize efforts nor to compensate the shortage of efforts, asymmetric
information for the government can cause such outcome. Industrial policy
does seem to be strongly motivated by the objective of distributional
equity especially in some developing and socialist countries. In those
countries industrial poliéy often serves as an inefficient social policy,
partly because policy instruments targeted to individuals (e.g., income
taxation and unemployment compensation scheme) are not well developed.

Third, industrial policy becomes endogenous when the government is
constrained by its prior commitment to targeted industries. Although its
rationality can be questioned, industrial policy in practice often consists
of the following three stage game. In the first stage, the government
decides whether a particular industry is to be targeted. Targeting
decision may involve the decision of the cabinet or even parliament. The
government itself may invest in the industrial ventures in such targeted

sectors. In many cases, however, targeting implies strong government
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commitment to the development or survival of the industry, which is not
accompanied by clear conditionalities. In the second stage, the protected
industry decides how much to invest, given protection. In the third stage
the government decides whether to liberalize. But due to the existence of
the prior government commitment to the industry, liberalization may take
place only if industry is judged to withstand international competition.
Liberalization threat is not very credible,!?/ since the government has
also high stake on the development or survival of the protected industries.

Fourth, information asymmetry can be another cause for the policy
endogeneity. Often the government has only imperfect information
concerning the necessary level of support beforehand, so that commitment to
the preannounced protection schedule is very difficult to make. After all
there exist a lot of uncertainties in the market, technologies and
competition. However, if the government has the same information as
industry, uncertainty per se does not necessarily cause policy endogeneity.
It would cause only unanticipated therefore nondistortionary policy changes
when dynamic inconsistency issue is negligible. On the other hand, if
industry has private information concerning its technological effort not
available to the government, reducing technological effort may induce

longer protection and benefit industry under certain circumstancesngj

10/ See the discussion of dynamic inconsistency below.

11/ Whether smaller technological effort can induce longer protection
depends on the government objectives. If equity concern of the
government is strong, such would be the case. However, if the

objective is to compensate pecuniary externality due to technical
change, slower technical progress may be interpreted as evidence for
shorter protection, since it may represent poorer technological
opportunities.
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Fifth, industrial policy can become endogenous due to dynamic
inconsistency of the optimal intervention. Dynamic inconsistency arises,
when the government cannot credibly precommit itself to future policy
actions, since it does not serve the national interest to implement such
actions in the future. I review the major issues in scme detail below
mainly in the contegt of industrial policy.

Although dynamic consistency has been subject to most extensive
research in the context of macroeconomic policy,li/ it is also highly
relevant to industrial policy.fb’ The effectiveness of industrial policy
critically depends on its credibility, since industry would not like to
commit large investment resources if industry believes that it is most
rational for the government to reverse the announced policy in the future.
Furthermore industry may be able to precommit itself more easily through
investment than the government.

Figure 1 can be used to illustrate the point. Let us assume that
investment takes time to generate productive capacity, so that only S (let
us interpret S to be tariff) in the future after investment is realized

matters for both industry and the government. Consequently, the game

12/ The seminal paper is Kydland and Prescott (1977). See Blanchard, and
Fisher (1989) Chapter 11 for a brief review of dynamic consistency
issues in macroeconomics.

13/ Although there has not been many literature, Maskin and Newbery (1986)
have found that the optimal import tariff on an exhaustible resource
is not generally dynamically consistent. Staiger and Tabellini (1987)
has found that the optimal redistributive trade policy (free trade) is
dynamically inconsistent and has also pointed out that dynamically
consistent tariff can dominate dynamically consistent production
subsidies due to its additional social cost. Matsuyama (1987) and
Tornell (1989) have analyzed the dynamic consistency of temporary
protection. Their results are discussed in some detail later in the
paper.
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consists of the following three stages: 1in the first period the government
announces S expected to be applied in the third period, in the second
period the industry decides I and in the third period the government
decides the actual S to be applied. In the first period the government may
announce S*. But it is not credible to industry, since industry knows that
in the third period the government is better off by choosing S rather than
sP if industry invests IA in the second period. Therefore, industry
invests only IA. In the third period, the government has no choice other
than providing §#, since it maximizes the national welfare, given IA.
Therefore, the industrial policy providing the optimal support st is not
dynamically consistent in this case.

In the case of Figure 1, industry is better off at the expense of
the government due to the absence of the credible commitment by the govern-
ment. However, it is easy to construct an example where both are worse
off. In Figure 2, the government is concerned only with the divergence of
investment from the nationally optimal level (I*)l:/ and with the
distortion (e.g., fiscal cost) caused by intervention (S). The enterprise
has the same profit function as in Figure 1. In this case, the government
reaction curve coincides with the vertical axis, since the government is
best off with no distortion by intervention once investment is given.
Consequently, the Nash equilibrium (N) and the accommodative equilibrium
(A) coincide with each other and both lie on the vertical axis. As is
clear form the Figure, both the government and industry are better off at

the precommitment equilibrium (P), but end up at the inferior equilibrium

14/ It is not concerned with the size of industry per se as the government
in Figure 1.
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Figure 2: IMPLICATION OF THE ABSENCE OF CREDIBLE COMMITMENT (II)
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if the government cannot make a credible precommitment. Although this
model may be relevant to industrial stagnancy under certain circumstances
(e.g., small investment in debt ridden countries in recent years), it does
not explain the coexistence of high protection and low investment.

As shown by Matsuyama (1987), the inability of the government to
make a credible commitment can imply that there exists no pure equilibrium
strategy of temporary protection when time horizon of the game is not
limited. In his model the government is willing to provide temporary
protection if industry invests. Industry, however, has an incentive to
invest only if it is credibly threatened by liberalization. He has
demonstrated that only a mixed strategy exists in this game, if both
industry and the government are restricted to take the same actions when
they are confronted with the same situation. In particular temporary
protection strategy (i.e., protection ---> invest ---> liberalization)
cannot be supported as a pure strategy, since liberalization threat is not
credible.li/

Next, I discuss various mechanisms to control policy endogeneity.
The mechanisms analyzed by the existing literature include reputation,
bonding, the law, and investment contingent incentive.

If the government has a good reason to build up and maintain its

reputation of keeping its commitment, its commitment may become credible

15/ If industry does not invest (industry is assumed to be better off by
not investing if protection persists), the government faces the same
situation as it does at the beginning of the game, so that the
government is bound to provide another "temporary" protection. The
industry can again refrain from investment to induce another temporary
protection, etc. Clearly temperary protection strategy cannot work
under the constraint of Markov equilibrium (i.e., each player chooses
the same move whenever he faces the same situation).
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even if breaking the commitment in the future is judged to serve the narrow
interest of the government. 1In the context of industrial policy, the
government may have strong incentive to buildup its reputation when the
potential number of industries to be dealt with is indefinitely 1arge,57
as pointed out by Matsuyama (1987). The consoliGation of sectoral industry
minitries into one ministry of industry, which has taken place in some
socialist and developing countries, makes sense in this context.

The government can also make breaking the commitment costly by
posting a bond. A bond can be the penalty which is imposed when breaking a
contract with a third party such as the GATT, the World Bank and a foreign
government. Breaking international contract will cause the loss of
international reputation, difficulty in the access to finance and
retaliatory punitive duties on the home country export, so that the
government commitment may become more credible.

The government can also reduce its discretionary power by making its
intervention bound by law. If the government does not have the power to
change its policy the enterprise can not expect to induce policy shift by
changing its behavior. The tariff binding under the GATT is an example for
reducing the discretion of the government to change trade policy.

Investment contingent incentive is a potential mechanism to
ameliorate the strategic distortion caused by the absence of credible
commitment, as analyzed by Tornell (1989). In terms of Figure 1 the basic
idea is to provide investment subsidy in the first period (S can be

interpreted as investment subsidy), so that the enterprise has sufficient

16/ It is known that a prisoner’s dilemma can be solved if the same game
is repeated infinitely (Foik Theorem, see Tirole (1988), Chapter 6).
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incentive to invest I’. If time horizon is limited to two.periods, the
government can induce the enterprise to invest adequately in the first
period by providing investment subsidy, the value of which is slightly
greater than the value of protection in the second period which the
government is forced to provide in the case of underinvestment ("bail out"
as called by Tornell). However, the problem is that time horizon is not
limited to two periods, so that it is difficult for the government to
precommit not to use investment subsidy in the future. It was shown by
Tornell that considering the opportunity available for the industry to
enjoy both protection and investment subsidy just by postponing investment,
the rate of subsidy must be very high to overcome the distortion caused by
the possibility of bail out.

Anotner potentially important control mechanism is to have active
domestic competition. The literature does not seem te have paid adequate
attention to the possibility that domestic competition can reduce the
distortion causea by policy endogeneity. In the rest of the paper, I focus
on the role of domestic competition in this regard. Although active
domestic competition can help industrial development in many ways, policy
makers in many developing countries tend to suppress it through investment
licensing and other means due to their concern over fregmentation and
resulting loss of dynamic efficiency. The point which I would like to
demonstrate here is that increased domestic competition can potentially
improve dynamic efficiency by better controlling the incentive distortion

caused by policy endogeneity.
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In section D, I depend on the dynamic framework where an enterprise
chooses investment for technology catchup in the first stage and output in
the second stage. In this framework domestic competition can potentially
significantly stimulate investment by diluting the effect of policy
endogeneity and by creating the threat that his competitor’s faster
technological progress triggers import liberalization.

In section E, I depend on the static framework which have been often
used to demonstrate that increased entries of domestic enterprises fragment
the market and reduce investment for cost reduction. I show that domestic
competition can potentially stimulate investment for cost reduction by

diluting the endogeneity of import protection.

D. A Strategic Role of Domestic Competition
in a Dynamic Framework

1. Introduction
In this section I demonstrate the potential role of domestic
competition in accelerating technology development in the dynamic
environment where the timing of import liberalization is contingent on the
technological catch-up of a domestic enterprise. I assume that the
liberalization decision of the government depends on the technological
catch-up of the most efficient domestic enterprise in this section, which

can be shown to be dynamically consistent under certain circumstances.

2. Technological Catch-up by
a _Monopoly Enterprise

I assume the existence of a technological opportunity where a

domestic enterprise can reduce its production cost to the level of a
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foreign enterprise (from C, to C').EZ/ A domestic enterprise, which is
assumed to be a monopoly in this subsection, can reduce its production cost
linearly over time to the level of C as in Figure 3. Investment decision
for cost reduction is made once and for all at the beginning of the whole
process. I also assume that the government prohibits foreign competition
during the catchup process but liberalizes it once the domestic enterprise
achieves a cost parity with a foreign enterprise, in order to capture the
effect of policy endogeneity.gy

The domestic monopoly enterprise chooses the timing of catchup (ty)

so as to maximize the net present value of its profit (V (ty)):

(1) Vity) = [ exp(-rt)my(t;ty)de + [ exp(-rt)mp(t)dt - k
(t™m)
o~ty tp~o

where r stands for the discount rate of the domestic enterprise. my

stands for the monopoly profit and can be written as follows:
TM(t;tm) = Maxq{P(Q)Q - C(t;tm)Q)
where P(Q) is the market demand faced by the domestic enterprise, Q is its

output and C(t;ty) is the cost at time t. C(t;tym) is given by

(2) C(t;tm) = Co - (t/tm)(Co - C*) for t < tmMm

S

I adopt the same analytical framework as utilized by Rodrik D. (1988).

18/ Such a government behavior can be shown to be dynamically consistent
under the circumstance of Bertrand price competition (See the
subsection 3).



Co

COST

tw

Figure 3: TECHNOLOGICAL CATCHUP

TIME

143



144
Mg is the profit of the domestic enterprise after import is liberal-

ized. 1 assume that

(3 Tr (t) < M (t;tm)

k (ty) is the investment cost for technological catchup. I assume that

(4) k' (tm) < 0 and k" (ty) > O.

The value-maximization condition is

(5) V' (tm) = S exp(-rt) (3my/dtm)dt + exp(-rty) {(Ty(tym;ty) -
Tr(tm) }
o~tp
- k' (tm)
=0

The first term is negative since slower technological catchup increases the
cost of production and thus reduces the. instantaneous profit of the
enterprise for a given t until ty. The second term is positive since
slower technological catchup reduces the negative effect on the discounted
profit of the import liberalization by delaying its timing. The third term
is also positive since slower technological catchup saves investment cost.
The domestic monopoly enterprise chooses ty so that these three effects
balance. I denote the interior solution to this condition by Ty.

When import liberalization is not endogenous, the value maximization

condition becomes:
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(6) Vine(tm) = [ exp(-rt)dmyu/dtydt - k' (ty) = 0
o~tm
I denote the solution to this condition by Tnc. Assuming that the second

order condition (i.e., V"Nc(ty) < 0) holds globally, we know that

(7) Tne < Tm,

since the second term of equation (5) is positive. The endogenous import
liberalization dilutes the incentive for the domestic monopolist to

innovate, so that the time necessary for catching up becomes longer.

3. amic Consistency of

Endogenous Liberalization

This subsection discusses the rationality of the liberalization
strategy assumed in this section. It can be justified as dynamically
consistent if liberalization is expected to cause severe price competition
between the domestic and foreign enterprises, as demonstrated below.

I assume that Bertrand price competition takes place after
liberalization. Under Bertrand price competition, the domestic enterprise
can expect to earn only negative profit if it continues to operate, when
import is liberalizéd before the domestic enterprise achieves the cost
parity with the foreign enterprise. Thus the threat of exit by the
domestic enterprise is credible. The exit of the domestic enterprise also
reduces national welfare, since the foreign enterprise can now exercise the

monopoly power indefinitely. Therefore, it is to the advantage of the
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government to postpone liberalization. However, on the other hand, once
the domestic enterprise has achieved the cost parity with the foreign
enterprise, the threat of exit becomes no longer credible. The government
itself prefers the presence of foreign competition, since it forces
marginal cost pricing by the domestic enterprise.

Consequently, dynamic consistency requires the government to
liberalize just when the domestic enterprise achieves the cost parity with
the foreign enterprise, once investment decision by the domestic enterprise
for cost reduction is made. Therefore the government, which cannot
credibly precommit the timing of liberalization before the domestic
enterprise makes its investment decision, is forced to accommodate the
investment decision of the enterprise by adjusting the liberalization
program.

In the more general product market competition the assumed liberal-
ization strategy is not necessarily dynamically consistent. Therefore,
generally we have to take it as a positive behavior assumption, which may

not be rational but may have some empirical validity.

4. Technological Catch-up by
Duopoly Enterprises

In this section I assume the existence of domestic competition. For
a simplicity I assume the existence of the two identical domestic
enterprises. The market equilibrium assumption is Nash noncooperative
solution both in technological competition and product market competition.

Enterprises first choose the timing of catch-up t; and t;. In the second
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stage they choose variables (price or output) relevant to product market
competition.

The government is assumed to liberalize import as soon as one of the
domestic enterprises achieves the cost parity with the foreign enterprise.
This behavioral assumption is again dynamically consistent, if we further
assume that only import liberalization triggers Bertrand price competition.
Bertrand price competition among domestic enterprises is incompatible with
their investments for cost reduction. The best import liberalization
strategy for the government with no capacity of precommitment is to wait
until one of the enterprises achieve the cost parity with the foreign
enterprise. This is because liberalization befére that makes both domestic
enterprises exit and liberalization after that allows the domestic
enterprise which has achieved the cost parity to continue pricing above
marginal cost. The government does not care the survival of the second
enterprise, since the existence of one domestic competitive enterprise is
sufficient to force the marginal cost pricing by the foreign enterprise
under the Bertrand price competition.

The domestic enterprise (the first enterprise) maximizes the

following value functions:

(8.1) Vl(ty,tp) = [ exp(-rt)Mp(t;ty, ta)dt
o~t;

+f exp(-rt)Te(t;ty, t2)dt- k (t;) for t; < tp
ty~

and
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(8.2) Vi(ty,ty) = [ exp(-rt)mp(t;ty, tp)dt
o~ty

+ [ exp(-rt)mr(t; 1, t)dt - k (ty) for t; > t;
to~
where p (t; tj, tz) is the profit of the first enterprise before import is
liberalized. #fr (t; t;, tz) stands for its profit after import is
liberalized. It is zero in the case of Bertrand price competition.
Since I assume that no further cost reduction takes place after an

enterprise has achieved cost parity with the foreign enterprise, I have

(9 amg/8t1=0 if t > ¢ and 3mg/dty=0 if t > t,

Given equation (9), the first order derivatives of V! (t;, tz) are

given by
(10.1) [ exp(-rt)amp/dtidt + exp(-rt;)){Mp(t;) - TE(t;))
o~ty
- k' (t1) for t; < t3
(10.2) J exp(-rt)amp/at; + [ exp(-rt)amp/dtdt

o~ty t~ty

- k' (t1) for t; > t;

There exists a negative discontinuity of the value of the derivative

at t; = tj:
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(11)  avl/aty (t; = t; +) - 8Vl at; (t; = ty -)

= - exp(-rtz) {mp(tz) - Ap(tz)) <O

This is because the positive effect on the discounted profit of delayed
import liberalization exists only when the first enterprise innovates
faster than the second enterprise.

I further assume that the following relations hold globally:
(12) aWlsa2 <o

Given this assumption there exist the following three possibilities for the
determination of the optimum t; (I denote it by T;) for a given t3, as
illustrated in Figure 5. 1In particular, T; = t; if aV!/dt;(t; = t; -) > 0
and 8V1/at1(t1 =tz + ) < 0. Since a small change in t; brings about only
correspondingly small changes in 6VJ/8t1(t1 < t3) and 6V4/8t1(t1 > t3) 12/,
there exists a range of t; where T; = t,.

Next I consider the market equilibrium. Since I assume the
existence of the two identical enterpri;es, the optimal choice of
technological catchup (T;) by the second firm given the choice of the first
firm is exactly the same as above. Consequently the market equilibrium is
given by Figure 6. The stability condition requires that the reaction
curve of the first enterprise Ty T; has a greater positive slope than that

of the second enterprise T, T,.

19/ As 1is clear from the equations (10.1) and (10.2),8V1/at1 is
differentiable with respect to t; for both t; < t; and t; > t;, as long
as both enterprises stay in the market.
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Consequently there exist multiple equilibria in this framework.
Since the matching strategy (i.e., to choose the same speed of
technological catchup as its competitor) is the optimum strategy for each
enterprise for some range, the market equilibrium becomes indeterminate.

First, we focus on the equilibrium with the shortest catchup time
(i.e., A in Figure 6). This would be the case when both enterprises are
concerned with the threat that his competitor wins the race for techno-
logical catchup. This equilibrium is given by the following condition:

Since T; > T, for the first enterprise, denoting the catchup time by T# =

T = Tp,

(13.2) avl/at(TA, ™) = [ Aexp(-rt)a‘lrp(t;TA, TA)/3tydt - k' (Tp) = O
o~T

from equation (10.2).

Compared with equation (5) of the monopoly case, we realize the two

differences. First, the monopoly profit is replaced by the profit under

duopoly in equation (13.2). The negative profit effect by slowing catchup
can become larger in the case of duopoly than in the case of monopoly,
since domestic competition creates strategic effect of the investment for
cost reduction, Ey'which can dominate fragmentation caused by domestic
competition. Second, the positive effect due to the delayed import

liberalization has vanished in equation (13.2), since the expectation at

20/ An enterprise expects that his investment for cost reduction will
improve his cost competitiveness and will force his competitor to
reduce output.
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the equilibrium A is that timing of import liberalization is determined by
the competitor. Consequently, it is possible that both effects are
positive. In this case the technological catchup under duopoly becomes
sharply accelerated than in the case of monopoly. Even if the first effect
is negative for technology development it can be still dominated by the
second effect, so that increased domestic competition can still accelerate
technology development in spite of its fragmentation of the domestic
market.

Next, I analyze the equilibrium with the longest catchup time
(i.e., B in Figure 6). This would be the case when neither enterprise is
concerned with the threat that his competitor wins the race for techno-
logical catchup. This equilibrium is given by the following equation:

(13.1) avi(TB, TB)/0t) = [ exp(-rt)MDL(tl;TB, T8) /8t d¢
o~tg
+ exp(-rTp)(mp(Te) - 7r(Tp)) - k'(Tp)
=0

from equation (10.1).

The comparison with equation (13.2) suggests that the direct
positive profit effect of the delayed import liberalization accounts for

the difference between Tp and Tg. Tp can be still smaller than Ty, since

the effect of the endogeneity is still smaller in the case of duopoly than
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in the case of monopoly.z_’/ Consequently, if -3mp/dt; > - ampy/dty
(strategic effect dominates fragmentation effect), we definitely have Tg <

Tm (i.e., domestic competition accelerates technology development).

5. Impact of Uncertainty

In this subsection 1 examine the impact of uncertainty on the
dynamic competition analyzed in the last section. The multiple equilibria
phenomenon vanishes but the favorable effect of the domestic competition on
reducing incentive distortion remains, as shown below.

For a simplicity I assume that the timing of catchup follows a
uniform distribution. t; has the mean m; and uniformly distributed between
[m - w, m + w]. Similarly t; has the distribution with the mean m, and
with the range [m; - w, m; + w]. Investment for technological catchup is

assumed to affect the mean catchup time:

(14) m' (kl) < 0 and m" (k;) > O and

(15)  my' (kp) < O and mp" (kp) > O.

21/ Let’s denote the profit of the industry consisting N symmetric firms
by IN. We generally have I; > I; > I3, since increased number of firms
makes collusion more difficult. Consequently, we have

(Iy - I2/2) - (12/2 - 13/3) = (I; - I3) + 13/3 20
so that the effect of policy endogeneity (i.e., the second terms in

equations (5) and (13.1)) is smaller in the case of duopoly than in
the case of monopoly.
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I assume that firms are risk neutral, so that they maximize expected

present value of the profits. The firm 1 chooses k; so as to maximize

(16)  Vl(ki, k) = 1/(4w2)f dt; [ dty
m - w-m +Ww m -~ w~m + w

[A(tz-t)) ([ exp(-rt)mpdt + [ exp(-rt)mpdt)
o~ty ty~

+ A(tl-tz){f exp(-rt)mpdt + f exp(-rt)mTrdt)]-k;
o~ts to~w

=0

where A(ty - t;) = 1 if t; > t; (the firm 1 is a winner) and A(ty - t1) =0
if t; < t; (the firm 2 is a winner). V! (ki, k2) is differentiable with
respect to k; and k;, since the integrand is continuous with respect to t;

and t;. Consequently, the first-order conéition for the value maximization

for the firm 1 becomes
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(17)  8Vi(k;,kp) /8K,

= 1/(4w?) 3m/3k, [ dt,
m - w~m + w

[ACtz - (m + W) (S exp(-rt)mpdt + [ exp(-rt)mrdt)
o~m; + W m + w~o

+ A(m +w - tz){f - exp(-rt)®pdt + _f exp(-rt)medt)
o~ty ta~

A(ty - (m - w))(f exp(-rt)mpdt + f exp(-rt)mrdt)
o~m - w my -~ W~

A ((m - w) - tz){f exp(-rt)mpdt + f exp(-rt)mgdt)]
o~t) ty~

=0

We focus on the symmetric equilibrium: m; = m; = M and k; = k; = K.
As seen from Figure 7, in this case the first firm is always a loser at t;

= M + w and always a winner at t; ~ M - w, so that the first order

condition becomes
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Firm 1: Winner

Firm 1: Loser

M- W

t

M — W M M+ W

Figure 7: SYMMETRIC EQUILIBRIUM
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(18)  3VM(K,K) /3K,

- 1/(4w?)am /3k; [ dt,
M-w-M+w

([ exp(-rt)Tp(t;M+w,tz)de+]  exp(-rt)mp(t;M+w,tz)dt
o~ty ty~e

- exp(-rt)qp(t;M-w,tz)dt+]  exp(-rt)¥g(t;M-
w,t2)dt)]
o~M-w M-w~o

=0

Equation (18) can be rewritten in the following manner:

(19)  av(K,K)/dk;

= 1/(4w?) (3m/3k) [ de,
M- w-M+ W

((f exp(-rt)mp(t;M+w,tp)dt-f exp(-rt)Fp(t;M-w,t;)dt

O~ O~

+(f exp(-rt) (Ap(t;M-w,t) -Fp(t;M-w,t3))dt
M-w~w

- f exp(-rt) (Fp(t;M+w, t7) -Xp(t;M+w, t3))dt)
M+w~x

+ (-f exp(-rt) (¥p(t;M+w, tz) -Tr(t;M+w, t2))dt)]
ty~M+w
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A similar condition can be derived for a monopoly firm subject to

uncertainty:

(20)

1/(2w)3m/3k

(] exp(-rt)my(t;M+w)dt-f exp(-rt)my(t;M-w)dt)
[o]

~CO O~®
+ {f exp(-rt) (Fpm(t;M-w) -Tp(t;M-w))dt
M-weo
- f exp(-rt) (MM (t;M+w) -TR(t;M+w))dt))
M+w~c
-1
-0

The comparison of the two conditions reveal the following conclusions:

(1)

(2)

The first bracket of both conditions is negative and represents
the effect of delaying the catchup when protection from import
is permanent. If import liberalization is not endogenous, we
have only this term. As in the certainty case, if the strategic
effect of domestic competition dominates its market
fragmentation effect, we have a larger negative value in the
case of duopoly than that in the case of monopoly.

The second bracket of both conditions represent the effect of
policy endogeneity: profit effect of the postponement of import
liberalization accompanying the slowdown of the technological
catchup of the first enterprise. It is positive for the

monopoly enterprise just as in the certainty case, since it can



(3)

161
expect to enjoy monopoly profit due to import protection for a
longer period on average. It is also positive in the case of
duopoly. However, it is likely to be smaller than in the
monopoly case, since the increased number of firms tends to
dilute the effect of import liberalization.fi/
The third bracket of the first condition (equation (19)) repre-
sents the threat effect of domestic competition and is negative.
Slower technological catchup by the first enterprise implies
larger possibility that import is liberalized due to the faster
technological catchup of the second enterprise. The domestic

enterprise shielded from competition does not have this threat.

Consequently, I can state that the domestic competition can reduce

the incentive distortion caused by endogenous import protection in the

uncertainty case too both due to the dilution effect and the threat effect.

The threat effect of domestic competition will become furtiier amplified

when firms are risk-averse, since they will become more concerned with

reducing the probability that import is liberalized when they are

"unprepared.”

On the other hand the multiple equilibrium result as discussed in

the last subsection is found not to be robust to the introduction of

uncertainty.
22/ If import liberalization reduces the profit of the domestic monopoly

enterprise below that of the domestic competitor (the secod enterprise)
under duopoly before liberalization, the profit effect of postposed
liberalization is smaller in the case of duopoly than in the case of
monopoly. In particular, this obtains if import liberalization causes
Bertrand price competition.
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6. Conclusion
In this section I have demonstrated that domestic competition can
potentially accelerate technology development due to its favorable effect
on the incentive distortion caused by endogenous import protection. The
incentive distortion can be largely eliminated if a domestic enterprise is
substantially threatened by the chance that his competitor’s faster tech-

nological progress triggers import liberalization.

E. A Strategic Role of Domestic Competition

in a Static Framework
1. Introduction
In this section I demonstrate that increased domestic competition
can potentially accelerate technology development by diluting the
endogeneity of import protection within the static framework where
investment for cost reduction and output are simultaneously chosen by

competing enterprises.

2. Is Increased Domestic Competition Beneficial
to Technical Efficiency-Conventional Analysis-?

Conventional economic theories, which ignore strategic role of
investment and policy endogeneity, tend to suggest that increased
competition, both domestic and foreign, fragments domestic economy, thus
discouraging investment by domestic enterprises in cost reduction and

preventing the achievement of the economy of scale in technical
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progress.fi/ Increased domestic competition therefore can‘make infant
industry protection from import unworkable in this framework.

I first illustrate the results of the conventional analysis using
the framework of Cournot-Nash competition with output and investment for

cost reduction as choice variables. Let’'s assume the following:

() (qi, ki) = p (Jer-n qi, M) qi - e (ki) qi - ki

i profit of the i th enterprise

qi output of the i th enterprise

Q = Zj=1~N output of the sector (N the number of
enterprises)

ki investment for cost reduction of the i th enterprise

P market price

M the size of competing import (4P/3M < 0) determined by the quota
policy of the government, and

C (ki) cost of the i th enterprise, C' < 0 and C" > 0

I further assume that investment and output are decided simultaneously and
each firm takes output and investment decisions of all the other firms as
given. Under these assumptions, the profit maximizing conditions of each

firm imply that

23/ See Dasgupta, P. and Stiglitz, J. (1980) and Tandon, P. (1984) for
the negative affect of increased domestic competition on the investment
for cost reduction. See Dani Rodrik (1989) and Krugman (1984) for a
skeptical view of the effect of trade liberalization on technical
efficiency and export.
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(2.1) (3P/3Q) qi + P - C (ki) = 0, and

(3.1) -¢C" (ki)qi - 1=0,

where M is exogenous for each firm.
If we focus our attention only on the symmetric equilibrium (q = qi

and k = ki), we get

(2.2) (3P/3Q) (Nq, M) q + P (Nq, M) - C (k) = 0 and

(3.2) - C" (k) q-1=0

The Nash equilibrium is given by the intersection of the two curves k and q
in Figure 8, corresponding to equations (2.2) and (3.2) respectively.
Given the second order conditions of profit maximization of each enterprise
it is possible to show that both curves have positive slopes and that the k
curve is steeper than the q curve, unless the demand curve is strongly
convex (See the appendix).f:/

We can assess the impacts of increased domestic competition
(increase in N) and import competition (increase in M). Generally both of

these changes cause the curve corresponding to equation (2.2) to shift

24/ The k curve is steeper than the q curve, if the marginal revenue faced
by each enterprise declines as the output of any other firm increases.
This condition is equivalent to the sufficient condition for stability
of a Cournot equilibrium suggested by Hahn (1962). See the appendix.
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downward since the domestic market becomes more crowded.fy"Consequently,
both of the size and investment of each domestic enterprise decline. We
name this effect as fragmentation ect. Both import competition and
domestic competition tend to harm technology development. The intuition is
that both forms of competition fragments domestic market and reduces the
financial profitability of innovation by each enterprise.

The above analysis assumes that the import protection policy is
exogenous for each firm. However, as discussed in the first three sections
of this paper, protection policy actually often depends on the ex post
technology development of the protected sector. This endogeneity of the
policy substantially affect the merit of domestic competition as seen in

the next section.

3. Endogenous Protection, Incentive Distortion
and Domestic Competition

In this section I analyze the effect of the endogeneity of import
protection and the relation with domestic competition. Let’s assume that
the government is expected to act according to the following reaction

rule:

(4.1) M = M (Z-1~Nnc (ki)/N), M’' <O

25/ The necessary and sufficient condition is that the marginal revenue
of each enterprise declines as N increases in the case of large N or
as M increases (See Appendix). -There exist exceptions to the
fragmentation effect of competition. As shown in the appendix, the
shift from monopoly to duopoly can shift the q curve upward.
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which states that improved cost condition of the sector leads the
government to relax the quota control. Therefore protection is endogenous.
The difference from the assumption of the last section D is that the
government decision is influenced by the average of technical efficiency of
the industry not by the technical efficiency of the most efficient firm.

The profit maximizing condition (3) is now modified to
Py . M/

(5.1) (1 - ———— )* qi* c’'(ki) + 1 = 0
N

It is now seen that part of the effect of the decrease of the marginal cost
due to the cost reducing investment is offset by the increase of import and
its depressing effect on the market price. However, its effect is diluted
as N becomes larger. I call this effect as dilution effect of domestic
competition.

If we focus only on the symmetric equilibrium as before,

(2.2) (or/3Q) (Nq, M) q + P (Nq, M) - C (k) = O

Pm (Nq, M)M’
(5.2) (1 - J*q* C'(k) + 1 = 0
N

(4.2) M = M (C (k))

The equilibrium is again given by the intersection of the two curves k and

q in Figure 9. The policy endogeneity shifts the k curve to the left,
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Kk’ ' Kk

k' : Endogenous impgort
k : Exogenous import

Figure 9: EFFECT OF THE POLICY ENDOGENEITY
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since the incentive for investment declines for given q. Consequencly,
both the incentive for cost reduction and the output level are negatively
affected. 1In fact, the policy endogeneity triggers the following vicious
cycle: smaller investment ---> high cost ---> smaller market ---> smaller
investment, etc. The slope of the k curve is also affected by the policy
endogeneity. If Py < O (or if the market demand curve is concave for the
case of perfect substitutability between import and domestic output), the
slope of the k curve becomes sharper or investment becomes less sensitive
to the output change, since the favorable direct incentive for investment
of larger output is offset by its effect of strengthening the price-
depressing effect of the given import. When Py, > 0, if the degree of
policy endogeneity is very high, it is possible that the k curve becomes
less flat than the q curve. But I rule out such a possibility by simply
assuming that the degree of policy endogeneity is not so high as to cause
such a reversal, since it might lead to a potential instability.

Let us analyze the impact of increased domestic competition. The
increase in the domestic competition shifts both curves (See Figure 10).
In particular, the increase of domestic competition dilutes the effect of
policy endogeneity, so that investment for cost reduction increases for a
given q, as N increases, unless P, has a very large negative value 2°/:

The k curve shifts to the rightward. The effect on the investment and on

26/ In the case of a linear demand P, is constant, so that the k curve
definitely shifts to the right. In the case of a constant elasticity
demand curve and homogenous import and domestic output,

Pug = ((1/8)(1 + 1/g)}(Nq + M)**(-(2 + 1/g))

where g is the elisticity of demand, so that the k curve shifts to
the right.
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Figure 10: EFFECT OF HIGHER DOMESTIC COMPETITION
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the size of a firm depends on whether the increase in dilution effect 1is
larger than the increase in fragmentation effect. If the former effect
dominates the latter, both of the investment and the size of a firm
increase as a result of increased domestic competition.

The dilution effect tends to be larger when the domestic market is
more concentrated since it is proportional to the term of 1/N. It becomes
negligible when the domestic market is already competitive. The
fragmentation effect of domestic competition depends critically on the
price responsiveness of demand. When the demand curve is linear, the
fragmentation effect is stronger when the market is more concentrated just
as the dilution effect. When the demand curve is isoelastic, the
fragmentation effect can be relatively small when the market is
concentrated. 3:’_/

In this latter case, it is quite possible that the relation between
domestic competition and investment for cost reduction follows a curve with
a hump as in Figure 11. Increased level of domestic competitior up to a
certain point increases technology development. "Medium" level of domestic
competition induces most active R&D investment by domestic enterprises and

allows most quick import liberalization.

4. Conclusion
The main conclusions of this section are the following: When
protection from import is endogenous and contingent on the technological

development of domestic enterprises, increased domestic competition can

27/ See the appendix, in particular Table A.l.
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N'

Figure 11: RELATION BETWEEN DOMESTIC COMPETITION,
AND TECHNICAL EFFICIENCY
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potentially accelerate technology development, due to the positive effect
on reducing the incentive distortion. This effect is particularly strong
.for highly concentrated industries. This may provide one important case
for reducing policy-induced barriers to domestic entry, especially in

monopoly or highly concentrated market even at some cost of fragmentation.
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APPENDIX
1. Reaction curves of government and industry (Section B)

I assume that the government is concerned with the size of domestic
industry (Q) and the level of protection (S), so that its utility function

U is given by

(a.1) U=1£ (Q) + g (5)

where f’ is positive since the government wants this particular industry to
expand, while g’ is negative since the government is also concerned with
distortion due to protection. I assume that g’ (o) = 0 and f" and g" are
negative.

The scale of domestic output depends positively on the level of
investment for cost reduction as well as on protection but with diminishing

returns:

(a.2) Q=Q (I,S) with QQ >0, Q >0, Q<0 and Qgs < O

Consequently we have

(a.3) dU/3s = f' Qg + g’
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(a.4) 82%U/3S? = f" (Qs)?2 + f'Qss + g" < O

Since dU/3S (S = 0) = f' Qs > 0, given the assumption that g’ (o) = O, it
is positive for small s. I assume that dU/3S becomes zero for large enough

S.

Furthermore,

(a.5) dU/3L = f' Q > 0

(a.6) 382U/81% = f" Qi* + f' Q4 <O

(a.7) 982U/313S = f" QsQ + f' Qs

I assume that equation (a.7) is negative with the first term dominating the
second term, even if the latter is positive, which implies together with
equation (a.4) that the government reaction function 4U/4S = 0 has a

negative slope.

The domestic industry‘s profit is

(a.8) T =P (Q,5) Q-c(I) Q-1

where P is price and C is marginal cost. I assume that C’ < 0 and C" > 0.

The profit maximization output for given S and I is given by
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(a.9) ow/3Q = 3P/3Q Q+ P - C(I) =0

which implies equation (a.2).

Given the envelope theorem, we have

(a.10) m = -C' Q - 1

(a.11l) g = - C* Q - C'

I assume that there exists a positive profit maximizing I for any given S,

so that 7 < C.

Furthermore we have

(a.12) wg = Ps . Q>0

(a.13) mgs =~ Pss . Q + Ps . Qg

(a.14) 51 = -C' . Qg >0

Equation (a.14) implies together with the second order condition 827/312 <

0 that the reaction curve of industry (3w/31 = 0) has a positive slope.
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2. The slopes of the g curve and the k curve (Section E):
The total differentiation of equations (2.2) and (3.2) with respect

to q and k give

(a.l5) N(382P/3Q?)q + (Nv+ 1)aP/8Q - C dq

dk 0

- ¢ . ¢nq

It is obvious that the k curve has a positive slope, given C' < 0 and C" >
0. We can rewrite the coefficient of dq in the first row of the matrix as

follows:

(a.16) N8?P/3Q2%q + (N + 1) aP/aQ

- (32P/aQ2q + 23P/3Q) + (N - 1)(32P/3Q%q + 3P/4Q)

From equations (2.1) and (3.1) the second order conditions for

profit maximization of each enterprise are

(a.17) 8%P/3Q2q; + 28P/3Q < O
and
3?P/3Q%qi + 24P/38Q -C’ (ki) >0
(a.18)
-C' (ki) -C"(ki)qi
Consequently, if we assume that equation (a.l1l7) holds globally, we

know that the first term of equation (a.16) is negative. Further, if we
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assume the stability condition for the Cournot equilibrium in the product
market as suggested by Hahn (1962), we have

(a.19) 32P/3Q2%2q + dP/3Q < 0

Given these conditions we know that equation (a.16) has a negative value,
so that the q curve has a positive slope.
The comparison of the two matrices (a.l5) and (a.18) also suggest

that under the same assumptions, we have

(a.20) |N32P/3Q2q + (N + 1)3P/3Q ¢t |>o0

-C! -C“q

Consequently, the k curve is steeper than the q curve.

3. Effects of Higher Domestic and Foreign
Competition on_ the Curve (Section E;

The total differentiation of equation (2.2) with respect to N, M and

q gives

(a.21) (82P/3Q2q + 3P/3Q)qdN + (3MR/4M)dM

+ (N3?P/8Q2q + (N + 1)3P/3Q)dq = ©

where MR is marginal revenue of each enterprise and is identical to 3P/4Q
g+P. N3?P/3Q%q + (N + 1)38P/3Q < 0 from the second section of the Appendix.

Therefore, it is clear that if we can ignore the integer constraint,
the Hahn's condition assures that higher domestic competition (dN > 0)

shifts the q curve down or reduces q given.k.
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It is also clear that if import reduces marginal revenue of the

enterprise, higher import also shifts the q curve down.

4. Here I demonstrate that higher domestic competition can shift the q
curve upward for the change from monopoly to duopoly (Section E).ly
I assume a demand function with constant elasticity E':

(a.22) P = aQE ,a>0 and O<ECN.

I discuss only the case where import is negligible and exogenous.
I assume the following investment opportunity for cost reduction:

(a.23) C(k) = Bkd , O0<d

C'(k) <0 and C"(k) > 0.

In this case the symmetric equilibrium (defined by equations (2.2)

and (3.2) in the text) is given by

(a.24) a[(-E) NE*D 4 NE) gF o B9  and

(a.25) d * (Bk -@*)) x q -1 =0

1/ The formulation of demand and cost reduction functions here are the same
as utilized by Dasgupta P. and Stiglitz J. (1980).
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Rewriting the equations,

(a.24') q = (a/B)(NE - Ex N(E+D)OE) E

(a.25') k = (d*B*q)V(+d) or q = 1/(d*B)Kk!*d

Increased domestic competition (larger N) shifts down the q curve if

N>1+E since

(a.26) G(NE - ExN(+B)y 9N

~-ExN(+E) % (1 - (14E)/N) <0 for N> 1 + E

The exception for E < 1 (or elastic demand) is the shift from monopoly to
duopoly. In fact the shift from monopoly to duopoly can increase both the
size of firm and the investment for cost reduction. When E=0.5 (or the
elasticity is two), NE . ENE+D = 1.E = 0.5 for monopoly while the same
function has a value of 0.53 for duopoly (See the Table A.1l). Competition
thus have market enhancement effect.i/

The shift of the q curve can be also relatively small when N is
small. For an example when E=0.5 (or the elasticity of demand is 2), NE .
EN‘E*D declines only from 0.5 to 0.4 as N increases from 1 to 5. Under
this demand condition the fragmentation effect of higher competition is
negligible when the market is relatively concentrated. However, such is

not always the case. When the demand curve is linear, fragmentation effect

2/ This possibility was not pointed out by Dasgupta and Stiglitz (1980).
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is strong even for small N since the demand becomes less price elastic as

price falls.3/

Figure A.l: EFFECT OF INCREASED DOMESTIC COMPETITION

(N>1+E )

3/ In the case of a linear demand, equation (a.24') becomes
q = (1 - C(k))/(N+1)
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CHAPTER IV

PRODUCTIVITY, COMPETITIVENESS AND INDUSTRIAL POLICY

A. Introduction

This paper examines industrial performance of Japan for the last 30
years, focusing on productivity growth and on competitiveness and attempts
to make an assessment of industrial policy exercised in the 1950s and the
1960s. The motivations of this paper are the following: First, most
existing empirical studies on competitiveness issue fail to provide a
comprehensive picture linking productivity, competitiveness and real
exchange rate. In particular they do not address the implication of
differential improvement of productivity across industrial sectors on real
exchange rate change. Second, most empirical studies on trade adjustment
have yielded fairly low estimates for price elasticities of demand. This
is especially true for Japan. This macroeconomié evidence 1is not
consistent with the industry level perc;ption that price competitiveness
does matter significantly. Third, most existing empirical studies on
productivity growth at the sectoral level take the total factor
productivity growth as exogenous and does not address the following
critical issue: whether industry can significantly appropriate gain from
the total factor productivity growth. Fourth, there exist no empirical
studies addressing whether industrial targeting in Japan was a success in

terms of their effect on economy-wide technical progress.
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In order to address these issues I have developed a database which
cover thirteen industrial subsectors from 1955 to 1987 for Japan and the
United States. Most data are from National Income and Product Accounts
(see the data appendix for the sources of statistics). Based on this
database disaggregated analysis has been performed on productivity growth,
its linkage with the shift in price competitiveness, sources and
determinants of productivity growth, the linkage between price
competitiveness and international trade, returns to labor and capital from
productivity growth and potential impact of industrial targeting.

Six major findings from this empirical analysis are the following:

1. Real exchange rate of Japan has appreciated not only in terms of
broad price index but also in terms of the price of tradable
sector. I put forward the following hypothesis which can poten-
tially explain this puzzling tendency: real exchange rate of
the countries under the process of fast technological catchup
appreciates over time, since there exist sectoral bias in
technical progress in favor of high price elasticity sectors.
This is due to favorable incentive for fixed cost investment in
those sectors. Econometric evidence testing this hypothesis is
presented.

2. Price elasticity of export demand are likely to be much higher
than conventional trade equations suggest. Disaggregation and
the use of instrumental variable estimation have allowed me to
get estimates which often exceed two. Consequently the shift in

productivity growth and the change in price competitiveness does
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seem to matter significantly in determining trade flow and real
exchange rate.

There exist high correlations between quantity measure and price
measure of total factor productivity growth. There exist both
macro and micro implications: First, supply side development
seems to dominate demand shocks in even shortrun productivity
changes. This view, however, has to be qualified somewhat since
I have found some evidence indicating that wage has profit
component. Second, market power may not be very important at
least in the longrun. Markup affects the quantity measure of
the total factor productivity growth but does not affect its
price measure, as long as it stays constant over time. Small
difference between the two measures implies small market power.
Each industry including its workers does not significantly
appropriate the gain from its own technical progress. The
efficiency gain seems to be absorbed mostly by the decline in
industry price and by economy-wide increase in factor returns,
i.e., general wage and real interest rate. Consequently
technical progress does produce significant externality.
Industrial subsectors targeted in Japan in the 1950s and the
1960s did achieve faster technical progress than nonassisted
industrial subsectors. This holds even if we take technical
progress of the corresponding subsectors in the U.S.A. as a

standard.
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6. Hall's method of estimating markup does not seem to be a robust
method. It is vulnerable to the shortrun mismatch between

recorded input and output and to cyclicality of markups.

B. Productjvity, Competitiveness and Real Exchange Rsate
1. Productivity Performance

In this subsection, I briefly review the productivity growth
performance of the Japanese economy in comparison to the U.S. economy for
the period from 1955 to 1987. The objective of this review are to
demonstrate that long-term productivity performance of the manufacturing
sector of Japan has been remarkable and has had a close correlation with
the increase in real product wage.

Table 1 presents summary information on the labor productivity
performance of Japan and the United States for the period from 1955 to
1987. Labor productivity is defined as the ratio of real value added and
employment. Labor productivity growth of the Japanese economy has been
much higher than that of the United States. The trend annual growth rate
of the labor productivity of Japan was 5.9% for the economy as a whole for
1955-1970, compared with 1.7% of the U.S. It was 3.0% for 1970-1987,
compared with 0.7% of the U.S. The productivity growth differential
between the two countries has been much larger for the manufacturing sector
and mining sector. It was 6.6% for the manufacturing sector for 1955-1970
and 3.1% for 1970-1987 in favor of Japan.

The cumulative effect of this productivity differential is enormous.
Figure 1 shows the development of normalized labor productivity growth of

the manufacturing sectors of the two countries with 1955 as the base year.
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Figure 1: LABOR PRODUCTIVITY GROWTH OF THE MANUFACTURING SECTOR
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The labor productivity of'Japan in 1987 became almost 10 times as high as
that of 1955, while the labor productivity of the U.S. in 1987 was only 2.3
times as high as that of 1955. As Table 1 shows, the labor productivity
growth of the manufacturing sector contributed more than proportionately to
the labor productivity growth of the economy as a whole, due to its faster
speed.

As shown in Figure 1, labor productivity growth is closely related
to the increase in real product wage in Japan. It is also true in the U.S.
As Table 1 suggests, the real product wage of the manufacturing sector
increased almost at the same speed as its labor productivity growth in the
United States. In the manufacturing sector of Japan the increase in real
product wage fell slightly short of the productivity growth for 1955-1970.
For 1970-1987 it exceeded the productivity growth but not substantially (I
later discuss and test one possible explanation for this divergence). The
correlation between annual increase in real product wage and labor produc-
tivity growth is 0.49 for Japan and 0.64 for the United States for 1955 to
1987. The time series regression of real wage increase on labor
productivity increase gives a coefficient of 0.88 for Japan and 0.70 for

the U.S.

2. Productivity Approach to Re change Rate
The considerably larger productivity growth differential of Japan in
favor of the industrial sector should have caused real appreciation of Yen
1n‘terms of broad price indexes such as GDP deflator and CPI, if the
exchange rate is determined to equalize the price of tradables across

countries. It has been well known since Balassa (1964) and Samuelson
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(1964) that exchange rate diverges from purchasing power parity (PPP) if
productivity differential between tradable and nontradable sectors differ
across countries. Although empirical testing of this productivity approach
had produced mixed results, Hsieh (1982) found strong evidence for the role
of intersectoral productivity differential in determining the annual change
in the real exchange rates of West Germany and Japan from 1954 to 1976.l/
More recently Marston (1986) has found that the exchange value of Yen as it
stood in 1983 required significant adjustment (around 40% appreciation of
Yen) to restore the competitiveness of the U.S. traded goods, éven tnough
the real exchange rate in terms of the GDP deflator was at the same level
as it was one decade ago (1973), due to much larger productivity growth
differential in favor of tradable sector in Japan. In fact, Yen has
appreciated significantly since 1985.

In v .» rest of this subsection, I first report the extended
empirical eviuence favorable io the productivity approach to real exchange
rate. Second, I point out that Yen looks to have appreciated more than
justified by the aggregate price of the manufacturing sector or by the
relative unit cost of labor of the manufacturing sector and discuss
alternative explanations.

As shown in Figure 2, real exchange rate of Japan in terms of GDP
deflator and CPI has shown persistent tendency for appreciation since 1955.
The major exception was only the period from 1978 to 1982, which was marked
by the second OPEC major price hike and the onset of the U.S. deflationary

policy. For the whole period from 1955 to 1987, Yen has appreciated by

1/ Most studies prior to Hsieh (1982) depended on crcss-section data.
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180% (3.3% annually on average) in real terms as measured by GDP deflator,
and by 200% (3.5% annually on average) in real terms as measured by CPI.
This persistent real appreciation can be significantly accounted for
by the differential productivity performance of tradable sector (manu-
facturing sector) and nontradable sector. I have estimated the following

equations (all variables are the first differences in logs):

(@) ry = Co + C; (hd - haw) + C; (hwa - hiMa) + C;3 rulct

(2) rv - rvm = Do + D! (hw - hwe) + D, (hma - hw)

Where ry (ryy) is the real exchange rate (the U.S. prices relative to the
prices in Japan) based on the value added deflator of the economy as a
whole (the manufacturing sector), rulct is the relative unit labor cost of
the manufacturing sector of the U.S. over Japan, hy (hnm) is the labor
productivity of the manufacturing sector (the nonmanufacturing sector) of
Japan, and hya (hnma) is the labor productivity of the manufacturing
sector (the nonmanufacturing sector) of the U.S.z/ In the first equation
we expect Cg to be zero, C; to be negative but larger than minus one and C,
to be positive but less than one, and C3 to be close to be one. Since wage
change is unlikely to be completely exogenous with respect to price change,
I estimate equation (1) both by OLS (ordinary least squares) and IV

(instrumental variables method). In the second equation we expect Dy to be

2/ 1 classify only the manufacturing sector as tradable sector. There has
been extensive quantitative restrictions on import of agricultural goods
in Japan and export of agricultural products has been limited.



195
zero, D; to be negative but larger than minus one, arnd D, to be positive
but less than one.

Table 2 presents results from regressions. For both equations
constant term was found to be insignificant as expected. All of the
productivity differential terms were found to have statistically
significant coefficients with correct signs. The coefficient of the
relative unit labor cost was found to be significant and to be close to
one. These results confirm the findings by Hsieh (1982) and Marston
(1986).

Although productivity differentials between tradable and nontradable
sectors have been found to have significant effects on real exchange rate,
they can explain only about 40% of the real appreciation of Yen in terms of
the GDP deflator which has taken place during this period. If we assume
that the relative unit labor cost of the manufacturing sector has stayed
constant, productivity differentials between tradable and nontradable
sectors should have caused the appreciation of Yen only to the level of 270
Yen per § in 1987, while the exchange value of Yen stood at 145 Yen per §.
A significant part of the real appreciation of Yen in terms of the GDP
deflator has to be accounted for by the appreciation of Yen in terms of the
price of the tradable good sector.

In fact Figure 3 shows clearly that real exchange rate of Yen in
terms of the value added deflator or the competitiveness of the
manufacturing sector has also tended to appreciate. From 1955 to 1987 Yen
has appreciated by 84% (1.9% annually on average) in terms of the value

added deflator of the manufacturing sector and by 107% (2.3% annually on
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Figure 3: REAL APPRECIATION OF EXCHANGE RATE OF JAPAN

(A) GDP DEFLATOR vs. MANUFAGTURING VALUE ADDED DEFLATOR
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average) in terms of the relative unit labor cost of the manufacturing
sector.

There exists a possibility that the recent level of Yen is
overvalued and the real exchange rate in terms of the price of tradable
sector in fact remains constant over the long run.i/ In fact, Krugman<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>