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Abstract

This paper considers the effects of industrial policies in dynamic economy
with international trade and monopolistic competition. Special attention is paid
to saving, international capital flow, and welfare of all the trading economies.
The effects of industrial policies in one country spill over to its trading partners
through changes in terms of trade and productivity. Considering such effects,
the paper shows that industrial policies in one country increase consumption
and saving of all the trading countries. The effects on welfare of foreign coun-
tries are identical to those of domestic economy. If the movement of capital
among countries is perfect, the movements of consumption over time of all

countries also become identical.
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[1] INTRODUCTION

Economic development in East Asia, particularly in Japan, features high saving
rates and industrial policies by government. The role of the industrial policies in
economic development has been analyzed intensively in papers on endogenous growth,
and there seems to be a consensus that industrial policies could enhance economic
growth if we allow for externality or knowledge spillover. The effects of industrial
policies on its trading partners, however, are often conceived to be negative. Tyson
and Zysman (1983) argue that government policies in Japan, through promoting
saving and giving competitive powers to firms in Japan, have raised the market share
of commodities produced in Japan, which have harmed US industries. We can find
similar arguments in various papers on "new trade theory”.!

Industrial policies such as production subsidies and trade policies such as tariffs are
often regarded as having identical or similar effects on trading partners because both
shift monopoly rents from foreign firms to domestic firms.? However, if we are to allow
for increasing returns to scale, the two policies should be treated differently. While
tariffs create distortions in the world market by setting different prices among trading
countries, production subsidies to a sector with imperfect competition could reduce
distortions in goods markets and improving productivity. If we regard industrial
policies as tools to enhance productivity by utilizing increasing returns to scale, not
depriving foreign firms of the market share, combined with the positive effects through
reduction of markup, it is no longer clear that such policies harm other countries.

Recently, Abe and Hamada (1999) investigate the effects of industrial policies from

'Borrus, Millstein, and Zysman (1983) argue that the Japanese semiconductor industry protected
by Japanese government might cause :
7 an irreversible loss of world readership by U.S. firms in the innovation and diffustion of semi-

conductor technology (Borrus, Millstein, and Zysman 1983, 142)”.
2See Brander (1996), for example.



this point of view, and find that the policies have favorable identical effects both
on domestic and foreign countries. Their approach is limited to static analysis and
does not consider the effects through the changes in capital accumulation and the
comparative advantage.

This paper considers the effects of industrial policies that are designed to enhance
productivity of a sector with increasing returns to scale in dynamic economies with in-
ternational trade. Industrial policies in this paper are production subsidies, or equiv-
alently factor payment subsidies to firms with increasing returns to scale. Specifically,
the paper adopts the general equilibrium model with imperfect competition discussed
in Dixit and Norman (1980) that contains two country, two sectors, multiple produc-
tion factors, and imperfect competition.®> Changes made in this paper are as follows:
1) imperfectly competitive goods are used for producing investment goods:! 2) the
representative consumer in each country has an infinite horizon, maximizes the time
separable utility function over time: 3) there are three production factors.’

This paper shows that industrial policies in one country increase the welfare not
only of the domestic economy but also of its trading partners to the same degree. The
basic mechanism behind is the same as in the static model in Abe and Hamada (1999).
The positive effects on foreign countries come from two mechanisms. The first is a
change in terms of trade. Because of the subsidies to monopolistic firms, the relative

price of perfectly competitive goods increases. Since foreign countries produce more

3Many recent papers on international trade and economic dynamics adopt externalities such as
knowedge spillover. This implies their models contain not only the increasing returns to scale within
a firm, but also the scale effects among firms. In order to concentrate on the increasing returns to

scale within a firm, the paper abstracts from such externalities.
*Farmer and Guo (1993) and Devereux and Lapham (1996) assume that monopolistically com-

petitive firms produce intermediate goods, which is similar to the specification in this paper.
®The third assumption is necessary to avoid holding the factor price equalization in the long run

in spite of government intervention. Section 3 in this paper dicusses this in detail.



perfectly competitive goods due to the industrial policies, an increase in the price of
export goods increases GDP of foreign countries. The second effect is the change in the
capital accumulation. Because of the increase in subsidies, productivity for creating
capital goods increases, which raises capital accumulation in both countries.’

One different and interesting result of this paper from the static model is that the
implementation of industrial policies in one country leads two trading economies to
converge to different steady states, while in a static model, consumptions of different
countries are identical. In the domestic economy, consumption decreases significantly
in the beginning, increases eventually, and converges to a new steady state level which
is greater than the level before the implementation of the policy. In the foreign coun-
try, consumption declines in the beginning to a lesser degree than in the domestic
economy, increases shortly after, and converges to the new steady state at which the
consumption level is greater than the old steady state level, but smaller than that
in the domestic economy. Although the consumption paths in the two countries are
not identical, the changes in the welfare of both countries due to the changes in the
two consumptions paths are shown to be identical. If we allow for perfect interna-
tional capital movement, the difference of consumption paths in the two countries
disappears.

The effects of policies on saving are similar to those on consumptions. Industrial
policies in country A increase both saving in countries A and B, while saving in
country A increases more than in country B. The result suggests that a country with
significant industrial policies has higher saving rate than other countries, although
the industrial policies are not designed to increase saving. As before, the perfect

international capital movement brings identical changes in saving among countries.

®Because this paper adopts the specification developed by Dixit and Stiglitz (1977), an improve-
ment of productiviy appears as an increase in the number of differentiated goods, and not in the

scale of production that is analyzed by Abe and Hamada (1999).



The next section describes the base model. The third section considers an economy
with two production factors. The fourth section examines an economy with three
production factors. The fifth section considers an economy in which capital can move

among countries. The last section provides concluding remarks.
[2] THE BASE MODEL

Suppose there are two identical countries, A and B.” Each country has two sectors,
a perfectly competitive sector that produces consumption goods with linear homoge-
nous technology, a monopolistically competitive sector in which firms produce differ-
entiated goods with increasing returns to scale. The price of the consumption goods
is fixed at unity without loss of generality. The differentiated goods are intermediate
goods that are used to produce physical capital. Production factors are untradable
internationally.

In each country, consumers share the same preferences and maximize utility over an
infinite horizon. Specifically, the representative consumer in each country is assumed
to have the time separable utility function with infinite horizon as follows,

o] 1 t
> (1) v 8

Cs ¢ is the consumption in country s at time t. p is the discount rate. This consumer
purchases both investment and consumption goods in a free international market
and creates physical capital from the intermediate goods with linear homogenous

technology as follows:®

Ks,t—l—l - Is,t + (1 - 6) Ks,t; (2)

"Because of the symmetry among countries before the implementation of industrial policies,

international trade occurs not because of the difference in comparative advantages, but because of

"love of variety” analyzed by Krugman (1980) and Markusen (1981).
8 Alternatively, we can assume that there exists a perfectly competitive firm which produces

physical capital from the intermediate goods and the consumer purchases the capital from the firm.



MAt 5 1 nB,t si_l
Iy = (/0 (1 A),S,tdz —|—/ I(fB),Svtdz> e > 1. (3)

I, is the gross investment produced from the intermediate goods.” I oy,st is a
differentiated commodity produced in country s’ and purchased by the consumer in
country s at time t. ng (s = A, B) is a number of differentiated goods in country s,
which are determined endogenously in the model. 6 is the depreciation rate. The

budget constraint the consumer faces is as follows:

Cs,t + PtIs,t - Ts,th,t + Qs,t7 + As,t - Taxs,t; (4)

MNAt 1 ) np,t ﬁ
P, = (/0 p(;j)vtdz —I—/O p(l B) tdz) . (5)

Tst, Nst, Taxs, are rental costs of capital, shares, and lump-sum tax in country s,

where

respectively. Z is a vector of endowments of other production factors that are constant
over time. Z can consist of labor, land, and other production factors that are provided
by the consumer inelastically. @, is a vector of the factor prices corresponding to Z.
P(i,s), 18 the price of differentiated goods i, produced in country s at time t. F; is the
aggregate price index. Using the Lagrangian with a multiplier, ), , the first order

conditions for the utility maximization problem can be written as’

(14 ) Aosss = (; 6) Nor, (6)

Ast
P,

In the perfectly competitive sector, firms maximize profits at each time. The firms

=u' (Csy). (7)

are assumed to have a neoclassical production function that is differentiable, linear

9This functional form is taken from Dixit and Stigltitz (1977). This particular form gives us a

factor demand function for each differentiated commodity that has constant price elasticity, —e.
10Gee the Appendix for the derivations.



homogeneous, and satisfies the Inada condition. Due to the linear homogeneity, we
can regard the sector as a single firm that maximizes its profit. Let’s denote the

production function as follows,

Tst =T (Kw,s,t7 Z;c,s,t) . (8)

K, s+ and Z, 5, are capital and other production inputs in the sector at time t. 11

In the monopolistically competitive sector, each firm has to abandon a part of its
output as the fixed costs to keep the operation'?.

A monopolistically competitive firm i in country s that produces goods y; 5. faces
a demand function with a constant price elasticity, —e. We assume that after paying

the fixed cost, the firm can use linear homogeneous technology such as,

Uiyt = U (Kis) Ziis)t) » (9)

where K(; ;) and Z; ) ; are capital and other production inputs of firm i respectively.

The cash flow of the firm i is,

T tDi,8),6Y(i,s)t — Ts,tHK (1906 — Q6L (i)t (10)

where y(; ;) is the amount of products the firm can sell. yr = Y ), — Y(i,s),¢ 1S the

amount of the outputs that must be incurred as fixed costs. T, is the subsidy to

t.13

the outpu The government finances its expenditures for the subsidy by lump-sum

taxation on consumers in its own country. The world goods market is integrated, so

U Z, s+ can consist of labor, land, and other production factors. Latter sections in this paper

specifies the contents of Z, ; ; .
12For the treatment of the fixed costs, we follow Rotemberg and Woodford (1995). Another way

to treat the fixed costs is to introduce entry costs. We avoid the latter case to keep the model simple.
BWhether the policies are subsidies or not depends on the size of T, . If Tsy is greater than

unity, that will be subsidies, otherwise, that will be taxation.



that the firm cannot set different prices for its product in different countries.'* The
first order conditions for the profit maximization with respect to capital itakes the

form
(5 - ].) ay (4,8),t _ ﬁ
€ aK (%,8) Ts,t '

In both commodity markets, there is free trade between two countries. The market

(11)

clearing conditions are as follows:!?
Cat+Cpy = Tas + 2y, (12)

Iisyar + Lis)pt = Yis)e, where s= (A B). (13)

The capital market clearing conditions is given by
ns,tK(i,s),t + Kz,s,t = Ks,t- (]-4)
The market equilibrium in this economy is defined as follows,

Definition 1 The market equilibrium

Given the taxr and subsidy rates, the market equilibrium is a series of sets of

{ Zz,s,t; K IS,t7 Cs 9 Tos ts QS,t, TsityLs,t, -Pta Ks 2

(Zi,s).60 K i), Yeis),ts Ulins) o Plavs)t Livs),ants L), Bt ) oy Yoo
s = A, B, which satisfies the following conditions for both s = A, B;

1) (C’S,t, Loy, Ky, (I(Z- ) At Liis), Bt)?_sg)oi solves the consumer’s problem;

2) (Zpsps Kast)ieq Solves the profit mazimization problem for the perfectly

1 This assumption is not restrictive at all in the model. Because we assume constant elasticity,
even if the firm can freely choose the price level in different countries, the firm will set the same

prices in all countries to maximize the profits.
15We assume that the government does not consume or waste resouces, so that all the products

sold will be used by consumers.



competitive firms;

ns,t)oo

3) ((Z(z‘,s),t, K )15 y(i,s),t;g(i,s),bp(z’,s),t)z.zo —0 solves the profit maximization problem

for the monopolistically competitive firms

4) (ns,ta Qs,t5 75t Li,s),t, Kis) 6> Yis) b0 g(i,s),tyP(z’,s),t)jiO satisfies the zero profit
condition;

5) all the markets, i.e., capital, other factors for productions, and goods markets are

cleared;

6) both P; and I, satisfy the aggregate formula.

In a set of market equilibria, we concentrate on a symmetric equilibrium within a
country in which all the monopolistic firms set the same price in each country. The
price can be different among countries. In a symmetric equilibrium, the aggregate

price index becomes
1

P= (nawlT + nowlig) (15)
In the symmetric equilibrium, the individual budget constraint can be written as

the following equation,'®

Cs,t + PtIs,t = N5 tP(i,s),t (g(i,s),t - yF) + Lst- (16)

The above equation shows that the total expenditures including saving must be

equivalent to the total value of productions minus fixed cost payments.

16The budget constraint for the government,

Ts,tns,t
Tor—1

Tars; =

(oK (i,5),t + Qet Z(is) 1)

is used for the derivation.
The model abstracts from public debts, which is not restrictive because Barro-Ricardo’s equivalent

theorem holds in the model.



Notice that at the steady state, the rental cost divided by the aggregate price index
is equal to the sum of the discount rate and the depreciation rate,

T's

5=
p+ J2

(17)

Because p, 6, and P are the same in both countries, the rental costs of capitals are
identical in both countries at the steady state.
It is also worth paying attention to the fact that the equilibrium level of the pro-

duction scale of each monopolistic firm becomes as follows:!”

Yis) = (€= 1) yr (18)

The interpretation of the above formula is straightforward. Assuming free entry
and exit, the equilibrium level of profit is zero. This implies that the profit after
paying variable costs, ép(i,s),tg(i,s),ta should be equivalent to fixed costs payments,
P(i,s),tyr. The above formula suggests that the production scale does not depend on
factor prices or output prices. This implies the output level of each monopolistic firm

does not depend on the subsidy rates, either.
[3] A CASE WITH TWO PRODUCTION FACTORS

Suppose there are two production factors, capital and labor, as in Dixit and Norman
(1980). That is, Z consists of labor forces, L, only. The amount of labor endowment,
L, is fixed over time and is provided by the consumer inelastically. Let’s denote the
wage as ws, in country s at time t. The production functions in both sectors become

as follows:

Tst =T (Kx,s,h L;c,s,t) ) (19)

17See Abe and Hamada (1999) for details. Such constancy also occurs in the original model of

monopolistic competition by Dixit and Stiglitz (1977) as well.

10



Uiyt = U (Ko Liiys)t) - (20)

Now, suppose that in country A, the government increases the subsidy rate by
one percent from unity permanently. In country B, the government does not give
subsidies, so that T is fixed at unity over time. In the economy with only two
production inputs, such industrial policies have serious effects on both countries in
the long run. Because the changes in the rental costs are the same in both economies at
the steady state, due to the linear homogenous technology in the perfectly competitive
sector, the changes in the wage rates are also equalized. In other words, the factor
equalization holds in the economy in spite of the intervention by the government in
the long run. In such a case, the monopolistically competitive firms in country B
are not able to conduct their production due to the changes in the relative prices.

Formally, we can state it as follows,
Proposition 1

In a 2-2-2 model, an introduction of the subsidy in country A forces country B to

specialize in producing perfectly competitive goods in the long run.

(Proof)
See the Appendix. B

The above proposition implies that an infinitesimal permanent increase in the sub-
sidy rate in country A creates discrete changes in the market equilibrium in the long
run.'® If the industrial policies are not permanent but temporal, the changes in the

market equilibrium becomes infinitesimal, so that we can analyze the effects through

18 Mathematically, we can state that the dynamic system with two predetermined variables and two

11



observing the transitional dynamics. In order to see the transition, we have to specify
functional forms for preferences and technology. I use CRRA for preferences and

Cobb-Douglas for technology,

Cl;a
Cs >, 21
u( J) 1—o ( )
Tt = AcKD s Lo (22)
g(i,s),t - AyK(oz{,s),tL%ijs,t' (23)

The parameter values are set at
a=033, ~v=02, 6=0.06, p=0.03 =3, o=3. (24)

Since o > 7, the monopolistic firms have more capital intensive technology than
the perfectly competitive firms. There has been no agreement on the value of ¢, the
elasticity of demand. For example, Rotemberg and Woodford (1994) set e = 3.5,
while Farmer (1993) assumes € = 2.4. The greater ¢ is, the closer to the perfect
competition the economy becomes. Therefore, the value of € is essential for the role
of the market imperfection in the economy. I set ¢ = 3, which is the mean of the
two values. Other variables are taken from Barro and Sala-I-Martin (1995). For the
temporal shocks of the industrial policies, I assume that the government in country A
increases the subsidy rate at time 1 and gradually decreases it. Specifically, I assume

that the subsidy rate follows an AR1 process such as,

Ts,t+1 —-1=40 (Ts,t - 1) + €st- (25)

unpredetermined variables has two unstable roots and one unit root. The predetermined variables

are capital in both countries. The unpredetermined variables are marginal utility of consumption in

both countries. See the Appendix for details.

12



€s¢ is a shock in the subsidy rate at time t, which represents a change in the
industrial policies in country s. 6 determines the length of the adjustment in the
subsidy rate. I set 8 = 0.9 in the following simulation so that we can see the shocks
visually.

Other parameters such as yp, A;, A, and L, the endowment of labor forces, do
not affect the result, so that they are left unspecified. The Appendix contains the
derivations of the dynamic system of this economy and procedures to solve the sys-
tem. In the following numerical calculation, I assume that initially the economy is
at the steady state. At time one, the government in country A raises the production
subsidy by one percent and gradually decreases it, while the other government does
not implement industrial policies. In other words, I set €¢,; = 1 for (s,t) = (A4,1),
otherwise €¢;; = 0. Figure 1 and 2 show impulse-responses of consumption (Cs),
saving (I,), the number of differentiated goods (ns), rental cost of capital (r,), real
rental cost (rs/P), total capital level (Kj), production level of perfectly competitive
goods (z5), saving rate(SavingRate,), and the price of differentiated goods (ps) in
country A (s = a) and B (s = b), respectively. The saving rate in country s is defined

as follows;
-PtIs,t
Cs,t + -PtIs,t '

The denominator is the income of the representative consumer in country s at time

Saving Rate = (26)

t. The numerator is the expenditure for saving.

The x-axes in the figures show the time. The y-axes are the rate of changes of each
variable from the initial points. For example, subfigure (1) in Figure 1 shows that in
the beginning, consumption in country A decreases by one percent from the original
steady state level due to the one percent increase in the subsidies in country A. As
time passes, the consumption increases and converges to the new steady state that is
higher than the initial level by 0.2 percent. We can observe permanent increases in

total capital level, saving rate, and consumption in country A, while, in country B,

13



such variables decrease permanently. Despite the short run changes in the industrial
policies, the effects of the policies last eternally in many variables. In other words,
there exists "hysteresis” in the economy. The consumption in country A increases at
the cost of the consumption in country B, which coincides with arguments in existing
literature on "new trade theory”.!?

As Lahiri and Ono (1994) discuss, the number of production factors and the number
of production sector are crucial for the factor price equalization theorem. Without
government intervention, if the number of production factor is smaller or equal to
the number of sector with perfect competition, the factor price equalization theorem
holds trivially. Using a static model, Lahiri and Ono (1994) find that even if one of
the sectors is monopolistically competitive, as long as entry and exit are free and if no
factor intensity reversal exits, the equalization theorem holds. In a dynamic model,
we have to distinguish the equalization in long-run and short-run. As is shown in
this section, at the steady state, the rental cost of capital in each country is identical
because, at the steady state, the real return of capital should be equivalent to the
sum of time preference and discount rate. If there exist only two production factors,
since one of the factor prices is determined by exogenous parameters, there is only
one degree of freedom for the factor prices that can be determined in the factor mar-
kets. Since we assume that the perfectly competitive sector has linear homogeneous
technology, in spite of government intervention, the factor price equalization holds
trivially in the long run. Such a trivial equalization no longer occurs if we allow for
an additional factor of production.

If we allow for three production factors, an increase in subsidy in A increases rental
costs in A, decreases in B as in the economy with two production factors. However,
because one of the factors other than capital is generally used more intensively in

production of the differentiated goods, as the production of the monopolistic goods

19See Brander (1996), for example.
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increases, the shortage of the factor which is used in produciton of differentiated goods
intensively makes the production of the commodities more costly. Therefore, there is
a force which decreases the production of the monopolistic products, which lets the
economy to converge to the original steady state.?’

In the next section, an economy with three production factors is analyzed, which

exhibits opposite movements of consumption and capital in country B.
[4] A CASE WITH THREE PRODUCTION FACTORS

In this section, we consider an economy with three different kinds of production
factors, capital, labor, and land.?! Let’s denote them as K, L, and H. That is,
Z = (L, H). The factor prices of them are denoted by r,wy, wg, respectively. The
endowments of labor and capital are fixed over time. The consumer’s budget con-

straint at time t can be written as follows,

Csyt + .PtISJ = 7"37th7,§ + wL7s7tf + wRstF + As,t - TCLISﬂg. (27)

The production functions in both sectors become

Tst =T (Kw,s,ta Lx,s,b Hx,s,t) ) (28)

Yyt = U (Kis)tr Lays) o Hiys)t) - (29)

Contrary to the previous case with only two production factors, the factor price

equalization does not hold in the long run if we allow for government intervention,

201f all the production factors except for capital have the same intensity between both products,

hysteresis appears even if there are many production factors.
?'nstead of land, we can introduce two different kinds of labor forces such as skilled labor and

unskilled labor as long as they are not perfect substitutes in production.

15



which creates more gradual changes in the market equilibrium caused by the industrial
policies.

To see the effects of permanent changes in the subsidy rate, I assume that the
government in country A increases the subsidy rate by one percent at time one and
leaves it unchanged after the implementation. The other government does not change
the subsidy rate over time.

As in the previous section, we can use an AR1 process to describe the industrial

policies. Suppose that the subsidy rate in country s follows an AR1 process as,

Ts,t+1 —-1=0 (Ts,t - 1) + €sts (30)

with @ =1 and €,;, = 1 for (s,t) = (A, 1), otherwise €,; = 0.

First, we show that even if the market equilibrium is inefficient, production is
conducted on the production possibility frontier. In other words, x-inefficiency does
not occur.

The intratemporal production possibility frontier in country s is defined as follows:
Definition 1: The Intratemporal Production Possibility Frontier

The intratemporal production possibility frontier at time t in country s in a sym-

-
metric case is a set of (msyt, y(iys)ytn;}l , Ks,t> such that

To= @ (y(iys)ytnf,K&J where (31)

€

given y(iys)vtn;_?, sy = Max .4 subject to
Uiyt (Kis)er L)t Hiio)t,) —Yp> Y(i,s),t
L> Nt Liis) it L st
H> N His) i+ Hay st
Koi> ng Ko+t Kest

16



22
x (KZ.S,t7 Lz,s,t; Hm,s,t) Z Tst-

The PPF shows the maximum amount of aggregated products, z;;,given the amount
of y(iys)ytnf.%
In order to avoid dealing with multiple equilibria, the following assumption is im-

posed on the frontier.

Assumption 1
There exists a unique solution to the system of first order conditions for the mai-

mization problem in PPF, which actually gives the maximum.?*

Because the market equilibrium is inefficient due to monopoly power, whether the
market equilibrium is on the PPF is unclear. The following lemma, however, assures

that the market equilibrium is on the frontier.
Lemma 1 :

Under Assumption 1, the world wide market equilibrium is on the intratemporal

production possibility frontier in each country.
Proof. See The Appendix . m

At first glance, it may seem obvious because, as long as the government gives

subsidies to both factors, the ratio of marginal product values in both sectors is the

22In addition, all the endogenous variables should be non-negative. We assume the existence of

an interior solution so that we can avoid consideration of corner solutions.
2See Abe and Hamada (1999b) for detailed discussion on this frontier.
24In the case of classical economy without increasing returns to scale, some assumptions such as

strict convexity in production and the absence of factor intensity reversal would guarantee the above
characteristics. In our setting with increasing returns, the above assumption basically requires both

the exclusion of factor intensity reversal and weak non-convexity in technology.
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same, which usually excludes x-inefficiency in an economy without monopoly power.
Such is not the case in our model, however, because there is an additional variable,
the number of firms, which no private agents control in their maximization problems
in the market equilibrium.

Without monopoly power, the slope of the frontier in the market equilibrium is
equivalent to the marginal rate of substitution. In our model, however, due to the
monopoly power, such equivalence no longer holds. The slope of the frontier in the
market equilibrium depends on the demand elasticity. Specifically, the slope becomes

as follows:

Lemma 2

Under Assumption 1, the partial derivatives of the intratemporal production possi-

bility frontier in the market equilibrium are as follows:

0P (y(z',s)nssilaKs,t> T(e—1) .
_ _ I )nl—sp(i,@, (32)
ay(z’,s)nss_l <

0P (y(z’,s)n5571 ) Ks,t) 6$3 "
6Ks,t _aKm,s,t ‘

Proof. See the Appendix . m

The economic interpretation of the first equation, (32), is straightforward. The

slope of the production possibility frontier is different from the aggregate price index

due to the markup, —%. The subsidy policy changes the slope by changing the costs

of the commodities produced in the monopolistically competitive sector.

Under these settings, we can prove the following proposition .

18



Proposition 2

Suppose Assumptionl is satisfied. Also, suppose that the government in country A
introduces subsidies to its domestic monopoly sector. Then, the changes in the welfare

of both countries are identical. That is, the following equation holds;

S (1) v @aen =3 (1) v @ dcn.

=0 =0
where C' is the consumption level at the steady state before the implementation of

the industrial policies in country A. dCs, is the deviation of the consumption from

the steady state level, C in country s at time t.
Proof. See the Appendix. m

The intuition behind Proposition 2 can be explained as follows. The welfare gains
from the industrial policies come from the reduction in the wedge between the mar-
ginal costs and the prices in the differentiated goods produced in country A. The
effects are amplified by the expansion in the total number of differentiated goods
produced in both countries. Because of the free trade, consumers in both countries
can get benefits to the same degree from the changes. Besides, there are distribu-
tional effects through changes in production. Due to the industrial policies, country
A will produce more differentiated goods than country B. Because of the markup, the
marginal costs of the differentiated commodities are greater than that of perfectly
competitive goods. Therefore, by producing more differentiated goods, country A
would seem to get more gains than country B. However, in our model, it is not the
case. The intratemporal production possibility frontier in the model is defined in
(m, yZnTl> space. The movement of the market equilibrium due to the changes in
the subsidy rate in country A occurs along the frontier. A decrease in x in country A

causes smaller increase in n than a case with fixed number of firms in which the fron-
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tier is defined in (x, ny;) space. In the model, even though the frontier is defined in
(x, yZnTl> space, GDP is defined in (z, ny;) space. This implies that by shifting the
production to the upper direction on the frontier, country A loses its GDP. Because
of the specification of the model, the degree of returns to the variety is equivalent
to the degree of markup, —=, which equalizes the loss and the benefit for country
A through distributional effects. In country B, the distributional effects disappear
because of the same mechanism. Therefore, the only remaining effects are the reduc-
tion of the distortions and the expansion of the total number of differentiated goods,

which improve the welfare of two countries to the same degree.
Numerical Example

In order to see the changes in consumption, capital, welfare, and other variables
due to the industrial policies in country A, we need to solve the system numerically.
Similar to the previous section, we assume Cobb-Douglas production functions, which

have the forms as follows;

Tor = AcK] Ly s Hast (35)
~ . Q ﬁ l—a—ﬁ
Yliys)t = AyK(i,s),tL(i,s),tH(i,s),t : (36)

The utility function is CRRA as before. The parameter values are set at
a=033, (=02 =03, ¢=04, 6=006, =3, p=0.03. (37)

Figures 3 and 4 show impulse-responses of consumption (Cy), saving (I), the num-
ber of differentiated goods (ns), rental cost of capital (), the real rental cost (rs/P),
total capital level (Kj), production level of perfectly competitive goods (), saving
rate(SavingRates), and the price of differentiated goods (ps) in country A (s = a)

and B (s = b), respectively when the government in country A increases the subsidy
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rate by one percent at time one, that is, €,; = 1. The movements of consumption
and saving in country A are similar to those in the previous case with two produc-
tion factors. The rental cost of capital in country A increases in the beginning. The
mechanism behind is as follows. Since the monopolistic firms are more capital in-
tensive, the subsidies to the firms increase the capital demand, which increases the
price of capital. Because of the surge in the rental cost, the consumption in coun-
try A decreases in the beginning. This implies that the consumer increases saving,
I,. Because of the increase in the saving, the capital is accumulated in country A.
The accumulation is amplified by the increase in the total number of differentiated
goods, ny + npg, in the world because there are increasing returns to the variety in
the production function of the physical capital, (3).

In country B, the movements of consumption and capital are very different from
the previous section with two production factors. The industrial policies in country
A decrease the price of the differentiated goods, which leads country B to produce
more perfectly competitive goods. Because we assume that the monopolistic firms
are more capital intensive, the rental cost decreases in country B. However, in spite
of the decrease in the rental cost, because of the increase in the total number of
the differentiated goods, the real rental cost increases in country B, as well as in
country A. Also because of the increase in the variety, the effective amount of saving,
I+, increases, which raises the accumulation of capital in country B. Because of the
accumulation of capital, the production resources also increase, which will raise the
consumption level.

The changes in the utility levels from the steady state level can be obtained by
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calculating

% b
dUs, = 2 (ﬁ) Ci (Cs,t)
_ @‘“i (rlp)t (C.) (38)

where C is the consumption level before the implementation of the industrial policies.
Under the parameter values specified above, the changes in welfare of both countries

are as follows:2°

i (%ﬁ)t (6@) —3.759 > 0, (39)

t=0

i (%p)t (cA*B,t) — 3.759 > 0. (40)

t=0

As is stated in Proposition 2, the changes in the welfare of both countries are
identical.

Subfigures (4) in Figures 3 and 4 show that the rental costs of capital moves dif-
ferently in two countries. Since the rental cost in country A is greater than that in
country B, if the capital market is open, or, if we allow for foreign direct investment,
the consumer in country B has incentive to invest in firms in country A because of
the higher returns. Next section explores the effects of the industrial policies when

capital markets are open to foreign investors.
[5] A CASE WITH INTERNATIONAL CAPITAL MOVEMENT

This section considers an economy in which capital can move among countries.

Basically, the model in this section is the same as that in the previous section which

25Gince the transitional dynamics are derived from the linearized system, it is consistent to use
linear approximation for calculating the changes in welfare. It may contain errors that are of second

order.
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contains three production factors. The only difference is that consumers can invest to
foreign countries. Suppose there exists an international bank that collects resources
from consumers in each country and lends them to firms. That is, the consumer in
country s (s = A, B) does not lend the capital directly to firms in country s but opens
an account in the bank. The bank offers two different accounts to the consumer in
country s, foreign account and domestic account. The balance in the domestic account
is invested in the firms in the domestic economy. The balance in the foreign account
is invested in the other country.?® If capital can move among countries without costs,
the two accounts are identical for the consumers in terms of the returns. However, if
the costs for such mobility exist, the returns from investing in foreign firms include
the costs, so that the returns are smaller than those of the domestic account. I assume
that the bank earns zero profits.

Define K4 p; as the amount of the balance in the foreign account holding by the
consumer in country A. If the consumer in country A adds V4 g amount of resources
to the foreign account at the bank at time t, in the next period, the amount of balance

becomes?”

Kiapiri=1—oVape))Vapi+ (1 —06)Kapy, (41)

where ¢ (V4 ) is an increasing function of Vy g, that satisfies
¢ (Vape) >0, (42)

¢ (0) = 0. (43)

If ¢ (V4 5:) is always zero, the capital mobility is perfect.

If the consumer in country A adds V4 4 amount of investment goods to the do-

26The total number of the accounts offered by the bank is four. The balance of each account can

be negative as long as the total balance for one consumer is positive.
27T include 8, the depreciation rate, to keep the consistency with the previous models.
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mestic account at the bank, the balance in the account becomes
Kpgniir =Vaar+ (1 —06) Ky (44)
The total capital the bank lends to country A is
Kot =Kaar+ Kpag. (45)

The total amount of the changes in the lending to the bank by the consumer in
country s is equal to the amount of investment goods produced by the consumer, that
is,

It = Vsas+ Vs (46)

The gross return of the account for country s is equivalent to the rental cost of
capital in country s, that is r, ;. The consumer in country A solves the maximization

problem as follows:

Maz 2 (%ﬂ)tu (L), (47)

s,t,
Kipir1=0—0Vapt)Vap:t+ 1 —06)Kanpyt, (48)
Kpati1=Vaar+ 1 —06)Kaau, (49)

Cap +Play =ra:Kaas + 1 Kapy + wL,A,tz + wR,A,tﬁ + Ay —Taxay, (50)

Tay =Vaar+Vapes. (51)

Because of the costs for transferring the resources among countries, the consumer

invests in the foreign country only when the return from that country is higher than
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the domestic rate. Before the implementation of the industrial policies, everything is
symmetric in the two countries, so that in the beginning, the consumers own all the
domestic capital and no foreign assets.

Suppose that the mobility cost is a linear function of the investment, that is,
e (V) =2V, (52)

where z > 0.
As in the previous section, I assume Cobb-Douglas technology, CRRA utility func-

tion, and the same parameter values as in the previous section, that is,
a=033 (=02 ~+=03 ¢=04, 6=0.06, =3, p=0.03. (53)

Figures 5 and 6 show the impulse-responses of the variables due to the changes in
the subsidy rate in country A with z = 1000. Subfigure (7) shows the movements
of investment in the other country.?® (11) and (12) illustrate the adjustments of
the factor prices of labor and land, respectively. Because the adjustment costs for
investing in the other country are high, the movements of the variables are quite
similar to those in the previous case in which capital cannot move among countries.
As subfigure (7) shows, the movement of capital among them is quite small.

Figures 7 and 8 illustrate the impulse-responses when z = 0.000001, where the
capital can move among countries without significant costs. In this case, because
capital is close to moving freely, the movements of the rental price in each country,
subfigures (4), are very similar to each other. The difference in the beginning period
comes from the assumption that capital can move one period after the implementation

of the industrial policies in country A

28Before the implementation of the industrial policies, the economy is at the steady state at which
the balance in the foreign account is zero. This implies both I4 g and Ip 4 are zero before the
changes in the policies. Therefore, the y-axes for subfigure (7) are the amount of the deviations of

14,5 and Ip 4 from zero, rather than the rate of deviations from the steady state level.
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Subfigures (1) in Figures 7 and 8, which show the movements of consumption in
each country, suggest that as the costs of adjustment become zero, the difference in

consumption among countries vanishes. Formally, we can state it as follows:
Proposition 3

Suppose ¢ (V) = 0 for all V. Also, suppose the government in country A intro-
duces subsidies to its domestic monopoly sector. Then, the consumption paths in both

countries are identical, that is,

dCy, =dCpgy, for all t. (54)

where dCj, is the deviation of the consumption from the steady state level, C in

country s at time t.
Proof. See the Appendix. m

Due to the identity of two consumption paths, the changes in welfare of both
counties are also identical. Notice that although the movements of consumption in
each country are identical, the movements of productions and factor prices are not
identical. In country A, wages decrease because the monopolistic firms are assumed
to be less labor intensive than the perfectly competitive firms. In country B, wages
increase because the country produces more perfectly competitive goods due to the

changes in the industrial policies in country A.
[6] CONCLUDING REMARKS

The paper has considered the effects of industrial policies in one country in dynamic
economies with two-sectors, multiple-factor, and two-country, in which the source of

scale economies is derived from a fixed cost. According to conventional views, indus-
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trial policies in one country often damage its trading partners through an increase in
the market share of the commodities protected. By considering the role of industrial
policies as enhancing productivity through utilizing increasing returns to scale, it is
shown that the industrial policies will promote capital accumulation, increase saving,
and raise welfare of all the trading economies. The effects on the welfare of each
country is identical, that is, the industrial policies in one country improve the welfare
of all the trading countries to the same degree. This result suggests that by promot-
ing productions with increasing returns to scale, several trading economies may have
increased other countries’ capital accumulation and welfare each other.

The paper also examines the implications of capital mobility among countries. As
the mobility becomes close to perfect, the differences in consumption path between
countries shrink. If the capital can move among countries without costs, the con-
sumption paths in two countries become identical. In other words, perfect capital
mobility equalizes the consumption between countries.

There are some remaining tasks. In spite of the increasing returns to scale, the
equilibrium in this paper does not exhibit endogenous growth. Since the role of
the industrial policies is strengthened if we allow for endogenous growth, analyses of
economies with endogenous growth may provide further role to industrial policies.
Particularly, the framework may help explaining non-convergent growth path among

countries.
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APPENDIX

Proof of Proposition 1

Since we consider the long-run effects of industrial policies, we investigate the effects
at the steady state, so that we drop the subscript for time, t. Suppose that after the
change in the subsidy rate in country A, monopolistically competitive firms in country

B conduct their production. The profit for the company is as follows
s = pu,s)Ya,B) — "8K68) — wsLp). (1)

Let’s denote the log-differentiation of a variable, say, K(; gy as IA((Z-7 B)- Then, the

changes in the profits can be written as

dllp = pu B)Ya,B) (1/7\(1‘,3) + /y\(i,B)) — 13K B (?B + fA{(i,B)) — wpL B (@B + E(z‘,B)> .
(2)
Define the share of the capital costs as follows:

rpK (4,B)
Uy = —————. (3)
Pi,B)Y(,B)
Then, using the first order conditions, we can derive
dllg

————— =D4,B) T Yu.B) — a7 — (1 —ay) Wp. (4)
Pi,B)Y(,B)
Similarly, for country A, we can get

dll 4

——————— = DPi,a) T Y4 — ayTa — (1 —ay) Wa + Ta. (5)
DP,A)Y(i,A)

Using the demand functions, we can show that the ratio of p(; 4y and p; gy depends

on the ratio of the total supply as follows:

(p(z',A) ) - _ Y(i,A) ' (6)

Pi,B) Y(i,B)
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Since the production scales in the monopolistically competitive firms are constant,?’

we get
Pa,a) = Dii.B) = D- (7)
At the steady state, the rate of changes in the rental cost is identical to that of the

price index in each country,
7 =P, for s=(AB). (8)

In perfectly competitive sector, using the share of the capital costs defined as

follows:

SKI S
Ay = r—’, (9)

Zs

we can derive

a,7s+ (1 —a,)ws =0 for s= (A, B). (10)

Using (4) and (5) We can eliminate 7y and @ ; and get

dIl —a; \ ~
_Ms 5 (ay a >p, (11)
PG,B)Y(i,B) (1 - Gm)
and
dIl 4 % ( ay — Qg ) ~
DPi,A)Y(i,4A) (1 - am) ( )

Since fA is positive, as long as y(; gy and y(; 4) are positive, the changes in the
profits of the firm in country A are greater than that in country B. This contradicts
the assumption of free entry and exit. If country B produces the differentiated goods,
the profits of the firms should not be negative. However, the free entry and exit in
country A decreases the price of the differentiated goods to the level at which the
profits in country B become negative. Therefore, in country B, all the monopolistically

competitive firms exit from the market.Hl

29y(i’s) is fixed at (¢ — 1) yF regardless of the level of the subsidy rate. This is a by-product of the

specification developed by Dixit and Stiglitz (1977).
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The Dynamical System for Two Production Factor Case

Define the Lagrangian for the consumer’s problem as follows:

0 1 t [e¢) 1 t
L = Z (—1 n ) U(Cs7t) + Z (rp) )\s,t (Is,t -+ (1 — (S) Ks,t — Ks,t—i—l)

t=0 t=0

_—

o) t
s (m> €0t (retKay + QuiZ + Ay — Toy — Coy — BI,)  (13)

t=0

The consumption Fuler equation becomes

(14 ) Aorer = (P . 5) A (14)
s
_P;t = u' (Cs,t) . (]-5)

In the factor markets, the marginal product values of each production factor should

be equalized as follows,

g — ].) ag(i,s),t . 6$s,t

Ts,t (

- Pi,s),t aK(z',s),t = 8Kx,87t’ (16)
T C ; D) D(i,s),t g%(:))tt = 865:; (17)
The market clearing conditions for the factor markets are as follows,
Nt K(is)e + Kot = K, (18)
Mgt L)t + Lot = L. (19)

Because of the assumption of free entry and exit, the production level of each

differentiated goods are fixed as

Yi,s) = (€ — 1) yp. (20)
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The market clearing condition for the market of each differentiated good takes form

as

PG
(P0) " (Cyne+ Coma) = (e~ D o)
t

Because of the national income identity, the budget constraint of each consumer
can be written as

Cs,t + PtIs,t = NstP(i,5),tY(i,s),t T Tspt- (22)

The aggregation formula of the price index in the symmetric equilibrium becomes

1

P= (nalT + neewlig,) (23)

The capital is accumulated as follows:
Ks,t+1 = 1lgt + (1 - 6) Ks,t- (24)
Finally, the supply of output should be equal to the amount produced, which implies

Tst =T (Kx,s,h L;c,s,t) ) (25)

Yooyt = U (Kis)s Liis)t) - (26)

Define a set of predetermined variables and multipliers as X; = (K4, Aat, Kpt, A1) -

Also, define a set of non-predetermined variables as W; = (Wu,, W4, P;) , where
Ws,t - (Cs,t7 Is,t; Ls,ty g(i,s),t; Kw,s,t; Lx,s,t; K(z',s),ta L(z’,s),t, ns,typ(i,s),t> . (27)
Also define the forcing terms as Z; = (T'ay, Tpy)

Then, we can take log linearization of the system, which gives us

Mcht = Mcht + MceZt; (28)
MSSOXtJrl + Mslet = MSCOVVtJrl + Msclm/ty (29)
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where M. : 21 x 21, M.s : 21 X 4, Moo: 21 X 2, Mggo : 4 X 4, Mgy @ 4 X 4, My
: 4 x 21, My @ 4 x 21 matrix, respectively. As long as M, is invertible, we can

eliminate W; and rewrite the system as follows;

P'X; 1 =AP'X; + P'RZ, .+ P'QZ;, (30)

where
R = (Mo — MuoM Mee) ™ (Muco M Mee) | (31)
Q = (Muso — MM M) (Maet Mg M) | (32)

PAPil =W =- (MSSO - MSCOM;;lMce>_1 (Mssl - MsclMélMcs> . (33)

A is a diagonal matrix with the eigenvalues of W on its diagonal. P is a matrix
whose columns are n linearly independent eigenvectors of W.

Under the parameter values set in the paper, A is as follows:

0.9334 0 0 0
0 1 0 0
0 0 1.0300 0
0 0 0 1.4767
which shows that this system contains two unstable roots and one unit root.
Following an algorithm described by Burnside (1997), we can solve the system to

obtain policy functions.
Proof of Lemma 1

Define the Lagrangean for the maximization problem for the derivation of the

production possibility frontier as follows:*

30The subscript for time, t, is dropped except for the total capital level because there is no dynamic

element in the intratemporal production possibility frontier.
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L=x(Kys, Lays)+ A <y(i78)n§_1 — const)

+¢1 (U (Ko Liis))
L

€

—Yr — y(z,s))

+¢2 (z B nsL(iys) o -’%5) + ¢3 (Kt - nsK(z',s) - Kx,s)

+¢4 (ﬁ - nsH(z’,s) - Hx,s) .

Eliminating the multipliers from the first order conditions and applying the Euler’s

law for homogeneous functions, we can obtain

Yiis) = (€ — 1) yr,

9Y(i,s)
0K (i s)
8@(13)
OLi,5)

_ 9K,

0xs
0K,
Qzs
OLg

Oz
T (38)
OH,

The first equation shows that the production scale of monopolistically competitive

firms in the production possibility frontier should be constant at the same level as the
market equilibrium level. The second and third equation imply that in the Edgeworth
Box for the production factors, two iso-quant curves must touch to each other at the
maximum point. The production possibility frontier can be drawn from a system of

equations as follows:

Yis) = (€= 1) yr, (39)
(i,8) 8Ks

Bre Dz (40)
OL(; ) OLs
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OKis) _ BK,
8§(i,s) - 6_‘157 (41)

8H(i,s) 8HS
nsK(z',s) + K:c,s = Ks,h (42)
nsL(z’,s) + LCE,S = Z7 (43)
nsH(z',s) + Hx,s = f, (44)
Yi,s) = g(z',s) —Yr. (45)

Since the market equilibrium contains all the equations that determine the pro-
duction possibility frontier, under Assumption 1, the market equilibrium is on the

frontier.

The Partial Derivatives of the Frontier

The multipliers, A and ¢5 in the Lagrangean in the previous proof are equivalent

£

to the partial derivatives of the frontier with respect to y; syns~" and K3, respectively.

From the first order conditions, we can get

—1 %
= 9K
A=n5 t—, 46
D) (46)
0K (i,s)

In the market equilibrium, the marginal product revenues of capital in two sectors

should be the same, that is,

1 0Y(i.s) ox,
1—- iy ——"T o\t = . 47
( 8) PG, )8[( (i,s) (Ge).8 0K, ( )

Therefore, in the market equilibrium, A becomes

1 1
)\ = (1 — g) p(@S)T(Z',S)’t?’LsQ_E . (48)
Similarly, we can derive
0z,
= ) 49
¢3 avas ( )
[ |
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Proof of Proposition 2

Denote the log-differentiation of each variable as follows:

7, = 9% (50)

Ls

Then, the changes in welfare of country s can be written as®!

> 1 du (CS t) -~
U, = C, L ()
; (1 + p) tdC,, !
o0 1 t N
— Tu(C — ) (Cw) 51
©) ; (1 + p) ! (51)
From the budget constraint, we can get
o~ ~ np;Y; ~ np:Yi ( 5
Cs,t = Tst + Z;y (ns,t +p(z’,s),t> - Py (Cy,s,t + Pt) . (52)

Using the formula for capital accumulation, @,S,t can be written as a function of

capital,
~ 1~ 1-06\ =~
Cy,s,t = ng,tJrl - (T) Ks,t- (53)

Plugging (52) and (53) into the changes in the utility, we can get*?

= 1 b np;Yi ~ npYi [ ~ ~
dU, =  — (xst—i— pynst-l- Py <p(z's)t_Pt>>
t:0 1+p 7 x 7 m ’ 7

= 1 \'npy (1~ 1-06\ =~
— S —Kgpo1— | — | Kot | . 4
;(up) 2 (3= (57) ) oY

Using Lemma 2 and the fact, K s0 = 0, we can rewrite the above formula as follows:

31Notice that we use the linear approximation at the steady state for evaluating the changes in

the utility level.
321 use the fact that the production scale, Y(i,s),+ does not change over time, so that 7; 5, = 0.
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[e%e] 1 t npy .
U, = ( (A —P)) 55
;(1+p) x Pi.s).t t (b5a)
+i 1\’ = +npiyiﬁ NPy p+0 e (55b)
g 1+p s,t T s,t ” 6 s,t
> (155) (% (o) 559
= — PG,s)t — C
— 1+p T Plis)t !
(1 N\ Dy (-1 ek -
& = R, 55d
E) B )
. 1\ (npayi - npyi (P+0Y\ o
—_— ot — — | K, 55
+;(1+p> ( z x o ! (55¢)
- 1 ! npYi (~ 3
=3 (1) (557 (Feoe— ) (551)
=0
- 1\’ /npiyi NP;Yi ~
3 (155) (-2, (55¢)
=0
= 1\ (npyi (p+6) = npiyi (p+6\ »
— PTOVR,, - PO R, h
Ylr) (B R () Re) o

_|_
00 1 t np:Y; .
=3 (75) (2 (o 7). 350

From the market clearing conditions for the commodities produced by monopolistic

firms, we can derive

Yi,A) ¢ _ (p(z',A),t> ' (56)

Y6i,B)t Pi,B),
Because both production scales are constant, we get

D(i,A)t = D(i,B)t = Dt- (57)

In other words, the price changes are identical in both countries. Then, the changes

in the welfare of country s becomes

w3 (1) (B (- 7)). e

t=0
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The right hand side does not include the country index s, which means the changes

in the welfare of each country are identical. Il
Proof of Proposition 3

First, we show that the effects of the industrial policies on the welfare of both
countries are identical.

In the equilibrium, the budget constraint can be written as
Cs,t + -Pt-[s,t = Ns,tP(i,s),tY(5,8),t + Tst + Ts,t (Ks,s,t - Ks,t) + Ts’,th,s’,h (59)

where s’ stands for the other country. K, is the amount of domestic capital owned

by the domestic consumer. I, can be divided as

Is,t - ‘/s,s,t + ‘/s,s’,t- (60)

The changes in balances can be written as

Ks,s,t+1 = ‘/s,s,t + (1 - 5) Ks,s,h (61)
Ks,s/,t—i—l = ‘/s,sl,t + (]- - 6) Ks,s’,t- (62)

Then, we can proceed exactly the same as in the previous proof so that we get

w3 (1) (B (- )). w

t=0

Again, the right hand side does not include the country index s, which means the
changes in the welfare of each country are identical.

Next, we show that the rate of changes of consumption at time ¢t > 2 are identical
in both countries. It is easy to show because the free capital mobility makes the rental
costs of capital of each country be identical. The consumption Euler equation can be

written as



(14 ) Ao — (P . 5) M (64)
As
?j =u (Cop). (65)

Therefore, as long as the rental costs of capital, r,,, are identical, the rates of
change of consumption are identical, too.

The last step is to show the identity of the changes in consumption at the first
period. Since we have already seen that the new consumption paths give the same
utility level to the consumer in each country, given the fact that the rates of change
in consumption are identical in both countries, the initial changes in the consumption

should also be identical. B
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