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Endogenous Trade Patterns in Vertical Production™
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Abstract

This paper investigates trade patterns that occur between developed and developing coun-
tries in industries with vertical production structures. The price of intermediate good is
affected not only by market conditions for the intermediate good but by market conditions
for final good, as a result of backward linkages. We show that trade patterns depend on the
relative size of the final good market, trade costs, prices of the intermediate good, wage
differentials, and the degree of competition. The flow of components and the trade patterns
for final goods may change drastically with economic development.
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ment
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1 Introduction

In recent years, ASEAN countries and China have experienced high rates of economic
growth, with the exception of the Asian financial crisis in the late 1990’s (Barro, 2001). One of
the outstanding factors that has contributed to this successful economic development is active
foreign direct investment (FDI) from developed countries.

In the 1980’s, low wage rates in developing countries created incentive for firms based in
developed countries to build plants in the developing countries, with the purpose of produc-
ing manufacturing components for export to home countries. As East Asian countries grow
and their standards of living increase, manufacturing components are used directly in the
production of final goods for domestic supply and export to developed countries (Hobday,
1995). That is, economic development changes the trade patterns of components and final
goods dramatically.

The purpose of this paper is to derive endogenous trade patterns between developed and
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developing countries in an industry that has a vertical production structure. Most studies
analyzing trade patterns have been concerned with final goods markets. Both Rowthorn
(1992) and Horstmann and Markusen (1992) derive endogenous trade patterns for final goods
between two identical countries. Markusen and Venables (1998) introduce differences in factor
endowments and analyze endogenous trade patterns with asymmetry. In this sense, our paper
is an extension of these articles, but introducing an intermediate good sector is not trivial.
While Gao (1999) introduces an intermediate good sector, he only considers a special case
where multinational firms in a developed country produce components in a developing coun-
try and import these components to produce final goods. This aspect of multinational firms,
however, cannot explain the importance of rapid market expansion in developing countries,
which creates strong demand for final goods. For example, this can be seen with the recent
outstanding expansion of the automobile and parts industry in China.

When we consider a vertical production structure, we must take into account linkage;),
According to Hirschman (1958), the effectiveness of economic development depends crucially
on forward and backward linkages. We concur with Rodriguez-Clare (1996) and Markusen
and Venables (1999) that the size of the market for final good restricts the size of the
intermediate good market. Since the price of intermediate good is determined in the market,
it is influenced by the size of the final good market. In this sense, the price of intermediate
good depends not only on market conditions for the intermediate good but also on the
market conditions for the final good.

As is widely observed, trade in parts and components, as well as final goods, is very active
between developed and developing countries. We include trade in both final and intermediate
good sectors into our model. Firms producing final good determine the number of plants,
while firms in the intermediate good industry employ local labor and produce intermediate
good for supply to both domestic and foreign markets. We show that the equilibrium price
for the intermediate good depends on market conditions for the final good, trade costs on the
intermediate good, wages, and the degree of competition (i. e, the number of firms in each
country). The equilibrium price of the intermediate good is closely related to the effectiveness
of tariff policy. It is well known that higher trade costs induce FDI (tariff-jumping argument;
see Rowthorn, 1992; Horstmann and Markusen, 1992). In our model, this tariff-jumping effect
depends on the price of the intermediate good.

While we provide a complete framework for determining trade patterns endogenously, they
strongly rely on parameter values. Therefore, we use numerical simulations to clarify the
effect of asymmetries in countries on trade patterns. In particular, we focus on economic
catching-up of the developing country and changes in trade cost. We show that the market
structure depends on (1)the relative sizes of the final good markets in the developed and
developing countries, (2)trade costs, (3)prices for the intermediate good, (4) wage differentials,
and (5)the degree of competition, both in the final and intermediate good markets.

This paper is organized as follows. Section 2 provides the basic framework for our analy-
sis. Section 3 examines output levels and possible trade patterns (i. e., trade can be two-way or

one-way, or no trade occurs), and derives the price of the intermediate good. Section 4 illustrates
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endogenous trade patterns and clarifies how market expansion in the developing country,
wage differentials between two countries, changes in trade costs, and the degree of competi-

tion affect these trade patterns. Section 5 concludes.
2 The Model

In this section, we describe the basic framework. Consider two countries labeled country 1
and country 2, respectively. We focus on a particular industry where production has a vertical
structure; one unit of the intermediate input is necessary to produce one unit of the final
good. There are n; firms in the final good industry and m; firms in the intermediate good
industry in country i(i=1, 2). Assume that firms in each industry are symmetric across
countries. Each country has an intermediate good market and a final good market. Each firm
in country ¢ can supply products to the market in country j (i, j=1, 2; i#j), and then
iceberg trade costs are charged; t for the final good and 7 for the intermediate good, respec-
tively (¢, 721). In each market, firms compete in Cournot fashior?

We consider a two-stage game. In the first stage, final good firms decide whether to enter
the market or not. When a firm enters the market, it chooses a number of plants; either one
or two. We assume that firms set-up a plant in their home country if they choose one plant
and that no firm can have more than one plant in a country. We thus call the former choice
national and the latter multinationa; Since not entering the market corresponds to choosing
zero plants, we restate that final goods producers choose a number of plants from zero, one
or two, in the first stage. Then in the second stage, firms compete in each market given the
number of plants.

In the following, we provide detailed settings for both final and intermediate good produc-

ers.

2.1 Final good producers .

The inverse demand function in the final good market of country ¢ is given by Pi=A,—X,,
where P; is price, X; is total quantity, and A; is a positive constant (i=1, 2). A; and A, are
not necessarily equal.

In the first stage, final good firms must decide whether or not to enter the market. For a
given intermediate good price, ¢;, final good firms in country i (hereafter we call them firm 1)
calculate their profits, and only enter if the profits are positive (i=1, 2). If firm 7 enters the

market, it can choose either national or multinational. The cost for a national firm is
C"=qiXiit+tq: Xt wf, (1)

where X;; expresses the output produced by firm i and consumed in country j (i, j=1, 2),
w; stands for the wage rate in country 7, and the constant f shows the cost of headquarter
services or plant-specific fixed costs in terms of labor. When firm ¢ chooses multinational, it

must build a plant in country j as well as a headquarters and a plant in country ¢ (i, j=1, 2,
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i#7). In doing so, firm i incurs an additional cost w;g in addition to w;f. Furthermore, assume
5)
that firm ¢ acquires intermediate goods from the intermediate good market where it locates.

Then, the cost for a multinational firm is
cim:ini1+QJXij+W1f+ng. (2)

Let II7 and II7 be the profits of a national and multinational firm i, respectively. From

equations (1) and (2), these profits are expressed as

H?: (Pi—q) Xii+ (Pi—tq) Xiy—wif, (3)
7= (Pi—q) Xii+ (Pi—q) Xij— wif—w;g (4)

2.2 Intermediate good producers

By summing demand for intermediate good over the final good firms, we derive the total
demand for the intermediate good for a given ¢; and ¢;. Since one unit of the final good is
produced using one unit of the intermediate good, the total demand for the intermediate good
is expressed as D;(qi, ¢;). Then, the equilibrium condition for the intermediate good market

is given by
Di(qi, q) =M, (5)

where M; is the total supply of the intermediate good in country ¢. That is, M;=my;+m;y;i,
where y;; is the amount of the intermediate good produced in country ¢ and purchased in
country j (i, j=1, 2). Solving equation (5), we derive the inverse demand in the intermediate
good market. Equation (5) implies a backward linkage ; 7. e., the state of the intermediate good
market depends on whether the final good producers choose zero plants (no entry), one plant
(national), or two plants (multinational). That is, the size of the intermediate good market is
restricted by the size of the final good market.

Assume that one unit of the intermediate good is produced using one unit of labor with no

fixed costs. Then, the profit of an intermediate good firm 7 (i=1, 2) is written as

= (gi—w) yu+ (g—Tw) yij. (6)
3 Outputs, Prices, and Possible Trade Patterns

In this section, we focus on the second stage and compute Cournot equilibrium solutions.
As equation (5) implies, the demand for the intermediate good is determined by the final good
industry. Thus, we examine the final good industry first, and then consider the intermediate
good industry.

Trade patterns are determined by the number of plants chosen by firms 1 and 2 in the first
stage. In our model, there are nine trade patterns, which may be characterized by a pair (%,
k) where h and k respectively stand for the number of plants chosen by firm 1 and 2 (4, k
=0, 1, 2). Denoting the profit of firm i(¢=1, 2) in trade pattern of (h, k) as [l:(h, k),
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Table 1:Nash equilibrium outputs and profits
Xii Xij Xii X,
0, 0) 0 0 0 0
a. 1)(a) Ai— (nj+1)qi+tnig; | Ai— (m+ 1) tgi+nq; | Ai— (ni+1) tgi+miqi | Aj— (ni+1) g+ tnig;
’ n,-+n;+1 ni—{—nj-{_l ni+ni+1 ni+nj+1
1, 1)(d) Ai— (nj+1) gi+tn;g; 0 Ai— (ni+1) tgi+niq; At
ﬂi“l‘ﬂj"‘l ni+nj+1 n]+1
A Ai—q
1, 1
@4 Do) ni+1 0 0 nj+1
Ai—qi Aj+tq;
1, 0 0 0
a, 0 w1 P
Ai—qi Aitq;
2 LT
2, 0) P | | 0 0
a. 2)(a) Ai—qi Aj—t(n;+1) qi+nq; Ai—qi Aj— (ni+1) g +nitg
, mit i+l nitn+1 nitn41 ni+n41
A= Ai—gi Aji—g
1, 2)(b A 0 .
( , )( ) ﬂx"‘ﬂj"‘l n,+n;+1 ";+1
A Ai—q
1, 2
@ 2 ni+1 0 0 nj+1
_Aima Ll _Aima _Ai—a
2, 2)
ni+n;+1 ni+n+1 ni+n+1 41

For firm j% strategy k (k=0, 1, 2), firm /s equilibrium profits are

I17=0,

I} = (Xi)*+ (Xi)*—wif,
7= (Xi)*+ (Xip)*— wif— wyg,
where []] is the profit of firm i choosing not entering (i, j=1, 2, i#Jj).

we drop the superscripts # and .

Here, we focus on the trade pattern (1, 1), where there are national firms in each country,

to examine outputs, profits, intermediate prices and possible trade patterns. Equilibrium out-

puts and profits for all regions are summarized in Table 1.

3.1

Final good market equilibrium

From equation (3), the first order conditions are

olly _p oy
ox. P Xu=0
ol _ 5
ox. =Pt X=0.

(8)

Note that Pi=A;—X; and X;=nX;;+n;X;; (i, j=1, 2; i#j). Summing equations (7) and

(8) over the number of firms in country ¢ and j and solving them, we obtain

Xii

Xji

_Ai— i+ 1) gititng;

ni+n;+1

o A,'_ (n,-i—l) tq,--i-n,-q,»

nitn+1

Equilibrium profits are calculated using equations (9) and (10) (see Table 1).
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Let us focus on possible trade patterns; i. e., examine whether trade can be two-way or
one-way, or no trade can occur. Note that, from equation (10, exports are decreasing in the

level of trade costs. Setting Xj; equal to zero, we obtain the threshold trade cost level ¢; as

ti:(ﬁ-H)%; i =1, 2, i#j 0

That is, if the trade costs are higher than f;, Xj; is equal to zero. The threshold trade cost
level can be interpreted as a prohibitive trade barrier. The value of #; depends on three
factors : (1)the relative cost for the intermediate good (g;/q;) ; (2)the size of the final good
market ((A;—¢q;)/q:) ; and (3)the competitiveness in the final good market (7;,4+1). Exports
from country j to country ¢ will occur if the relative cost for the intermediate good in country
i is expensive (i e, firm j prefers to purchase the intermediate good in country j rather than in country
i), if the market in country i is large, and/or if the market is less competitive, so that a high
price will be realized in country 7. We find a similar threshold value, t;, for country j that is a
necessary condition for exports from country i to country j to be positive (i, j=1, 2; i#j).
t; and t; are not necessarily equal. Depending on the level of #; and ;, we obtain the follow-
ing possible trade patterns.

Lemma 1

Suppose that t;:>1; (i, j=1, 2; i#j). Then,

(V) If ;> ;> two-way trade is possible between the two countries (i. e., X;;>0 and Xj;>
0).

(2)If t:>t> 1, one-way trade is possible with country j exporting and country i importing
(i. e, Xi;=0 and X;;>0).

(B)If t>t;>t;, no trade is possible between the two countries (i. e, X;=0 and X;;=0).

Because products are homogeneous, two-way trade corresponds to (intra-industry trade).
Equation (1) and Lemma 1 state that if one-way trade occurs, the exporting (resp. importing)
country is likely to have relatively low production costs, and a small and competitive market
(resp. high production costs, and a large and less comptitive market). Before closing this subsection,
we touch upon the concept of #; (i=1, 2).

Corollary 1 (Rowthorn (1992))

Suppose Ai=A, n;=1, and ¢;=1 (V,;=1, 2). Define p=(A—1)/2 and A= (t—1)/u. Then,
from equation (10, X;;>0 for A<1 and X;;=0 for 21>1 (4, j=1, 2; i#j).

Corollary 1 states that our definition of #; is a direct extension of Rowthorn (1992).

3.2 Intermediate good market equilibrium

Next, we derive inverse demand functions for the intermediate good through the final good
market equilibrium and find the intermediate good market equilibrium. According to Lemma
1, we have three possible trade patterns in the final good industry. The inverse demands for
intermediate good depend on these possible trade patterns.

Let us consider the two-way trade case, i e, ;>#>t From cost function (1), Shepard’s

lemma yields firm ¢’s demand for the intermediate good as follows.
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aa—gjzx,.,.ﬂxﬁ 12
Therefore, the equilibrium condition in the intermediate good market, equation (5), is rewrit-
ten as M;=n;(X;;+tX;;) (i, j=1, 2; i#j). Using the same method, we derive the equilib-
rium conditions for one-way trade (X;;=0 and X;;>0) as M;=n;X;; and M;=n;(X;;+tX;),
and for no-trade (X;;=X;;=0) as M,=nX;; and M;=n;X;; (i, j=1, 2; i#j).
We find that the inverse demand functions can be expressed in the following linear form,

irrespective of trade patterns (the derivation is contained in Appendix) ;
qi=a;—biiM;— b;iM; (13

for 7, j=1, 2, i#j, where a;, b;; and b;; are constants, which are determined by which trade
patterns occur. Note that b;;=b;; holds for any trade patterns. Using this condition, we find
the price of the intermediate good, ¢i.
Proposition 1
For any trade patterns, the price of the intermediate good in country i is described as
a;+mw; + Ttm;w;

= QT T T 14
q mitm+1 14

Proof. See Appendix.

Proposition 1 states that the price of the intermediate good depends only on the constant
intercept a;, and neither b; nor b;. As shown in Appendix, the value of a; (i=1, 2) is
related to the constant intercept of the final good demand A;. Finally, using equations (6) and
(14, we find the Cournot equilibrium outputs in the intermediate good market (see Appendix
A).

4 Endogenous Trade Patterns

In this section, we focus on the first stage, where the final good producers choose the
number of plants and trade pattern regimes (we simply call them Regimes below) are deter-
mined. Among the nine regimes, we find a Nash equilibrium, which determines a subgame
perfect equilibrium. Using the payoffs given in Table 1, we can detect and illustrate Nash
equilibrium regimes. But the complexity of the solutions in the second stage makes it difficult
to compare the profits. Thus, we use numerical analysis to focus on how equilibrium trade
patterns are affected by the relative market sizes and the trade cost level for the final goods.
For now, we consider an international duopoly in the final good market; i e, n,=n,=1.
Later, we will consider a case where the number of firms is different in each country. In both
cases, the number of the intermediate producers in each country is fixed to one.

We incorporate asymmetries between the two countries into our analysis. Assume that
country 1 is highly developed. This means that the final good market in country 1 is greater
than that in country 2 (A;>A;) and that the wage level in country 1 is higher than that in
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Table 2:Payoff matrices

Table 2.a:Payoff Matrix (f=1.1, a=0.5) Table 2.b:Payoff Matrix (1=1.6, a=0.95)
Firm 2 Firm 2
0 1 2 1 2
0 (0, 0) (0, 12.31) (0, 10.41) . 1] (10.25, 9.59)* (7.18, 8.77)
. * Firm 1 "
Firm 1] 1 (13.4, 0) | (6.34, 5.21) | (5.52, 5.47) 2 (8.71, 6.94) (7.26, 7.02)
2 | (10.65, 0) | (4.15, 6.20) | (4.42, 4.18) 4+ Nash equilibrium

% --- Nash equilibrium

Table 2.c:Payoff Matrix (=1.6, a=0.45)

Firm 2
1 2
. 1| (4.61, 4.77) | (4.13, 4.81)
Firm 1
2 | (4.51, 4.33) | (4.23, 3.99)

country 2 (w,>w,). We express these relations as A,=aA, and w,=pw;, (a, S (0, 1]),

respectively. We use)common parameter values in the following analysis: A; =10, w,=1, ©
6

=1, /=0 and ¢g=0.8.

4.1 A benchmark

We allow « to change between (0, 1], for a given . First, suppose that 8=0.7, which
illustrates the case where the wage differential between the two countries is relatively small.

Before proceeding, we describe how the equilibrium trade pattern is determined. Once we
know the values of ¢ and a, we can compare the profits of each regime. For example,
consider a case where f=1.1 and @=0.5 (see Table 2.a). In this case, a Nash equilibrium trade
pattern is (1, 2). From Table 2.a, we find that a regime that includes any firm taking a zero
plant strategy cannot be a Nash equilibrium. We thus exclude the choice 0 from firms’
choices below. Considering different values of # and a, we can describe equilibrium trade
patterns. Figure 1 illustrates trade patterns on (a, t) space. Since we focus on the case
where country 1’s market is bigger than country 2’s, the domain of « is between zero and
one. We eliminate extremely high trade costs, because the results are not significant, and
confine our attention to /<2.5.

In figure 1, it is worthwhile to note that there are two possible trade patterns:two-way
trade (Case I) and one-way trade from country 2 to country 1 (Case II). The right (resp. left)
side of the #,=t line is Case I (resp. Case II). This result illustrates that it is reasonable to
anticipate two-way trade between countries with similar market sizes.

In Case I, Regimes (1,1), (1,2), and (2,2) are possible Nash equilibrium regimes. Regime
(1,1) (intra-industry trade) tends to appear as a Nash equilibrium if (2)A, is sufficiently large
and/or (b) is extremely low. In contrast, Regime (1,2) is likely to be an equilibrium when ¢

is sufficiently high. Although trade costs are small and input costs in country 2 are lower
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Figure 1:Trade Patterns (m=n,=1, §=0.7)
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0.2 0.4 0.6 0.8 1

than in country 1, a large market size in country 1 causes plants to cluster. Regime (2,2)
(foreign direct investment) may appear when country 2’s market size is close to country 1’s and
trade costs are sufficiently high. Note that Regime (2,2) is observed as a multiple-equilibria
(1,1)/(2,2) (see Table 2.b).

In case II, Regimes (1,1), (1,2) and (2,2) are also possible trade patterns. Regime (1, 1)
appears when there is an extremely large market size differential (i e, « is sufficiently small)
and/or low trade costs (i e, tis low). Note that trade occurs only from country 2 to country
1. Regime (1,2) is an equilibrium if # is sufficiently high (#>1.5) and « is small. When the
market size in country 2 grows to around half of country 1’s (@>0.43), Regime (2,2) is
chosen as an equilibrium. The results imply that small trade costs make exporting advan-
tageous and a large market size enhances the incentive for firms to conduct foreign direct

investment. Note that there is an additional regime where there is no Nash equilibria in case
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II. Table 2.c is the example where t=1.6 and c7¥>=0.45. In this case, trade pattern cannot be
determined from the strategic behavior of firms.

Figure 1 may illustrate economic catching-up stages of developing countries under a given
tariff policy. Suppose that t=1.8. Then, as the market size in country 2 develops (i e, @
increases), the equilibrium trade pattern changes as follows (attached parentheses are realized
trade patterns) : (1, 1) (one-way trade) = (1, 2) (no trade) = (2,2) (no trade) = (1, 2) (one-way
trade) = (1,1) (two-way trade) = (1,1)/(2,2) (two-way or no trade). In addition, Figure 1 de-
scribes how a change in trade costs may bring about drastic changes in the pattern of trade.
We predict that intra-industry trade is likely to appear rather than foreign direct investment

with reductions in trade costs, such as the realization of a free trade agreement.

4.2 Effects of wage differentials

Based on the above results, let us consider the effects of a change in wage differentials.
Suppose that the wage differential expands, 7 e, 8 becomes smaller than 0.7. The observed
properties are summarized as follows:

Case I:

(i) Regime (1,2) expands and Regime (1,1) contracts (the border between (1,1) and (1,2)
shifts southwest) ; since ¢, decreases significantly, production in country 2 becomes more
advantageous.

(ii) Regime (1,1)/(2,2) contracts, and may disappear for a small 8; by expansion of the
wage differential, the multiple equilibria are eliminated.

() A no-Nash-equilibria regime may appear and expand as the wage differential becomes
wider; large gaps in the production environment between firms 1 and 2 prevents their
best responses from matching.

Case II:

(i) Regime (2,2) expands and Regime (1,2) contracts (the border between (1,2) and (2,2)
shifts west).

(ii) Regime (1,1) expands as 8 decreases, but if the wage differential is extremely large,
Regime (1,1) contracts.

(i) Regime (2,1) appears with high trade costs and/or an extremely large market size
differential ; the trends described above occur because production in country 2 becomes
more advantageous.

(ivv Regime with no-Nash-equilibria expands as the wage differential increases.

The expanding the wage differential makes it advantageous for firms to produce in country

2. Therefore, Regime (2,1) appears for a sufficiently small .

So far, the value of B has been exogenously provided. In reality, however, economic de-
velopment tends to create wage increases as well as market expansion. Suppose that the
wage level in country 2 rises at the same rate as market expansion; i e, B=a. Figure 2
illustrates this proportional growth case. Since 8 increases at the same rate as «, Figure 2 is a
composition of figures for € (0, 1] on a-axis. Note that Case I has similar properties to

the benchmark case (8=0.7) while case II has the properties shown in this subsection,
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Figure 2:Trade Patterns (my=n,=1, a=p4)
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because one-way (resp. two-way) trade occurs for low (resp. high) levels of a=p.

4.3 Effects of the degree of competition

Finally, we focus on the effect of the degree of competition (i e, the number of firms).
Suppose that #;=2 and n,=1. Figure 3 shows the equilibrium regimes in this situation.

One novelty is that the #;,=t line appears in the figure. Then, there are four possible trade
patterns ; not only Case I (two-way) and Case II (one-way from country 2 to 1) but also Case III
(one-way from country 1 to 2) and Case IV (no-trade). For almost all cases with the exception
of a situation where the market is extremely small and trade costs are low, the equilibrium
regime is (1,2). The direction of one-way trade may or may not be opposite to that of the
benchmark case.

If the number of firm 1s increases further (i e, m>3; m € N), the t,=1 line shifts to the left
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Figure 3:Trade Patterns (m,=2, n,=1, f=0.7)
to=t
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[One-way from 1 to 2]

and disappears again, and the f,=1{ line shifts up. As a result, the possible trade pattern is
Case-1III: one-way trade from country 1 to country 2. Thus, an increase in the degree of

competition promotes exports from the developed country to the developing country.
5 Concluding Remarks

We have investigated trade patterns in an industry with vertical production In particular,
we consider trade patterns between developing and developed countries and focus on the
effects of trade costs and economic catching-up of the developing country.

We show that the price of intermediate good depends not only on market conditions in the

intermediate good industry but also on the market conditions in the final good industry. This
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result illustrates the backward linkages between the intermediate and final good industries.

We conduct a numerical analysis to analyze endogenous trade patterns and obtain the
following results. First, given a Cournot duopoly in the final good market, an expansion in
the market of the developing country is necessary for trade to be two-way. With a small
market in the developing country, the incentive for firms in a developed country to export
their products is reduced, and a possible trade pattern is one-way trade from the developing
country to the developed country. Second, when trade costs are sufficiently small, each firm is
likely to have a plant in its home country and exports. When trade costs are high, it is
advantageous for firms in the developing country to possess a foreign plant, and as market
size in the developing country grows, firms are likely to conduct foreign direct investment.
Third, an increase in the wage differential raises incentive for firms in the developed country
to have a foreign plant in order to exploit lower wages. Finally, an increase in the number of
firms may change the possible trade patterns drastically.

Compared to other literature on trade patterns, we consider a more general situation. We
include asymmetries of market size and wage level into our model, and, in addition, we focus
on the situation where the numbers of firms are different between countries. Also, our results
can explain and predict recent movements in the world economy.

There are several possible extensions to our model. One is providing a more detailed setup
for the intermediate good sector. In our analysis, we consider a fix and small trade cost for
the intermediate good industry (for numerical simulation, the value of ¢ is equal to one), and
assume that the intermediate good producers do not incur fixed costs. If we allow 7 to
change, or include fixed costs in the intermediate good sectors, we will obtain trade patterns
for the intermediate good sector in addition to those of the final good sector. Another possi-
bility is including a technology differential. For simplicity, we assume production technologies
are common (in the sense of marginal costs) across industries. In reality, however, a technology
differential exists between developing and developed countries (Ramstetter, 2001; Ito, 2002),
furthermore, technology transfers are often observed (Ramachandran, 1993). The results of our

analysis may change if these issues are incorporated.

Appendix : Intermediate Good Price and Outputs

(1) Region (1, 1) for t;>t;>t;
Since the demand for intermediate good in country  is the sum of the domestic demand,

equation (5) is rewritten as
Mi=n; (X;;+1Xi)). (A1)
Substituting equations (9) and (10 into (Al), we have
ni (nj+1) A+12) qi—2nmitq;=n; (Ai+tA;) — (ni+n;+1) M, (A2)
By solving equations (A2) with respect to ¢; and ¢;, we have inverse demand functions for

(58)
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M; and M; as equation (13 in the text
qi=a;—biM;—bi; M;

where
a;= %[(n,—(n,--l—l) A+ +2nmt?) Ai+ (n; (n;+1) A +12) —2mm;) tA) 1,

b”:%(%ff‘l) (n,+n,+1) (1+t2),

o Zﬂfﬂjt
ii A

A:nm,((n,-l-l) (ﬂ_,"‘l) (1+t2)2—4n,n1t2)

b (n,-f—n,-l-l) :bji, and

Since there are m; intermediate good firms in country 7, supply in the intermediate good

market 7 is
Mi=miyii+m;y;i. (A3)

Let us consider the profit-maximizing behavior of intermediate good firms. The profit of an

intermediate good firm in country 7 is given by
ﬂi:((]i_wi)y‘*‘(q;’_Twz‘)yij
The first order conditions for profit maximization are derived as follows.

671',-

% =qi—wi—biyii— bjiy;;=0 (A4)
671']- _ _

P =qi—7w;— biiyji— bjiy;;=0. (A5)
Yii

Summing equations (A4) and (A5) over intermediate good firm and adding them together,

we have the following.

(m,--l—mj) qi— (miwl--f-mj‘rwj) _biiM,'_bi;]W;:O. <A6>

Note that in the above we use equation (A3) and b;=b;;. From equation (13 and (A6), we

obtain the price of the intermediate good (equation (14)

_aitmaw;t+mTw;

1
Proposition 1 is thus proved. From equations (A4) and (A5), we have
bii b ii i Wi
G o) G)=(mm) A
bi; b/ \yi; q;— Tw;
Solving (A7), we obtain the equilibrium outputs :

R Y
Yii 0 Yij o)
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where Q= biibjj_ bjjbij, Ql - bjjqj_ binj_ ( bjj_ Tbjj) Wi, and sz bnqz’_ bijqj_ ( Tb“_ bjj) W;j.

(Derivations for the other regions are available upon request.)

Notes
1) In this paper, the price of intermediate good is determined in the intermediate good market. We
may, alternatively, introduce bargaining schemes where demanders (final good sector) and sup-
pliers (intermediate good sector) bargain over profit shares (e. g Grossman and Helpman, 2002).
2) This setting is observed in the literature in vertical production (e. g., Ishikawa and Lee, 1997).
3) We follow the definition of multinational provided by Markusen (2002).

4)  Our results do not change qualitatively even if the slope of the function is not one.

5) In other words, we assume =<4 < This assumption is familiar in the literature dealing
T qi

with vertical production (e. g. Venables, 1995).

6) In the real world, tariffs on the intermediate goods seems to be lower than those on final goods.
For instance, duties on imported parts are nearly zero among member countries of the WTO. In
this simulation, we assume that each final good producer acquires intermediate good locally even
under 7=1, in order for our analysis to be consistent with that in the previous section.

7) If we allow mixed strategy Nash equilibrium, we can eliminate the no-Nash-equilibrium region.

References

[1] Barro, R.J. (2001),“Economic Growth in East Asia Before and After the Financial Crisis,”
NBER Working Paper No. 8330.

[2] Gao, T. (1999), “Economic Geography and the Department of Vertical Multinational Produc-
tion,”Journal of International Economics 48, pp.301-320.

[3] Hobday, M. (1995), Innovation in East Asia: The Challenge to Japan, London : Aldershot.

[4] Horstmann, I J. and Markusen, J. R. (1992), “Endogenous Market Structure in International
Trade (natura facit saltum),” Journal of International Economics 32, pp. 109-120.

[5] Ishikawa, J.and Lee, K. (1997), “Backfiring Tariffs in Vertically Related Markets,” Journal of
International Economics 42, pp.395-423.

[6] TIto, K. (2002), “Are Foreign Multinationals More Efficient ? Plant Productivity in the Thai
Automobile Industry,” Working Paper Series 2002-19, Kitakyusyu: The International Center for
the Study of East Asian Economic Development.

[7] Markusen, J. R. (2002), Multinational Firms and the Theory of International Trade,
Cambridge : MIT Press.

[8] Markusen, J.R.and Venables, A.J. (1998), “Multinational Firms and the New Trade Theory,”
Journal of International Economics 46, pp. 183-203.

[9] Markusen, J.R. and Venables, A.J. (1999), “Foreign Direct Investment as a Catalyst for Indust-
rial Development,” European Economic Review 43, pp.335-356.

[10] Markusen, J. R. and Venables, A.J. (2000), “Theory of Endowment, Intra-Industry and Multi-
National Trade,” Journal of International Economics 52, pp.209-234.

[11] Ramachandran, V. (1993), “Technology Transfer, Firm Ownership, and Investment in Human
Capital,” Review of Economics and Statistics 75, pp.664-670.

[12] Ramstetter, E. D. (2001), “Labor Productivity in Foreign Multinationals and Local Plants in
Thai Manufacturing, 1996 and 1998, Working Paper Series 2001-14, Kitakyusyu : The Internation-

al Center for the Study of East Asian Economic Development.

(60)



Endogenous Trade Patterns in Vertical Production (Kurata - Ono) 61

[13] Rowthorn, R.E. (1992), “Intra-Industry Trade and Investment: The Role of Market Size,” Eco-
nomic Journal 102, pp.402-414.

[14] Venables, A.J. (1995), “Equilibrium Locations of Vertically Linked Industries,” International
Economic Review 37, pp. 341-359.

(61)



