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Abstract

In this paper, I construct a two-country model in which oligopolistic firms export goods and un-
dertake cost-reducing R&D investment. In this model, abilities of individual to become skilled
worker are heterogeneous and they choose to become skilled worker or unskilled worker. Indi-
viduals have to incur the cost of education in order to become skilled workers. Each country im-
poses tariffs. When the cost of education is sufficiently high, a decrease in the tariff rate decreases
the level of R&D investment. However, when the cost of education is sufficiently small, a decrease
in the tariff rate increases the level of R&D investment.
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1. Introduction

In recent decades, there are three facts of economic activities, trade liberalization, an increase in R&D invest-
ment, and the wage gap between skilled workers and unskilled workers. Wacziarg and Welch (2008) [1] showed
that the number of countries having open trade policy increased from 22% of all countries in 1960 to 46% in
2000, Second, over the last two decades, R&D investment has increased sharply and the wage gap between
skilled and unskilled workers has widened sharply. Using data for the US, the ratio of industrial R&D expendi-
tures to GDP increased from about 1% in 1979 to 1.43% in 1990 and 1.7% in 2004. Third fact is that the wage
gap between skilled and unskilled workers has increased in many countries recently. Acemoglu (2002) [2]
pointed out that percentage of US workers with a college education increased sharply from 6% in 1939 to 28%

A definition of open trade policy is provided by Sachs and Warner (1995) [3]. They defined that a country is classified as closed if it dis-
played at least one of the following five charasteristics; average tariff rates of 40% of more, nontariff barriers covering 40% or more, a black
market exchange rate at least 20% lower than the official exchange rate, a state monopoly on major exports, and a socialist economic sys-
tem.
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in 1996. He also pointed out that in the US, the college premium increased from about 0.4 in 1980 to about 0.6
in 1995.

On the basis of the above data, this paper has three objectives. First, this paper investigates the relationship
between the level of cost-reducing R&D investment and trade liberalization. When trade liberalization occurs,
do firms increase the level of R&D investment? Few papers investigate the relationship between R&D invest-
ment and trade liberalization empirically. Funk (2003) [4] concluded that US manufacturing firms that sell their
product to the US market decrease their R&D investment when trade liberalization occurs. However, US
manufacturing firms with foreign sales increase their R&D investment. Scherer and Keun (1992) [5] showed
that average US high-tech firms reduce their R&D investment in the short run when trade liberalization occurs.

The second and third objectives of this paper are to consider whether the number of skilled workers and the
wage gap between skilled and unskilled workers increases or not when trade liberalization occurs. Many re-
searchers have investigated the relationship between the wage gap and trade liberalization. Wood (1994) [6],
Leamer (1996) [7] and Kurokawa (2010) [8] argued that there was positive relationship between the wage gap
and trade liberalization. However, when trade liberalization occurs, does the wage gap between skilled and
unskilled workers widen and does the number of skilled workers increase?

In this paper, | construct a two-country model in which oligopolistic firms export goods and undertake cost-
reducing R&D investment. The governments of the countries impose tariffs on imported goods. Abilities of
individuals are heterogeneous. Individuals choose to become skilled workers by paying the cost of education or
remain unskilled workers, which involves no cost. In Braun (2008) [9] and Morita (2012) [10], there are two
types of workers: skilled workers and unskilled workers. However, the numbers of skilled and unskilled workers
are exogenously given. In this paper, the number of skilled workers is determined endogenously through the
individual’s choice.

| obtain two results regarding the relationship between the tariff rate and the level of R&D investment. One is
that a decrease in the tariff rate reduces the level of R&D investment when the cost of education is sufficiently
high. However, a decrease in the tariff rate raises the level of R&D investment when the cost of education is
sufficiently low. This paper also shows that a decrease in the tariff rate increases the wage gap between skilled
and unskilled workers when the cost of education is sufficiently high. When the cost of education is sufficiently
low, the effect of decreasing the tariff rate on the wage gap is ambiguous. Furthermore, this paper shows that a
decrease in the tariff rate increases the number of skilled workers when the cost of education is sufficiently high.
When the cost of education is sufficiently low, the relationship between trade liberalization and the number of
skilled workers is ambiguous.

Many papers have investigated the relationship between trade liberalization and cost-reducing R&D invest-
ment. Braun (2008) [9] and Haaland and Kind (2008) [11] constructed a simple model of international oligopoly.
In their papers, consumers were homogeneous agents and they did not consider the labor market for simpli-
fication. The result of these papers illustrated that trade liberalization increased R&D investment. In contrast
with these papers, Morita (2012) [10] constructed a model by incorporating the labor market into the model of
Braun (2008) [9] and Haaland and Kind (2008) [11]. I showed that trade liberalization decreased R&D invest-
ment. Compared to these researches, in this paper, the cost of education determines the effects of trade liberali-
zation on the level of R&D investment. Then, this paper summarizes the results of these papers.

Other related papers including Long, Raff and Stahler (2011) [12] constructed the model with heterogeneous
firms and investigated the relationship between innovation and trade liberalization. Compared with my model,
they assumed that R&D outcome was stochastic. Therefore, some firms export and other firms may not produce
at all. They concluded that when trade costs are high (low), trade liberalization decreases (increases) R&D
investment. Costantini and Melitz (2008) [13] and Atkeson and Burstein (2010) [14] also studied the relation-
ship between innovation and trade liberalization with heterogeneous firms.

The remainder of this paper is organized into four sections. The next section presents the basic structure of the
model. Section 3 obtains the equilibrium condition of this model. I conclude in Section 4.

2. The Model

There are two countries, Home and Foreign, indexed by | e{H,F} and these countries are symmetric. The
population size in each country is equal to L. There are two types of workers; skilled and unskilled. Individuals
choose to become either a skilled or an unskilled worker. This determines the number of skilled and unskilled
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workers. There are two types of goods, X and Y. Good X is chosen to be the numeraire. Good X and
good Y can be produced in both countries. The firm producing good Y in the Home country is named Firm
H . The firm producing good Y in the Foreign country is named Firm F. I assume that Firm H and Firm
F compete strategically by using their product quantities, that is, they engage in Cournot competition. The
governments of both countries levy tariffs on their imports of good Y and the tariff rate is denoted by 7.

2.1. Individual

The utility function of individual i in each country is given by
i b .
U™ (gy %, ) =X, +ag;, —qu,, le{H,F}, ie{0,1} 1)
where x;, is consumption of good X in country | by individual i, g;, is consumption of good Y, and

a and b are positive parameters, following Morita (2012) [10]. The budget constraint of consumer i in
country 1 isas follows:

X+ PG =E IE{H1F} (2

where p, is the price of good Y, and E;, is expenditure in country | by consumer i. | assume that the
price of good X is unity. From the first-order condition of the individual, I obtain the following inverse

demand function:
pL ql,l (3)
=a-bq,,

where ¢, denotes the average consumption level of good Y in country |. Therefore, the inverse demand
function in country 1 is as follows:

Q
; (4)

where Q, denotes the aggregate consumption level of good Y in country | and L represents the
population size in both countries.

p=a-b

2.2. Occupational Choice

| assume that individuals can choose their occupation; skilled or unskilled worker. i denotes the inverse
measure of ability, i, denotes the ability of individual i, in country | and i e[O,l]. Ability is distributed
uniformly over the unit interval. The cost of education of individuals i, € [0,7/] to become a skilled worker is
zero. When individual i €[y,1] decides to become a skilled worker, he or she has to pay D(ij—y) unit of
good X. However, when individual i, does not choose to become a skilled worker, he or she becomes an
unskilled worker. Each individual has one unit of labor and supplies one unit of labor inelasticity. When
individual i, >y becomes a skilled worker, his or her income becomes w, —D (i, — ), where w, denotes the
wage rate of a skilled worker in country 1. However, when individual i, >y becomes an unskilled worker,
his or her income is the wage rate of an unskilled worker in country I, w . | assume that an individual i, is
indifferent between becoming a skilled worker and an unskilled worker. Then, the threshold of ability ﬂ
becomes:

w,-D(ij-7)=w,,, le{H,F} (5)

Thus, iL individuals become skilled workers and (1—i, )L individuals become unskilled workers. When
the cost of education D approaches to zero, the supply of skilled worker is determined by the demand for skilled
worker. This economy is similar to those of Braun (2008) [9] and Haaland and Kind (2008) [11] that consider
the homogenous worker. Then, when the cost of education is sufficiently small, our model can be dealt with
homogenous workers. On the contrary, when the cost of education D is infinity, the proportion of skilled
workers is . This economy is the same as those of Morita (2012) [10]°.

This model assumes that education costs are step function to compare this model and Morita (2012) [10].



T. Morita

2.3. Production

2.3.1. Good X Sector

Production of one unit of good X requires one unit of unskilled workers in both countries. | assume that perfect
competition prevails in the good X market and good X can be traded freely. Thus, the wage rate for unskilled
workers in both countries equals to unity, thatis, w, ,, =W,  =1.

2.3.2. Good Y Sector

Each firm produces good Y and conducts cost-reducing R&D investment to decrease their marginal cost of
production. Production of good Y requires both skilled and unskilled workers. Production of one unit of good
Y requires @ units of skilled workers and «(k ) [0,&] units of unskilled workers in country |. k de-
notes the number of skilled workers that is allocated to cost-reducing R&D investment in country . | assume
that da(k,)/ok <0 and &°a(k,)/oki >0. The profit of Firm H is then given by

Ty = PuYun +(pF _T) Yur _(yHH +yHF)(a(kH )+9WH )_WHkH (6)

where 'y, denotes the output of firm t that is sold in country s. Hence, the good Y market clearing
conditions in both countries is as follows:

Yo T Yen = QH (7)
Yir +Yer = QF (8)

The left hand side of these equations represents the supply of good Y and the right-hand side of these
equations represents the demand for good Y . Substituting the inverse demand function, (4), (7), and (8) into the
profit function (6), | rewrite the profit function of Firm H as follows:

2 z(a_b%)ym +[a_bw_,ij

~(Yom + Yere )(HWH +a(ky ))_WH Ky

©)

Firms maximize their profits by simultaneously choosing the quantity of good Y in the two markets and the
level of cost-reducing R&D investment. Then, the profit maximization of the firms leads to the following levels
of output and R&D investment:

L
Yun :Z_b a_HWH _a(kH )J_y% (10)
L
Vi =5 [a-7 0w, —a(k, )]—y% (11)
Wy = =(Yom + Ve ) (k) (12)

The left hand side of (12) represents the costs of R&D investment and the right hand side represents the
benefits of R&D investment. Then, when output level is sufficiently large, the benefits of R&D investment
become large. | assume that the firms take the wage rate of skilled workers and the wage rate of unskilled
workers as being constant and that a—z— 6w, —a(kH ) >0 holds because this paper focus on the case that
there exists international trade. In the same way, the output levels of Firm F are as follows:

L

Ver :Z_b[a—ewF —a(ke )]——y;F (13)
L

Ve =5 [@-7 - 0w —ar(ke )}—% (14)

Because | assume that Home and Foreign countries are symmetric and that both firms have the same unit cost
function, Firms H and F produce the same output level. Thus, the level of R&D investment, the wage rate for
skilled workers, and the proportion of skilled workers are the same in both countries: k, =k, =k, w, =w;

878
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=w,and i, =i. =i.From (10), (11), (13), and (14), the output levels of Firm H and Firm F are given by®

L
Yan = Yer :E[a+r—6’w—a(k)} (15)

L
Yue = Yer :E[a—Zr—Hw—a(k)} (16)

I assume that the parameter a is sufficiently large in order that the output levels of the firms have positive
values. Because the purpose of this paper is to investigate the effects of tariffs, | focus on the case in which
positive amounts of good Y are traded between the countries.

2.4. Labor Market Equilibrium Conditions

The demand for skilled workers is derived from R&D investment and production of good Y . The demand for
unskilled workers comes from production of good X and good Y . Because the supply of skilled workers is
iL and that of unskilled workers is (l—i)L , the labor market equilibrium conditions in country H are given

by:
iL =Ky +0( Y + Ve ) 17)

(=1L =7 +a(ky ) (Yo + Vi) (18)

where x;, denotes the labor demand for the good X sector in country H .

3. Equilibrium
From (12), (15), and (16), | can obtain the wage rate for skilled workers as follows:
—a'(k) L[2a—r—2a(k)]

UL e P TN

(19)

When a is sufficiently large or 7 is sufficiently small, the demand size becomes large. Then, an increase
in the demand size increases output level and supply of skilled labor increases. Therefore, the wage rate of
skilled labor increases. From (5), the threshold of ability 1 is given by

~ w(k,7)-1
i(k,r):&—i—y (20)
D

Inserting (15), (16) and (20) into the skilled worker equilibrium condition (17), | can obtain the excess labor

demand function as follows:*

H (k,r):k+%[2a—r—2«9w(k,r)—2a(k)]—f(k,r)L (21)
Substituting (21) into (20) and (19), the excess labor demand function can be rewritten as follows:
LA(k,z)(@D+a'(k)L —
H () = ko A0 e (K) )—L(Dy 1} (22)
B(k)D D

%In this model, if there are n firms in both countries and they are symmetric, the output levels of firms are given by

L
T :7b(1+2n)[a+nrfﬁwfa(k)]

L
=Y, =————|a-2nt—-O6w-a(k
Yie = Ve 3(1+2n)[ 3 a(k)]

Then, the number of firms does not affect the model qualitatively. Therefore, in this paper, we assume that the number of firms is unity
for simplicity.
*Normally, an excess labor demand function is a relationship between wage and excess labor demand. In this model, the wage rate depends
on R&D level from (19). Therefore, in this model, the excess labor demand function expresses the relationship between R&D level and

excess labor demand.
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where A(k,7)=2a-7-2a(k)>0 and B(k)=3b-2a'(k)L>0.When H(k,z)=0, I can obtain the opti-

mal level of R&D investment. Hereafter, | assume that oz(k)=§e’k and ;/z_iL for simplicity. At k=0,
o

there is positive excess labor demand when the cost of skilled worker is relatively high, that is D >%‘, and

7 <7, where

. =2(a—07)—3b+0_(2|_65|'

However, at k =0, there is negative excess labor demand when the cost of skilled worker is relatively low,

(23)
that is D <%, and z <z,. In addition, the slope of the excess labor demand function at k =0 is negative

when 7>z, where:
(30+20L)[ D(30+20aL)+2aL (6D -al)]

7, =2(a—-a)+ (24)
:=2(a-a) aL*(30+20°D)
The stability condition of this equilibriumis 7 <7 where
2a (3b+ 26 L
;zz(a_o—c)_¥ (25)

Comparing 7, with 7z, and 7, | can obtain 7, <7 <z, when 3b>2a°L holds’. Hereafter, | focus on
7 <7 . Then, | can obtain the following proposition (see Appendix for the proof).
PROPOSITION 1. Suppose that 3b > 2&2L . Then, there exists a unique and a positive level of R&D invest-

ment when D>%‘ and 7, <z <7 andwhen D<%‘ and 7<7, <7 .
The excess labor demand function of H (k,‘r) can be depicted in Figure 1(a) and Figure 1(b) when D > %‘ .
When D >%‘ and 7 < in Figure 1(a), the intercept of H (k,r) has a positive value. However, when

D> %‘ and 7, <z <7 inFigure 1(b), the intercept of H (k,z’) has a negative value. When D > %‘ and

7<7 <7, inFigure 1(a) and Figure 1(b), the slope of H (k,r) at k=0 has a positive value. Therefore,

when D > % and 7, <7 <7, there exists a unique and positive level of R&D investment in Figure 1(b).

H (k,7) H o)

o & \

@ (b)

Figure 1. When D>%.(a) r<7,;(b) 7,<r<7T.

*When 3b>2a°L, 7, <7<z, holds. When 3b<2&’L holds, 7 <z, <z,.|can obtain the same result whether this inequality holds or
not.
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When the cost of education, D, is sufficiently small, the excess labor demand function of H (k,z’) can be

depicted in Figure 2(a) and Figure 2(b). When D <%‘ and z <7, inFigure 2(a), the intercept of H (k,r)

has a negative value. However, when D <%‘ and 7, <z <7 in Figure 2(b), the intercept of H (k,‘r) has

a positive value. When D <%‘ and 7<7 <7, in Figure 2(a) and Figure 2(b), the slope of H (k,r) at

. oL . . .
k =0 has a positive value. Therefore, when D <% and 7 <z, there exists a unique and positive level of

R&D investment in Figure 2(a).
The relationship between the tariff rate and the level of R&D investment is given by following proposition
(see Appendix for the proof).

PROPOSITION 2. When D >%‘ and 7>, a decrease in the tariff rate decreases R&D investment.

L : : . .
When D < % and 7 <7, adecrease in the tariff rate increases R&D investment.

Figure 3 describes the case when the cost of education is sufficiently high, that is, D>%‘. Then, a

. . . L .
decrease in the tariff rate rotates the excess labor demand function of H (k,r) around k = InZ—D<O ina

counterclockwise direction. Therefore, a decrease in the tariff rate decreases the level of R&D investment.
However, Figure 4 describes the case when the cost of education is sufficiently low. Then, a decrease in the

. . oL . .
tariff rate rotates the excess labor demand function of H (k,r) around k = InZ—D> 0 in a counterclockwise
direction. Therefore, a decrease in the tariff rate increases the level of R&D investment.

A A

H (k) H (k)

Y

N 0 ¢

@ (b)

Figure 2. D<%.(a) r<7;() 7,<7r<T.

AN

al
In—
0D

Figure3. D >%.
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H (k)

H (k1)

Figure4. D <%‘ .

I explain Proposition 2 intuitively. Differentiating (21) with respect to 7, we can obtain the following equation:
oH (k;7) _oH(kz) oH(kr)ow(kz) oH (k) ar (k,7)

ot or 6W(k,z') or 8f(k,r) or
oL 26°L 6W(k,z') _L 8W(k,z')

3 3B or D or

(26)

ow(k,7)

or
effect is a direct effect. The second and the third terms are positive and | dub these effects as wage effect, and
occupational choice effect, respectively. Wage effect is an indirect effect on the excess labor demand. Firstly,
trade effect reduces cost-reducing R&D investment when tariff rate decreases. When the tariff rate decreases,
both firms increase their output levels and the demand for skilled worker increases. Then, the excess labor
demand of skilled labor increases. Therefore, the number of skilled worker allocated to R&D sector decreases
and R&D investment decreases. Secondly, wage effect raises cost-reducing R&D investment when the tariff rate
decreases. When the tariff rate decreases, labor demand increases and the wage rate of skilled worker increases.
Then, the firms reduce the output level and the demand for skilled worker decreases. Hence, from the labor
market equilibrium condition of skilled worker, labor supply of skilled worker for R&D investment increases.
However, wage effect is smaller than trade effect®. Finally, occupational choice effect increases the cost-
reducing R&D investment when the tariff rate decreases. When the tariff rate decreases, both firms increase
their output levels. Then, the demand for skilled workers increases and the wage rate of skilled workers in-
creases. Consequently, the income of skilled workers increases and the supply of skilled workers increases.
Therefore, the number of skilled workers hired in R&D activities increases and the demand for skilled worker
increases.

When the cost of education is sufficiently high, individuals are less likely to become skilled workers. Then,
the effect of occupational choice effect becomes small. Therefore, the sum of wage effect and occupational
choice effect is smaller than trade effect and a decrease in the tariff rate decreases the level of R&D investment.
On the other hand, when the cost of education is sufficiently low, individuals easily become skilled workers.
Then, the effect of occupational choice effect becomes large. Therefore, the sum of wage effect and occu-
pational choice effect overcome trade effect and a decrease in the tariff rate raises the level of R&D investment.

The next proposition shows the relationship between the tariff rate and the output level of good Y (see
Appendix for the proof).

where is negative from (19). The first term is negative and | dub this effect as trade effect. This

PROPOSITION 3. When D < %‘, a decrease in the tariff rate increases the output level.

The sum of trade effect and wage effect is negative because
oL 26°L ow(k,7) oL

0
® 3 or Bk

Then, when the costs of education D approach to infinity, occupational choice effect becomes zero and (26) becomes negative. In this
case, the results of this model are same as Morita (2012) [10].
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When the tariff rate decreases, there is a direct effect and an indirect effect. The direct effect is that when the
tariff rate decreases, the cost of exports decreases and the firms increase their exports and output levels. The
indirect effect is that when the tariff rate decreases, the level of R&D investment changes. An increase in the
level of R&D investment raises productivity and the output level. A decrease in the level of R&D investment
reduces productivity and the output level. Therefore, when the cost of education is sufficiently low, a decrease in
the tariff rate increases the level of R&D investment as shown in Proposition 2 and increases the output level.
However, when the cost of education is sufficiently high, a decrease in the tariff rate decreases the level of R&D
investment. Then, the direct effect is opposite to the indirect effect. The relationship between the tariff rate and
the output level is ambiguous.

When the tariff rate decreases, does the wage rate of skilled workers increase and the number of skilled
workers increase? As for the relationship between the tariff rate and the number of skilled workers, | can obtain
the following proposition.

PROPOSITION 4. When D > %‘ , a decrease in the tariff rate increases the wage gap between skilled and

unskilled workers and increases the number of skilled workers.
Proof. The effect of the tariff rate on the wage rate of skilled workers can be divided into two parts: direct
effect and indirect effect. Differentiating (19) with respect to 7, | obtain the following equation:
ow(k,z) ow(k,z) ow(kz)ok  ae L  ow ok

- ¥ + 27
or or ok or B(k) ok or @7)

ow(k, 7
The first term of (27) has a negative value. From the stability condition, % <0.When D> %‘ holds,

. . . ow(k,
%>O as shown in Proposition 2. Then, the second term of (27) has a negative value and M<O.

T or
Therefore, when the cost of education is sufficiently high, a decrease in the tariff rate increases the wage rate of

skilled workers. When D < %‘ holds, Z—k <0 as shown in Proposition 2. Then, the second term of (27) has a
T
8\N(k,r)
or

the relationship between the tariff rate and the wage rate of skilled workers is ambiguous.

I explain the above proposition intuitively. There is a direct effect and an indirect effect. The first term of (27)
represents the direct effect and the second term represents the indirect effect. The direct effect is that when the
tariff rate decreases given the level of R&D investment, the cost of exports decreases, and both firms increase
their volume of exports and increase their output level. Then, the demand for skilled workers increases. Hence,
the direct effect has a positive effect on the wage rate of skilled workers. The indirect effect is that the level of
R&D investment affects the price of good Y . When the cost of education is sufficiently high, a decrease in the
tariff rate decreases the level of R&D investment from Proposition 2, reduces the productivity of good Y , and
the relative price of good Y increases. Hence, the demand for skilled workers increases relatively and the
indirect effect also has a positive effect. Therefore, when the cost of education is sufficiently high, a decrease in
the tariff rate increases the wage rate of skilled workers. When the cost of education is sufficiently small, a
decrease in the tariff rate increases the level of R&D investment from Proposition 2 and decreases the cost of
good Y . Then, the relative price of good Y decreases, the demand for unskilled workers increases, and the
wage rate of skilled workers decreases relatively. Therefore, when the cost of education is sufficiently small, the
indirect effect has a negative effect. Hence, the relationship between the tariff rate and the wage rate of skilled
workers is ambiguous when the cost of education is sufficiently small.

positive value and the sign of is ambiguous. Therefore, when the cost of education is sufficiently low,

4. Conclusions

In this paper, | construct a two-country model in which abilities of individuals are heterogeneous and oligopolis-
tic firms produce goods and undertake cost-reducing R&D investment. There are two main results. The first re-
sult is the relationship between trade liberalization and the wage gap. Trade liberalization increases the wage gap
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between skilled workers and unskilled workers when the cost of education is sufficiently high. When the cost of
education is sufficiently low, the relationship between trade liberalization and the wage rate of skilled workers is
ambiguous.

The second result is the relationship between trade liberalization and the level of R&D investment. This paper
investigates the effects of trade liberalization on R&D investment. There are three effects: trade effect, wage
effect, and occupational choice effect. Trade effect is a negative effect on R&D investment when tariff rates
decrease. Wage effect and occupational choice effect are positive effects on the R&D investment when tariff
rates decrease. The second result is separated into two cases. First, when the cost of education is sufficiently low,
the wage effect plus the occupational choice effect dominate the trade effect and a decrease in the tariff rate
increases cost-reducing R&D investment. This result is same as Braun (2008) [9] and Haaland and Kind (2008)
[11]. Second, when the cost of education is sufficiently high, the trade effect dominate the wage effect plus the
occupational choice effect and a decrease in the tariff rate decreases cost-reducing R&D investment. This case is
similar to Morita (2012). Therefore, the cost of education determines the effects of trade liberalization on the
level of R&D investment.

Comparing this paper and Morita (2012) [10], this paper provided a long-term analysis and Morita (2012) [10]
provided a short-term analysis. In the short term, it is difficult for workers to acquire skills. Therefore, in the
short term, the ratio of skilled workers to unskilled workers is constant. However, the ratio of skilled workers to
unskilled workers is endogenous. This paper and Morita (2012) [10] concluded that trade liberalization de-
creases the level of R&D investment in the short term and may increases the level of R&D investment in the
long term.
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Appendix
A.1. Proof of Proposition 1

This proof can be solved in four steps. In the first step, | analyze the value of H (k,r) at k=0. The Second
step investigates the value of H (k,r) when k approaches to infinity. The third step examines the gradient of
H (k,r) at k =0. Finally, the fourth step shows that the equilibrium is stable when 7 <7 . In addition, I show
that 7, <7 <7,.

Firststep : Investigating the value of H (O,r), I obtain the following lemma.

LEMMA 1. If 7>z and D>%‘, there is excess labor supply when k =0. However, if 7>z and

D< %‘, there is excess labor demand when k =0.

k

Proof. Remember that | assumed that a(k) =qe " and y= _iL The intercept of H (k,r) is given by:

(24
oD-al  _ _ _
H(0,7)=—22"%" TGl (2a-7-2&)-3b-20aL Al
(0:5) &D(3b+26&L)[a (2a-7-22) aL] &8
When 7>z, and D>%‘,Iobtain:
oD -l
H(07)<—22"%C &1 (2a-1, -2&)-3b-20aL]=0 A2
( T)<&D(3b+20§L)[a (28-r,-22) aL] (A2

However, when z>7, and D < %‘, the intercept of H (0,1) has a positive value.

Secondstep : The second step investigates the value of H (k,z’) when k approaches infinity. When k
approaches infinity, the limiting value of H (k, z’) is as follows:

fim H (k,) = "m[k+ LA(k,7)(0D+a'(k)L) L( Dy_lﬂ

k—o0 k—o B(k)D D
L(2a- _

:lika{ (22 T)QD—L(W 1)}200
o 30D D

Therefore, when R&D investment of k approaches infinity, the excess labor demand increases without
bound.

Thirdstep : In the third step, | examine the shape of the excess demand function, H (k,r) . Then, | obtain the
following lemma.

LEMMA 2. When 7 >, , the slope of H (k,z’) at k=0 isnegative.

Proof. Differentiating H (k,r) with respect to k, | can obtain the following:

oH(k,z) . ae™Lg(k7)

=1+ (A.3)
ok DB (k)’
where
g(k,7)=2(0D-ae™L)B(k)+LA(k,7)(30+26°D) (A4)
Differentiating g(k,z) withrespectto k, I can obtain the following:
k
% =2ae*LB(k)—4(0D - e L) oae *L + 2L (3b+20°D) e * (A5)
= 4ae L (3b+ 20 *L) >0 (A.6)
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Therefore, g(k,z) is increasing function of k. Then, when k is sufficiently small, the sign of (A.3) may
become negative. However, when k is sufficiently large, the sign of (A.3) is positive. Then, the sign of (A.3)
changes once.

When k=0 and 7> 7,, the slope of the excess demand function is given by

oH (k,7) [DB(O)2 +@L{2(0D-aL)B(0)+ L(2a—r—2&)(3b+26’2D)}]

x|, DB(0)’
- ) i 2 (A7)
<[DB(0) +aL{2(9D—aL)B(O)+IZ_(2a—rz—2a)(3b+2¢9 D)} N
DB(0)
oH (k,7)

Thus, when 7 > 7, the value of has a negative value.

oK

Fourthstep : In this step, | show that the equilibrium is stable when 7<7 and 7, <7 <7,. To analyze the
stability condition, | differentiate the wage rate with respect to the level of R&D investment.

awét,r) = B(lk % [{—&e‘kLA(k,r)+2§e‘k Lae™ | B(k)-ae™ LA(k,r)(—Z@&e‘kL)] -
ae L
=— B(k)2 C(k,z’),
where
C(k,7)=3bA(k,7)-2ae B (k) (A.9)

When the equilibrium is stable, the excess labor demand curve is downward sloping against the wage rate of

. . oH (k, — . . .
skilled workers, that is ﬁ < 0. Then, because the excess labor demand function is an increasing function
T

OH (k, . .. ow(k, . -
of k, that is %>0, the stability condition is ék T) <0, that is C(k,r)>0. When the stability

condition is satisfied and there exists excess labor demand (supply), the wage rate of skilled worker increases
(decreases). Then, the level of R&D investment decreases (increases). Investigating the sign of C(k,7), |
obtain the following lemma.

LEMMA 3. When 7 <7, the equilibrium is stable.

ow(k, .
Proof. The stability condition is % <0,thatis C(k,z)>0.Then,

C(k,z)=3b(2a-r2ae™)-2ae ™" (30+20e L)
b(2a-7-2a&)-2a(3b +20aL) (A.10)

>3
>3b(2a -7 -2@)-2a(3b+20aL) =0.

Then, when 7 <7, C(k,z) hasa positive value.

ow(k, . o
Therefore, when z <7, ( T) has a negative value and the equilibrium is stable. Next, | compare 7 to
7, andto 7,.
2a(3b+20aL 73
F oty = 2(a-g) 22 01200L) o gy, Br20aL
_3b+20aL

= [3b - 251] >0,
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because 3b>2a°L.Then, 7 is largerthan z,.

3b+260xL)| D(3b+20aL)+2aL (0D -al a
T =2(aa)s )[D( )+2aL( 1 p(ag). r20aL
al’(3b+20°D) aL
_ (A.12)
__ 0200L T (30+20aL) + 6b7LOD + 40@°L ] > 0.
3barL* (30+26°D)
Then, 7, islarger than 7 . Therefore, | can obtain 7, <7 <7,.
Summarizing the above four steps, there exists a unique and positive level of R&D investment when
D>%‘ and 7, <7 <7 ,and when D<%‘ and 7<7,<7.
A.2. Proof of Proposition 2
Differentiating H (k,z) with respectto 7, I can obtain
oH (k,7) L(GD—&e’kL) oA(k,7) L(@D—c?e’kL) AL3)
or  B(k)D or B(k)D '
a oH (k, . a oH (K,
Then, when k>|og(a—|‘j, M has a negative value. However, when k<|og[a—LJ, M
6D or 6D or

. L . .
has a positive value. Therefore, when D >%, a decrease in the tariff rate rotates the excess labor demand

. L . . L L .
function around k = InZ—D<O in a counterclockwise direction. However, when D <%, a decrease in the

. . oL . e
tariff rate rotates the excess labor demand function around k = InZ—D >0 ina counterclockwise direction.

A.3. Proof of Proposition 3

From (19), | can obtain the output level of Firm H as follows:

LA(k, 7
Yo T Yure = % (A.14)
Differentiating (A.14) with respectto 7, I can obtain:
a — -k
(Vs + Yo ) _ 2ae L g (k) oLA(K, )] 2 L AL5)

or B (k)z or B (k)
The second term represents the direct effect and the first term represents the indirect effect when the tariff rate

changes. The second term of this derivative has a negative value for all values of education cost, D . The value
of the first term in parentheses has a positive value because A(k,z)>0 and B(k)>0.When D < %, 2—k
T

a(yHH + Yue )
T
decrease in the tariff rate increases the output level when the cost of education is sufficiently low. However,
oL k . - - . -
when D >%, 2— is positive from Proposition 2. Then, the first term has a positive value. Therefore, the
T

a( Yur + Yure )
T
between the tariff rate and the output level is ambiguous.

is negative as shown in Proposition 2. Therefore, the sign of has a negative value. Hence, a

sign of is ambiguous. Hence, when the cost of education is sufficiently high, the relationship
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