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Abstract

Trade liberalization increases the import of foreign goods fosters the
penetration of foreign firms into the local markets and makes local mar-
kets more competitive. To survive the severer competition, local firms must
improve the qualities of production factor,goods and employ more highly
skilled workers more. An increase in the demand for skilled workers en-
courages workers to pursue higher education. Despite that the world econ-
omy has witnessed the trend of freer international transactions in decades,
However, the recent trend of the employment of highly educated workers is
seems stagnant in many countries, in particular, in developed countries glob-
ally. Although trade liberalization enhances the demand for skilled workers,
it may does not necessarily contribute to increasing an improvement of their
employment.

I analyze how trade liberalization affects the local employment of both
skilled workers, and unskilled workers, occupational choices by workers,
and the wage inequality between skilled and unskilled workers. If When
firms a firm start to production enters the market, they it must has to employ
one unit of skilled worker labor to develop its own variety of the differen-
tiated good in advance of actual production and some unskilled workers.
The abilities of Each skilled workers has are heterogeneous ability, so that
the ex post productivities of firms are become different heterogeneous ex
post. The unskilled workers, whose abilities are homogeneous, are used for
the production of the good. However, due to search friction, matches be-
tween firms and to unskilled and skilled workers (either skilled or unskilled)
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are not always successful. With this knowledge, knowing all this, workers
choose make their educational choices: and either to remain to be unskilled
workers or to get educated to be skilled workers learn skills. Trade liberal-
ization changes affects the wage rates of unskilled and skilled workers and
the successful probability of successful matching, which may encourage un-
skilled workers to learn skill but increase the number of the skilled workers
after trade liberalization. Therefore, the unemployment rate of the skilled
workers may increase after globalization.

1 Introduction

The volume of world trade increased after World War II, and globalization in-
creased rapidly through various free trade agreements. Simultaneously, the level
of education also increased in many developed countries. In Japan, for example,
the university enrollment rate was approximately 15 % in the 1950s, increased to
51% in 2013. The main reason for the increase in the university enrollment rate
is the improvement of household incomes. Recently, the trend of globalization
promotes firms to demand well-educated workers to survive severe competition
by foreign firms. Some firms requires people with the communication skills to
negotiate with the foreign companies. Others require those with a high education
to advance ahead of the market competition. Many countries introduce foreign
language course work in compulsory education and invite foreign engineers and
businessmen to attend to these courses. Consequently, trade liberalization accel-
erates the popularization of higher education.

How do the trend of globalization and the popularization of higher education
affect the domestic labor market? The results of basic survey of Japanese schools
show that the university advancement rate has increased in Japan, but the em-
ployment rate is flattening out. Furthermore, the employment rate of those who
graduated from higher education professional schools is also not increasing. Not
only Japan, but other OECD countries face the similar situation. In Korea, only

about 60 % of young people who graduated from university can get a job.! The

'Han, H. (2016) Envious of Japanese young people whose employment markets have been
opened widely = South Korea, Korean Joongang Daily translated by Japanese, Retrieved from
November 22, 2016 from http://japanese.joins.com/article/593/213593.html.
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university enrollment rate is 70% in Korea, which is higher than Japan in 20102,
Moreover, jobless rate for young people is 12.5% in 2016. In the United States,
Associated Press (AP) reported that 1 in 2 (53%) new graduates are jobless or
underemployed or underemployed in 20123, Although the university enrollment
rate is 74%, many young people faces the problem of unemployment.

Consequently, the recent trend of globalization and popularization of higher
education does not always get good effects on the local labor market. This article
considers the relationship between popularization of higher education and the em-
ployment rate from the aspect of international trade. In particular, we investigates
how globalization affects various types of jobs and the unemployment rate (and
the employment rate). There are two symmetric countries that produce differen-
tiated goods with labor. We consider two types of labor: skilled and unskilled
workers. Unskilled workers are used for the production of the differentiated good.
Skilled workers have heterogeneous abilities, and a firm must employ one skilled
worker to start a business. The ability of the hired skilled labor also determines
the firm’s productivity. Therefore, the firm that succeeds in hiring a skilled worker
with a higher ability realizes a higher productivity. As we assumed the abilities of
the skilled workers are distributed over a certain range, firm’s productivity varies
according to the distribution of the abilities of the hired skilled workers. In other
words, the firms in the market become heterogeneous ex post, which is similar to
Melitz’s (2003) model.

We introduce information asymmetry between firms and workers in the both
skilled and unskilled labor market. To find a skilled worker and some unskilled
workers, the firm has to pay a search cost and it can randomly meet the work-
ers. After matching, the firm and the skilled worker negotiate the skilled wage. If
the negotiation between a firm and a skilled worker succeeds, the firm can start
producing the differentiated goods, and workers earn the higher negotiated wage
income. On the other hand, we assume that the unskilled labor wage is compet-

itively determined, where the unskilled labor demand of the firms equals to the

20ECD (2012) “ Education at a Glance 2012.”

3Yen, H. (2012, April 24) 1 in 2 new graduates are jobless or underemployed Associated
Press Retrieved November 22th, 2016 from https://www.yahoo.com/news/1-2-graduates-jobless-
underemployed-140300522.html.



unskilled labor supply. Workers can choose whether to take an education at the
beginning of the period. Unskilled workers enter the labor force without educa-
tion, while the income of the unskilled workers is independent of their ability.
When unskilled workers pursue an education with education cost, they can realize
their ability and become skilled workers. If the skilled workers are successfully
employed, they earn a more proportionately higher income. Comparing with the
unskilled and skilled income, which depend on workers own ability, workers de-
cide whether to be unskilled and skilled.

Our model have two ability cutoffs: educational cutoff and production cut-
off. Educational cutoff is a ability boundary between skilled worker and unskilled
worker. A person with ability above educational cutoff becomes a skilled labor,
and otherwise the person works as an unskilled labor. Educational cutoff is de-
termined by educational choice, where a worker with educational cutoff is indit-
ferent between being skilled and unskilled. On the other hand, production cutoff
is determined by firm’s free entry, which is familiar with Melitz (2003)’s cutoff
productivity. If a firm matches with a skilled worker who has a ability above pro-
duction cutoff, the firm can continue operation with a positive profit. However,
firms which employ a skilled worker below production cutoff ability face the neg-
ative profit and exit the market. Therefore, the skilled workers have two reasons
of unemployment: search friction and ability below production cutoff. First, since
the matching with skilled worker and firm is stochastic, some skilled workers fails
to meet a firm. This type of unemployment is common to search and matching
model of Pissarides (2000). Secondly, due to free entry, skilled workers with
lower ability than productivity cutoff must be unemployed even if they are able to
meet firm. Since the skilled workers’ ability is distributed over education cutoft,
the skilled workers between education cutoff and productivity cutoft are certainly
unemployed.

We consider international trade between two symmetric countries; addition-
ally, there are ice-berg costs for exporting the differentiated goods to the foreign
country. Trade liberalization raises demand of the differentiated goods, and the
profit of the goods increases. Since the profit is distributed to a firm and skilled
workers through negotiation, the increase in profit leads to an increase in the bar-

gaining wage rate. The increase in the profit of the firms attracts the potential
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firm to enter the search for the skilled workers. Therefore, the demand of the
skilled worker increases. The increase of the bargaining wage rate and the de-
mand for skilled workers increases the incentive to become the skilled worker.
However, these changes raise the total income of a country, and the value of un-
skilled workers also increases. The effect of globalization is ambiguous on ed-
ucational choices. However, we find it possible that globalization may increase
skilled unemployment.

Our study relates to the literature of international trade with the labor-search
model. Davis (1998) and Davidson and Matusz (2004) introduced incompleteness
of labor market into neoclassical trade model and investigated the effect of trade
pattern and unemployment. Recently, researches introducing incompleteness of
labor market into monopolistic competition model has increased. For example,
Helpman and Itskhoki (2009), Helpman et al. (2010a,b), Egger and Kreickemeier
(2009, 2012), and Ferlbermayr et al. (2010) investigated the effects of globaliza-
tion on local unemployment. They showed that there are two contradictory effects
international trade on the labor market. First, globalization increases the aver-
age productivity of the industry through the selection of low-productivity firms,
which increases employment. Secondly, since an increase in the average produc-
tivity means an increase in the effective firms, the rise in employment is not much
greater than the increase in production. Consequently, the employment contracts.
However, their model does not determine the firm’s productivity in the labor mar-
ket. In their model, the lottery determines the productivity of a firm. A firm with
relatively high productivity negotiates with skilled workers, whereas another firm
with relatively low productivity exits from the market. Although the entry and
exit of a firm depend on the productivity lottery and labor matching, productivity
and the industry structure are not affected as much by labor matching.

This article also relates to the choice between skilled and unskilled workers.
Furusawa et al. (2021), Falvey et al. (2010), and Danziger (2017) introduce the
endogenous decision of skilled and unskilled workers. Furusawa et al. (2021)
assumes that the firm’s productivity is depends on the ability of the skilled work-
ers. Trade liberalization raises the profit of the firm with well-skilled workers and
expands the income inequality between unskilled and skilled labor. Falvey et al.

(2010) and Danziger (2017) assume that workers have heterogeneous ability but



they do not realize their ability unless education. They have concluded that trade
increases the demand for educated workers and induces workers more schooling
decisions. However, Furusawa et al. (2021), Falvey et al. (2010), and Daniziger
(2017) assume full employment, so that they do not consider effect of trade liber-
alization on unemployment problem.

Zenou (2008) introduced the labor search model into the skilled labor market
and investigated the worker’s job choices between skilled and unskilled workers.
Some may argue that the unemployment problem with the unskilled workers is
more important than that of skilled workers . However, Zenou noted that the laws
of regarding skilled workers are stricter and that their position is more affected by
policy change than that of unskilled workers. Because we focus on the relation-
ship between the popularization of higher education and the low employment rate
of highly skilled workers, it is reasonable to consider the unemployment problem
of skilled workers. Zenou addresses this problem only with a partial equilibrium
and in an autarky economy and considers only the unemployment of the skilled
worker. It is important to consider not only the unemployment problem of the
skilled labor but the unemployment of the unskilled labor. Therefore, we intro-
duce the unemployment the unskilled labor and consider the effect of globaliza-
tion.

The remainder of the paper is organized as follows. Section 2 explains the
base of the model and the equilibrium under autarky. Section 3 analyzes the effect
of globalization. Section 4 concludes with a summary and a discussion of future

research.

2 The Model

2.1 Preference

The differentiated good consists of a continuum of varieties; the set of differenti-

ated varieties is denoted by Q. We assume a CES utility function:

u= [f )c(a))(rr;ldw]a_1 , (1)
we




where x(w) denotes the consumption level of variety w € Q and o > 1 denotes
the elasticity of substitution. Normalizing the total nominal expenditure on the
differentiated good equal to unity, we obtain the following demand function for

each differentiated variety: for w € Q,

_ pw)”

X(w) Pl—(r

; (2)

where p(w) denotes the price of variety w € Q and P is the price index of the

differentiated good defined as follows:

P= [f p(w) 7 dw
weQ

2.2 Distributions of Potential and Realized Abilities

1

1-o

3)

There is a continuum of potential workers; the measure of them is denoted by
N. Every potential worker shares an equal basic ability to serve as an unskilled
worker. At the same time, each worker has its own “potential educated ability”
that makes it possible for the worker to serve as a skilled worker. The potential
educated ability of a worker, however, is realized only after the worker gets edu-
cated by incurring the cost of education. Potential workers can always enter the
unskilled labor market without any additional cost of education. In contrast, if po-
tential workers want to enter the skilled labor market (seeking for higher skilled
wage rates), they have to pay the costs of education to realize their educated abil-
ities.

The potential educated abilities are distributed over the range of nonnegative
reals: R,. The cumulative distribution function of the potential educated ability
is denoted by G: R, — [0, 1]. The corresponding density function is denoted by
g: R, — R,. Not all potential workers want to get educated. In other words, the
distribution G (or g) is not necessarily realized on the whole domain.

Suppose, for the moment, that there is a lower boundary @ > 0 of the potential
educated ability such that every worker with the potential educated ability a lower
than & chooses not to be educated, while every worker with the potential educated

ability @ no less than a chooses to get educated. Then, given the educational



choices by the potential workers, we obtain the distribution of the realized edu-
cated abilities. The distribution function of the realized educated abilities, denoted

by F: R, — [0, 1], becomes as follows:

G(a)-G(a) .
— ifa>gq,
Fl@y={ 1-G(a) - )
0 ifa<a.
The corresponding density function, denoted by f: R, — R, is
& ifa>a,
fla)y=¢1-G(a) - )
0 ifa<a.

It should be noted that both the distribution function F and the density function
f depend upon the lower boundary a, which, in turn, depends upon the workers’
educational choices. In a later section, we will show that there exists such a lower

boundary of the potential educated ability as described above.

2.3 Matching Technology

Suppose, for the moment, there are H skilled workers and L unskilled workers in
this economy. We denote the measure of unemployed skilled workers by uy and
that of unemployed unskilled workers by u;. In turn, firms want to hire certain
amounts of skilled workers and unskilled workers and, therefore, post their vacan-
cies to each of the labor markets. The total vacancy posted by the firms for the
skilled labor is denoted by vy and that for the unskilled labor by v;.

Both the skilled and unskilled labor markets are not perfect. We adopt the
framework of the search-matching labor market friction model developed by Pis-
sarides (2000). The labor market frictions are represented by the following match-
ing functions, through which firms and workers are matched randomly: for i =
H, L,

M;(u;, v;).

The matching function represents the flow rate of realized matches between firms

and workers. We assume that the matching technology is increasing and exhibits



constant-returns-to-scale (CRS). In each of the markets, when the number of un-
employed workers increases, it becomes easier for the firms to be matched with
workers. Similarly, an increase in the vacancies makes it easier for workers to find
their jobs. If both the number of unemployed workers and the number of vacan-
cies increase proportionally, the number of the matched pairs also increases at the
same proportion.

Fori = H, L, let 6; = v;/u; be the ratio of the numbers of the unmatched firms
and the unemployed workers, which is called the labor market tightness. Consider
the unskilled labor market. The probability of successful matching for a firm can

be written as a function m of the labor market tightness 6; :

My (v, uL)
m(y) = === = My /v, up/ve) = Mi(1,1/6,). (©6)
L
The second equality follows from the CRS matching technology. Since M} is
increasing in its arguments, m is decreasing in #;. Similarly, the probability of
successful matching for a worker can be written as a function of 6y as follows:
My, ur) _ Mir ug)/ve _ Mi(1,1/61)

O;,m(6;) = =
wm(6e) ur ur/vy 1/6,

(7)

It is easy to verify that ,m(6,) is increasing in 6,. From a single firm’s point of
view, an increase in the labor market tightness means an increase in the number
of competitors in search of workers and, therefore, induces a lower probability of
successful matching. In contrast, from a single worker’s point of view, an increase
in the labor market tightness means an increase in the number of job offers and
induces a higher probability of successful matching.

Similar to the unskilled labor market, the probabilities of successful matching
in the skilled labor market for a single firm and that for a single worker can be

written as functions of the labor market tightness 6y:

n(0y) = M = My(1,1/6y), [for a firm] (8)
H
Oyn(0y) = MH(:H - Urr) = My (11/’91/ On) [for a worker] 9)
H H

We can show that n(fy) is decreasing in 6y and 6yn(6y) is increasing in 6y.*

4Sometimes, the Inada-like conditions are required: limg_, oo m(6) = limg_, 400 7(6) = 0 and
limg_H_Q m(9) = limg_,_,_() l’l9) = +00



2.4 Behavior of a Firm

There is a huge pool of potential firms, which are homogeneous ex ante. Each
potential firm is contemplating entering the market of the differentiated good. To
enter the market, each firm has to pay a fixed entry cost once and for all.’ In
addition, when a firm enters the market, it has to hire one unit of skilled labor in
order to develop its own differentiated variety. The ability of the skilled labor hired
by a firm also determines the firm’s productivity. Therefore, the firm that succeeds
in hiring a skilled worker with a higher ability can realize a higher productivity.
As we assumed the abilities of the skilled workers are distributed over a certain
range, the productivity of firms varies according to the distribution of the abilities
of the hired skilled workers. In other words, the firms in the market become
heterogeneous ex post.

Suppose that a firm has succeeded both in the entry and in the employment
of a skilled worker with the educated ability . To produce the differentiated
variety developed by the skilled worker, the firm has to employ a certain number
of unskilled workers. We assume that the input-coefficient of unskilled labor of a
firm is equal to the inverse of the skilled worker’s ability employed by the firm,
that is, 1/@. Accordingly, to produce x(w) units of the differentiated variety w,
the firm needs to employ ¢ = x(w)/a units of unskilled workers; equivalently, if
the firm employs ¢ units of unskilled workers, it can produce x(w) = fa units of
variety w. Given the demand function for a certain variety w (i.e., Eq. (2)), the
total revenue accruing to the firm when it employs ¢ units of unskilled workers

becomes a function R of £ and « as follows:

o-1

R((, @) = [CaP] ™ . (10)

Strictly speaking, R depends upon the price index P, but we omit P from the
expression of R for simplicity.

Consider an operating firm matched with £ units of unskilled workers® and a
certain skilled worker whose educated ability being @. In each period, the firm

and the employed workers are hit by two independent idiosyncratic shocks: (i)

>We will discuss the nature of the fixed entry cost more in detail later.
%We identify ¢ with the number of jobs conducted by the unskilled workers in this firm
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with probability sy, the matched pair of the firm and the skilled worker breaks up
and, then, the firm leaves the market immediately and the skilled worker becomes
unemployed; (ii) with probability y, each job is destroyed because of some match-
specific shocks, in other words, y portion of ¢ unskilled workers (i.e., y¢ workers)
are fired due to these shocks. For each of the employed unskilled workers, the
probability of losing his/her jobis s, = 1 — (1 — s5)(1 — x) = sy +x — Syx, which
we call the rate of job separation.

Optimal vacancy posting In each period, taking the unskilled wage rate w,
as given, each firm decides the optimal number of vacancy posting. Let J(¢, @)
be the optimal value function of a firm with productivity @ who employs ¢ units
of unskilled workers (at the beginning of a period). The dynamic programming

problem of the firm is formulated as follows:

J(, @) = max [R(C;, ) —wily — crky —wy + (1 = sp)J (61, )] (11)

+r
st. G = =)l + m(OL)k,. (12)

The FOC for the maximization of the RHS of Eq. (11) is

CL aJ(fl‘+l,a,)
=1 -sy)—————. 13
m(,) ( SH) EY: (13)
Applying the Envelope Theorem to Egs. (11) and (12), we obtain
aJ (¢, 1 |JR(, 0J(Cs1,
(ta’)_ (ta)_WL+(1_X)(l_SH) (lis1, @) . (14)

o  1+r ot ot

In the steady state where ¢, = ¢,,; = ¢ for all ¢, we have dJ({,,@)/0¢ =
0J(l1,)]0C = 0J(L,a)/0C. Therefore, by substituting Eq. (13) into Eq. (14),

we obtain
OR((,a) (r+sp)cy

=w, + —
ot T (0= smym(Br)
Taking account of the definition of R(¢, @), we can solve the above equation for ¢,

(15)

which can be regarded as a function of a:

o-1 (r+sp)cy

“0‘):( - ) [W”a—sg)m(ea

— (0-__1)0— A—O'PO'—lalcr—l,
(o

o—1 _o-1

(16)
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where
(r+sp)cy,

(1 = sy)m(f)
Because the RHS depends negatively upon the unskilled wage rate w;, then £(a)

A=w+ (17)

can be regarded as the firm’s demand function for unskilled workers.” The equa-
tion of motion, Eq. (12), in the steady state implies k = y¢/m(6;). Then, the op-
timal vacancy posting of the firm with productivity a, denoted by k(a), becomes

proportional to £(a):
X

Koy = oD

{(a). (18)

Value of a firm Substituting Eq. (16) and Eq. (18) into Eq. (11), we can solve it
for J({(@), @), which is the “value” of a firm. As can be easily seen from Eq. (11),
the value of a firm depends not only on the firm’s productivity a but also on the
skilled wage rate wy. For the ease of subsequent analysis, we shall write the value

of a firm as a function J of the firm’s productivity @ and the skilled wage rate wy:

J(@,wy) = —— [R(U(@), @) = wil(@) = esk(@) = wnl
" ey (19)
= Tt sn R(a),a) — {WL + m(@L)}f(a) - WH:|

Note that Eq. (19) only considers the value of operating firms. The firms pay
vacancy costs for simultaneously searching ¢’s unskilled workers and have wait
one period to recruit their workers. In this period, they can be hit by a destruc-
tion shock, with probability sy till starting production, so that they never start

producing. Using Eq. (19), we define the value of the entering firm, II(a, wy) as

‘L

(e, wy) = (1 = sp)J (@, wy) - m(GL)f(a)
1 -5y R(C bl — (r+sp)cr o) — (20)
i (U(@), @) —w l() a=smm® (@) —wn

Obviously, IT is increasing in «, but decreasing in wy. For the convenience of the

subsequent analysis, let us define

-1
n(a) = 1 {—(0- _ DP} !

o oA

"We omit the explicit indication of the dependence of £(a) on w;.
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Then, Eq. (20) can be simplified to

SH

1=
e, wy) = —=[r(@) —wy]. 1)

SH
2.5 Unskilled Labor Market Equilibrium

Let Z be the measure of firms operating in the market. Then, the number of un-

skilled workers employed at the beginning of each period, denoted by L,, becomes

e o-1 7 -0 po-1~0-1
L. =7 fl(@da=Z[——| AP a"",
0 a

where @ denotes the average productivity of the operating firms:

1 e -1 ﬁ

It should be noted that & depends upon the lower boundary a of the realized edu-

@ = [ ) f(a)a"-ldar
0

cated abilities, which plays important roles in our analysis later.
Let L be the measure of unskilled workers. By the definition of the match-
ing technology, the number of successful (i.e., matched) unskilled workers is

6, m(0;)L. Therefore, in equilibrium, we must have
L, =0,m(0,)L,

which can be solved for the unskilled wage rate:®

(o -1 V4 v ol et (r+ sp)cr
W“( - )[emeL)L] b s mey (23)

Using Eq. (23) and (16), we can rewrite (@) as
1 { HLm(QL)LP o—1 }
—a .

e

The total vacancy for unskilled workers, v;, is the sum of the vacancies of

firms:

vp=2 f - f@k(a)da = X .z f - flo)l(a)de
0 m(6y) 0
X X

= -L,=—— -0;m(0;)L = y0; L
m(6,) m(6,) m(0r) XYL

8The derivation of Eq. (23) is relegated to an appendix.
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The measure of unemployed unskilled workers is u; and that of employed un-
skilled workers is L — u;. In each period, 6;m(6;)u; units of unemployed un-
skilled workers get their jobs through the matching technology and, at the same
time, s;(L — uy) units of employed unskilled workers lose their jobs due to the

idiosyncratic shocks. In the steady state, we must have 6;m(0,)u; = s, (L — up),

implying
SLL

- 9Lm(9L) + S '
The tightness of the unskilled labor market, 6;, is defined as the ratio of v; and u; .

ur

Therefore, we have

6, L 1-
L & Gme)=—2 .5 (24)
uy s L X
(QLWL(HL) + SL)

In equilibrium, the probability that an unemployed unskilled worker is matched

HLE

with a firm and gets his/her job is solely determined by the exogenous probabilities

of the idiosyncratic shocks.

2.6 Skilled Labor Market

Before entering the differentiated good market, each potential firm has to hire a
skilled worker to develop its own differentiated variety. The potential firm has
to pay a search cost to post a vacancy for a skilled worker. Once a firm and a
skilled worker have been matched through the matching mechanizm at the skilled
labor market, they negotiate on the wage rate for the skilled worker. We adopt the
framework of a generalized Nash bargaining to examine the negotiation between

the matched pair of a firm and a skilled worker.

2.6.1 Skilled Wage Negotiation

Suppose that a firm is matched with a skilled worker of ability @. First, consider
the firm’s payoff from the negotiation. If the pair reaches an agreement on the
skilled wage rate wy, the firm obtain the value Il(a, wy) as defined in Eq. (20).
If, on the other hand, the negotiation fails, the firm has to leave the market and
receive nothing; the firm’s reservation payoff is zero. Therefore, the firm’s net

gain from the negotiation is Il(a, wy) — 0.
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Next, consider the skilled worker’s payoff. Let Wy be the skilled worker’s
benefit from being employed by the firm (i.e., the value of employment) and let Uy
be the value of remaining to be unemployed (i.e., the value of unemployment). If
the negotiation ends up with the skilled wage rate wy, the skilled worker receives
wy in each period. At the same time, the skilled worker knows that he or she faces
the possibility of being fired due to the idiosyncratic shocks with the probability
of sy in each period. In other words, the state of the skilled worker changes from
the employed to the unemployed with the probability of sy; the “capital loss” due
to the idiosyncratic shocks is sy (Uy — Wy). Therefore, in the steady state, Wy can

be defined as the discounted sum of wy + sy[Uy — Wy] over time:

+00

wy + SulUp — Wyl wy — su[Wy — Unl
Wy = = .
n=2, (1+r)y r

t=1

By solving the above equation for Wy, we obtain

WH =

(wa + spUp] . (25)
r+ Sy

At this stage of the negotiation, the skilled worker regards the value of unem-
ployment, Uy, as being independent of the skilled wage rate under consideration.
That is, if the skilled worker succeeds in raising the wage rate by one unit in the
negotiation, then he or she thinks that the value of employment, Wy, increases by
the amount of 1/(r + sy). The skilled worker’s net gain from the negotiation is
Wy = Uy.

The Nash bargaining over the skilled wage rate is described by the following

maximization problem of the generalized Nash product:
max [Wy — UxP[I(a, wa)]' 7, (26)

where § (0 < 8 < 1) represents the relative bargaining power of the skilled worker.
Taking account of Eq. (21) and Eq. (25), the FOC for the above maximization with

respect to wy is

Bll(a,wn) = (1 = sg)(1 = B)[Wy = Unl, (27)

which is equivalent to
Blr(a) —wy] = (1 = B)lwy — rUnl. (28)
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Solving it for wy yields

wy = Br(a) + (1 = B)rUy
=B n(a) — rUy] + rUy.

(29)

Here, rUy is the amortized value of unemployment and, hence, it can be seen as
the reservation wage rate for the skilled worker. If the skilled worker accepts the
job with the negotiated wage rate wy, the pair of the firm and the skilled worker
will be able to create the total surplus of m(a) in each period. Then, the differ-
ence between () and rUy represents the net surplus for the pair. Accordingly,
Eq. (29) means that the skilled worker receives the S-fraction of the net surplus in
addition to the reservation wage rate. One important thing to be noted is that the
negotiated skilled wage rate wy depends on both the ability of the skilled worker
(i.e, @) and the reservation wage rate (i.e, rUy); with a slight abuse of notation,
we write this relation as wy(a, rUy). By substituting this into Eq. (20), we can

write the value of a firm as a function of @ and rUpy:
IT°(a, rUy) = (o, wy(a, rUg)). 30)

2.6.2 Entry of Firms

Consider a potential firm contemplating the entry to the market. The firm is
randomly matched with a skilled worker with the probability n(6y) through the
matching mechanizm as defined in Eq. (8). However, not every matched firm can
operate in the market. Remember that for a firm, the ability of the matched skilled
worker determines the firm’s productivity. As shown by Melitz (2003), there is a
production cutoff level of productivity, denoted by a*, below which the value of
the firm is negative. If a firm is matched with a skilled worker with the ability
lower than «*, the firm exits immediately from the market, avoiding a negative
profit. Hence, the combined probability of a successful matching and starting
business becomes n(0y)[1 — G(a™)].

Let V be the value of vacancy (i.e., the value of non-entry) and I1 be the value

of a firm.® When a potential firm posts a vacancy, it has to pay the search cost of

The variable IT here is not a function, but signifies a simple number. The reader should not be
confused.
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cy. In each period, the firm can move from the non-operation (i.e., outside of the
market) to the market operation (i.e., inside of the market) with the probability of

n(@y)[1 — G(a™)]. Then, the value of vacancy satisfies the following relation:
rV = —cy + n(0y)[1 — G(aH)][I1 - V]. (31)

Free entry in the supply of vacancies implies V = 0. Then, in the steady state, we

have
CH

= e - Gl

In turn, consider an unemployed skilled worker. In each period, an unem-

(32)

ployed skilled worker receives an unemployment insurance b and, in a unit time,
he or she can move from the unemployed situation to the employed situation with
the probability 65n(6y) through the matching mechanizm. Then, the value of un-

employment, Uy, satisfies

I"UH =b+ QHI’Z(HH)[WH - UH] (33)
By replacing II°(a, rUy) in Eq. (27) with IT in Eq. (32) and substituting Eq. (33)
into Eq. (27), we obtain'”

rUp = b+ Penbu (34)

(1 =p)1 = sl = Gla")]
Substituting Eq. (34) into Eq. (29), we obtain the Wage Determination equation:

_ _ CHHH
wy(a@) =b+B|n(a) — b+ T sl = G@)] (35)

Combining Eq. (21), Eq. (32) and Eq. (35), we obtain the Job Creation equation:

1- SH _ CH
sy, @ T vwr@] = e

(36)

2.7 Product Market Equilibrium

To solve the value of the production cutoff, a*, and the ratio of vacancy and unem-

ployment, 65, we consider the market equilibrium condition for the differentiated

OWhatever the actual value of a firm in Eq. (27) is, it has to satisfy the transition equation
Eq. (31). This justifies the replacement of I1°(a, rUpy) in Eq. (27) with IT in Eq. (32).
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goods. Since firms’ productivities are heterogeneous, we can use the Zero Cutoft
Profit condition and the Free Entry condition as Melitz (2003). First, the cutoff
productivity a* are such that Il(e})) = 0 in Eq. (20):

GLm(HL)LP
Zao-1

o o
m(a’) = ;[ ] (@) = wy(a®) (37)

Substituting Eq. (37) into Eq. (20) at the average ability &, we obtain the following
Zero Cutoff Profit (ZCP) conditions

H(d’): I—SH

(E)H wi(@") — wa(@) (38)

a*

r+ sy

Substituting wy(a) in Eq. (37) into Eq. (35), the wage of cutoff ability a* is derived

as
BcuOy

(1 =1 = sp)ll - Gla)]
From Eq. (35) and Eq (39), the wage with average ability, wy(&) becomes

ﬁCHgH
b 40
{ T AR sl - G(a*)]} .

Using Eq. (40) and the Zero Cutoff Profit in Eq. (38), we obtain a condition which

wg(a@®) =b + 39)

v = |p(E) -5

*

describes the relationship between the production cutoff productivity @ and the

ratio of vacancy and unemployment 6y:

(=81 = sp) . BcHOu @\ _ CH
+ sn {b[l — G a0 —sﬂ)}[(E) - 1] = e Y

In equilibrium, total expenditure on the differentiated good equals total rev-

enues of all firms serving the demand in this sector. Note the total expenditure on
the differentiated good is an numéraire and that there are operation firms with the
skilled worker whose ability over a*, the expenditure condition is
+00
(@)
S da=
fa - p@x(@)— G
Using the demand function of the differentiated goods in Eq. (2) and the optimal

firm size in Eq. (15), we obtain another relationship eugation between a* and 6y:

o—1
oo 6, m@,))LP) « o1y
f a”! 1 _gg()a*)da{ Lm(ZL) } a T =1 (42)
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Given the production productivity a*, Eq, (37) determines the price index, P.
Substituting the price index condition in Eq. (37) into the revenue condition in

Eq. (42), we rewrite the revenue condition omitting the price index:

1\"! Beuby e o1 8@) _
“(5) {b+(1—ﬁ>(1—sﬂ>[1—G<a*>]}L gl @

As given a, two equations of Eq. (41) and Eq. (43) determine the production cutoff

productivity @ and the ratio of vacancy and unemployment 6.

To analyze the the equilibrium value of o and 6y, we assume that workers’
abilities are distributed according to a Pareto distribution'!. Setting the scale pa-
rameter of that distribution to unity, the probability density is . The shape param-
eter y governs the rate of decay of the distribution. We need to impose y > o — 1
to ensure that variance of the scales distribution is finite. Using this Pareto distri-
bution, Eq. (41) and Eq. (43) are modified as

_ _ Y ~ yo—1
(1=p)(1 - 5n) {b(i) . Beuby }{(g) ) 1} IR
r+ sy a* (1-8)(1-sp) a* n(fy)

BenOula™y Y- (c-1)
(1-B(l-sy) oy )

Determining the equilibrium of ¢* and 0y, we set the below assumptions around

b+

the equilibrium of a* and 6y:'2

' (6n) B @\
" n(0n)? St SH {(5) - 1} (46)

When the above assumptions are satisfied, Eq. (44) has a positive relationship

between a* and 6y, and Eq. (45) has a negative relationship between o* and 6.
Fig. 1 illustrates the Eq. (44) and Eq. (45).
2.8 Educational choice

A worker with ability o determine whether to get an education at the beginning

of the term. Unskilled workers enter the labor force without education, while the

""Bernard et al. (2007), Ghironi and Melitz (2005), and Helpman et al. (2004) assume that firm
productivities are distributed according to Pareto distribution.
12We explain derivation of the assumptions at Appendix.
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Eq.(45): Eq.(44):
Expenditure condition ZCP+Free Entry

Figure 1: Determinant of a* and 6y

income of the unskilled workers is independent of their ability. When unskilled
workers pursue an education with education cost, e, they can realize their abil-
ity and become skilled workers. Substituting Eq. (37) into Eq. (35), we obtain

wy(a®):
[ YL S| S I
e (1-B)1 - sy)

Let us consider wy, in Eq. (23). Z is the number of firms and equal to the number

of the matched-skilled workers. The flow of the skilled unemployment is uy .1 =
sg(H —upy,)—0yn(0y)uy,, and at the steady state uy,,; = upy, t, so that the number

of the firm is
Orn(Ox)

 Oyn(Oy) + sy
Suppose that the total number of labor is N. Since the workers’ ability is dis-
tributed according Pareto distribution, the pool of skilled and unskilled labor, H

and L, is calculated as

H = f agla)da =a’N, L= f agla)da = (1 —a )N
a 0
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Using Eq. (37) and the value of Z, H, and L, and substituting, we obtain the

unskilled wage, wy :

wp =

'}/(O' - I)X { QHn(HH) }Q‘7+("—1{a*}—(0'—1)
{y = (0= DY = x)s. Oun(On) + su I—a
x {b BenOu(ag)” } (r+ s.)cy

T A=A -sm) (= smm@y)

If the wage of the worker with « in the skilled labor market, which detects
educational cost, is higher than that of the unskilled labor market, wy (@) —e > wy,
the worker shift to the skilled labor pool from the unskilled labor market. On the
other hand, if the wage earned by the skilled labor market is lower that of the
unskilled labor market, wy(@) — e < wy, the worker remain in the unskilled labor
market. In equilibrium, there is an educational cutoff ability @, where the expected
wage rate for unskilled worker, w;, has to be equal with the expected income of
skilled worker wy(a) — e. Therefore, the education cutoff, @ is determined in the
following equation:

w@) - e =wy (47)

Since wy is decreasing in @ and wy(@) is increasing in ¢, there exists an equilib-

rium educational cutoff, a.

3 Open Economy

We investigate the effect of globalization on a worker’s job choice and the the
number of unemployment of a country. There are two symmetric countries with
the same preferences, production technology, number of workers, and character-
istics of the labor market. We assume that the systems of the labor market are
independent from each other. Suppose that the firms face fixed market access cost
f > 0 if they start exporting, and that it costs an ice-berg type tariff, v > 1, to
exporting goods. We denote the index of X, D as exporting and domestic sales.
Operating revenues from sales on a foreign market are equal to pxxx/7. By sym-
metry, demands on the domestic and foreign market are given by Eq. (2). Equating
marginal revenues across market yields py(a) = tpp(@) and xx(@) = 17 xp(a).

Therefore, total revenues of the exporting sales is Ry(a) = 77 'Rp(a).
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Unskilled labor market Considering the total revenue, the optimal employment

of unskilled workers in Eq. (15)

—-1\¢
€X — To—_lfp — (O- ) A—U'PO'—IQ,O'—ITI—O'
a

The potential firms, which have not matched any workers yet, consider the ex-
pected value of operating both domestic and exporting. Since labor supply, given

as educational cutoff @, is not changed, the wage of unskilled worker becomes

(o -1 Z v ol ool lmoy (r+sp)cr
WL‘( o )[emeL)L] Prorte e -0 somey

Substituting w, into the optimal employment, £, we obtain the equilibrium em-

ployment of each firm as

¢

_ 0;m(0;)L ( @ )0—1 .
a

Z

Hence, mp(@) and my(«) are rewritten as

1 (eLm(eL)LP)”(rl L
— a .

(@) = 2~ g
L(0mOILP\T . o,

(@) = —|\—F7—| o Tt .
o\ Za"

Since it costs f to export, the value of the firms with an a’s skilled worker is

modified as .
— sy

II(e, =
(@, wg) r+

” [7p(@) + nx(@) — f — wal. (49)
Skilled labor market The structure of skilled labor market is also the same in
Section 2.6. The firms entry the market and search a skilled worker with cost of
cy, After matching, they recognize the matched-skilled worker’s ability a. Given
firm’s revenues are increasing in a, there exists a threshold a7, below which firms
do not take up production. Similarly, firms with a productivity level between «;,
and o} will serve only their domestic market. The firms calculate their actual
profit after recognizing @, and decide whether their activity policy: exit, only
domestic sale, or both domestic and exporting sales. The firms negotiate wy with

the skilled worker, and the wage schedule becomes the same one in Eq. (35).
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Product Market Equilibrium At a threshold of aj,, the value of firms which

only sell their variety in domestic market go to zero, II(a},, wgy) = O:

@) =T\ "z

) (@) = whla) (50)

From Eq. (35), the wage of aj,-ability worker is the same of Eq. (39). On the
other hand, the profit of exporting sales is zero at the threshold of a7}, and we
obtain mx(ay) — f = 0. Therefore, it can be shown that the condition for a7}, and

* .
Qy:

7_1—0' ((1’;}) — f
ay, wh(ajp,)

(5D
:f~{b+

Bcrbu }_1
(I =81 = sp[l — G(ap)]

Given a),, Eq. (51) determines «y. To guarantee a, > a7}, we assume

0
s by Pentu .

(1 =B = sl = Glap)]

Notice that rx(a) = 71" 7p(a), the wage of ay-ability skilled worker is calculated
with Eq. (35):

0
wr(ay) = Blap(ay) + nx(ay) — f1+ (1= Bb + 1= SH[;ET _HG(a;)] (52)
) Bcubu
BT+ ( ﬁ){ + (1=B)1 = sl - G(a};)]}

Using Eq. (35) and the feature of a}, and a7, we obtain The ZCP condition as

- 6
@) = 12 @)~ - {pta@) - 1+ oo+ B
D
_ =81 -sn)
B r+ sy

& o-1 & o-1 ﬂCHHH » & o-1
XH(Q;;) *(a_x) ‘1}{0—ﬁ)(l—sﬂ>[1—G(a;>]}+f{ﬁT (a_x) _1}]

With the ZCP and the free entry condition is given in Eq. (32), so that we obtain

the first condition which describes the relationship between the production cutoff
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productivity @ and the ratio of vacancy and unemployment 6.

a\"! a\"! Beuby
1-pZ)] -1l
{(a;) " ﬁ)(a;‘;) }{ +(1—ﬁ)<1—sH>[1—G<a;)J}

o-1
e (r+ sy)cy
o 1\ =
7 {ﬂ ! (ax) } 1 =B)1 = smll - Glay) )

In equilibrium, total expenditure on the differentiated good equals total rev-

(53)

enues of all firms serving the demand in this sector.

f} PD(Q)XD(Q)%dQ +f PX(Q)XX(Q)%CW =
oy D ay X

D X

The price index, P, is determined by Eq. (50). Using the value of P with the ex-
penditure condition gives us the second condition which describes the relationship

between a7}, and 6.
ﬂCHQH
b
{ T A=A - sl - G(a;;)]}

(i)o_lf N g(a) +( 1 )Cr_lf N g(a) —
@ o 1-G(a;) \1a;, . 1 = G(ay)

D X

For given @, conditions in Eq. (51), (53), and (54) allow to solve «;},, a}, and

(54)

X o

0y. By symmetry, the three conditions together allow to solve for the cutoffs and
demand levels simultaneously. To clarify the later discussion, we assume that
the workers’ ability follows the Pareto distribution, so that Eq. (53) and Eq. (54)

become
a ol a ol 1 - ,BCHGH
1- — —1:3b
{(az) " ’”(a;) }{ (a;;) +(1—ﬁ)(1—SH)}

N e (@) (r+ sp)cu
’ f(@) {ﬁT (a_x) i 1} SUopU s Y
N Beubular,)” N (c-1)
(1 =p)1 = sn) Yo
Eq. (55) is a decreasing function of 8y even if the assumption of Eq. (46) is satis-

b

(56)

fied. The raise of a7}, decreases Eq.(55) as long as a7, is larger than a7j,. Therefore,
Eq. (55) has a positive relationship between a7}, and aj, such as closed economy.
On the other hand, Eq. (56) always has a negative relationship between aj, and
Oy
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Trade Liberalization Trade liberalization (decreasing 7) only affects Eq. (55).
We first consider the effect of decreasing ice-berg cost on a7}, a} and 6y as given
the education cutoff, @. Fig. 2 draws the change in decreasing 7 which shifts
Eq. (55) to right, and trade liberalization increases the production cutoff, a7}, and
decreases the ratio of vacancy and unemployment, 6. This change has two effects
on unemployment: probability effect and middle class effect. Decreasing 8y re-
duces the matching probability for skilled labor, which increases unemployment.
Larger ), expands the range that the skilled workers with relatively lower ability
are unemployed. The decrease in T makes market competition more severe, and
the firms which matched the lower-ability skilled worker exit from the market,
while trade liberalization increases the operating profit of exporting sales. In re-
sults, the number of skilled unemployment increases, especially the lower-skilled

worker may be damaged by trade liberalization.

O
Expenditure ZCP+Free Entry
caondition
I
Tl i
—_—
]
i
'
'
’
!
’
’
’
!
’
Oy e
9 , / P
H - -
* I *
ap ap a

Figure 2: Effect of a reduction of 7 on " and 0y

Next, we also allow the change of educational choice, @. From Eq. (48), trade
liberalization raises the demand of the unskilled labor because of easier to export
their goods. To solve Eq. (48), let us consider the condition of the price index.

Since we assume that total expenditures are numéraire, the price index must be

25



satisfied as

Om(O)LP\ T w2 f*“’ @
- a e o’ ————da =
Z 5 1-G(a})

X
Substituting this condition into Eq. (48), we obtain the unskilled wage under in-

ternational trade:

Wi =

'}/(O' _ I)X { QHn(HH) } Q—y+0'—l{a/*}—(0'—l)
{y = (=D} = x)sp Oun(Op) + su 1-a™

% {b + Benbu(ap)” }(1 bl - (r+ sp)cr .

(I =p)1d = sn) (1 = sp)m(6yL)

With Eq. (35), (50), and x(a}) = f, the skilled wage is calculated as

BcuOu
1- G(a/;“’))

a\" Bcubu )™
= 1- b -1
{ﬁ(a;) ' ﬁ}{ +<1—ﬁ>(1—sH>[1—G<az>]}+ (a) !

o-1
— 1-o i _ ﬂCHQH(a/;')y _
_{(ﬁ+T )(“E) +1 ﬁ}{b+(1—ﬂ)(l—sﬂ)} £,

(57)

wr(@) = Blrp(a) + nx(@) — f1+ 0 =B) +

(58)

where we use Eq. (51) and Pareto distribution in the last line. The educational
cutoff, @, determined by Eq. (47), Eq. (57), and Eq. (58).

Trade liberalization affects the determination of 6y and «j, in Eq. (55) and
Eq. (56), and also changes the educational cutoff, @, thorough the comparison of
wy and w;. To see the effect of trade liberalization on some variables, we define
an implicit function, E(a*, 0y, @,7) = wy(a@) — e — w, = 0, which is derived by
the educational choice condition. From Eq. (55) and Eq. (56), a}, and 6y can be
solved as a function of « and they are affected by 7. « is solved by educational
condition and can be expressed as a function of 7, so that the implicit function can
be modified E(a},(a, 1), 0u(a, 1), a(7), 7). By implicit function theory, the effect

of decreasing 7 on the education cutoff is

QE %y | OE 96y | JE
O 90" ar T a6 or T oc
ot E%p | OE 9 | GE

day, da 00y Oa oa
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Note that da},/0t < 0, 00y /0t > 0, da},/0a < 0 and 06y /0a < 0 daj,/0a > O
from Eq. (55) and Eq. (56). Deceasing in 7 gives an ambiguous effect on the
education cutoff, @. If the sign of the above equation is positive, trade liberaliza-
tion decreases the education cutoff, and the production cutoff, a7}, also increases
from (55) and Eq. (56). The expand of the range between @ and a7}, means that
the skilled workers with low ability are easy to become unemployment while the
number of the skilled workers increase. This model cannot solve the total effects
on the unemployment analytically. However, we show the possibility that global-

ization may increase the number of unemployment. .

4 Conclusion

This article analyzes the effects of globalization on the worker’ choice of jobs and
employment. We assume that search friction exists in the skilled and unskilled la-
bor market and that workers can choose to be skilled or unskilled worker. If a firm
succeeds in matching with a skilled worker, it can start a business and the produc-
tivity of the firm depends on the ability whose matched-skilled worker has. Trade
liberalization among two symmetry countries increases the profit of the operating
firms, which raises the entry of firms and the demand for skilled workers. These
effects attract both skilled and unskilled workers. We obtain ambiguous effects
of globalization on the worker’s education choice. However, we find a possibil-
ity where the globalization promotes the popularization of high education and the
unemployment of skilled workers. Future research would be to consider hetero-
geneous countries. Our model assume symmetric countries, but this assumption
does not depict the real world. Since we adopt a search-matching model in this
study, it is difficult to consider heterogeneous countries. Although heterogeneous
countries could complicate the model , the implication of heterogeneity gives us

the new insight into the international trade and labor market literature.
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A Derivation of Eq. (23)

L, = 0,m(;)L

-1\
o z(“—) AP a7 = ,m(6,)L
(o
(0‘—1)[ Z ]‘lf ool ol (r+sp)cr (59)
N Poaos = wp+ —m—m
o 6, m(6,)L (1 = sp)m(6.)
oc—1\ 1 o1 _ o (r+ sp)cr
P = | —— Bo‘P o o —_ I E——
he ( - ) T 0= spm6y)

B Derivation of assumptions for Eq. (45)

Totally differentiating Eq. 45 with respect to @ and 6y, we obtain

y+1 ~ o—1 Y o
by(é) {(%) - 1} +(oc—-1) {b (é) + CHQH} (%) 07‘7_1} da”
| ) 1-B [a\T!
B [_n(HH)2 o+ SH {(;) - 1}] cnd0u

Note that the sign of the left hand side is negative, the sign of the brace for the

1-8

r+ Sy

right hand side must be negative to get the positive relationship between o™ and 6.
Considering the numerical value of the parameter used by Bernard et al. (2007),
Petrongolo and Pissarides (2001), and Shimer (2001), those assumptions are easy
to be satisfied.
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