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1. Introduction

A large number of literatures have shown that wage inequality both within and between skill
groups grows as a result of trade liberalization (see, e.g., Feenstra and Hanson 1995; Zhu and
Trefler 2005; Yeaple 2005; Burstein and Vogel 2010; Helpman et al. (2010): Davis and Harrigan
2011).! Recent theoretical works on trade openness and the exporter wage premium (that is, the
wage differential between exporters and non-exporters) in the field of international trade have
focused on a model of firm heterogeneity with labor market friction, while labor is assumed to be
homogeneous (see, e.g., Egger and Kreickemeier 2009; Helpman and Itskhoki 2009; Helpman et
al. 2010; Davis and Harrigan 2011). In spite of homogeneous workers, labor market imperfections
allow ex-ante identical workers to be paid different wages across firms. As a result, within-group
wage inequality occurs when trade liberalization, under the assumption of firm heterogeneity, affect
firms differently. In this class of models, the exporter wage premium is mainly driven by the

within-group wage differential between exporters and non-exporters.



skilled-labor intensity (see, e.g., Kyoji and Keiko 2010; Kugler and Verhoogen 2012).2 That is,
firms that use their skilled workers relatively intensively produce higher-quality goods. These
well-established, stylized facts on firm heterogeneity seem to imply that firms with a higher skill
intensity specialize in a higher-quality product and tend to be more competitive/profitable. Conse-
quently, they are more likely to become exporters in the presence of such trade costs as fixed export
costs and variable trade costs.* Since firms represented in a model with firm heterogeneity are un-
evenly affected by globalization, as trade costs fall production resources in a perfectly competitive
labor market can be reallocated towards more efficient firms. In this context, the effect of trade
liberalization on wage inequality cannot be fully described without considering both across-firm

differences in skill intensity and firms’ competitiveness in product quality.



The key driving force behind the increase in wage inequality that results from trade cost reduc-
tions is the reallocation of production resources towards more profitable firms, which use skilled
labor relatively intensively in order to produce higher-quality products. A decrease in trade costs
allows existing exporters to increase their production of high quality goods so as to make additional
sales in foreign markets. This increased production is accompanied by an increase in the relative
demand for skilled labor because these firms are relatively more skill intensive than average. On
the other hand, the relatively unskilled-labor-intensive non-exporters that produce lower-quality
products are forced to exit the market due to the increase in import competition. As a result, the
inter-firm reallocation of the workforce towards more skilled-labor-intensive manufacturing leads
to the increase in the relative demand for skilled workers. The two mechanisms, described above,
imply that trade liberalization increases the within-sector wage inequality between the two skill
groups. In contrast to the first two effects, which raise the skill premium, the relative skill intensity
of firms hat become new exporters, as a result of the reduced trade barriers, is ambiguous. For
example, when the relative skill intensity of these new exporters is higher than average, the skill
premium increases; otherwise, the skill premium will decline. But the last effect is not big enough
to overturn the first two effects, so that the skill premium unambiguously increases as trade costs
(both fixed and variable) fall.

The main results of this study are summarized as follows: The reduction in trade costs ( fixed
and/or variable trade costs) increases the within-sector wage inequality between skilled and un-
skilled workers. This pattern occurs regardless of the resource endowment differences between
the trading countries. However, the effect of the lower trade costs on the skill premium is larger
when a country trades with relatively skill-abundant countries than when it trades with relatively
skill-scarce countries. Furthermore, when two asymmetric countries trade with each other, the skill
premium in a relatively skill-scare country is much higher and increases faster as trade costs fall
than in that of a relatively skill-abundant counterpart. Lastly, when the barriers to trade are high
enough, two-way trade between similar economies, in terms of factor endowments, is more preva-

lent than trade between asymmetric countries. This is consistent with the well-known stylized fact






increase in wage inequality following trade liberalization can be explained by a positive link be-
tween a firm’s skilled-labor intensity and its product quality, and “quality competition”, where,
assuming that skilled workers have comparative advantage in producing quality goods, a product’s
quality levels are endogenously determined by individual firms.

The main purpose of this paper is to emphasize the importance of “quality competition”, at
least in some (vertically) differentiated products markets, in accounting for the positive relation-
ship between the within-sector skill premium and trade liberalization. Verhoogen (2008) explains
the increase in within-plant wage inequality in Mexico as a result of the peso’s devaluation (re-
sulting in expanding trade) by introducing a quality-upgrading mechanism in a partial equilibrium

framework. To be more specific, Verhoogen argues that the more productive exporting firms tend






demand function for variety w is

x(p(w);q(w)) =qw)® *p(w) SP° 'E;

K(F(w)) = [F(w)] °P° 'E;

()

where X(w) = q(w)x(w) and p(w) = p(w)=q(w) are the quantity measured in units of utility

1=1 s
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and the quality-adjusted price of variety w respectively. P = o\ [Bi(w)]* Sdw is the

aggregate price index of consumption and E is total expenditure in this economy.

2.1.2. Production

Each variety of the differentiated good is produced by a monopolistically competitive firm that
uses both skilled and unskilled labor. Unlike the standard model of heterogeneous firms along the
lines of Melitz (2003), | assume that there are no intrinsic productivity differences across firms.
Instead of having Hicks-neutral productivity differences, firms only differ in their skill-intensive
technology. That is, firms discover their own skill intensity after paying a sunk entry cost.’

Production involves both fixed and variable costs. A fixed production cost is assumed to be
the same across firms in the same country, while the variable costs differ according to the firm-
specific skill intensity and product quality. I assume that the function of the variable costs takes the
Cobb-Douglas form and the marginal costs consist of two components: simple costs to assemble
a physical output, and the additional costs that are related to product quality (quality-related work
such as a technology-combined design). The total cost of firms that draw on skill intensity g from

a common distribution G(q), where g 2 [0;1], is

TC(q;q) = fw+sTw! 9[1+Y(q;0)]x(d;0); (3)

SWithin-sector productivity differences across firms can be substantially explained by differences in skill intensity
(that is, the different proportions of skilled worker across firms). In a recent paper that uses firm-level data that matches
employer and employee for Norwegian Manufacturing sector, the authors confirm the fact that over 67% of the exporter
productivity premium reflects differences in skill intensiveness rather than in intrinsic firm efficiency (lrarrazabal et
al. 2009




where fW denotes the fixed production cost in terms of units of labor, which is the same across
firms in the same economy, but might be different across countries.’® s and w denote the wage rate
of skilled and unskilled labor respectively. x(q;q) denotes the quantity of a variety with quality
level g that is produced by a firm with skill level q.

Regarding a simple assembly task, | assume that skilled workers have no productive advantage,
so that the marginal cost related to this work increases with a firm’s skill intensity, assuming the
wage ratio of skilled to unskilled worker is greater than one; that is, s9w! 9 increases with g. In
addition, I assume that producing better-quality products requires higher costs and skilled workers
show greater productivity in performing tasks that improve product quality (i.e., Yq(q;q) > 0 and
Yq(g;9) <0). This is a reasonable assumption in that producing a higher-quality product often
requires a more complex technology and such a technology is difficult to follow unless the labor
force is skilled enough.'! As a result, a firm with a higher skill intensity faces a higher marginal
cost of simple assembly work, but a lower marginal cost of quality-associated work.

For the sake of tractability, | make the following parametric assumption regarding the func-

tional form of Y(q;q): the total cost of firms with skill intensity q is

f
TC(q;q) = fw+stw! ¢ 1+3— x(q;9); (4)

a

where the parameter f is the elasticity of the marginal cost with respect to quality, which is com-
mon across firms as well as countries. The parameter a measures the degree of skilled workers’

efficiency on the quality-related tasks. )
i

. . R t

A firm’s marginal-cost function, sdw! 9 1+ g—a ,

quality dimension in the model (g = 0), then the model is of the standard form, where it is reason-

can be justified as follows: If there is no

able to assume that skilled workers have no productivity advantage in assembling output without

adding product quality (such as screwing nuts onto bolts). As long as skilled workers command a

10As in Harrigan and Reshef (2011), | assume that W depends on the economy’s overall factor abundance and
W= % s+ ﬁ w, where H and L are the economy’s inelastic aggregate supplies of skilled and unskilled labor
respectively. The cost function, therefore, is homogeneous of degree one in input prices.

11see Abowd et al. (1996), Kyoji and Keiko (2010) and Kugler and Verhoogen (2012) for a positive relationship

between a firm’s skill intensity and its product quality.



higher wage (for example where s > w), this translates to a higher marginal cost, so that firms with
a higher skill intensity are less efficient. In contrast, skilled workers have a comparative advantage
in making quality goods (i.e., g > 0); that is, skilled workers are relatively more productive in
performing tasks that are related to product quality.*?

Firms in a monopolistic competition set a constant mark-up over their marginal costs. A firm

with skill intensity g chooses its optimal product quality endogenously to solve'?

f
max p(a:gx(@;q) fw sTwl @ 1+ x(q;q)
fqg q
st. x(@;9) =¢° *p(q;q) SP° ‘E (5)
f
S 1 q
and p(q;q) = s 1 sdw+ @ 1+q—a
Taking P and E as given, solving the maximization problem above gives the optimal choice of

quality for firms with their skill intensity q,'*

=h—=

_ 1 a,
q ()= F 1 qr; (6)

where ¥ > 1 by the second-order condition for a maximum.'® The positive association between

12Taking the derivative of the second term of marginal costs, (s9w?! q)g—:1 with respect to skill intensity q gives
marginal cost decreases with skill intensity g, assuming that a is high enough. For more details regarding this as-
sumption on a, see the following section.

130ne can think of this profit maximization as a two-stage process: All firms first choose their product quality g
simultaneously after discovering their own skill intensity, q. Second, firms simultaneously choose their prices and



a firm’s skill intensity and its product quality is consistent with recent empirical findings. Indeed,

using factory-level Japanese manufacturing data, Kyoji and Keiko (7r10(0)hk.o



p=q, rather than on price p.
The firm-specific skill intensity g has two opposite effects on the firm’s revenue: (i) a higher
a(s 1)
g leads to a higher revenue via the last term in equation (8), g T , and (ii) the increase in g

reduces the firm’s revenue, because firms with a higher q face a higher cost, which is captured by

s q( s)

W , Where we have a negative exponent due to s > 1. These opposite effects occur because

firms with a higher skill intensity increase their revenue by selling a relatively high-quality product
at a higher price. At the same time, these firms pay a higher wage, thereby reducing their revenue.

When a > fIn(3) the firm’s revenue increases with skill intensity q.'® Recent empirical
studies of international trade support the view that firm’s skill intensity increases revenue through
their production of higher-quality products: (i) a more skill intensive firm is more likely to be an
exporter (e.g., Schank et al. 2007; Bas 2012), (ii) exporters pay higher wages because the labor
force employed by exporting firms are relatively biased toward skilled labor (see, e.g., Irarrazabal
et al. 2009), and (iii) a positive association between firm’s skill intensity and product quality, and
more successful firms set higher prices, which implies “quality competition” (e.g., Verhoogen
2008; Kyoji and Keiko 2010; Bastos and Silva 2010; Baldwin and Harrigan 2011; Kugler and
Verhoogen 2012). Hence, as suggested in a number of empirical findings, | assume that a >
fIn(3) holds, so that a firm’s revenue increases with firm-specific skilled-labor intensity q and
its resulting product quality. That is, firms with a higher g produce a better quality variety and
become more competitive. This inequality condition plays a key role in determining the rising
wage inequality attributed to a reduction in trade costs because this assumption leads to a positive
link between a firm’s skill intensity and its revenue, via its product quality.

Let g denote a zero-profit skill intensity cut-off (i.e., skill intensity cut-off for surviving), so
firms drawing a skill intensity below g exit the market, while firms with a skill intensity above q

engage in production. There is an unbounded potential entrants and, in equilibrium, the expected

16Taking the derivative of the firm’s revenue function with respect to q gives %(Q) >0ifa=>fIn(3)q forq 2[0;1],
so when a > fIn(3) the firm’s revenue increases with skill intensity g for all g 2 [0;1].
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value of entry is equal to the sunk entry cost fe



entry cost. These two equations (10) and (13) show a negative association between the relative
wage of skilled workers s=w and the surviving cut-off g in equilibrium, which is described in

more detail later in this section.

2.2.2. Labor Market Equilibrium
| assume that the labor market is perfectly competitive, and is following Harrigan and Reshef
(2011). Notice that the firm’s marginal cost in response to its optimal quality,q , isMC(q;q (q)) =
% sdw! 9. The labor demand for each type of worker (skilled and unskilled) to produce one
unit of output can be obtained by applying Shepard’s Lemma. Hence, the skilled and unskilled

labor demand per unit of output are

dh q’i = L q E g 1;

w f 1 w (14)
di CI'E =T @ q) s A,

"W f 1 w o

where dy and d; represent the unit labor demand for skilled and unskilled workers respectively.
Hereafter, | use subscript h to indicate skilled workers and | to indicate unskilled workers. To
produce one unit of good, a more skill-intensive firm (firms with a higher q) uses a relatively high
proportion of skilled labor. This relationship can be easily captured by g—'l’(q o) = 1—‘% ¥ and
where the relative share of skilled to unskilled workers needed to manufacture one unit of variety
increases with q. Also note that the ratio of skilled to unskilled workers to produce a unit of output
is inversely related to the relative wage of skilled workers (s=w).

Based on the quantity demanded, optimal quality, and pricing, the total output of firms with q

s S s

a(s 1)
x(q) =gw q * PS lv7.9740(cf)01J/F150w 0 0 m 7. 58n.i- 4Td [(vT



and unskilled labor demand of firms with g are

q s) 1 a(s 1)

S S
Dh(@: ) =dn ;- x(@)=hw ° q f gP° 'E;

S
W
(16)
S S s a S) a(s 1)
Di(q;~)=d q;— =hw S = 1 q)Ps lE;
|(qW) |qu(q) w® oo @2 9
1s (s 1)=F _
whereh = S ° % e > 0 is constant.

Let M denote the equilibrium mass of firms in this economy, and hence M product varieties.
The aggregate labor demand in the variable costs can be obtained by integrating the total labor
demand of firms with the same skill intensity over q 2 [q ;1]. This gives the aggregate labor
demand for skilled and unskilled labor in the variable costs, which are as follows:

Z 4

.Sy _ .S 9(a) .
TDn(q ’v_v)_ ; Dh(q’W)MT(q)dq’

s._ 21 s g) ()
TDi(q iw): ] DI(in)MT(q)in

where Dy(q;3) and Dy(q; ) are given by equation (16). T gé‘gc)] ) is the ex post probability density

function of surviving firms’ skill intensity, so M ; gé‘g ) refers to the mass of successful firms with
the same q.

Next, | consider the aggregate labor demand for skilled and unskilled labor as part of the fixed
costs (fixed entry and production costs). Let M denote the equilibrium mass of new entrants in
each period, thus the mass of successful entrants for production, [1  G(g )]Me, must be equal to
the mass of firms, d M, who exit the market following the exogenous bad shock: [L  G(q )]Me =
d M. Therefore, the mass of new entrants can be expressed as the fraction of successful production

firms, which is Mg = ugwM. Note that the aggregate fixed costs consist of both the sunk fixed

entry costs and the fixed production costs:  f + ;o G(q ) fe MW. The aggregate demand for skilled

15



and unskilled labor involved in these fixed costs are'®

H d

FD, = M f+—o  f
" H+L 1 G(q)° "’ 18)
L d
FD= —— M f+—— f
T H+L T 6

where F Dy, and FD represent the aggregate demand for skilled and unskilled labor, corresponding
to the fixed costs, respectively.

These two equations in (18) show the ratio of the total skilled to unskilled labor demand in the
fixed costs is equal to the relative skilled labor abundance, that is, FDn,=FD; = H=L. This ratio of
labor demand in the fixed costs signifies that the ratio of skilled to unskilled labor demand in the
variable costs also equals the relative skilled labor abundance H=L. Therefore, equations (16) and

(17) give the relative labor market clearing condition which is as follows:

R
TDh(g ;53) _ g Dn(d; 3)9(a)dg
TDI@ %) 4 Di(a; $)9(a)dg
w R1 s qa S)qa(S D

— S q w



payment to both skilled and unskilled labor. That is, E = wL +sH. The mass of producing firms is
determined by the fact that the total revenue must equal, in equilibrium, the average firm’s revenue
multiplied by the mass of firms. Thus the mass of successful firms is: M = % Using the free entry
condition (equationﬁ (9) and (11)),ithe average revenue can be expressed as the following equation:

R(q(q ))=T=s f+1ggyfe W SinceW= gy s+ ghy wthe mass of successful firms

is expressed by

H+L
M= _h i (20)

d
S f+—1 ¢ )fe

Note that the mass of surviving firms is inversely associated with both fixed entry (f¢) and produc-

tion costs (f). That is, the larger the fixed costs, the fewer the firms producing in equilibrium.
Finally, the industry price index can be derived from integrating each firm’s quality-adjusted

price, multiplied by the equilibrium mass of firms over q 2 [q ;1]. Hence, the weighted average

price index of the firms in equilibrium is

" # 1 " # 1

Z Ts z s
PR DIV (C) PR PC I (DI (CD I
) 1 G(@) ¢ 9@ 1 6@) 1)
:M%p(N):mMﬁW i qd %;
q(a) w
s ¥ 1 1=f - - ~o. - - - -
wherem= S5 1 §71 is a positive constant. g is a function of g , which is given

in equation (10).

Proposition 2.1. There exists a unique autarky equilibrium in which the zero-profit skill intensity

cut-off, g , and the relative wage of skilled labor, 3, are determined.

Proof. See Appendix A.1.

2.2.4. Numerical Exercise in Autarky

Here, | numerically solve



intensity, G(q), where the mean is 0.5.2° As presented in Bernard et al. (2007) and Harrigan and
Reshef (2011), I use the following parameters: (1) s = 3:8 for the elasticity of substitution, (2)
d = 0:025 as a probability of exit due to a bad shock, (3) fo = 20 for a sunk entry cost, and (4)
f =1 or 2 for a fixed production cost. For f and a, | set f =1:1>1and a = 1.5 > 0 so that

a>fIn & holds in equilibrium, which ensures that firm’s revenue increases with q



models that adhere to the spirit of Melitz (2003).

Table 1: The Equilibrium Zero-profit Skill Intensity Cut-off (q ) and Skill Premium (s=w)

(H=L)=0:5 (H=L) =0:75 (H=L) =1

f=1 f=2 f=1 f=2 f=1 f=2
Skill Premium (;) 2.98 3.23 2.17 2.37 1.73 1.90
Cut-off skill intensity (q ) 0.42 0.47 0.45 0.50 0.46 0.52

Table 1 presents the equilibrium skill premium s=w and the zero-profit skill intensity cut-off
g , which depend on both the fixed production costs f and the relative endowment of skilled labor
H=L. First, all else being equal, both the skill premium and the skill intensity cut-off are positively
associated with the fixed costs of production. That is, the higher the fixed costs of production,
the higher are both s=w and g in equilibrium. These relationships are also illustrated graphically
in Figure 2, where the relative endowment of skilled labor is fixed as H=L = 0:75. The intuition
behind these results are natural: i) The relatively less efficient firms are forced to exit the market.
This is because as the fixed production costs rise, so does q and; ii) Rising g leads to reallocation
of production resources towards the relatively more skill intensive, competitive firms, so that the
skill premium, s=w, increase in response to the increase in the relative demand for skilled labor.
Since the relative endowment of skilled labor, H=L, is fixed, the increase in the skill premium
stems from the increase in the zero-profit cut-off.

Second, ceteris paribus, the increase in the relative endowment of skilled labor, H=L, leads
to a decline in the skill premium, while it increases the threshold of skill intensity.?! Intuitively,
the increase in H=L reduces the skill premium as a result of the less competitive labor market
for skilled workers. The increase in the relative wage of unskilled workers forces less efficient
firms (unskilled-labor intensive firms) out of the market, which raises the zero-profit skill intensity,

q .?? Theoretically, the relatively skill-abundant countries enjoy the relatively low wage inequality

21see also Figure 9 in Appendix A.1, which illustrates that the intersection of the two curves (these curves are based
on the free entry condition and the labor market clearing condition) determines equilibrium g and s=w as shown in
Table 1. As illustrated in Figure 9, the increase in the fixed production cost f, all else being equal, shifts the free entry
curve to the right, so that both s=w and g rise. On the other hand, all else being equal, the increase in the relative
endowment of skilled labor, H=L, shifts the labor market clearing condition to the right, so s=w falls while q rises.

22 Although the increase in g raises the skill premium, s=w, this positive effect is relatively small enough to be

19
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Figure 2: Zero-profit Skill Intensity and Skill Premium in Response to Different Fixed Costs

between skill groups, whereas firms in these countries face tougher competition than ones in the
relatively skill-scare countries. The evolution of both the skill premium and the skill intensity cut-
off in response to the relative endowment of skilled labor is also illustrated graphically in Figure

3, for which the fixed costs of production are f = 2.

0.5 0.55 0.6 0.65 0.7 0.75 0.8

Figure 3: Zero-profit Skill Intensity and Skill Premium in Response to Different H/Ls

dominated by the negative effect of H=L on the skill premium, so that the increase in the relative endowment of skilled
labor leads to a decline in the skill premium.
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and the aggregate price index P) between two identical countries are the same, the total revenue of
firms with g is

8
< Rq(q) if it serves only the domestic
=

R(q) = (23)

1+t S Ry(q) if it exports;

where the domestic revenue Ry(q)



cut-off for exporting is greater than the zero-profit skill intensity cut-off, that is g, > q,. This
implies that some domestic firms are not efficient enough to serve the export market, so firms

below q, but above g4 will produce only for the domestic market. As suggested in a number of






firm with g for export markets is

Dxn(Q; v_v) =1t >Dg:n(Q; v_v)' 32)

S S
Dyi(q;: =) =1t °Dy.(q;>):
i (@) a:1(d: )

Let M denote the equilibrium mass of incumbent firms, as in the previous section, and hence
the mass of exporting firms, which is denoted by My, isequal to [1  G(0g,)]=[1 G(qy )]M.?° The
aggregate labor demand in the variable costs can be obtained by integrating over the total labor
demand of the mass of firms with the same q. This gives the aggregate labor demand for skilled

and unskilled labor corresponding to variable costs, which are

h qd’qX7W - qu d;h qu 1 G(qd) q % d;h q,W Xl G(qx) q;
S 1 S
TDu(qd:qx;W)= Dd;u(q;w);

Uq



R 1) R a(s 1)
¥ ivq(l g" " qg(@)dg +t 5L £ 9¢ S)q " qg(q)dq ’
Ri 5 qu g Ry s aa ) T (35)
Qg W (1 q)g(a)dg +t S o (1 q)g(q)dq

2.3.4. Costly Trade Equilibrium under the Symmetric Assumption

To close this section, | determine the condition for costly trade equilibrium. Two equilibrium
skill intensity cut-offs, g, and g, , and the skill premium s=w are derived jointly from equations
(25), (27), (28), and (35).2° All other aggregate variables in equilibrium can be expressed by s=w
and g, and g, by choosing a wage of the unskilled labor equals to one, w = 1, as a numeraire. In
what follows, | determine the aggregate equilibrium variables: the total revenue E, the mass of the
incumbent firms M, and the industry price index P.

As shown in autarky, the aggregate revenue E in equilibrium must equal the total payment for
the production of resources (skilled and unskilled labor), that is, E = wL +sH. Since the total
revenue in this economy must be equal to the revenue of the average firm multiplied by the mass

of successful firms, that is, E = MF, the mass of the producing incumbent firms is

E H+L
T 1 G(a) : (36)
s[f+ 5@y I+ 6@y o)

To derive the average revenue T, | use the free entry condition, that is, the expected value of free

LSl T g g4l S@) gqugfx = f,W. Here | also use

entry equals the sunk fixed entry costs:
the equation, W= - s+ 5L wto obtain equation (36).

Lastly, the aggregate price index can be expressed as the weighted average price index of each

2\\e have 5 equations and 5 unkn5(g)5(ate)d [(d)]TJ/8000



domestic and exporting firm, which is as follows:

Z 4
P= M
Oy

p(a)



zero-profit skill intensity cut-off for free trade, gg. Since free trade induces an increase in import

competition, fewer firms will survive under free trade compared to under a condition of autarky.

Ast #, qq increases Ast #, q, decreases

N &
LAY

I Il Il Il Il |
i T T T T 1

0 a  dq 0= Ox 1

Figure 4: Autarky, Zero Profit and Exporting Skill Intensity Cut-offs, and Free Trade Cut-off

2.3.5. A Numerical Exercise of Costly Trade Under the Symmetric Assumption

The basic set-up for the parameters is the same as in the previous section for autarky. In
addition, the fixed export costs, fx, and the variable trade costs t are used to find the zero-profit
skill intensity cut-off, q,, the skill intensity cut-off for exporting, g, , and the skill premium, s=w,
in equilibrium. | set fy = 2, which is the same as the fixed costs for domestic production f. I first
exploit f = 1:1 and a = 1:5, and then I use different values of ¥ and a (e.g., f =1:5and a = 2)
to show how different sets of  and a will affect the skill premium s=w and the two skill intensity
cut-offs, g, and gy .

Figure 5 plots the skill premium, the two skill intensity cut-offs, and the weighted average skill
intensities for both surviving and exporting firms against the variable costs of trade t. For these
plots, | use different sets of ¥ and a: | set f =1:1 and a = 1:5 for Panels A and B, and f = 1:5
and a = 2 for Panels C and D.

Panels A and C in Figure 5 show that the relative wage of skilled labor decreases with a in-
crease in the variable trade costs t, that is, there is an increase in wage inequality as a result of a
reduction in the variable costs of trade. When t is large enough, no firms can export, therefore the
skill premium, s=w will be the same as the one under the condition of autarky equilibrium. As the
variable trade costs fall, the relative wage of skilled labor rises because of the reallocation of work-
ers towards relatively high skill intensive firms. To be more specific, the inter-firm reallocation of

resources has an effect on the skill premium through three different channels. First, a fall in the

28



trade costs makes exporting easier, and allows existing exporters to increase their labor demand so
as to increase production and make additional sales in export markets. This is accompanied by an
increase in the relative demand for skilled workers because they are, on average, relatively more
skill intensive. As shown in Panels B and D of Figure 5, the weighted average skill intensity of ex-
porting firms is higher than that of one of the surviving firms. Second, the relatively unskilled-labor
intensive non-exporters are forced to exit the market in the face of the increased import competition
from successful foreign firms that export to the unsuccessful firms’ domestic market. Under the
condition of the perfectly competitive labor market, their labor force would be reallocated towards
more efficient, relatively high skill intensive firms, so that the relative demand for skilled workers
increases, and hence the wage inequality also increases. These two effects unambiguously increase
the between-group wage inequality.

In contrast to the first two effects, the relative skill intensity of firms, that become new exporters
as a result of lowering barriers to trade, is ambiguous. As a matter of fact, if the cost of trade are
initially low, then the relative skill intensity of these new exporters would be higher than average,
so that the skill premium would increase as a result of a fall in trade costs. On the other hand, if the
initial level of trade barriers were high, the average skill intensity of firms newly entering the export
market would be lower than that of surviving firms, which would result in a reduction in wage
inequality. Panel B and D in Figure 5 illustrate the third effect, which depends on the initial level
of trade openness. If the initial level of variable trade costs is higher than 1.15 (i.e., t > 1:15), the
third effect also leads to an increase in the skill premium; otherwise, the skill premium decreases as
the trade costs fall. However, the latter effect, which might decrease the skill premium, would not
be big enough to overturn the first two effects, so that the skill premium unambiguously increases
as the variable costs of trade fall. The overall effect of a reduction in the variable costs of trade on
the skill premium is shown in Panels A and C of Figure 5.

As illustrated in Panels B and D of Figure 5, as t falls, g, declines, while q; increases. A
reduction in trade costs allows firms to export relatively easily, so that the skill intensity cut-off

for exporting decreases. On the other hand, the relatively inefficient firms are forced out of the
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Since an arbitrary set of parameters for ¥ and a is used to show the pattern of variables (s=w,
0y and gy ) in response to the reduction of trade costs, it remains unclear how the skill premium and
the two skill intensity cut-offs are affected by each parameter, ¥ and a. As a result, | numerically
examine the partial effects of ¥ and a on the skill premium and the zero-profit skill intensity
cut-off. Table 2 presents that, all else being equal, the increase in the quality elasticity of the
marginal costs T reduces the zero-profit skill intensity cut-off, g4, and leads to a decrease in the
skill premium. Note that £ > 1. The intuition behind this result stems from the fact that the
higher level of ¥ makes high skill intensive firms, that produce high-quality varieties, relatively
less efficient compared to low skill intensive firms, and this allows relatively low skill intensive
firms to enter the market. Therefore, the zero-profit skill intensity cut-off decreases, resulting in

the decline in the skill premium.

Table 2: Partial Effects of £ and a on the skill premium and skill intensity cut-offs

a=2
f=11 \ f=12 \ f=15




marginal skill intensity for surviving firms, which are shown in Table 2.

Instead of reducing the variable trade costs, | examine how the fixed export costs affect the
skill intensity cut-offs, and hence wage inequality. Figure 6 plots the skill premium, the two
skill intensity cut-offs, and the two weighted-average skill intensities for domestic production and
exporting firms against the level of the fixed trade costs fx, while maintaining the same level of
variable trade costs t.?® As illustrated in Figure 6, the export skill intensity cut-off g, declines as
the fixed trade costs fall, while the zero-profit skill intensity cut-off g increases as the fixed costs

of trade decreases.

Figure 6: The Relationship Between the Skill Premium and the Fixed Costs of Trade

With regard to the skill premium, | show a similar trend when 1 reduce the fixed exporting
costs, fy, instead of lowering the variable trade costs, t, which is also shown in Figure 6. As
with the effect of the variable trade costs, the decline in the fixed costs for exporting ambiguously
raises the skill premium. The intuition behind of this result is in line with the case of lowering

the variable costs of trade. As outlined earlier, as the fixed export costs fall, the existing exporters

2For Figure 6, | set H = 1500;L = 2000, f, =20, f =2, t =1:1, f =1:1,and a = 1.5.
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increase their labor demand, while the relatively inefficient non-exporters are driven out of the
markets. These two mechanisms lead to the reallocation of production resources towards firms
that have relatively higher than average skill intensity, so that the wage inequality between groups
increases. In contrast, the average skill intensity of firms that become new exporters may be lower
than the average skill intensity of surviving firms when the initial level of fixed costs are relatively
low (that is, when fy < 2:2 as shown in Figure 6); as a result, this drives the skill premium down.

Nevertheless, the latter effect, that forces the skill premium to fall, cannot overturn the former



Note that, in equilibrium, the export revenue is proportional to the domestic revenue. The relation-

ship between these two revenues can be obtained from equations (38) and (39), which is
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Ry(q) =t 5 En Ra(Q):

The export revenue of firms in home country A, relative to the domestic revenue, decreases with
variable trade costs t and the relative market size of the home country, E—’; while it increases with
the relative price level in the foreign market -E-'i.

In the presence of fixed costs for both domestic production (f) and for exporting (fy), a firm’s

profit from domestic sales, denoted by pq(q), and foreign sales px(q) are

) Ri
pg(q) = ds(q) fw; fori2 fA;Bg;

() = @) | (4
Py () = XT fuw; fori 2 fA;Bg:

Using the zero-profit condition of marginal firms in each market, that is Ra(qé| ) = s fw; and

Ri(a,) ) = s f,W;, equation (38), (39) and (40) give
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These two equality conditions in equation (42) show a relationship between two skill intensity
cut-offs. Applying the same logic in the previous section under the symmetric assumption, the
skill intensity cut-off for exporting firms is greater than the zero-profit skill intensity cut-off, that
is, g} > qé where i 2 TA;Bg, when the right hand side of equation (42) is greater than one. For

the remainder of the paper, | assume that this condition holds so that only the most profitable firms
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tend to be exporters, which is consistent with a substantial amount of empirical evidence.?®

2.4.2. Firm Entry, Exit, and the Free Entry Condition

Since the free entry condition, that is, the expected value of entry equals the sunk fixed entry
cost, is basically the same as in the case of symmetric countries, | quickly move through this section
by expressing equations that are necessary to determine the equilibrium variables of interest. The
free entry condition in each country A and B in equilibrium follows equation (28), which is as

follows:
2

1 G(ah) f



2.4.3. Labor Market Equilibrium



can be expressed by

MA Z 1 SA q(l S) 1 a(s 1)

———w,5P} E — f dq +
1 G(qé_\) A TA A q§ Wa q qg(q)q

TDA=h

tW






(equation (44) for the domestic and foreign market, the labor market clearing conditions (equa-
tion (51) for each skilled and unskilled labor) and the aggregate price index (equation (52)). The
remaining aggregate variables, M' and E;, are determined as functions of these vectors of the equi-

librium variables (equation (50) and (51)).

Proposition 2.4. As trade costs, t and/or fy, fall, the relative wage of skilled to unskilled worker

in both countries increases.

Proof. Proven numerically in the following section.

2.4.5. Numerical Exercise of Costly Trade between Two Different Countries

The basic set-up for the parameters is the same as in the previous section for the symmetric-
country case: s = 3:8,d =0:025, fo =20, f = fy, =2, f =1:1, and a = 1:5. The equilibrium
variables for interest depend on the degree of trade liberalization as well as on a trading partner’s
endowment of skilled and unskilled labor. Table 3 summarizes the evolution of the skill premium,
the skill intensity cut-offs for both domestic production and exporting in response to variable trade
costs, and the country’s resource endowment.

As shown in Table 3, the relative wage of the skilled worker, s=w, in both countries increases
with the reduction in variable trade costs t. That is, when two asymmetric countries trade with
each other, the reduction of variable trade costs increases the skill premium in both countries.
The increased wage inequality that followed globalization is due to the reallocation of production
resources towards more profitable firms, which produce higher-quality products using higher skill
intensive technology.

Table 3 also indicates that two skill intensity cut-offs move in opposite directions as trade
costs fall. That is, the skill intensity cut-off for domestic production increases, while the export
skill intensity cut-off decreases as trade costs fall. Lowering trade barriers allows firms to export
relatively easily, which results in a decline of the skill intensity cut-off for exporting. On the other
hand, the reduction in trade barriers leads to an increase in import competition, so that the least

efficient firms are forced to exit the market, which causes the zero-profit skill intensity cut-off to
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rise.

Another interesting fact, presented in Table 3, is that a high enough trade barrier between two
countries creates a regime where one-way trade, from the relatively skill-abundant to the relatively
skill-scarce country, occurs. For instance, when country A is more skilled labor abundant than
country B (that is, A(H;L) = (1500;2000) & B(H;L) = (1300;2000)) and the variable trade cost
is high enough (so, t = 1:33), the export skill intensity cut-off in country B is closed to one,
af = 1, whereas the export skill intensity cut-off in country A is 0.79, that is g = 0:79. This
implies that some firms with g 2 [:79;1] in country A are efficient enough to send their varieties to
country B, while no firms in country B benefit from selling their products in country A.

Furthermore, when the barrier to trade is high enough, two-way trade between similar economies,
in terms of factor endowment, is more prevalent than trade between asymmetric countries.*® This
phenomenon is consistent with the well-known stylized fact that the large volume of world trade is
associated with trade among similar economies (e.g., Linder’s hypothesis).

When two different countries trade with each other, the skill premium in the relatively skill-
abundant country is much higher and increases faster, as trade costs fall, than in the relatively
skill-scare country. For instance, the skill premium in country A is increased by 11% from 2.37
(autarky) to 2.63 (free trade); whereas it increases 10% from 2.23 (autarky) to 2.45 (free trade) in
country B when country A trades with country B, where A : (H;L) = (1500;2000) and B: (H;L) =
(1700;2000). This relationship is illustrated in Figure 8 as well as in Table 3. This conflicts with

the well-known Stolper-Samuelson theorem in Heckscher-Ohlin-type trade theory.

30When one observes both exports and imports of the same good, this pattern of flow is described as two-way or
intra-industry trade.
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Table 3: Equilibrium Zero-profit, (q,), Export Skill Intensity Cut-off, (q, ), and Skill Premium (s=w) between Asymmetric Countries

A(H; L) = (1500;2000)
B(H;L) = (1300;2000)

A(H; L) = (1500;2000)
B(H;L) = (1500; 2000)

A(H; L) = (1500;2000)
B(H;L) = (1700;2000)

Country A Country B Country A Country B Country A Country B
t=1 2.631 2.844 2.630 2.630 2.631 2.450
t=11 2.596 2.833 2.606 2.606 2.617 2.418
t=12 2.519 2.729 2.525 2.525 2.530 2.350
Skill Premium () t=13 2.438 2.592 2.423 2.423 2.410 2.275
t=1.33 2.420 2.579 2.403 2.403 2.391 2.258
t =137 - - 2.386 2.386 2.374 2.234
t=14 - - 2.379 2.379 - -
t=1 0.549 0.536 0.546 0.546 0.543 0.555
t=11 0.516 0.502 0.514 0.514 0.512 0.524
t=1:2 0.503 0.492 0.502 0.502 0.501 0.510
Domestic skill intensity Cut-off (q) t=1:3 0.501 0.491 0.502 0.502 0.501 0.508
t =133 0.501 0.491 0.501 0.501 0.500 0.508
t =137 - - 0.501 0.501 0.500 0.507
t=14 - - 0.501 0.501 - -
t=1 0.544 0.542 0.546 0.546 0.549 0.550
t=11 0.598 0.607 0.603 0.603 0.610 0.602
t=1:2 0.674 0.711 0.687 0.687 0.702 0.672
Export skill intensity Cut-off (q, ) t=13 0.764 0.891 0.802 0.802 0.838 0.755
t =1:33 0.794 0.996 0.844 0.844 0.895 0.781
t =137 - - 0.911 0.911 0.997 0.820
t=14 - - 0.975 0.975 - -

Note: For the remaining parameters, | set s = 3:8,d = 0:025, f, =20, f = fy =2, f =1:1,and a = 1:5.
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effect of lowering trade costs on the skill premium is larger, however, when a country trades with
the relatively skill-abundant country rather than with the relatively skill-scarce one. Furthermore,
when countries differ in their resource endowment, the skill premium in the relatively skill-scare
country is much higher and increases at a faster rate, as trade costs fall, than in the relatively
skill-abundant country.

This paper has focused on a single sector model to illustrate that the within-sector relative
wage of skilled labor increases as a result of a trade liberalization, that relies on across-firms
reallocations of productive resources in a perfectly competitive labor market. Within-industry
wage inequality, however, cannot be fully described the overall wage inequality in a country where

production resources may be allocated between sectors of the (be)-283(al)7(a)-3notnility blsre



strated. In line with the recent empirical findings, which show a significant correlation between
the exporter wage premium conditional on workers’ skill level and trade liberalization (see., e.g.,
Baumgarten 2013), however, one should possibly extend a model of firm heterogeneity by intro-
ducing labor market frictions so that the effect of trade openness on within-sector wage inequality

can be accounted for by both within- and between-skill-group channels.
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1: asq goes to zero, the skill premium s=w has to increase as much as possible for FE(s=w;q ) =

0. Asq increases, on the other hand, s=w



unskilled labor (s=w) should be higher. Thus I confirm that the zero profit cut-off, q , is positively
associated with the skill premium s=w along the labor market clearing equation. The intuition
behind the positive link between g and s=w is that an increase in g leads to an incipient relative
excess in demand for skilled labor, which results in raising the relative skilled worker wage. Now

I confirm that the equilibrium variables g and s=w are determined uniquely.

10 Q
—©— Free-Entry Condition When f=2

—— Labor Market Clearing Condition When (H/L)=0.75
—<&— Free—Entry Condition When f=1
Labor Market Clearing Condition When (H/L)=0.5
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0.4 0.5 0.6
The Skill Intensity (0)

0.2 0.3 0.7 0.8 0.9

Figure 9: Free Entry and Labor Market Equilibrium Curves in Autarky

Figure 9 illustrates the existence of the equilibrium skill intensity cut-off, g , and the skill
premium, s=w, at which the free entry condition (equation (10) and (13)) and the labor market
clearing condition (equation (19)) are intercepted. For Figure 9, I assume that all parameters are
the same as noted in the numerical exercise (section 2.3.4). In addition, | assume that the relative
abundance of skilled labor H=L is either 0.5 or 0.75 and that the fixed production cost, f, is either
1or2.%

As shown in Figure 9, the decline of fixed cost f shifts the free entry curve to the left and the

increase in the relative abundance of skilled labor H=L shifts the labor market curve to the right.

32 As noted in the section for the numerical exercise, | assume that the skill intensity is normally distributed with
m =:5and s:d = 0:15 so that the skilled intensity q is distributed over [0; 1].
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These are all four possible equilibria, which depend on the value of H=L and f. The equilibrium
skill intensity cut-off and the skill premium, in each equilibrium, are also shown in Table 1.
A.2.  Proof of Proposition 2.2

Conveniently, I rewrite the costly trade equilibrium conditions under the symmetric assumption

as follows: First equation (A.3
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Second, to complete the proof, | need to show a positive relationship between g, and s=w. Ap-
plying the same logic presented in the proof of proposition 2.1, the equation (A.5) can be rewritten
as:

Z4 Z4
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Y(q;w;qd)g(q)dq =T

Now it can be easily shown that the zero-profit skill intensity g is positively associated with the
skill premium s=w on the (q;s=w) space using the same logic as in the proof of proposition 2.1.

Thus equilibrium exists and is unique in the costly trade between symmetric countries.

A.3. Proof of Proposition 2.3

Now, | prove that the skill premium s=w increases as trade costs (i.e., t and/or fy) fall. To do
this, I examine the shifts in each FE and LE curve in response to a reduction in trade costs. Without
any loss of generality, | compare two curves in the autarky regime with ones in the costly trade
condition. In this way, one can analyze the effect of lowering trade costs on the skill premium.
First, | compare the free entry condition under autarky with the free entry condition with costly

trade. Conveniently, I rewrite the free entry equation in costly trade, which is from equation (28).

° G a)d s) Gy T °
i g s
1 G4 > T T 15+
w 0
2 ) I 3 (A.6)
(ax ax)@ s)
1 G4 il 15=df,
w Qx
- n . a(s 1)
Note that equation (A.6) reduces to (1 G(gy))f & @ %@ = g_j 1 =dfe,

which is the first term on the left-hand side of equation (A.6), in the closed economy. When trade
costs are low enough for some firms to engage in exporting, the first term in the left-hand side of
equation A.6 must be smaller than the one in autarky, because the second term in the left-hand side

is positive and the right-hand side of equation A.6, d fe, does not depend on trade costs. Notice
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that the first term in the left-hand side of equation (A.6) will decrease as s=w increases, while q
is fixed. Thus, the free entry curve (FE) will shift upward (that is, shifts to the right) as trade costs
fall.

Second, the upward-sloping labor market curve (LE
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