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Abstract

We study a two-country two-sector model of international trade in which one sector produces
homogeneous products while the other produces differentiated products. The differentiated-
product industry has firm heterogeneity, monopolistic competition, search and matching in its
labor market, and wage bargaining. Some of the workers searching for jobs end up being unem-
ployed. Countries are similar except for frictions in their labor markets, which include efficiency
of matching, cost of vacancies, firing costs, and unemployment benefits. We study the interaction
of labor market rigidities and trade impediments in shaping welfare, trade flows, productivity,
and unemployment. We show that both countries gain from trade but that the flexible country—
which has lower labor market frictions—gains proportionately more. A flexible labor market
confers comparative advantage; the flexible country exports differentiated products on net. A
country benefits from lowering frictions in its labor market, but this harms the country’s trade
partner. And the simultaneous proportional lowering of labor market frictions in both countries
benefits both of them. The model generates rich patterns of unemployment. In particular,
better labor market institutions do not ensure lower unemployment, and unemployment and

welfare can both rise in response to a policy change or falling trade costs.
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1 Introduction

International trade and international capital flows link national economies. Although such links are
considered to be beneficial for the most part, they produce an interdependence that occasionally
has harmful effects. In particular, shocks that emanate in one country may negatively impact trade
partners. On the trade side, links through terms-of-trade movements have been widely studied,
and it is now well understood that, say, capital accumulation or technological change can worsen a
trade partner’s terms of trade and reduce its welfare. On the macro side, the transmission of real
business cycles has been widely studied, such as the impact of technology shocks in one country on
income fluctuations in its trade partners.

Although a large literature addresses the relationship between trade and unemployment, we
fall short of understanding how these links depend on labor market institutions. There is growing
awareness that institutions affect comparative advantage and trade flows. Levchenko (2007), Nunn
(2007) and Costinot (2006) provide evidence on the impact of legal institutions, while Cunat and
Melitz (2007) and Chor (2006) provide evidence on the impact of labor market institutions.

Indeed, measures of labor market flexibility developed by Botero et al. (2004) differ greatly
across countries.! The rigidity of employment index, which is an average of three other indexes—
difficulty of hiring, difficulty of firing, and rigidity of hours—shows wide variation in its range
between zero and one hundred (where higher values represent larger rigidities). Importantly, coun-
tries with very different development levels may have similar labor market rigidities. For example,
Chad, Morocco and Spain have indexes of 60, 63 and 63, respectively, which are about twice the
average for the OECD countries (which is 33.3) and higher than the average for sub-Saharan Africa.
The United States has the lowest index, equal to zero, while Australia has an index of three and
New Zealand has an index of seven, all significantly below the OECD average. Yet some of the
much poorer countries also have very flexible labor markets, e.g., both Uganda and Togo have an
index of seven.

We develop in this paper a two-country model of international trade in order to study the
effects of labor market frictions on trade flows, productivity, welfare and unemployment. We are
particularly interested in the impact of a country’s labor market rigidities on its trade partner, and
the differential impact of lower trade impediments on countries with different labor market institu-
tions. Blanchard and Wolfers (2000) emphasize the need to allow for interactions between shocks
and differences in labor market institutions in order to explain the evolution of unemployment in
European economies. They show that these interactions are empirically important. On the other
side, Nickell et al. (2002) emphasize changes over time in labor market institutions as important
determinants of the evolution of unemployment in OECD countries. While these studies use rich

data on labor market institutions, our theoretical model parametrizes labor market rigidities in a

!Their original data has been updated by the World Bank and is now available at
http://www.doingbusiness.org/ExploreTopics/EmployingWorkers/. ~ The numbers reported in the text come
from this site, downloaded on May 20, 2007. It is important to note that other measures of labor market
characteristics are available for OECD countries; see Nickell (1997) and Blanchard and Wolfers (2000).



simple way, which can be related to a variety of labor market features, such as the cost of vacancies,
the efficiency of matching in labor markets, firing costs and unemployment insurance. We focus
the analysis on search and matching frictions in Sections 2-6, and show in Section 7 how the results
generalize to economies with firing costs and unemployment benefits. We show, however, that even
the simpler search and matching frictions generate rich patterns of unemployment in response to
both variation across countries in labor market rigidities and changes in trade impediments.

The literature on trade and unemployment is large and varied. One strand of this literature con-
siders economies with minimum wages, of which Brecher (1974) represents an early contribution.?
Another approach, due to Matusz (1986), uses implicit contracts. A third approach, exemplified
by Copland (1989), incorporates efficiency wages into trade models.® Yet another line of research
uses fair wages. Agell and Lundborg (1995) and Kreickemeier and Nelson (2006) illustrate this
approach. The final approach uses search and matching in labor markets. While two early studies
extended the two-sector model of Jones (1965) to economies with this type of labor market fric-
tion,* Davidson, Martin and Matusz (1999) provide a particularly valuable analysis of international
trade with labor markets that are characterized by Diamond-Mortensen-Pissarides-type search and
matching frictions.® In their model differences in labor market frictions, both across sectors and
across countries, generate Ricardian-type comparative advantage.6

Our two-sector model incorporates Diamond-Mortensen-Pissarides-type frictions into a sector
that produces differentiated products; another sector manufactures homogeneous goods under con-
stant returns to scale. In the differentiated-product sector heterogeneous firms compete monop-
olistically, as in Melitz (2003). These firms exercise market power in the product market on the
one hand, and bargain with workers over wages on the other.” As in models with home market
effects, it is costly to trade differentiated products. Moreover, there are fixed and variable trade
costs. While we conduct most of the analysis under the assumption that there is full employment
in the homogeneous sector, we show in Section 6 how the results generalize to economies with
unemployment in that sector.®

We develop the model in stages. The next section describes demand, product markets, labor
markets, and the determinants of wages and profits. In the following section, Section 3, we dis-

cuss the structure of equilibrium, focusing on the case in which both countries are incompletely

*His approach has been extended by Davis (1998) to study how wages are determined when two countries trade
with each other, one with and one without a minimum wage.

#See also Brecher (1992) and Hoon (2001).

*See Davidson, Martin and Matusz (1988) and Hosios (1990).

?See Pissarides (2000) for the theory of search and matching in labor markets.

5More work has followed this line of inquiry than the other approaches mentioned in the text. Recent examples
include Davidson and Matusz (2006a, 2006b) and Moore and Ranjan (2005).

TA surge of papers has incorporated labor market frictions into models with heterogeneous firms. Egger and
Kreickemeier (2006) examine trade liberalization in an environment with fair wages and Davis and Harrigan (2007)
examine trade liberalization in an environment with efficiency wages; both papers focus on the wage dispersion of
identical workers across heterogeneous firms in symmetric countries. Mitra and Ranjan (2007) examine offshoring in
an environment with search and matching and Felbermayr, Prat and Schmerer (2008) study trade in a one-sector
model with search and matching and symmetric countries.

8 There we also show how the results generalize to economies with variable trade costs in the homogeneous sector.



specialized, and—as in Melitz (2003)—only a fraction of firms export in the differentiated-product
industries and some entrants exit those industries. This is followed by an analysis of the impact
of labor market frictions on trade, welfare, and productivity in Section 4. There we also study
the differential impact of lower trade impediments on countries with different labor market institu-
tions. Importantly, we show that both countries gain from trade in welfare terms and in terms of
total factor productivity, independently of trade costs and differences in labor market institutions.’
However, the country with lower frictions in the labor market gains from trade proportionately
more. The lowering of labor market frictions in one country raises its welfare, but it harms the
trade partner. Nevertheless, both countries benefit from simultaneous proportional improvements
in labor market institutions across the world.

By lower frictions in its labor market a country gains a competitive advantage in the differen-
tiated sector, which is reminiscence of a productivity improvement. As a result, it attracts more
firms into this sector while the foreign country attracts fewer firms into this sector. The entry and
exit of firms overwhelms the terms of trade movement, leading to welfare gains in the country with
improved labor market frictions and welfare losses in its trade partner.

In Section 4 we also show that labor market flexibility is a source of comparative advantage.
The flexible country has a larger fraction of exporting firms and it exports differentiated products
on net. Moreover, the share of intra-industry trade is smaller and the total volume of trade is larger
the larger are the differences in labor market rigidities. We also show that welfare and productivity
are higher in the more flexible country.

In Section 5 we take up unemployment. We show that the relationship between unemployment
and labor market rigidities is hump-shaped when the countries are symmetric. An improvement in
labor market institutions decreases the sectoral rate of unemployment and induces more workers to
search for jobs in the differentiated-product sector, which has the higher sectoral rate of unemploy-
ment. These two effects impact unemployment in opposite directions, with the latter dominating
in highly rigid labor markets and the former dominating in highly flexible labor markets. As a
result, unemployment initially increases and then decreases as labor market institutions improve,
starting from high levels of rigidity. We also show that if a single country improves its labor mar-
ket institutions this reduces unemployment in the country’s trading partner, by inducing a labor
reallocation from the differentiated-product sector to the homogeneous-product sector.

We also show that lowering trade impediments can increase unemployment in one or both
countries, despite its positive welfare effects, and that the interaction between trade impediments
and labor market rigidities produces rich patterns of unemployment. Specifically, differences in
rates of unemployment do not necessarily reflect differences in labor market institutions; the flexible
country can have higher or lower unemployment, depending on the height of trade impediments

and the levels of labor market frictions.

9We also show that the combination of variable trade costs and differences in labor market institutions have to
satisfy a certain condition for the equilibrium to have incomplete specialization in both countries. However, the
welfare results extend to cases with partial or full specialization. Moreover, we show in Section 7 how these welfare
results have to be qualified in the presence of unemployment benefits.



The unemployment results depend on certain structural features of the model, while the welfare,
productivity, and trade pattern results are less sensitive to these characteristics. In particular, the
impact of trade liberalization on unemployment as a function of differences in labor market rigidities,
depends on the assumption that there are labor market rigidities in the differentiated-product sector
but not in the homogeneous-product sector. Under these circumstances trade liberalization induces
an expansion of activity in the sector with the higher sectoral rate of unemployment. These results
are generalized, in Section 6, by introducing unemployment into the homogeneous-product sector.
In particular, as long as the sectoral rate of unemployment is higher in the differentiated sector, the
results do not change. But in cases in which it is higher in the homogeneous sector, the response
of unemployment to shocks changes.

In Section 7 we add firing costs and unemployment benefits to the menu of labor market frictions,
and we discuss conditions under which the previous results remain valid, as well as how the results
change when these conditions are not satisfied. In addition, we analyze the impact of reforms in
firing costs and unemployment benefits on resource allocation, unemployment and welfare of the
reforming country and its trade partner. The last section summarizes some of the main insights

from this analysis.

2 Preliminaries

We develop in this section the building blocks of our analytical model. They consist of a demand
structure, technologies, product and labor market structures, and determinants of wages and prof-
its. After describing these ingredients in some detail, we discuss in the next two sections general
equilibrium interactions in a two-country world. In order to focus on labor market rigidities, we
assume that the two countries are identical except for labor market frictions. This means that the
demand structure and the technologies are the same in both countries. They can differ in the size
of their labor endowment, but this difference is not consequential for the type of equilibrium we

discuss in the main text.

2.1 Preferences and Demand

Every country has a representative agent who consumes a homogeneous product gp and a continuum
of brands of a differentiated product whose real consumption index is ). The real consumption

index of the differentiated product is a constant elasticity of substitution aggregator:

Q—[/weﬂq(w)ﬁdw]%, 0<B<1, (1)

where ¢ (w) represents the consumption of variety w, {2 represents the set of varieties available for

consumption, and 3 is a parameter that controls the elasticity of substitution between brands.!?

10 Alternatively, we could interpret @ to be a homogeneous final product and the g (w)s to be intermediate inputs.



Consumer preferences between the homogeneous product, gg, and the real consumption index

of the differentiated product, @, are represented by the quasi-linear utility function'!

U‘Q0+%QC, 0<(¢<p.

The restriction { < [ ensures that varieties are better substitutes for each other than for the
outside good ¢p.'?> We also assume that the consumer has a large enough income level to always
consume positive quantities of the outside good, in which case it is convenient to choose the outside
good as numeraire, so that its price equals one, i.e., pg = 1. Under the circumstances p (w), the
price of brand w, and P, the price index of the brands, are measured relative to the price of the
homogeneous product.'?

The utility function U implies that a consumer with spending F who faces the price index P
for the differentiated product chooses Q = P~Y(1=%) and ¢y = E — P~¢/(1-0 14 Ag a result, the

demand function for brand w can be expressed as

_B=¢ 1
q(w) = Q T Fp(w) TP (2)
and the indirect utility function as
1-¢ ¢ 1-—
V:E+TCP 1-<:E+TCQC. (3)

As usual, the indirect utility function is increasing in spending and declining in price. A higher price
index P reduces the demand for (), and—holding expenditure F constant—reduces welfare. This
decline in welfare results from the fact that consumer surplus, (1 —¢) P=¢/(0=9 /¢ = (1 —¢) Q¢/¢,
declines as P rises and @ falls. In what follows, we characterize equilibrium values of ), from which
we infer welfare levels.

Note from (2) that the demand for every variety decreases in its own price and in the real
consumption index @). The latter results from the fact that higher () implies that the differentiated-
product market is more competitive, because the price index P is lower, and P is lower either
because prices of competing brands are lower or because there is more variety available in the

market.

' Alternatively, we could use a homothetic utility function in go and Q; see Appendix for a discussion of this case.
12This model can be analyzed without the restriction ¢ > 0. This assumption, however, allows us to avoid discussing
alternative special cases and brings out some of the interesting results in a clear way.

13The price index P is given by
__B_
pP= U plw) =7 dw]
weN

Y The assumption that consumer spending on the outside good is positive is equivalent to assuming E > P~¢/(=9),
Since ¢ > 0, the demand for @ is elastic and total spending PQ rises when P falls.



2.2 Technologies and Market Structure

All goods are produced with labor, which is the only factor of production. The homogeneous
product requires one unit of labor per unit output and the market for this product is competitive.
When hg workers are employed in the production of the homogeneous product, its output level
equals hg.

The market for brands of the differentiated product is monopolistically competitive. A firm
that seeks to supply a brand w bears an entry cost f. in terms of the homogeneous good, which
covers the technology cost and the cost of setting up shop in the industry. After bearing this cost,
the firm learns how productive its technology is, as measured by 6; a 6-firm requires 1/6 workers
per unit output. In other words, if a f-firm employs h workers it produces 6k units of output.
Before entry the firm expects 6 to be drawn from a known cumulative distribution Gy (0).

After entry the firm has to bear a fixed production cost fy in terms of the homogeneous good;
without it no manufacturing is possible. Following Melitz (2003), we assume that the differentiated-
product sector bears a fixed cost of exporting f, in terms of the homogeneous product. In addition,
it bears a variable cost of exporting of the melting-iceberg type: 7 > 1 units have to be exported
for one unit to arrive in the foreign country. As is common in models with home market effects,
we assume that there are no trade frictions in the homogeneous-product sector.'

We label the two countries A and B. If a country-j firm, j = A, B, with productivity 6 hires

h; workers and chooses to serve only the domestic market, then (2) implies that its revenue equals
R; = Q;(B—C)@lfﬁh?7

where © = 0%/(0-8) ig a transformed measure of productivity that is more convenient for our
analysis. If, instead, this firm chooses also to export, then it has to allocate output 0h; across the
domestic and foreign market; 0h; = qq; + q.j, where qq; represents the quantity allocated to the
domestic market and g,; represents the quantity allocated to the export market. From (2) these

quantities have to satisfy

=
I~

1 B=¢
138 —1=B L

= Q; "y and gz = TQ(_IJSB (Tpzj) 7.

™

In this specification (—j) is the index of the country other than j, while pg; and p,; are producer
prices of home and foreign sales, respectively. Note that when exports are priced at p,;, consumers
in the foreign country pay an effective price of 7p;; due to the variable export costs. Under
the circumstances they demand Q(ff)_g)/ 1=A) (Tpmj)_l/ (1-6) consumption units. To deliver these
consumption units the supplier has to manufacture g,; units, as shown above. Such a producer
maximizes total revenue when marginal revenues are equalized across markets. In the case of

constant elasticity of demand functions this requires equalization of producer prices. The resulting

15See, however, Section 6 for a discussion of the impact of trade frictions in the homogeneous sector.



total revenue is then

_Bs=¢ 5 _p=¢)1-B 8
R; = [Qj P rTTEQ 1.] (S

The revenue function of such a firm can therefore be represented by

_B=¢ s 816
R @)= |0+ e T | e (@)

where I; (©) is an indicator variable that equals one if the firm exports and zero otherwise.

2.3 Wages and Profits

There are no labor frictions in the homogeneous-product sector, which means that workers can be
replaced there at no cost.!6 As a result, the labor market is competitive and all manufacturers
pay the same wages. Moreover, since the market for the final good is also competitive and the
value of the marginal product of labor equals one, the wage rate in this industry equals one, i.e.,
wy = po = 1.

Unlike the homogeneous-product sector, labor market frictions exist in the differentiated-product
industry. In particular, firms in this industry face hiring costs of labor. A O-firm from country j
that seeks to employ h; workers bears the hiring cost b;h; in terms of the homogeneous good, where
b; is exogenous to the firm, but it depends on labor market conditions to be discussed below. It
follows that a worker cannot be replaced without cost. Under these circumstances, a worker inside
the firm is not interchangeable with a worker outside the firm, and workers have bargaining power
after being hired. Workers exploit this bargaining power in the wage determination process.

We assume that the h; workers and the firm engage in strategic wage bargaining with equal
weights in the manner suggested by Stole and Zwiebel (1996a,b). This leads to the distribution
of revenue R; (0©) according to Shapley values. The revenue function (4) than implies that the
firm gets a fraction 1/ (1 + 3) of the revenue and the workers get a fraction 3/ (1 + 3).!'7 This
result is derived under the assumption that at the bargaining stage a worker’s outside option
is unemployment, and the value of unemployment is normalized to zero (because there are no
unemployment benefits and the model is static). In Section 7 we show how equilibrium wages are
determined when unemployment benefits are positive.

Anticipating the outcome of this bargaining game, a O-firm that wants to stay in the industry

chooses an employment level that maximizes profits. That is, it solves the following problem:

_ 1 -5 e 0 1-8,8
”j(@):1j3%§}7{m["?j +Lr TEQUYT | ORy bk — fa—Lifs . (5)
h;>0.

16GSee, however, Section 6 for an analysis of frictions in this market.

17See Section 7 for an explicit derivation of a more general result, which allows for different levels of bargaining
power of workers relative to the firm. Note that the workers’ share of revenue is decreasing in the concavity of the
revenue function (i.e., increasing in 8). A more concave revenue function implies that the loss of a marginal worker
results in a smaller reduction in revenue, which reduces the worker’s bargaining power.



The solution to this problem implies that the employment level of a ©-firm in country j can be

decomposed into'®

hj (©) = hgj (©) + 1; (©) hyj (),

where hg; (©) represents employment for domestic sales, h,; (©) represents employment for export

sales, and
ks S
hii (0) = 67b, 7Q, e,
(6)
ot s o
Pz j (@) =& bj T 8 Q(,j) o,
where

B
(BT
¢1_<1+B> '

Moreover, a country-j firm with productivity © pays wages'?
w; (©) = b, (7)
and its operating profits are
7 (0) = mq; (©) + 1; (©) 7z (©),

where 74; (©) represents operating profits from domestic sales, 7., (©) represents operating profits

from export sales, and

-8 5 _%C
T (©) ¢1¢2bj e 1‘5Q(_1j)6 © — faz,
where -5
21y

Note that higher labor market rigidity, reflected in a higher b;, reduces proportionately gross
operating profits (i.e., not accounting for fixed costs) in the domestic and foreign market. Therefore,
an increase in b; is similar to a proportional reduction in the productivity of all country j’s firms.

The profit functions in (8) imply that exporting is profitable if and only if 7,; (©) > 0, i.e.,

'8 This convenient decomposition is possible only when output and hiring costs are proportional to employment h;.

"“Recall that the wage rate equals the fraction 8/ (1 + 3) of revenue divided by h. Using (6) this implies a wage
rate equal to b;, which is independent of the firm’s export status. That is, all firms, exporters and nonexporters alike,
pay equal wages. Helpman, Itskhoki and Redding (2008a,b) develop a richer model, in which there is unobserved
worker heterogeneity in addition to firm heterogeneity, wages are higher in more productive firms, and exporters pay
a wage premium. Bernard and Jensen (1995) and Farifias and Martin-Marcos (2007) provide evidence to the effect
that exporting firms pay higher wages.



there exists a cutoff productivity level, ©,;, defined by
Taj (O7) = 0, (9)

such that all firms with productivity above this cutoff export (provided they choose to stay in the
industry) and all firms with productivity below it do not export. Firms with low productivity that
do not export may nevertheless make money from supplying the domestic market. For this to be

the case, their productivity has to be at least as high as ©g4;, implicitly defined by

T4j (Og5) = 0. (10)

We shall consider equilibria in which ©,; > ©g4 > Oy = Gi/ifll_ﬁ ), where 0, is the lowest
productivity level in the support of the distribution Gy (#). That is, equilibria in which high-
productivity firms profitably export and supply the domestic market, intermediate-productivity
firms cannot profitably export but can profitably supply the domestic market, and low-productivity
firms cannot make money and exit. Anticipating this outcome, a prospective firm enters the
industry only if expected profits from entry are at least as high as the entry cost f.. Therefore the

free-entry condition is

/ 74 (0) dG (©) + / 72 (©) dG (©) = f.. (11)
O4j Ou;

where G (0O) is the distribution of © induced by Gy (#). The first integral represents expected
profits from domestic sales, while the second integral represents expected profits from foreign sales.

In equilibrium expected profits just equal entry costs.

2.4 Labor Market

A country is populated by families. Each family has a fixed supply of L workers, and the family
is the representative consumer whose preferences were described in Section 2.1. We assume that
there is a continuum of identical families in every country, and the measure of these families equals
one in every country.?’

A family allocates workers to sectors—N; workers to the differentiated-product sector and
L — N; workers to the homogeneous-product sector—which determines in which sector every worker
searches for work. Once committed to a sector, a worker cannot switch sectors. Thus, there is
perfect intersectoral mobility ex ante and no mobility ex post. The homogeneous-product sector
has no labor market frictions and every job pays a wage of one. Therefore workers seeking jobs in
this sector expect to be employed with probability one and to obtain a wage wg = 1.

Unlike the homogeneous-product sector, labor market frictions exist in the differentiated-product

sector. Some workers seeking jobs in this sector become unemployed. Let H; be aggregate em-

20When preferences are homothetic rather than quasi-linear, the family interpretation is useful but not essential.
See the Appendix for a discussion of homothetic preferences, risk aversion, and ex-post inequality.



ployment in the differentiated sector. Then unemployment is positive in country j when H; < Nj,
i.e., not all workers searching for jobs find employment. An individual searching for work in the
differentiated-product sector expects to find a job with probability 2; = H;/N;, where x; measures
the degree of tightness in the sector’s labor market. Conditional on finding a job an individual
expects to be paid a wage w; = b; (see (7)). Therefore the expected income from searching for a
job in the differentiated sector is x;b;.

A family allocates workers to sectors so as to maximize the family’s aggregate income. As a

result, a family chooses 0 < N; < L; only if
zjb; = 1. (12)

In other words, in an equilibrium with incomplete specialization, the expected wage rate in the
differentiated sector just equals the wage rate in the homogeneous sector. This is similar to the
indifference between staying in the countryside and migrating to the city in the Harris and Todaro
(1970) model.?!  Unemployment is an equilibrium outcome (i.e., x; < 1) when b; > 1, as we
assume.??

We now interpret the parameter b; of the cost-of-hiring function b;h;; this parameter is exoge-
nous to the firm but endogenous to the industry. As we have seen, N; workers search for work in the
differentiated sector and only H; of them find jobs. Assuming that to attract workers firms have
to post vacancies—which are then only partially filled by individuals searching for jobs—implies
that b; depends on the degree of tightness of the labor market, as measured by x;. This is a stan-
dard implication of the Diamond-Mortensen-Pissarides model of search and unemployment (see, for

example, Pissarides (2000)). In particular, following Blanchard and Gali (2008), we assume that
bj = ajz§, a; >1and a > 0. (13)

We consider a; to be a measure of frictions in the labor market; higher values of a; can result from
higher costs of vacancies or from less efficient matching between workers and firms.?3 We shall say
that a country has better labor market institutions if it has a smaller a;.

Next note that (12) and (13) uniquely determine the hiring cost b; and tightness in the labor

2L A similar condition holds in the Amiti and Pissarides (2005) model, which is otherwise quite different from ours.

220ne can generalize the model to allow wages to vary in the homogeneous-product sector. A simple modification
would be the following: Suppose that the homogeneous-product sector uses labor and a sector-specific input under
constant returns to scale. Then the wage rate in this sector, wo;, is a decreasing function of labor employment,
L — N;. In this event the right-hand side of (12) has to be replaced with wo; (L — N;), where wq; (+) is a decreasing
function. The other equilibrium conditions do not change.

2 To justify this formulation, let a1 V'N'™", a1 > 0, 0 < n < 1, be a matching function, where V represents
aggregate vacancies and N represents the number of individuals searching for work. Then H = a;V"N'~", which
implies V/H = al_l/"x(lf”)/". It follows that a firm that wants to hire h workers needs to post v = al_l/"x(l’")/"h
vacancies. Next assume that the cost of posting v vacancies is azv in terms of the homogeneous good, where as > 0
is a parameter. Then a firm that wants to hire A workers has to bear the hiring cost ax®h, where a = ag/a}/77 and
a=(1-mn)/n>0. That is, a is rising with the cost of posting vacancies, az, and declining with the productivity of
the matching technology, a1. See Blanchard and Gali (2008).
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market x;:

T (14)

It follows that a country’s labor market frictions, as measured by a;, uniquely determine its wage
rate and labor market tightness in the differentiated-product sector. Since a; > 1 in every country,
this assumption implies that in each one of them the wage rate paid by differentiated-product firms
exceeds one and x; < 1, which implies positive unemployment.

Evidently, the model is bloc recursive, in the sense that the equilibrium wage rate and tightness
in the labor market are uniquely determined by labor market rigidities. We show in Section 7
that this property also holds with richer labor market institutions, which include firing costs and
unemployment benefits. The implication is that labor market frictions determine (b;, z;) in country
7, and these in turn impact other endogenous variables, such as trade, welfare and unemployment.
In other words, (b;,z;) provides a sufficient statistic for labor market rigidities. By varying a; in
(14) we can trace out the feasible set of this sufficient statistic when the only source of labor market
rigidity is search and matching.?* Since b; is uniquely determined by a;, i.e., b; = ajl-/ (1+a), and
xj = 1/bj (see (14)), we treat the derived parameter b; as the measure of labor market rigidity.
Specifically, we shall call a country with lower b; the flexible country and a country with higher b;
the rigid country.

The economy’s rate of unemployment is given by u; = (N; — Hj) /L, which is a function of the
number of individuals searching for jobs in the differentiated-product sector and the employment
level in this sector. This unemployment rate can be expressed as

Nj

Uj :T(l_xj)’ (15)

which is a weighted average of the sectoral unemployment rates, where the weights are the fractions
of workers seeking jobs in every sector. Since there is full employment in the homogeneous-product
sector, this weighted average equals the share of workers seeking jobs in the differentiated sector,
N;/Lj, times the unemployment rate in that sector, 1 —x; > 0. It follows that the unemployment
rate can rise either because it rises in the differentiated-product sector or because more individuals

search for work in the sector with higher unemployment, which is the differentiated sector.

3 Equilibrium Structure

In the main text we focus on equilibria with incomplete specialization, in which every country pro-
duces both homogeneous and differentiated products. Equilibria with specialization are discussed
in the Appendix. The purpose of this section is to describe properties of incomplete specializa-
tion equilibria. As a result, the analysis in this section is somewhat technical, wile most of the

substantive results and their intuition are discuss in subsequent sections.

24Tn Section 7 this set is richer as a result of the presence of firing costs and unemployment benefits.
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Figure 1: Cutoffs in a trading equilibrium

Equations (8)-(10) yield the following expressions for the domestic market and export cutoffs:

Og = Y </5 —— fab;~ BQl ’3
16
- e (16)
Oaj = ¢1¢2f$ )

Now substitute these expressions into (8) and the resulting profit functions into the free-entry
condition (11) to obtain

© /9 o o B
fd/@dj <@_d] —1> dG(@)"‘fx/@mJ <@x] —1) dG(@) =f., j=AB. (17)

This form of the free-entry condition generates a curve in (Og4;, ©.;) space on which every country’s

cutoffs have to be located, because this curve depends only on the common cost variables and on
the common distribution of productivity. Moreover, this curve is downward-sloping, as depicted by
FF in Figure 1, and each country has to be located above the 45° line for the export cutoff to be
higher than the domestic cutoff.??

Also note that as the export cutoff goes to infinity, the domestic cutoff approaches the cutoff of
a closed economy, which is represented by ©F in the figure. It therefore follows that if the cutoff

O4 in the closed economy is larger than O, so is ©4 in the open economy.?® Finally note that

*Note, from (16), that in a symmetric equilibrium, in which Q; = Q(-j), the export cutoff is higher if and only if
/=B ¢ > f4, which is the condition required for exporters to be more productive in Melitz (2003). We assume
for convenience that this condition is satisfied for all 7 > 1, in which case f, > fa.

26The autarky production cutoff is the solution to

* /06
o[ (&) mor=s
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(16) yields

O _ forT [ bi ]16, j=A,B. (18)
Ou-p  fa Lo
Equations (17) and (18) can be used for solving the four cutoffs as functions of labor market frictions
and cost parameters. As is evident, the cutoffs do not depend on the levels of labor market rigidities,
only on their relative size. And once the cutoffs have been solved, they can be substituted into (16)
to obtain solutions for the real consumption indexes @);.
Our primary interest is in the influence of 7, ba, and bp on the trading economies. We therefore

use (17) and (18) to calculate the impact of these variables on the cutoffs, obtaining

N . )
O = = | = (G +0ap) (b = b)) = Gy = dup) 7).
(19)

Osj = 2 |Gy +0ap) (b3 = b)) + Gaigy = Fup) 7).

where

ﬁ/@dG(@), 0uj = ./GdG(G), A:%(dd@d}g—émdw).

dj
Oyj Oy

64 =

Note that d4;/¢, is average revenue per entering firm from domestic sales in country j and /¢, is
average revenue per entering firm from export sales.?” Moreover, &4 equals average gross operating
profits (not accounting for fixed costs) per entering firm from domestic sales and d,; equals average
gross operating profits per entering firm from exporting.

It is straightforward to show that A > 0.28 Therefore an increase in a country’s relative labor
market frictions, say b;/b._;, raises the country’s export cutoff and reduces its domestic cutoff, in
addition to reducing the foreign country’s export cutoff and raising the foreign country’s domestic
cutoff. This establishes

Lemma 1 Let by > bg. Then Og4 < Oup and Opq > O,p.

Moreover, an increase in country j’s trade cost raises its export cutoff and reduces its domestic

which does not depend on labor market frictions. Note also that ©F > Omin if and only if (0/Omin) > 1+ fe/fa,
where © is the mean of ©, which we assume to be satisfied. This results from the fact that the integral on the left-hand
side of the above equation is decreasing in ©F and assumes its largest value of ((:)/@min) — 1 when O = Onin.

?"To see this, note that profit maximization (5) implies 7,;(©) = ¢y R.;(0) — f. for z = d,x, where Rg4(©) is
revenue from domestic sales and R;(0) is revenue from foreign sales. Then, from the zero profit conditions (9)-(10),
we have R.;(0) = f./¢, - ©/O;;. As a result, the average revenue per entering firm equals

oo . fz (5
/@ R, (0)dG(©) = .G)dG(@) =,

zj Ozj

8 Proof: To show that A > 0, observe that ©,; > Oy implies §g;/5; > (fd/@d]) / (f2/©aj) for j = A, B. Using
these inequalities together with (18) then implies d4adan/ (0zadzB) > T 28/(1=68) - 1, in which case A > 0. Also
note that d4adap/ (6240.5) > 722/0=F) > 1 implies d4 > d,; in at least one country, and that 845 > d,; is always
satisfied for both countries in a symmetric equilibrium with b4 = bp and hence by continuity in its vicinity.
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cutoff if and only if dq(_j) > ;). We will shortly show that, indeed, d4 > d,; in both countries
in this type of equilibrium. Therefore an increase in 7 raises the export cutoff and reduces the
domestic cutoff in both countries.

These insights can be conveniently summarized with the aid of Figure 1. When the two countries
have the same labor market rigidities, i.e., by = bp, both have cutoffs at point S in the figure,
which is the intersection of ray by = bp with FF.?% If, instead, country A has worse labor market
institutions, then A’s cutoffs are at point A while B’s cutoffs are at point B.30 The larger the gap
in labor market frictions between these countries, the higher A is on the FF' curve and the lower
B is. In contrast, improvements in the trading environment, which reduce 7, shift down points A
and B along the FF curve. These results have important implications for the variation of outcome
variables across countries, as well as for the international transmission of shocks, which we discuss

below. One immediate implication is that ); is higher in the flexible country.>! Therefore we state:
Lemma 2 Let by > bg. Then Qa4 < QB.

For our equations to describe an equilibrium with incomplete specialization, it is necessary
to ensure positive entry of firms in both countries, i.e., M; > 0 for j = A, B, where M; is the
number of firms that enter the differentiated sector in country j. This places restrictions on the
permissible difference across countries in labor market rigidities. We now derive implications of
these restrictions.

First, recall that QJC- = P;Q); is total spending on differentiated products in country j, and
M;6.j/p, is total revenue from domestic sales when z = d and from foreign sales when z = z.
Since aggregate spending has to equal aggregate revenue, we have3?

O ()

Ogi
ng?\[—J—l—M_-—.
7 J 5 (=) ¢2

Having solved for the cutoffs, which uniquely determine the d.;s, and the real consumption indexes,

2The equation of this ray is derived from (16) to be ©, = [T’B/(l_’g)fx/fd} ©4. Therefore its slope is
TB/(I—ﬁ)fx/fd > 1.

30 As a convention, we choose country A to be the rigid country and B to be the flexible country.

31Proof: Equation (16) implies (Qa/Qp) P~ = (©44/Oup) (bp/ba)? 7 1t follows that if, say, B is the
flexible country, then bp/ba < 1, and from the previous analysis, ©qa/@ap < 1. As a result, Qa/Qr < 1.

32 Alternatively, this condition can be derived from (1), the definition of the real consumption index Q;. A ©-firm
produces an output level g4 (©) = ©=A/Fh 4 (©) for domestic sales when © > ©4 and an output level g, (©) =
©U=A/Bh,; (©) for export when © > ©,;. Foreign buyers consume only g.; (©) /7 units of these exportables due to
the variable trade costs. Therefore, if a measure M; of firms have entered the industry in country j, then

1

oo e s
Q= {Mj/ ©'’hy (©)7 dG (8) + MH)FB/e 0" h,_, (©)7dG(©)| .

Ouj x(—35)

Substituting in the equilibrium values of hq4;(©) and h,;(0) from (6) and using (16), yields the equation in the main
text.
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Q;, these equations yield the following solution for the number of entrants:

(1-5) ¢y ¢ ¢
My = 2 [bap @5 - b @) (20)
It is straightforward to show that g4 > 6.4 in the rigid country A.?* Under these circumstances
(20) implies Mp > 0, because Q; is larger in the flexible country (see Lemma 2). In addition, (20)
implies that a necessary condition for M4 > 0 is d45/0.8 > (QB/QA)C > 1. In other words, in an
incomplete specialization equilibrium we have d4; > d,; for j = A, B. Moreover, Lemma 1 implies

that d4; is smaller in the flexible country and d; is larger in the flexible country. We therefore have

Lemma 3 In an equilibrium with incomplete specialization, dg; > 055 in both countries. Moreover,
ifba > bp, then dga > dqp and dpa < 62B.

This lemma implies that revenues from domestic sales exceeds revenue from exporting, and that
revenue from exporting as a share of total revenue is larger in the flexible country.
Equation (20) can also be used to calculate the difference in entry. In particular,
(1—5) ¢y

My — Mp = TN (8B + 024) Q% — (344 + 628) Q% | -

Therefore, we have3*

Lemma 4 Let by > bg. Then M4 < Mp.

We show in the Appendix that for every 7 > 1 there exists a unique threshold b(7) > 1, such
that M; > 0 for j = A, B if and only if ba/bg < b(7), where A is the rigid country. When
ba/bg > b(7), the rigid country specializes in homogeneous goods. Evidently, b (7) provides an
upper bound on differences in labor market frictions that support equilibria with production of
differentiated products in both countries.3?

Next consider the determinants of the number of workers searching for jobs in the differentiated
sector, Nj, and aggregate employment in that sector, H;. On the one hand, the wage bill in the
differentiated sector, w;H;, equals Nj, because the wage rate is w; = b; = 1/x; (see (14)) and
xj = H;/N; by definition. This implies that aggregate income equals L, where N; is derived from

the differentiated sector and L — Nj is derived from the homogeneous sector. On the other hand,

#Gince A > 0, it is necessary to have d4 > J,; in at least one country. However, the rigid country A has a
higher export cutoff and a lower domestic cutoff. Therefore dga > dz4 in the rigid country. Moreover, as shown in
footnote 28, dap > dp in the flexible country as well, as long as labor market rigidities do not differ much across
countries.

M Proof: Let B be the flexible country. Then from Lemmas 2 and 3, dap < 044, 0z4 < dzB, and Q@p > @4, in
which case Mp > Ma.

35Given 7, this limit can be depicted by point C' on the FF curve in Figure 1, which is located between the
ba = bp ray and the 45° line, such that the equilibrium point of the flexible country, point B, has to be above C' for
both countries to be incompletely specialized. In the Appendix we also analyze equilibria with specialization when
ba/bp > b(1).
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the wage bill in the differentiated sector equals the fraction 5/ (1 + 3) of revenue (a result from the

B (04 5ﬂ>
N]leJ(@W? ’ ()

where M (045 + 045) /9 is total revenue in the differentiated sector. It follows that, once the cutoffs

bargaining game). Therefore

and the numbers of firms are known, this equation determines the number of workers searching for
jobs in the differentiated-product industry.?¢ Having solved for N;, aggregate employment in the
differentiated sector is

H; = z;N;. (22)

This completes the description of an equilibrium with incomplete specialization.

4 Trade, Welfare and Productivity

In this section we explore channels through which the two countries are interdependent. For this
purpose we organize the discussion around two main themes: the impact of a country’s labor market
frictions on its trade partner, and the differential effects of trade impediments on countries with

different labor market institutions.

4.1 Welfare

We are interested in knowing how labor market institutions and trade frictions affect welfare, and in
particular their differential effects on the welfare of the flexible and rigid countries. Since aggregate
spending F equals aggregate income, and aggregate income equals L (as we explained above), the
indirect utility function (3) implies that welfare is higher the larger the real consumption index of
differentiated products @); is. We have already shown that @); is higher in the flexible country, in
which case the flexible country is better off than the rigid country.

Now combine the formulas for change in the cutoffs (19) with (16) to obtain

™

¢, 1 ; A A
—595 = 7 | “0at-i) Orj +04) b + b2 (Ou(—j) + Fa(=i)) b=y = Iaj (Ba—) = du(-) T] - (23)
This equation has a number of implications. First, it shows that an improvement in a country’s
labor market institutions raises its real consumption index ); and therefore its welfare, but it
reduces the trade partner’s welfare. On the other side, a simultaneous improvement in the labor

market institutions of both countries, at a common rate by = bp, raises everybody’s welfare.3”

%6 Using the fact that H; = 2;N; = N;/b;, one can derive (21) directly from the definition of sectoral employment,
Hj:

H, = M, [/w ha; (©) dc<@>+/°° s (@)dG(@)] ,

O4; Oy

after substituting in the equilibrium employment levels hq;(0) and hs;(0) from (6), using (16).
T This follows from the fact that —8a(_j) (8xj + 645) + 625 (Ju(—j) + da—j)) = —BA/ (1 =) <O0.
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Second, in view of Lemma 3 (specifically, in view of d4; > 0,; in both countries), a reduction in

trade impediments raises welfare in both countries. We summarize these findings in®®

Proposition 1 (i) Welfare is higher in the flexible country. (ii) An improvement in labor market
institutions in one country raises its welfare and reduces the welfare of its trade partner. (iii) A si-
multaneous improvement in labor market institutions in both countries, with ba = I;B, raises welfare
in both of them. (iv) A reduction of trade impediments raises welfare in both countries and Q; rises

proportionately more in the flexible country.

The second part of this proposition is intriguing: it states that a country harms the trade partner
by improving its own labor market institutions. Moreover, this happens despite the fact that the
trade partner (—j) enjoys better terms of trade as a result of improved labor market institutions in
country j, because (—j) pays lower prices for imported varieties from j. The reason for this result is
that better labor market institution in country j act like productivity improvements in this country,
which makes foreign firms less competitive and therefore crowds them out from the differentiated
sector. As a result, fewer foreign firms enter the industry, which harms foreign welfare, and this
negative welfare effect is larger than the welfare gain from improved terms of trade.?’

Proposition 1 also establishes that the gains from trade are unequally distributed, with the
flexible country gaining more. The reason is that, before trade liberalization, the differentiated-
product market is more competitive in the flexible country than in the rigid country (i.e., P is lower
in the flexible country). As a result, exporters of brands of the differentiated product gain from
foreign-market access more in the flexible country than in the rigid country.?

The last part of this proposition establishes that both countries gain from trade, because autarky

41 Moreover, we show in the Appendix that both countries gain from

is attained when 7 — oc.
trade when the difference in labor market institutions is large enough to effect an equilibrium in

which the rigid country specializes in the production of homogeneous products. We therefore have

Proposition 2 Both countries gain from trade.

38 The very last part of the proposition follows from the fact that (23) implies

B—¢
1-p

Under these circumstances Qj > Q(_j) in response to 7 < 0, when Bj < B(_j) (by Lemma 3) .

39 Demidova (2006) studies a full employment model with exogenous differences in productivity distributions across
countries, and finds that: (a) productivity improvements in one country hurt its trade partner; and (b) falling
trade costs benefit disproportionately the more productive country, and may even hurt the less productive country.
Our results on labor market frictions are similar to these (except that in our case both countries necessarily gain
from falling trade costs), because—not withstanding unemployment—labor market frictions have analogous effects
to productivity.

10 Additional intuition is obtained from Lemma 3, which implies that firms in the flexible country receive a larger
fraction of revenue from exporting. As a result, falling trade costs result in a larger increase in profitability of
exporting firms in the flexible country, which leads to relatively more entry in this country and to disproportionately
higher welfare gains.

1 The following is a direct proof of the gains-from-trade argument: We have seen that the domestic cutoff is higher
in every country in the trading equilibrium than in autarky. The first equation in (16) then implies that @Q; is higher
in every country in the trading equilibrium, because this equation also holds in autarky.

(@3- @] =% [ +005) Guy +82-) (b5 = B + (Baindes — dui51605) 7]
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This proposition is interesting, because it is well known that gains from trade are not ensured in
economies with nonconvexities and distortions.*? Moreover, in addition to the standard nonconvex-
ities and distortions that exist in models of monopolistic competition, our model contains frictions

in labor markets, which makes the gains-from-trade result even more remarkable.

4.2 Trade Structure

From Lemma 1 we know that the country with better labor market institutions has a lower export
cutoff and a higher domestic cutoff; therefore it also has a larger fraction of exporting firms in the
differentiated-product sector. In addition, we know that exports per entering firm equal &,;/¢,.

Therefore exports of differentiated products from country j to (—j) are

X; = Mji—j.
Lemma 3 states that the country with better labor market institutions has a larger J,,; and Lemma 4
states that it has more firms. Therefore the flexible country exports a higher value of differentiated
products X;, which implies that it exports differentiated products on net. As a consequence, the
rigid country exports homogeneous goods.

As in the standard Helpman-Krugman model of trade in differentiated products, there is intra-
industry trade. We can therefore decompose the volume of trade into intra-industry and intersec-
toral trade. Let country A be the rigid country and let B be the flexible country. Then, because
trade is balanced, the total volume of trade equals 2Xp and the volume of intra-industry trade

equals 2X 4. Therefore the share of intra-industry trade equals

Xa _ dgaMay
Xp  6.8Mp’

Using (20) this share can be expressed as

5d_B_<%><

Xa_ 5 \Qa

XpB %_A(@)C_l.
0z \ Q4

Equations (19) and (23) then imply that the share of intra-industry trade is smaller the larger the
ratio ba/bp is.

The results on trade structure are summarized in

Proposition 3 (i) A larger fraction of firms export in the flexible country. (ii) The flexible country
exports differentiated products on net and imports homogeneous goods. (iii) The share of intra-

mdustry trade is smaller the larger the proportional gap in labor market institutions.

*2See Helpman and Krugman (1985).
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That is, labor market institutions impact comparative advantage and the share of intra-industry

trade in a particular way. Evidently, these are testable implications about trade flows.*3

4.3 Productivity

In this section we discuss the implications of our model for total factor productivity (TFP). Al-
ternative measures of TFP can be used to characterize the efficiency of production. We choose to
focus on one such measure—the employment-weighted average of firm-level productivity—which is

commonly used in the literature.** In the differentiated-product sector this measure is

M; | [ 18 o 18

rrp, = 2| [T 0 F hy(0)da(e) + / 0'F hyy (©)dG(O) | . (24)
H] Og;j O

Recall that q,;(0) = 0179/}, ;(0) for z = d,z. Therefore, TFP; equals the output of differ-

entiated products divided by employment in the differentiated-product sector.*> Note that TFP;

measures productivity in the differentiated-product sector only, rather than in the entire economy,

and productivity in the homogeneous-product 