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Abstract

We study how international trade affects both intra- and intersectoral
wage distributions and unemployment. To do this we utilize the firm-
worker matching model developed by Burdett and Mortensen and extend
it to genuine multisector models in standard trade theory framework. In
the models we study wage distributions are more dispersed in open than in
closed economies. At the same time the unemployment rate may be lower
in open economies. The extension of the basic Burdett-Mortensen model
into multisector models also provides a way to reconcile the theoretical
wage distributions with observed wage distributions. Finally, the model is
consistent with many other empirical facts, e.g. one of the model implica-
tions is that export firms are more productive and larger than other firms
and pay higher wages. When the model is extended to Heckscher-Ohlin
framework, one interesting implication is that factor price equalization
does not hold anymore.

INCOMPLETE, DO NOT QUOTE OR DISTRIBUTE WITHOUT
PERMISSION

1 Introduction

One of the most exciting areas of research in international trade has recently
been the research on the implications of firm heterogeneity on the structure
of international trade. Motivated by the empirical research on the character-
istics of exporting firms vis a vis firms producing solely for the home market,
theoretical research starting from Melitz (2001) and Eaton and Kortum (200x)
has clarified the issue how the firm heterogeneity in terms of (labor) produc-
tivity is transformed through self-selection to exporting status. The theory has
also considered e.g. the role of trade costs in affecting the selection process.
Recently, some effort has been put to explain the firm heterogeneity. Massini
and Turini (2004) and Yeaple (2005) explain firm heterogeneity through the
existence of skill differences between entrepreneurs (Massini and Turini) or of
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existence of skill differences between workers and the selection of technologies
(Yeaple). Yeaple e.g. shows that firms selecting new technologies also employ
the highly-skilled workers and export.
This paper provides a theory of firm heterogeneity based on imperfections in

labor markets. The labor market imperfections take the form of search frictions
resulting in imperfect matching and unemployment. Burdett and Mortensen
(1998) was among the first studies to show that the search frictions give firms
some monopsony power. Together these two effects lead to an equilibrium where
ex ante identical firms will pay different wages and are ex post heterogenous.
The idea has been extended further by Acemoglu and Shimer (2000), Manning
(2003), and Mortensen (2004) both in theory and empirics. We extend here the
basic theory to a general equilibrium setting involving several sectors and inter-
national trade. The theory results in a theory of both intra- and intersectoral
wage distributions. The main focus will be on the implications of trade for these
distributions. This is done by extending the standard Ricardian theory.
The theory presented answers one puzzle that cannot be explained by the

existing theories. There exists now quite a bit of research showing the existence
of an industry wage premium even after controlling for worker skills (e.g Man-
ning (2003), Mortensen (2004)) and that at least part of these industry skill
premiums are affected by international trade: import competition reduces the
skill premium while exporters pay larger premiums. This paper presents first a
simple Ricardian theory of size and both intra- and inter-industry wage distri-
butions of firms. One of the implications of theory is that exporting firms are
larger and more productive than firms competing with imports. Secondly we
examine a simple Heckscher-Ohlin version of the model.
The next two sections present a simplified version of the model, to be followed

by the full model.
The major results we reach are TO BE ADDED

2 The closed Ricardian economy

Consider an economy producing two goods with labor. The unit labor produc-
tivity in sector i, i = 1,2, is ai. The goods are produced by firms, each of which
employs just one worker. 1 The gross revenue of each firm in sector i is piai,
where pi = price of sector i good. One of the most crucial assumptions we make
is that while there is a free entry of firms (subject to entry costs) we assume
that once firms have entered they cannot switch between sectors. The main
reason for this is that without this assumption the Burdett-Mortensen type of
theory cannot account for the existence of both intra- and interindustry wage
distributions, see below. Ex ante all potential firms are identical but ex post

1The theory built can be generalized to produce also a theory for the size distribution of
firms as will be indicated in the concluding section.
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they are sector specific. Thus, the theory we build should be interpreted as a
Ricardo-Viner, sector specific factor theory.
The second crucial building block of the model is the assumption that labor

markets are not frictionless. Firms have to search for workers and workers have
to search for firms. In this model we assume workers just to be responding to the
wage offers made by firms. To facilitate the analysis and to keep in tradition
of international trade theory we assume that all the workers/consumers have
identical homothetic preferences. They take as given the goods prices and thus
their utility is linear in wages (assuming in addition that they take as given
the profit income they earn). The distribution of the number of wage offers
each worker receives is assumed to be a Poisson distribution with parameter
λ indicating the expected number of offers received per period, λ = number
of firms/number of workers. We assume that there is a continuum with mass
1 of workers and a continuum of firms with mass λ. This makes the Poisson
approximation to the true (binomial) distribution good. The theory also requires
the mass of potential employers to be larger than the mass of workers, λ > 1
(Acemoglu and Shimer 2000). The firms maximize their expected value.
Firms make offers which the workers who receive the offers either accept or

reject. We assume that firms employ all the workers that accept their offers. Let
F (w) denote the distribution of wage offers, i.e. F (w) is the number (mass)
of firms offering at most a wage w. It can be shown (see e.g. Burdett and
Mortensen 1998, Manning 2003 ch. ? and Mortensen 2004 section 1.2.1.) that
there does not exist any pure strategy equilibrium with each firm offering the
same wage. Hence, F is non-degenerate. Also, the economywide equilibrium
distribution of wage offers must be continuous (e.g. Mortensen 2004 section
1.2.1). Also, firms with higher productivity offer wages at least as high as firms
with lower productivity (see e.g. Mortensen 2004 section 1.2.3.). Finally, with
free entry, the expected profits of all firms must be equalized. This requirement
ties together the wage distributions of firms facing different productivities.
Once a firm and workers have been matched they remain matched as long as

the firm runs. We assume that the all the firms face a random shock, distributed
independently across firms, of having to close down. The probability of being
hit by the shock is Poisson distributed with parameter δ indicating the firm/job
destruction rate. The unit value of the firm/job, after the match, is, in sector
i, for a firm having offered wage w

Vi (w) =
piai − w

r + δ + λ (1− F (w))
(1)

where r = rate of interest. The value equals the discounted present value of
future profits from the match with discount factor reflecting also the probabil-
ity of the match being broken either by an exogenous shock or by the worker
receiving a better wage offer.
If h (w) denotes the probability of the wage offer being accepted the expected

value of the firm is h (w)V (w). The acceptance probability is

h (w) = u+ (1− u)G (w) (2)
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where u= rate of unemployment andG (w)= fraction of the employed accepting
an offer less than w. The idea here is that all unemployed workers and those
workers whose current wage is below the wage offer accept the offer. We will
concentrate only on the steady state distributions. It can be shown that in the
steady state

G (w) =
δF (w)

δ + λ [1− F (w)]
(3)

To understand this, the dynamics of the unemployment rate is given by the
differential equation

.
u = δ (1− u)− λu

and the dynamics of people employed at or below the wage w, E (w)

.

E (w) = λF (w)u− [δ + λ (1− F (w))]E (w)

The steady state solution is
u

1− u
=

δ

λ
(4)

and

E (w) = (1− u)

µ
δF (w)

δ + λ [1− F (w)]

¶
Since E (w) = (1− u)G (w), (3) is obvious. Thus, the steady state expected
present value of the firm is, using (3) and (4)

PVi (w) =

µ
δ

δ + λ (1− F (w))

¶ ∙
piai − w

r + δ + λ (1− F (w))

¸
(5)

To simplify the model we assume that there is no possibility for intertemporal
trade, or rather that the only saving technology available is one with r = 0.
This gives

PVi (w) =
δ (piai − w)

(δ + λ (1− F (w)))
2 (6)

Consider now the entry of firms. We assume that once the firms have made
the decision in which sector to enter they cannot switch the sector. Let the entry
cost be c in terms of the numeraire good. Assume good 2 to be the numeraire.
When making the decision of entry they naturally choose the sector in which the
expected profit is highest. As we assume consumer preferences to be homothetic,
both goods will be produced in the closed economy equilibrium. This means
that, in equilibrium, the expected profits must be equal across sectors and across
firms in each sector. Furthermore, in equilibrium also p1a1 = p2a2 ⇔ pa1 =
a2, with p ≡ p1

p2
. This is, since, as shown in Burdett and Mortensen (1998),

the firms with lower gross revenue would be paying lower wages than the firms
in the other sector. The wage distributions would have one common wage, the
lowest wage offered by the sector with highest gross revenue and the highest
wage offered by the low gross revenue sector must be the same. Given that
the equilibrium distribution of wage offers, F (w), must be continuous, this
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equality cannot hold unless pa1 = a2. This has two crucial implications for the
closed economy equilibrium: a) The equilibrium goods pricing is identical to
the standard Ricardian pricing, and b) In the closed economy equilibrium there
will only be intrasectoral variation of wages but no intersectoral differences in
wage distributions. To get to both of these, one way would be to extend the
model with consumer search to induce a price distributions, an endeavour we
leave for future papers. Another way would be to assume that the number of
firms in each sector is exogenously given. This is the avenue we take in the case
of open economy equilibrium in the barebones model of the next section: we
assume that the number of firms in each sector is given by the closed economy
equilibrium. Without this assumption there would be intersectoral variation
in the global economy but, since the equilibrium would be such that only one
sector is active in each economy, there would by definition be only intrasectoral
variation of wages in each economy. A third way is to inroduce a sector specific
factor explicitly, and we follow this idea in the general model of the paper.
To close the model, we assume that the unemployed workers have access

to a technology producing the numeraire good, each unemployed worker can
produce b units of the good 2. Naturally b < a2. The lowest wage offered will
be equal to b: it can be shown that at the lowest wage offered the firm offering
that wage cannot affect the number of workers contacting it by changing the
wage offer marginally (Burdett and Mortensen 1998). This is obvious from (6)
as at the lowest wage F (w) = 0. Thus, the optimal choice of wage is b.
Since entry is free, the equilibrium wage distribution is a solution to the

equation
δ (a− w)

(δ + λ (1− F (w)))
2 =

δ (a− b)

(δ + λ)
2 (7)

where a ≡ pa1 = a2. The solution is

F (w) =

µ
δ + λ

λ

¶"
1−

µ
a− w

a− b

¶ 1
2

#
(8)

This is the equilibrium distribution as profits for all firms offering the wage
within the support of the distribution are equalized, while firm offering a wage
below b would not attract any workers and its profits would be 0, and given the
entry cost, it would be losing money. The firm offering a wage above the maxi-
mum wage in the support would certainly attract workers but then a deviation
by other firms to offer a wage slightly above that wage would be optimal etc,
but these firms would make less money than the firm offering the lowest wage.
The largest wage paid, wmax can be solved from the equationµ

δ + λ

λ

¶"
1−

µ
a− wmax

a− b

¶ 1
2

#
= 1

with the solution

wmax = a−
µ

δ

δ + λ

¶2
(a− b) (9)
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The wage distribution, as measured by the difference between maximum and
minimum wages offered, is the more dispersed, ceteris paribus, the higher the
level of productivity, as measured by a, the lower the income while unemployed,
and the lower the unemployment rate, δ

δ+λ . The unemployment rate, however,
is endogenous, as the match frequency λ is endogenous and the solution to

δ (a− b)

(δ + λ)2
= c

giving

λ =

∙
δ (a− b)

c

¸ 1
2

− δ

giving the equilibrium unemployment rate as

u =
δ

δ + λ
=

µ
cδ

a− b

¶ 1
2

(10)

and the maximum wage as
wmax = a− cδ (11)

The allocation of firms and employment to sectors must be such that em-
ployment in each sector is able to produce the output demanded at the given
price. Assuming Cobb-Douglas preferences with α as the share of good 1 in
aggregate expenditure, the equilibrium condition for market for good 1 is

α

"
(1− u)

Z wmax

b

wg (w) dw + ub+ λc

#
=

a2
a1

Q1 (12)

where g = G0, the density of wages paid. The last term equals, with the free
entry condition, aggregate profits in the economy, as λ is the measure of firms
in the economy. Using (3) and (8) one can calculate

G (w) =
δ

λ

"µ
a− b

a− w

¶ 1
2

− 1
#

which can be used with integration by-parts to getZ wmax

b

wg (w) dw = (13)

2wmax − b− δ

2λ

h
(a− b)

1
2

³
(a− b)

1
2 − (a− wmax)

1
2

´i
as the average wage in the economy. With expressions for the mass of firms and
unemployment rate and the maximum wage, (12) gives the aggregate output of
good 1 in the economy.
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Since in the closed economy equilibrium firms in both sectors are similar
(except for producing diferent goods) the share of firms in each sector is given
by their share of employment. Thus, the share of firms in sector i is

σi =

Qi

ai
Q1

a1
+ Q2

a2

(14)

To complete the characterization of the closed economy equilibrium, it can
be noted that firms paying higher wages are also larger in terms of their labor
force. This is as the average size of firms paying wage w is

lim
ε→0

G (w)−G (w − ε)

F (w)− F (w − ε)
=

g(w)

f(w)
=

δ (a− b)

(δ + λ) (a− w)

which is increasing in the wage rate.

3 Small open Ricardian economy

Consider now the equlibrium in a small open economy facing world market price
ratio pw. Assume, for definiteness, that pw > a2

a1
, i.e. the world market price

of good 1 exceeds the closed economy equilibrium price. If the firms can move
freely between sectors, it is clear that we get the same result as in the standard
Ricardian model: the economy will be completely specialized, in this case in
production of good 1. This is as now pwa1 > a2 and the equalization of profits
cannot take place for any continuous wage offer distribution.
But this is still an interesting case and gives some first ideas of the impacts of

international trade on wage distributions and unemployment rate. By substitut-
ing pwa1 for a in (10) one sees that trade reduces unemployment rate (since all
the previous formulas still apply, there is just one sector in the economy): trade
opening is equivalent to an economywide productivity increase. Similarly, (11)
implies that the trade increases the largest wage offer made, implying higher
wage inequality in the sense that the difference between the highest and lowest
wages in the economy increases.
Broadly similar conclusions hold when the model is extended by assuming

that once firms have entered they cannot switch between sectors. This extension
also gives a flavor of the analysis for the case where there exist sector specific
factors, to be studied in the next section. Accordinly, assume now that the the
number (mass) of firms is fixed and their distribution across sectors is given
by (14). Then it is known that the open economy equilibrium is characterized
by a distribution of wages that is a combination of sectoral wage distributions.
Sector 2 firms will offer, in equilibrium lower wages than sector 1 firms. As the
wage distribution must have a connected support there exists a threshold level
of wage, the highest wage offered by sector 2 firms and lowest wage offered by
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sector 1 firms. The distribution of wages in sector 2 is now determined by the
equation

δ (a2 − w)

(δ + λ (1− F2 (w)))
2 =

δ (a2 − b)

(δ + λ)2

with the highest wage paid by the sector satisfying the equation

F2 (w) = σ2

The solutions are

F2 (w) =

µ
δ + λ

λ

¶"
1−

µ
a− w

a− b

¶ 1
2

#

and

w = a2 −
∙
δ + λ(1− σ2)

δ + λ

¸2
(a2 − b)

The wage distribution in sector 1 can be solved from the equation

δ (pwa1 − w)

(δ + λ (1− F1 (w)))
2 =

δ (pwa1 − w)

(δ + λ (1− F1 (w)))
2

with the solution

F1 (w) =

µ
δ + λ

λ

¶"
1−

µ
a− w

a− w

¶ 1
2

#

and the overall wage distribution is given by

F (w) = F2 (w) + F1 (w)

The highest wage paid in the economy is given as the solution to

F1 (w
max) = 1

The solution is

wmax = pwa1 −
µ

δ

δ + λ

¶2
(pwa1 − w)

Exporting firms are more profitable than firms competing with imports, and
they also are on average larger (as measured by the number of employed persons)
than the firms competing with imports. Export sector firms also grow in size
compared to what they were in the closed economy equilibrium. Exporting firms
also pay higher wages than firms in the other sector. The largest wage paid is
larger in the open economy than it is in the closed economy (see the Appendix,
to be added). In this sense opening of trade increases the wage dispersion.
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4 General model: The small open economy

We generalize the above model by assuming that there exist sector specific
factor(s) of production. The idea is that with these factors both sectors can
produce even in an open economy. The intuition is that if production in one
sector is closed completely then the rental of the fixed factor used by that sector
falls to 0. Under proper conditions the profitability of that sector increases then
by so much that firms find it worthwhile entering the sector. To make the point
we focus on the special case of Ricardo-Findlay -model (Findlay 1978) where
sector 2 uses only labor while sector 1 uses both labor and a fixed factor (call it
land). One of the main defects of the Burdett-Mortensen -model is that the wage
offer and accepted wage distributions they imply do not accord with empirical
evidence. The observed distributions have roughly the shape of a lognormal
distribution, while the Burdett-Mortensen distributions put too much mass in
the upper tail of the distribution (and too little in the lower tail). The model can
be amended in various ways to get the proper shape. One of our purposes here
is to check whether an extension to multisector framework leads to distributions
that are closer to actual distributions.
Assume now that in sector 1 labor productivity is given by

a1 = a0f (m) , f
0 > 0, f” < 0

where now m = firm investment in land. With this specification the model
captures features of both the firm specific invetsment model of Acemoglu and
Shimer (2002) and the general capital model of Mortensen (2004, ch. 3). We
will work with the following parametrization:

a1 = a0m
β , 0 < β < 1 (15)

In sector 2 we assume the labor productivity to be constant a2.
In sector 1 the firms are assumed to invest first in the land after which they

search for the worker(s). Thus, when making the investment they take into
account the expected net profits (including the cost of recruitment). In contrast
to the analysis above now the vacancy and the firm do not disappear if the
workers quit the firm, as the firm own land. This implies (derivations will be
provided in the revised version of the paper) that the expected steady state
value of the firm at the time when the land investment is made is

π1 =
h1 (w)

¡
pwa0m

β − w
¢
− (r + d1 (w)) c

r + h1 (w) + d1 (w)
− (r + δ) rmm (16)

where

d1 (w) =
δ

h1 (w)

and rm = land rental. Firm maximizes this by choosing the land investment m.
For the entry decision the relevant sector 2 expected profit is

π2 =
h2 (w) (a2 − w)− (r + d2 (w)) c

r + d2 (w)
(17)
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From now on we again assume that r = 0.
The optimal land choice for the firm in sector 1 is

m (w) =

⎡⎣β
³

h
h+d

´
pwa0

δrm

⎤⎦
1

1−β

(18)

(where the argument in h and d has been suppressed). (18) implies that firms
offering higher wages invest more in land. The reduced form of sector 1 expected
profit is thus

π1

µ
w, pwa0,

h1
h1 + d1

, δrm, β

¶
= (19)

(1− β) (pwa0)
1

1−β

µ
β

δrm

¶ β
1−β

z
1

1−β − (w − c) z − c

where z ≡ h1
h1+d1

. At w = b, z (b) = δ
(δ+λ)2+δ

. We assume that at w = b the
profits in sector 1 are larger than in sector 2. This just states that the country at
prevailing world market prices has a comparative advantage in sector 1. Given
this, sector 1 will be the high wage sector in the sense that firms there offer
wages at the upper tail of the wage distribution.
We can now proceed with the same principles as in the sections above. The

part of the wage distribution containing the wages offered in sector 2 is a solution
to the equation

π2 (w, a2, h2 (w) , d2 (w)) = (20)

π2 (b, a2, h2 (b) , d2 (b) , c)

The solution is analogous to the solution obtained above. The more interesting
part is the solution to the wage distribution in sector 1. The general distribution
is a solution to the equation

π1

µ
w, pwa0,

h1
h1 + d1

, δrm, β

¶
= (21)

π2 (b, a2, h2 (b) , d2 (b))

This is a free entry condition, profits have to equal within and across sectors.
We impose later the restrictions on the range of wages the two distributions
apply. Using (19) in (21) sector 1 distribution is a solution to the following
equation:

(1− β) (pwa0)
1

1−β

µ
β

δrm

¶ β
1−β

z
β

1−β − (w − c) = (22)

[π2 (b, a2, h2 (b) , d2 (b) , c) + c] /z

Graphically the solution is as follows (we present it, for simplicity only for the
case β > 1

2) (see Figure 1):

10



 

z

LHS 
RHS 

Figure 1:
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F1

Figure 2:

The most important result here is that the sector 1 wage offer cumulative
density now is concave (this is easily established with basically graphical argu-
ment, will be included in the revised version), i.e. of the type shown in Figure
22:
The implication is that the upper end of the wage offer distribution has

a density declining with higher wages, consistent with observations. Another
interesting result is that

∂F1 (w, p
wa0)

∂ (pwa0)
< 0

as is easily seen. This will imply that the highest wage paid in the economy
increases while the lowest wage paid in the export sector falls. Thus, both in
the aggregate and within the export sector wage dispersion as measured by the
difference between the highest and lowest wage increases.
Now finally, in equilibrium the aggregate wage distribution has to be con-

tinuous. Thus, the wage rate dividing the sectors is given by the solution to the
equation

F1 (w, p
wa0, δrm, β, b, a2) = F2 (w, b, a2) (23)

2Mortensen (2003) shows this for a special case.
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F2 

F1 

Figure 3:

Graphically (see Figure 3) the solution for the cutoff wage can be illustrated as
follows:
The implied wage offer distribution (the density) is then like in the following

diagram (Figure 4), as wages from b up to the cutoff wage w are distributed
according to F2 and from the cutoff wage on according to F1:
This now resembles in general shape the observed wage distributions. Nat-

urally our model is very specific but the point we want to make is that in a
multisector economy even the almost very basic Burdett-Mortensen type model
can produce potentially empirically relevant wage distributions.
There are two more equilibrium conditions. One is for the market of land.

Since the firms make their land investments before opening vacancies, the land
market equilibrium condition is

Z wmax

w

⎡⎣β
³

h
h+d

´
pwa0

δrm

⎤⎦
1

1−β

dF1 (w) =M (24)

where (18) has been used and M = aggregate supply of land. wmax is naturally
the solution to F1 (w) = 1. (23) and (24) characterize fully the equilibrium for
a given number (mass) of firms. With free entry the mass of firms is determined
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Figure 4:

14



by the equation
π2 (b, a2, h2 (b) , d2 (b) , c) = 0 (25)

In the special case we have studied, (25) implies that the unemployment rate
is basically determined by the conditions in sector 2. But the model is fun-
damentally driven by the two other equilibrium conditions. COMPARATIVE
STATICS TO BE ADDED. The qualitative properties of the model are inter-
esting and in line with many empirical studies: Export sector firms are more
productive and larger than other firms. They also pay higher wages (even if all
workers are identical). TO BE CONTINUED

5 General model: Wage distributions in a small
open Heckscher-Ohlin model

The model can be extended also into a Heckscher-Ohlin type of framework with
intersectorally mobile factor (capita) in addition to labor. As is usual the key
assumption to be made is that capital intensities differ between sectors. With
this, the solution can be obtained in steps analogous to those in the previous
section. Among the results one can easily show that factor price equalization
does not any more hold. The intuition is clear: due to the labor market imper-
fection one cannot anymore talk about a single wage and also firms are earning
rents (which naturally will be completed away but still there is no necessary
relationship between unit price and unit cost). TO BE COMPLETED.

6 General model: Equilibrium in the world econ-
omy

7 Conclusions

REFERENCES TO BE ADDED
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