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1 Introduction

It has been widely documented that the wages paid by firms are positively correlated
with their export performance. Indeed, it appears that trade induces changes in intra-
industry, within-occupation wage inequality that are just as has significant, if not more
significant, than the changes induced by trade in inter-sectoral, inter-occupational wage
inequality.1 While the latter are theoretically well understood – and can be rational-
ized by variants and generalizations of the Stolper-Samuelson theorem – within-industry
trade induced changes in the distribution of wages can be viewed as posing a theoreti-
cal challenge. Models which have been developed in the literature to rationalize export
conduct by heterogeneous firms producing similar goods (such as Melitz, 2003) cannot
directly account for effects on intra-sectoral wage inequality – nor can they account for
the observed positive relationship between export performance, prices and wages.2

Several mechanisms have been proposed to explain this pattern – including a positive
relationship between quality choice by exporters and input quality (Bernard, et. al, 2003),
positive assortative matching between high-productivity, export-intensive firms and high-
skill workers (Yeaple, 2005), labor markets frictions under wage bargaining (Helpman et.
al., 2014). Export performance has been shown to be correlated not only with wages
but also with other firm characteristics, such as size, capital intensity, prices of inputs
other than labor, and export prices – the latter feature also broadly being observationally
equivalent to quality.3

In this paper we investigate whether the positive correlation between wages and ex-
port performance could be accounted for simply by comparative input scarcity when
product differentiation is associated with input differentiation. If differentiated goods
are produced with workers of different skill types, then comparative skill scarcity can
translate into comparatively higher wages for comparatively scarcer skills and compara-
tively higher prices for the goods produced with those skills.

Skill scarcity in combination with variable trade costs that are less than proportional
to price (non-iceberg trade costs), this implies that trade liberalization can produce com-
paratively greater effects on high-wage jobs producing high-price goods – a mechanism

1See the recent analysis by Akerman et al. (2013) for Sweden and Baumgarten (2013) for the German
case.

2In Melitz (2003), exporters are high-productivity firms that charge comparatively lower prices.
3Analogous patterns are also observed within multi-product firms (Manova and Zhang, 2014).

1



that is related to the so called Alchian-Allen effect (Alchian and William R. (1972)) – in
turn, resulting in more-than-proportional wage increases for high-wage workers relative
to low-wage workers.

To a great extent the positive correlation between input and output prices that is
generated in this way – just by virtue of input scarcity – is observationally equivalent
to a positive correlation between input “quality” (or skill level if the input is labor) and
output quality as reflected in the price of the output. Differential output quality across
equally scarce skills, however, would translate into a uniform wage distribution; whereas
comparative skill scarcity – be it exogenous or endogenously generated through costly
human capital investment choices – can account for the observation of a right-skewed
distribution of wages.

Non-iceberg variable trade costs are essential for comparative skill scarcity to be
positively correlated with export performance. Indeed in a model of monopolistic com-
petition between heterogeneous firms where variable trade costs are of the iceberg type
and there are fixed costs for accessing export markets (such as the model of Melitz,
2003), input scarcity is fully isomorphic to low productivity; accordingly, variation in
input scarcity would translate into a negative correlation between export performance
and input prices across firms.4 Thus, on the face of it, comparative skill scarcity is not
a natural candidate explanation for the positive correlation between wages and export
performance. If, however, product differentiation is based both on input differentiation
and on firm-specific differentiation, i.e. if there are multiple homogenous producers using
the same type of input to produce differentiated varieties of similar price, and if varieties
produced with the same input (and belonging the same price segment) compete with
each other sufficiently more closely than varieties do across different price segments, then
relative input scarcity can account for the observed positive correlation between export
performance and input prices – and more specifically wages. This is because, if these
conditions are met, comparatively scarcer skills are associated with comparatively higher
priced varieties and comparatively higher wages. In combination with non-iceberg trade
costs, this implies that trade liberalization induces comparatively greater trade flows on
higher-priced goods and comparatively greater effects on higher-wage skills. In addition
to this effect, which operates on the intensive margin, if firms must incur a fixed cost for

4In the same context, other things equal, high output quality is isomorphic to high firm productivity
only if market access costs also scale with quality.
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accessing export markets there will also be an effect on the extensive margin: as export
revenues are comparatively higher for higher-priced, higher-wage firms, these will be more
likely to export. [?? Shouldn’t this imply a discontinuity in the effects of liberalization
on wages across the wage distribution? Unless I am mistaken, this is something that’s
also on Yeaple (2005).]

The model we develop is conceptually related to Melitz-type models, but heterogene-
ity here is directly derived from skill-specificity and comparative skill scarcity rather
than to productivity differentials that are structurally orthogonal to skill levels. Because
firm heterogeneity in the model is the direct result of an underlying heterogeneity in the
skills of workers (or, more precisely, of an underlying heterogeneity in production tasks
requiring workers of differing skills), the relationship between firms’ export behavior and
the wages they pay arises naturally as a direct prediction of the model’s basic structure.
On the other hand, this structure does not rule out other sources of productivity dif-
ferentials: the theoretical model we present corresponds to a benchmark scenario where
skill differentials are the only source of firm heterogeneity, but this can be augmented
with skill-neutral heterogeneity in productivity across firms – which would give rise to
more nuanced empirical predictions concerning the relationship between export conduct,
prices, and wages.

A comparative skill scarcity-based explanation can also account for another docu-
mented but so far unexplained empirical pattern: as discussed in Helpman et al. (2014),
the strength of the correlation between wages and export performance at firm level varies
across sectors; under the mechanism we propose, such variation may be explained by
variation in the extent of comparative within-segment vs. between-segment competition
across different product markets. [?? Other things equal, higher substitutability across
segments should flatten prices and wages within a sector, and should also flatten ex-
port performance; unless I am mistaken, this simply means smaller variation along both
dimensions (prices and export performance), but it does not necessarily man that the
correlation gets weaker (unless there is also some other source of variation at work). But
our theory specifically says that the correlation could weaken and turn negative. So find-
ing evidence of a negative correlation between export performance and wages in markets
with low price dispersion should lend support to our story.]

The remainder of the paper is structured as follows. The next section outlines the
model. Section 3 characterizes an autarky equilibrium. In Section 4 we discuss the
equilibrium in open economy, and derive the main predictions on export intensity and
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wage concentration. [?? In Section 5 we briefly discuss three extensions of the model:
when the elasticity of technical substitution is greater than one; when preferences are not
represented by a CES. utility; when quality is explicitly modeled.] Section 6 concludes.

2 Skill-type based product differentiation

The key feature that we want to capture in our model is the idea that manufactured
goods are viewed by consumers as being differentiated according to the type of labor
skill with which they are produced, and that, accordingly, comparative skill scarcity will
translate into heterogenous outcomes for firms producing goods that incorporate different
skill types.

Endowments. There is a continuum of labor skill types, s ∈ [s, s] ≡ S. The supply of
each skill type is fixed and equal to L(s). Without loss of generality, let skill types be
ordered so that s′′ > s′ ⇔ L(s′′) < L(s′). For convenience, we assume that L(s) is a
differentiable function and is decreasing, i.e. L′(s) < 0. Additionally consumers are also
endowed with non-manufactured goods, totalling to Y in aggregate.

Preferences and market structure. Consumers have identical quasilinear preferences over
manufactured and non-manufactured goods, represented by the utility function

U ≡ Y + ζ

1 + ζ
M

1+ζ
ζ , ζ < −1, (1)

where Y is consumption of non-manufactured goods, M is composite consumption of
manufactured goods, and ζ is the demand elasticity to price of manufactured goods.
Each skill type is associated with one and only one type of manufactured goods,5 and
each different good type, s, enters composite consumption of manufactured goods, M ,
through a constant-elasticity-of-substitution (CES) preference aggregation:

M ≡
(∫ s

s
X(s)

σ−1
σ ds

) σ
σ−1

, (2)

5This specification is a simplified version of a more general setup in which goods are produced with
multiple tasks that are each carried out by different but similarly scarce skill types (positive assortative
matching). Under this interpretation, the level s would then be a composite measure of the comparative
scarcity of the various skill types involved in performing the various tasks.
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where X(s) is composite consumption of goods of (skill) type s, and σ > 1 is the elasticity
of substitution across goods of different types. Notice that since every good type is
produced by means of one and only one skill level, one could also looks at σ as a measure
of the elasticity of substitution between skill levels – in consumption and thus, indirectly,
in labor demand.

For each good (and skill) type, s, there are N(s) firms producing each a differentiated
variety of good type s. Given the total endowment, L(s), of skill type s, the number
of firms employing that particular skill is determined endogenously under conditions of
free entry and exit – as discussed below. Under the assumption that N(s) is large (the
market for varieties of skill type s is ‘thick’, in Grossman-Helpman terminology), the set
of firms producing varieties of each good type, s, is approximated by a continuum of
firms over the set of varieties j ∈ [0, N (s)], and so the market for every good type, s,
is characterized by a monopolistic competitive structure. The consumption of different
varieties of the same good type, s, enters the composite consumption, X(s), of good type
s through to a CES preference aggregation, represented by

X(s) ≡
(
N(s)

ν−1
η

∫ N(s)

0
x(j, s)

η−1
η dj

) η
η−1

, η > 1, ν ∈ [0, 1] , (3)

where x(j, s) is consumption of variety j of type s, η is the elasticity of substitu-
tion across different varieties of good type s, and ν is a parameter that determines
the strength of variety effects within each composite X(s): for a given total physical
quantity, Q, of varieties of good type s, and assuming a common level of consumption
x̄(s,N(s)) = Q/N(s), then for ν = 0 the level of X(s) is independent of N(s), i.e.
X(s) = N(s) x̄(s,N(s)) = Q, whereas for ν > 0, the level of X(s) increases with N(s) –

it equals X(s) = N(s)
ν+η−1
η−1 x̄(s,N(s)) = N(s)

ν
η−1 Q.

Normalizing the price for non-manufactured goods to unity, the demand for manu-
facturing goods is:

M = (PM)ζ , (4)

where PM is the composite price index of manufactured goods. The demand for a good
X(s) is then given by

X(s) = M

(
PM
P (s)

)σ
, (5)
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where P (s) is the composite price index of a good with skill content s. The demand for
variety j of good type s is then given by

x(j, s) = X(s)
N(s)1−ν

(
P (s)
p(j, s)

)η
, (6)

where p(j, s) is the price of variety j of good type s. The price index for manufacturing
goods is

PM =
(∫ s

s
P (s)1−σ ds

) 1
1−σ

, (7)

such that PMM =
∫ s̄
s P (s)X (s) ds is total expenditure in the manufacturing sector. The

price index for varieties of goods with skill content s is:

P (s) =
(
N(s)ν−1

∫ N(s)

0
p(j, s)1−ηdj

) 1
1−η

, (8)

such that P (s)X (s) =
∫N(s)

0 p (j, s)x (j, s) dj is the total expenditure in the good asso-
ciated to the skill level s.

Technology and labor markets. Each firm employs l(j, s) units of labor and y(j, s) units of
non-manufactured goods to produce a level of output, q (j, s), of variety (j, s) according
to a Cobb-Douglas technology:

q(j, s) ≡ ϕ l(j, s)λy(j, s)1−λ, (9)

where λ ∈ (0, 1) is the share of labor in total production costs, and ϕ > 0 is total factor
productivity.

Skill types are fully observable. Labor markets are frictionless and competitive, im-
plying price taking behavior by firms and full employment, and implying that equilibrium
wages will be skill specific (i.e. each skill type will be remunerated at a level w(s)), but
wages will be uniform within skill types. After a convenient normalization of total factor
productivity – letting ϕ = λ−λ (1 − λ)−(1−λ), without loss of generality – variable costs
can be expressed as

v(j, s) = w(s)λq(j, s), (10)

In addition to variable costs, each active firm incurs a fixed production cost consisting
of F (s) > 0 units of non-manufactured goods, which is assumed to be non-decreasing in
the skill level F ′ (s) ≤ 0. Total production costs for firm (j, s) are therefore

c(j, s) = v(j, s) + F (s) . (11)
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The demands for variable inputs are thus:

l(j, s) = λw(s)λ−1q(j, s) (12)

y(j, s) = (1− λ)w(s)λq(j, s) (13)

3 Autarky equilibrium

We are now in the position to characterize an equilibrium for this economy under condi-
tions of autarky. This is identified by a combination of a number, N(s), of firms produc-
ing varieties for each good/skill type, s ∈ S; an allocation

(
x(j, s), q(j, s), l(j, s), y(j, s)

)
,

of consumption, output and factors’ employment levels, for every good variety (j, s),
j ∈ [0, N(s)], s ∈ S; prices p(j, s), for every good variety (j, s), j ∈ [0, N(s)], s ∈ S;
composite quantities M and X(s), s ∈ S, and corresponding composite prices PM and
P (s), s ∈ S; and wage levels, w(s), for every skill type s ∈ S, satisfying the demand
equations (4), (5) and (6), the consumption based price indexes (7), (8) and the input
conditional demands (12),(13) such that the following equilibrium conditions hold:

(i) prices, p(j, s), maximize profits for every firm (j, s), j ∈ [0, N(s)], s ∈ S, i.e.
marginal revenue η − 1

η
p(j, s) is equal to marginal cost, w(s)λ:

p(j, s) = η

η − 1 w(s)λ; (14)

(ii) revenues, p(j, s)x(j, s), equal total costs, c(j, s), for every firm (j, s), j ∈ [0, N(s)],
s ∈ S:

p(j, s)x(j, s) = c(j, s), (15)

(iii) product markets clear for every produced variety (j, s), j ∈ [0, N(s)], s ∈ S:

x(j, s) = q(j, s); (16)

(iv) labor markets clear for every skill type s ∈ S:
∫ N(s)

0
q(j, s)λw(s)λ−1dj = L(s). (17)
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From (14), and by quasi-concavity and symmetry of preference, firms producing varieties
of the same good type, s, will all charge the same price p(s). Thus, the composite price
for good type s is simply

P (s) = N(s)−
ν
η−1 p(s); (18)

and all firms producing varieties of good type s will have an identical market size and
employ the same amount of labor of skill type s:

x(j, s) = x(s) = q(j, s) = q(s) = N(s)−
η−1+ν

η−1 X(s) (19)

(from (3)), and

l(j, s) = l(s) = λw(s)λ−1q(s) (20)

(from (12)). The revenue of a firm (j, s) is given by,

r(j, s) = r (s) = η

η − 1 w(s)λN(s)
ν

1−η−1
X(s) = η

η − 1v (s) (21)

(from (14) and (19)) where v (j, s) = v (s) for all firms j ∈ [0, N (s)]. The market clearing
condition for skill type s can then be expressed as

λw(s)λ−1N(s) q(s) = L(s) (22)

which, in turn implies N(s) q(s)w(s)λ = w(s)L(s)/λ. This coincides with total variable
costs incurred in the production of varieties of good s, V (s) = N (s) v (s), and it allows
to write aggregate output Q (s) = N (s) q (s) as:

Q (s) = w (s)1−λ L (s)
λ

(23)

V (s) = w(s)L (s)
λ

From (21), total revenues for good s can then be expressed as R(s) = N (s) r (s) =
η

η − 1 V (s) = η

η − 1 w(s)L(s)/λ. The zero-profit condition (15) requires R(s) = V (s) +
N(s)F (s); solving for N(s), we obtain

N(s) = w(s)L(s)
λ (η − 1)F (s) , (24)

which is increasing in the wage w(s) and in the skill endowment L(s).
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Combining the equilibrium conditions (19) and (18) with (4), (5) and (14), we can

write q(s) = (PM)ζ+σ
(

η
η−1

)−σ
N(s)

(1−σ)ν
η−1 −1

w−σλ. The labor market clearing condition
for skill type s implies q(s) = (1/λ)w(s)1−λL(s)/N(s). After substituting this into the
above equality and replacing N(s) with the expression obtained in (24), we can solve the
resulting equality to obtain an expression for w(s) as a function of the endowment level
of skill s and of a multiplicative factor that is determined endogenously in equilibrium
but is independent of s:

w(s) = P
ζ+σ
Θ

M Ω 1
ΘF (s)−

νθ
Θ

(
L(s)
λ

)− 1−νθ
Θ

, (25)

where Ω = η−σ (η − 1)σ−νθ and Θ = (1−λ)(1−νθ)+λ(σ−νθ), θ = (σ−1)/(η−1). Using
(25) to compute P (s) yields P (s) =

[
η (η − 1)−(1− ν

η−1) Ω χ
Θ

]
P

(ζ+σ)χ
Θ

M F (s)νz (L(s)/λ)−Σ,

where χ = λ − ν
η−1 , Σ =

(
1−νθ

Θ χ+ ν
η−1

)
, z =

(
1

η−1 −
θ
Θχ
)
. Notice that if λ ≥ υ

η−1 then
P (s) is positively correlated with PM and goods produced with scarcer inputs are more
expensive. From (7) the aggregate price index:

PM =

η (η − 1)−(1− ν
η−1)

∫ s̄

s

Ω
χ
ΘF (s)νz

(
L (s)
λ

)−Σ
(1−σ)

ds


1

1−σ


1
Ψ

(26)

where Ψ = 1− (ζ+σ)χ
Θ .

We are now in a position to characterize the relationship between skill type and wage,
number of firms, good prices, employment and productivity:

Proposition 1 If varieties within good/skill types are closer substitutes than varieties
across across good/skill types are (η > σ) then:

1.1 skills that are comparatively scarcer are remunerated with higher wages;

1.2 the number of firms that employ workers of a given skill type is smaller the scarcer
is that skill;

1.3 firms that employ comparatively scarcer skills each employ fewer workers, charge
higher prices for their output, and exhibit higher productivity.
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Proof: From (25) notice that (1− νθ)/Θ ≥ 0 if and only if νθ ≤ 1− λ+ λσ; and since σ > 1,
then 1− λ+ λσ > 1. The condition η > σ is a necessary and sufficient condition for 0 < θ < 1
for every ν ∈ [0, 1] and every σ > 1.

(1.1) When ν = 0 then the wage equation (25) guarantees a monotonic decreasing relationship
between wage and labor supply. When ν = 1 the condition η > σ guarantees that
0 < θ < 1. Then the wage equation (25) implies that the wage is higher for scarcer skills.

(1.2) Notice that σ > 1 implies Θ > 1−νθ. Therefore, the labor costs w(s)L(s) is increasing in
the level of skill endowment (and thus in decreasing in s). As a consequence the number
of firms (24) is decreasing in s.

(1.3) Firms that pay higher wages charge higher prices by (14). Employment per firm, L(s)/N(s)
= λ (η − 1)F/w(s), is decreasing in w(s) – and so it is decreasing with s. Productivity,
N(s) q(s)/L(s) = (1/λ)w(s)1−λ, is increasing in w(s).

�

In what follows we restrict attention to scenarios in which η > σ, and where therefore
Proposition 1 holds.

4 Open-economy equilibrium

Consider next a scenario with m identical countries freely trading with each other. In
order to serve a certain export market, exporting firms must also combine manufactured
goods with export services required to sell their goods in that market – such as de-
veloping market-specific marketing and advertising strategies, establishing and handling
new distribution channels, complying with export-market specific laws, regulations, and
standards. These export services are produced according to a Cobb-Douglas technology
that employs non-manufactured goods and workers (of the same skill type as the good
produced) as inputs, with a labor share of ε ∈ (0, 1). Manufactured goods and export
services are perfect complements, with the ratio of export ability per unit of exported
output increasing with the level of trade barriers b ≥ 0: one unit of exported output
requires b units of export services. In addition to this variable cost of exporting, ex-
porters incur in a fixed cost of export, K ≥ 0. We next characterize an open economy
equilibrium for this economy. We refer to variables in the foreign market with a “ ∗ ” and
to the equilibrium values in open economy as indexed with a “̂ ”.
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The assumption of symmetric countries implies that the price of a domestic good sold
in the domestic market will be the same everywhere p (s) = p∗ (s), conditional on the
skill level s. The marginal revenue in every market is a constant share (η − 1) /η of the
price at the consumer. However, imported goods are more expensive than domestic ones
because the prices at the consumer charge the cost of export services. The marginal cost
to an exporter of producing and exporting a unit of a variety of type s is

ŵ(s)λ + b ŵ(s)ε = φ(s)ŵ(s)λ, φ(s) ≡ 1 + b ŵ(s)ε−λ > 1 (27)

whereas the marginal cost of a variety sold in the domestic market is lower, ŵ(s)λ. As a
consequence the price on the domestic market of a foreign produced variety j∗ of good s is
higher than the price of a domestic variety j of the same skill type: p (j∗, s) = φ (s) p (j, s).
The demand for domestic and imported varieties is determined by an expression such
as (6), where consumption of any given imported variety is higher than the one of a
domestically produced variety of the same good type: x (j∗, s) = φ(s)−ηx (j, s). The
price and consumption of both domestically produced and imported varieties of good
type s enter respectively the price and consumption aggregate indexes P̂ (s) and X̂(s).

In what follows we shall assume that labor is always the comparatively more costly
input in the production of export services, i.e. ŵ(s) exceeds the price of non-manufactured
good (which is unity), implying that φ(s) is increasing in ε − λ.6 When the cost share
of labor in the production of export services is the same as that in manufacturing, i.e.
ε = λ, then the proportional increase in the price of imported varieties over domestic
varieties of the same good type is only a reflection of the size, b, of trade barriers,
with the skill type, s, and the wage, ŵ(s), playing no role. This scenario corresponds
to the iceberg transportation costs case. When instead the cost share of labor in the
production of export services differs from that in manufacturing, the wedge between the
price of imported varieties and price of corresponding domestic varieties varies with ŵ(s).
Specifically, if export services are more labor demanding than production ε > λ then the
wedge is increasing in ŵ(s) and larger than in the case of iceberg transportation costs
φ (s) > 1 + b; otherwise, if ε < λ the wedge 1 < φ (s) < 1 + b is decreasing in ŵ(s).

6[Add a footnote, stating conditions on L(s) for this to apply, and explaining what this means ...]
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4.1 No fixed export costs

We focus first on a scenario where there are no fixed export costs, i.e. K = 0. This
implies that varieties of all good types are exported in equilibrium, with representative
consumers in each country consuming mN̂(s) varieties of good s, but with varieties of
imported goods and domestically produced goods being consumed in different proportions
because of the price wedge, φ(s).

In a symmetric equilibrium, the consumption composite for varieties of type s is the
same in all markets and domestic prices of varieties of good type s are the same in all
markets. Without fixed export costs varieties of all good types are exported and using
the fact that prices and wages are the same for all firms producing goods of type s,
the composite price for all varieties of type s consumed in a given market (domestically
produced or imported) can be expressed as

P̂ (s) = Γ(s) N̂(s)−
ν
η−1 p̂(s), (28)

where Γ(s) ≡ m
1−ν
η−1 (1 + (m− 1)φ(s)1−η)

1
1−η and p̂ (s) is the price of a domestic variety

in the domestic market, which satisfies (14) at the equilibrium wage in open economy
ŵ (s). Domestic market demand for a domestically produced variety with skill s in
open economy is x̂D(s) = X̂(s)N̂(s)ν−1

(
P̂ (s)/p̂(s)

)η
, while export market demand is

x̂E(s) = (m − 1)φ(s)−ηx̂D(s). Total demand from domestic and foreign consumers is
q̂(s) = x̂D(s) + x̂E(s),

x̂(s) = Φ(s) Γ(s)η N̂(s)−
η−1+ν
η−1 X̂(s), (29)

where Φ(s) ≡ 1+(m−1)φ(s)−η, q̂D(s) = q̂ (s) /Φ (s) and q̂E(s) = q̂ (s) (Φ (s)− 1) /Φ (s).
The variable cost incurred to produce goods sold domestically by a firm producing a

variety of good s is v̂D(s) = ŵ(s)λ q̂D(s). The variable cost incurred for export production
is v̂E(s) = φ (s) ŵ(s)λq̂E(s). The total variable cost is:

v̂ (s) = ∆ (s) ŵ(s)λq̂ (s) (30)

where ∆ (s) ≡
(
1 + (m− 1)φ (s)1−η

)
/Φ (s) > 1. The variable cost function is nonde-

creasing and concave in the wage ŵ(s). The conditional demand for variable inputs in
open economy is:

l̂ (s) = Λ (s) ŵ(s)λ−1q̂ (s) (31)

ŷ (s) = [∆ (s)− Λ (s)] ŵ(s)λq̂ (s) (32)
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where Λ (s) =
[
λ+ ∂∆(s)

∂ŵ(s)
ŵ(s)
∆(s)

]
∆ (s). The open economy equilibrium satisfies the de-

mand equations (4), (5) and (29), the consumption based price indexes (7), (28) and the
conditional input demand (31) and (32), such that the following equilibrium conditions
hold.

Profit maximization requires that p̂ (s) and ŵ (s) satisfy the pricing rule (14). Because
of output market clearing, total output for a domestically produced variety of good s

must be equal to demand from domestic and foreign consumers q̂(s) = x̂D(s) + x̂E(s).
Conditions (4), (5), (14), (28) yield the consumption aggregate in a given market:

X̂ (s) =
(
η−σ (η − 1)σ

) (
P̂M

)ζ+σ
Γ(s)−σ N̂(s)

σν
η−1 ŵ(s)−λσ (33)

Using (29) in conjunction with Q̂ (s) = N̂ (s) q̂ (s) yields total output in sector s: Q̂(s) =
Φ(s) Γ(s)η N̂(s)−

ν
η−1 X̂(s). Combining this with (33) yields the sector output:

Q̂ (s) =
(
η−σ (η − 1)σ

) (
P̂M

)ζ+σ
Φ (s) Γ (s)η−σ N̂ (s)θν ŵ (s)−λσ (34)

Labor market clearing for skill type s requires Λ(s)ŵ(s)λ−1N̂(s) q̂(s) = L(s), which im-
plies total output and total variable cost in sector s:

Q̂(s) = ŵ(s)1−λL(s)
Λ(s) (35)

V̂ (s) = ŵ(s)L(s)
Λ(s) . (36)

Total revenue is R̂ (s) = η
η−1 V̂ (s). The zero profit condition V̂ (s)

η − 1 − N̂(s)F (s) = 0
identifies the equilibrium number of firms in sector s:

N̂(s) = ŵ(s)L(s)
Λ(s) (η − 1)F (s) . (37)

Profit maximization (14), output market clearing (34), labor market clearing (35) and
zero profit condition (37) characterize the open economy equilibrium.

The system of (34) and output market clearing as implied by (35), in conjunction
with (37), yields equilibrium open-economy wage levels

ŵ(s) =
(
P̂M

) ζ+σ
Θ Ω̂ (s)

1
Θ F (s)−

νθ
Θ

[
L(s)
Λ(s)

]− 1−νθ
Θ

(38)

where Ω̂ (s) = ΩΦ (s) Γ (s)η−σ. The composite price index for manufacturing goods in
open economy is:

P̂M =

η (η − 1)−(1− ν
η−1)

∫ s̄

s

Ω̂ (s)
χ
Θ F (s)νz

(
L (s)
Λ (s)

)−Σ
(1−σ)

ds


1

1−σ


1
Ψ

(39)
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We are now in a position to characterize the relationship between skill and wage in open
economy:

Proposition 2 As in the closed economy case, in open economy skills that are scarcer
are remunerated with higher wages.

Proof: Total revenue of domestic firms in sector s is R̂ (s) = ηF (s) N̂ (s) and expenditure
from domestic consumers in good s is P̂ (s) X̂ (s), from (28) and (33). Because of symmetry
R̂ (s) = P̂ (s) X̂ (s), which fixes the coefficient for the price index

Γ (s) =
(
η−σ (η − 1)σ−1

) 1
σ−1

(
P̂M

) ζ+σ
σ−1 F (s)−

1
σ−1 N̂ (s)−

1−θν
σ−1 ŵ (s)−λ

Notice that (38) can be written as:

ŵ(s)−λ = Ω̂1/θ [(η − 1)F ]−ν
[
ŵ(s)L(s)

Λ(s)

]−(1/θ−ν)
× Φ (s) ŵ (s)−λη (40)

The term ŵ(s)L(s)
Λ(s) is the variable cost, indeed it is a non decreasing function of the wage. The

term Φ (s) ŵ (s)−λη is a decreasing function of the wage, as it can be verified looking at the
definition of Φ (s) and of the wedge φ (s) by (27). The two sides of (40) are both monotonic
decreasing function of ŵ (s).
[To be completed] �

Thus, the positive relationship between factors scarcity, factor prices, and good prices
holds also in open economy, independently of whether manufacturing is more or less labor
intensive in comparison with the production of export services. As we shall see, however,
the relative labour intensity of manufacturing and export services is crucial in determining
how wages and prices are related to export performance.

To see this, we must focus on the comparison between a firms’ revenues from domestic
sales, rD(s), and its export revenues, rE(s) = (m − 1)φ(s)1−η rD(s). A firm’s export
performance can then be measured by the ratio of export revenues to total revenues,

ρ(s) = r̂E(s)
r̂D(s) + r̂E(s) ; after simplification, we can write ρ(s) simply as

ρ(s) =
(

1 + φ(s)η−1

m− 1

)−1

. (41)

Export performance is higher the larger is the number of destinations and the lower is
φ(s). The following result then follows directly from Proposition 2 and the definition of
φ(s) in (27):
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Proposition 3 If manufacturing is more (less) labor-intensive than the production of
export services (λ > ε), then firms that employ comparatively scarcer skills (high-s firms)
exhibit comparatively higher (respectively, lower) export intensity; that is ρ(s) is increas-
ing (respectively, decreasing) in s. If λ = ε, export intensity is the same for all firms.

The economic intuition behind Proposition 3 is that opening the economy to costly
trade scenario (b > 0) is related to the so called Alchian-Allen effect (Alchian and Allen,
??). If ε = λ (iceberg costs), then b units of export services that are required for every
unit sold in a foreign market are produced with the same labour type as that used for
manufacturing the good that is exported, and therefore variation in the wage, ŵ(s),
across different skill types does not affect the relative price of internationally traded and
domestic varieties of any given good type, i.e. φ(s) is independent of s. When ε < λ,
on the other hand, the production of export services requires comparatively less input
of skill type s than manufacturing the good does, and so, with wages increasing in s,
and the price of the other input being less than the price of labor, the relative price
of internationally traded and domestic varieties is decreasing in s, i.e. transport costs
have a relatively lower impact on higher-priced goods, which in turn are produced with
higher-wage skills. For ε > λ, the reverse applies.

The effects of openness on the wage distribution depend crucially on the comparative
labor content of manufacturing and export services. Consider the ratio between the wage
of the same skill in open economy and in autarky:

ŵ (s)
w (s) =

(
P̂M
PM

)ζ+σ
m

(1−ν)(η−σ)
(η−1)Θ ∆(s)

θ
Θ

(
Λ(s)
λ

)1−νθ
Θ
. (42)

The way in which the ratio (42) varies across skill levels depends on how ∆(s)θΛ(s)1−θν

varies with s. The proof of Proposition 2 shows that ∆(s)θΛ(s)1−θν is increasing in w(s)
(and thus in s) for λ > ε and it is decreasing in w(s) if λ < ε. Since the mass of workers
in each skill group is given by the constant endowment L(s), the interpretation of the

relative change of the wage ratio across skill levels ŵ(s′)
w(s′) >

ŵ(s′′)
w(s′′) for s′ 6= s′′ yields a

measure of increased dispersion if changes are relative larger for higher wages s′ > s′′ or
increased concentration if changes are relative lower for higher wages s′ < s′′. The effect
of trade on the wage distribution is summarized in the following proposition:

Proposition 4 If manufacturing is more labor-intensive than the production of export
services (λ > ε) then wage inequality is higher in open economy than in autarky; the

15



opposite is true when the production of export services is more labor-intensive than man-
ufacturing (ε > λ). If variable trade costs are of the iceberg type ε = λ, then trade
liberalization does not affect wage inequality.
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5 Empirical analysis

5.1 Data

• Workers and wages. Quoting Orefice Sly and Toubal (2014) page 13: TheDADS
is an administrative dataset by which employers communicate information to tax
authorities and various social security organizations regarding the annual wages of
their employees. Any legal entity established in France that pays wages must report
to the DADS, with the only exception being for the employment of household or
domestic staff. Each plant delivers a form, which includes all employees, regardless
of the amount of compensation that was paid to them in the year. In addition
to information about net wages, gross wages and employer and employee social
security contributions, the DADS reports information on individual characteristics
such as age, gender, occupation, sector, region of employment.

• Firm level data. Quoting Orefice Sly and Toubal (2014) page 14: we ob-
tain information about firm-level characteristics from the EAE (Enquete Annuelle
d’Entreprise) annual business survey dataset. The survey has information on firms
with more than 25 employees. Importantly, the EAE dataset is exhaustive above
this reporting threshold. EAE contains information from firms’ income statements
and balance sheets, and also reports the location of firms in France and their 4-digit
sector of main activity.

• Trade. Quoting Fontagne Orefice Piermartini Rocha (2014) page 10: Individual
export data on French firms are provided by the French Custom for the period
1995-2005.23 The French firms’ dataset includes exports records at firm, product
and market level for the universe of French exporters (more precisely exporters
located in France).24 The dataset classifies product categories using Combined
Nomenclature at 8 digits (CN8). Descriptive statistics of French firms exports and
markets are reported in appendix table A1. The number of observations is poten-
tially very large: we have for each HS4 heading some 100,000 potential exporters,
200 destinations and 11 years
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We have developed a model of trade that sheds light on the relationship between skill
scarcity, export intensity and wage. Due to per-unit transport cost, export exhibits an
Alchian-Allen effect: the model predicts a shift toward the consumption of the good that
is produced with relatively scarce skill. Firms will export relatively more as they employ
the relative scarce skill and they will pay relatively higher wages. An increase in the
number of trading partners amplifies the effect.

The model generates a wage distribution across workers in the same sector and the
main result is to show that trade directly affects the wage distribution. The new distri-
bution of wages that arises at higher export intensity ratio dominates the original one.
Moreover, the wage gaps across workers are positively correlated with changes in trade
intensities across firms. This result provides a theory to explain the evidence that fol-
lowing a trade liberalization, not only there is an increase in wage inequality, but there
is a concentration of wages toward the right of the distribution.
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