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1 Introduction

The recent literature on international trade has pointed out that the asymmetric exposure

of firms to exporting is an important channel through which trade affects the distribution

of wage incomes in open economies. Based on strong empirical evidence that larger, more

productive firms pay higher wages and have a higher probability of exporting (cf. Bernard

and Jensen, 1995, 1999), existing theoretical studies argue that the selection of successful

firms into exporting augments wage inequality through two channels: an increase in the

number of good jobs offering high wages; and an increase in the wages exporting firms

pay relative to the wages paid by non-exporters, the so-called exporter wage premium.

Different theoretical foundations for such a premium have been provided by recent trade

models with firm heterogeneity (cf. Helpman et al., 2010; Amiti and Davis, 2012; Egger

and Kreickemeier, 2012; Sampson, 2014).1

The aim of this paper is twofold. First, we develop a theoretical model that allows

us to decompose the exporter wage premium into its skill-specific components. Second,

we structurally estimate the model parameters using matched employer-employee data

for Germany and show how the existence of an exporter wage premium affects economy-

wide wage inequality. In our model, the population of workers is heterogeneous in two

dimensions: there are skilled and unskilled workers, and within both groups there is a

continuous distribution of abilities. Firms differ in their baseline productivities, and they

hire skilled and unskilled workers for production. Effective firm productivity is a function

of the respective firm’s exogenous baseline productivity and of the abilities of its skilled

and unskilled workforce. We assume that effective firm productivity is log-supermodular in

baseline productivity and worker abilities, and that there is a firm-specific ability threshold

below which firms cannot productively employ workers. This ability threshold is increasing

1Evidence for the existence of an exporter wage premium is available for numerous countries, including
the US (Bernard and Jensen, 1999), Mexico (Frias et al., 2009), and several European economies (Mayer
and Ottaviano, 2008; Egger et al., 2013; Hauptmann and Schmerer, 2013; Irrazabal et al., 2013; Klein et al.,
2013). Egger and Kreickemeier (2009) and Davis and Harrigan (2011) also propose theoretical models in
which exporters pay higher wages than non-exporters. However, in their settings, wage differentials between
firms are pinned down by technology parameters and are not affected by the exporting decision of firms.
Hence, these papers do not feature an exporter wage premium.

2



in the baseline productivity of the firm, and as a consequence our model features positive

assortative matching of high-ability skilled and unskilled workers to firms with a high

baseline productivity. This generates wage dispersion between firms, which is explained

by ability differences of the workforce, as in Sampson (2014).2

There are two possible outcomes of the matching process in autarky. In one possi-

ble equilibrium, wages per efficiency unit of labour are equalised within a skill category,

and firms hire workers with differing abilities within this category. In this case, we speak

of a pooling equilibrium. Alternatively, if there is excess demand for high-ability workers

along a wage profile with equalised wages per efficiency unit of labour, relative wages of

high-ability workers are driven up, thereby leading to a separating equilibrium in which

firms employ only workers of the lowest ability compatible with the firm-specific ability

threshold. In the separating equilibrium, high-productivity firms end up paying higher

wages per efficiency unit of labour than their low-productivity competitors, thereby re-

ducing the cost advantage of more productive firms. Ceteris paribus, wage differences

between firms are therefore larger in a separating equilibrium than in a pooling equilib-

rium. Since in our data set the variance of the skilled wage distribution across firms is

significantly larger than the variance of the unskilled wage distribution, we impose a pa-

rameter constraint ensuring that in autarky equilibrium we are in a pooling equilibrium

for unskilled labour and in a separating equilibrium for skilled labour.

An exporter wage premium arises in our model if in the open economy, as a consequence

of export market entry of the most productive firms, there is excess demand for high-ability

workers along the respective autarky wage profile. This effect can be different for skilled

and unskilled workers, leading to skill-specific exporter wage premia, and thus skill-specific

effects of trade on the dispersion of wages.

In a second part of the paper, we use our theoretical model as guidance for empir-

ical analysis. We employ information from the matched employer-employee data set of

2In contrast to Sampson (2014) our model features two skill types. Furthermore, with wage differences
the result of ability differences, our paper, as Sampson (2014), is complementary to the papers of Helpman
et al. (2010), Amiti and Davis (2012), and Egger and Kreickemeier (2012) which feature no observable
ability differences between workers, and in which wage dispersion between firms is a consequence of rent
sharing in the presence of labour market imperfections.
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the Institute for Employment Research (LIAB), which provides detailed information on

German firms and workers over the period 1996-2008, to structurally estimate key pa-

rameters of our model. Based on these parameter estimates we then contrast observed

measures of wage inequality with those computed from the model. For doing so, we rely

on the Theil index as a measure of inequality that allows us to decompose total inequal-

ity into its within and between skill-group components. The model does a fairly good job

in explaining overall wage inequality in the data and correctly predicts wage inequality

between the groups of skilled and unskilled workers. However, the model overestimates

wage inequality within the group of skilled workers, whereas it underestimates wage in-

equality within the group of unskilled workers. Moreover, the estimated theoretical model

appears well suited to explain the link between firm-level wages and firm-level revenues in

the data, in particular regarding the wages of skilled workers.

Evaluating our model at the estimated parameter values, we find that exporters pay

a wage premium only to their skilled workforce. This premium is sizable and amounts

to 43 percent. Weighted with the share of skilled workers employed by exporters, we

compute an exporter wage premium of nearly 13 percent on average for both skill groups.

This magnitude is well in line with estimates from previous empirical research (cf. Mayer

and Ottaviano, 2008; Egger et al., 2013; Hauptmann and Schmerer, 2013; Klein et al.,

2013, among others). However, existing empirical work on the exporter wage premium

does usually not distinguish between skills, and hence the insights from the present model

allow to draw a more detailed picture of how exporting affects the wage differential between

firms.3

In a final step, we conduct three counterfactual experiments based on the estimated

model. In the first experiment, we introduce prohibitive trade costs and enforce a closed

economy in the counterfactual equilibrium. This eliminates the exporter wage premium

for skilled workers and has sizable distributional effects relative to the benchmark scenario.

3For an exception, see Klein et al. (2013) who report empirical estimates for skill-specific exporter wage
premia from reduced-form regressions. Conditioning on firm size and fixed plant effects, they control for
most of the underlying firm heterogeneity, so that their measure of exporter wage premium is very narrow
in comparison to ours. In particular, it excludes the wage surge that arises because high-productivity firms
self-select into exporting, which is the channel of interest in all theoretical studies building on the Melitz
(2003) model.
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Relying on the Theil index, wage inequality within the group of skilled workers declines by

31 percent, whereas economy-wide inequality falls by 21 percent when Germany becomes

a closed economy. In a second experiment, we assume that Germany moves from its

observed degree of openness to free trade, and show that the corresponding distributional

effects would be tiny for two reasons. On the one hand, variable costs of trade are already

low, and hence a further reduction can only have small effects on the share of exporters.

On the other hand, trade exerts a non-monotonic effect on the distribution of wages in

our setting. Due to this non-monotonicity, the wage distribution remains more or less

unaffected if the additional reduction of fixed exporting costs shifts the share of exporters

in Germany from 33.2 to 100 percent. In a third experiment, we quantify the effects of the

enlargement of the European Union in 2004 and 2007 on the exporter wage premium and

the distribution of income in Germany. In contrast to the widespread concern of German

workers prior to this enlargement process that the new membership of low-wage countries

from Central and Eastern Europe may have detrimental consequences for the domestic

labour market, we show that the additional trade stimulus from this enlargement process

was too small to have generated sizable wage effects.

The remainder of the paper is organised as follows. In Section 2 we present our

theoretical framework and derive the closed economy equilibrium. In Sections 3 and

4 we analyze the open-economy equilibrium, introduce the Theil index as measure of

inequality, and discuss the distributional effects of trade. In Section 5 we introduce the

data set, structurally estimate key model parameters, and quantify income inequality as

well as the exporter wage premium at the observed degree of openness. Section 6 uses the

parameter estimates to conduct the three aforementioned counterfactual experiments. In

the robustness analysis of Section 7 we investigate to what extent the definition of skill

groups influences the results from our analysis. The last section concludes with a summary

of the most important results.
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2 The Model

2.1 Preliminaries

We consider an economy with two sectors of production: a final-goods industry and an

industry producing intermediate inputs. The final-goods industry assembles differentiated

intermediates q(v) by means of a CES technology to a homogeneous final good

Y =

(
N−

1
σ

∫
v∈V

q(v)
σ−1
σ dv

) σ
σ−1

, σ > 1, (1)

where N is the mass of producers. This industry is perfectly competitive, and we choose

Y as numéraire by setting its price,

P ≡
(
N−σ

∫
v∈V

p(v)1−σ
) 1

1−σ
, (2)

equal to one. Maximising profits in the final goods industry gives the iso-elastic demand

for intermediates

q(v) =
Y

N
p(v)−σ. (3)

In the intermediate-goods industry, firms are monopolistically competitive. Firms in this

sector need two types of labour, skilled workers ls and unskilled workers lu. Within each

group of workers, individuals have differing abilities, which are perfectly observable to the

firm. Firms are therefore indifferent between hiring workers of different abilities within

the same skill group if and only if the wage differential exactly compensates for the ability

differential, resulting in a wage per efficiency unit of the respective type of labour that is

the same for all abilities.

We assume that each firm has a minimum viable ability for both types of labour,

meaning that only workers above this ability level can be productively employed by the

respective firm. This minimum viable ability is higher in firms with a higher exogenous

productivity, reflecting in a stylised way the fact that more sophisticated firms require
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more sophisticated workers. For simplicity, and to save on notation in the following, we

assume that the firm-specific minimum viable ability for both types of labour is equal to

the productivity of the firm. Firm productivity ϕ, the ability of skilled workers α, and the

ability of unskilled workers β are all Pareto distributed, with the distribution functions

given by G(ϕ) = 1 − ϕ−g, S(α) = 1 − α−s, and U(β) = 1 − β−u, respectively, where we

have normalised the lower bound to one for all three distributions.4 The average abilities

of workers hired by a given firm v are denoted by α̃(v) and β̃(v), respectively.

The firm-level production function for intermediate input q is given by the Cobb-

Douglas function

q(v) = ϕ̂(v)ls(v)ν lu(v)1−ν with ϕ̂(v) ≡ ϕ(v)η
[
α̃(v)ν β̃(v)1−ν

]1−η
, (4)

where ϕ̂(v) is the effective productivity of firm v, which depends on exogenous firm tech-

nology ϕ(v) and average abilities α̃(v) and β̃(v). Eq. (4) implies that α̃(v)1−η and β̃(v)1−η

give the efficiency units per physical labour unit of skilled and unskilled workers, respec-

tively, hired by firm v.

For each skill-type of workers, our modeling setup allows in principle two scenarios.

In one scenario, firms employ workers of differing abilities. We label this case the pooling

equilibrium, and due to cost-minimisation of firms it must feature equalised wages per

efficiency unit of labour across abilities. With labour mobility across firms, this also

means that wages per efficiency unit are the same in all firms. In the other scenario, all

firms employ only workers of the minimum admissible ability since wages per efficiency

unit of labour are increasing in ability. We label this case the separating equilibrium. In

both scenarios more productive firms pay higher average wages to workers of a given skill

group, resulting from the fact that these firms have a higher minimum admissible ability.

The cases differ however in the implied elasticity of firm-level average wages with respect

to firm-level productivity: Since only in the separating equilibrium wages per efficiency

unit of labour are higher for more productive firms, the elasticity is higher in this case

4It is not essential that the Pareto distributions of abilities and productivities have the same domain.
For instance, if the floor of an ability distributions were smaller than one, some workers would be non-
employable – and hence would not show up in our data set.

7



than in the pooling equilibrium.5

Which one of the two scenarios materialises depends on model parameters, in particu-

lar the shape parameters of the Pareto distributions of firm productivity and skill-specific

worker ability. Intuitively, a separating equilibrium for workers of a given skill group

becomes more likely if the relative supply of high-ability workers in the respective skill

group is small, ceteris paribus, i.e. if the shape parameter of the respective ability dis-

tribution is high. In the following we impose a parameter constraint which ensures that

the closed economy would feature a pooling equilibrium for unskilled workers and a sep-

arating equilibrium for skilled workers, reflecting the idea that high abilities – relative to

the skill-group specific average – are scarcer among skilled workers than among unskilled

ones.6

Assumption 1. s ≥ g + 1− ησ > u.

Lemma 1. Assumption 1 establishes for the closed economy a separating equilibrium for

skilled workers and a pooling equilibrium for unskilled workers.

Proof. See the Appendix.

From our earlier discussion it is clear that when relying on Assumption 1 we consider

a scenario, in which all firms pay the same wage per efficiency unit for unskilled workers,

but not for skilled workers. Also, the scenario features α̃(v) = ϕ(v) and β̃(v) ≥ ϕ(v). The

unit-cost function is given by

c(v) = µϕ(v)−η[wes(v)]ν [weu]1−ν , (5)

5Sampson (2014) shows that under the assumption of strict log-supermodularity, which requires com-
plementarity that is stronger than in the Cobb-Douglas case, positive assortative matching with a sep-
arating equilibrium in the labour market arises. We have a weaker assumption on technology (by using
a Cobb-Douglas function that is log-supermodular but not strictly so), but therefore need the additional
assumption of the firm-specific ability threshold to generate the same result. The Cobb-Douglas specifica-
tion for effective firm productivity helps us in terms of analytical tractability, in particular since we have
two skill groups of workers.

6Whereas ability differences of workers are not observable, we find that in our data set the variance
of skilled wages across firms is significantly higher than the variance of unskilled wages, which provides
indirect empirical support for this parameter constraint.
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where µ ≡ νν(1− ν)1−ν and wei is the wage for an efficiency unit of labour of type i:

wes(v) ≡ ws(v)

ϕ(v)1−η and weu ≡
wu(β)

β1−η . (6)

Thereby, ws(v) denotes the wage firm v pays to a physical input of skilled labour with

ability α = ϕ(v), which depends on the scarcity of workers with ability α = ϕ(v) and

thus on firm productivity and aggregates that are the same for all producers. Similarly,

wu(β) denotes the wage paid to a physical input of unskilled labour with ability β, which

is the same for all firms employing unskilled workers with ability β, irrespective of their

productivity. According to Eqs. (5) and (6), this implies that two firms’ relative unit

costs can be characterised by these firms’ productivity differential. Since other relative

performance measures, such as outputs, revenues, skilled employment levels and skilled

wages, are directly linked to relative unit costs, we can write them also as functions of

relative firm productivity. This allows us to suppress firm index v from now on and express

all firm-level variables relative to those of the marginal firm (with productivity ϕc).

Goods-market equilibrium in the presence of constant markup pricing implies the stan-

dard link between relative unit costs and relative outputs:

q(ϕ)

q(ϕc)
=

(
c(ϕ)

c(ϕc)

)−σ
. (7)

The definition of the unit cost function in Eq. (5) implies

c(ϕ)

c(ϕc)
=

(
ws(ϕ)

ws(ϕc)

)ν ( ϕ

ϕc

)(1−ν)(1−η)−1

(8)

Due to the assumption of a Cobb-Douglas production function, cost minimising firms will

choose input bundles such that the cost of skilled labour is a constant fraction ν of total

cost. Hence, we have νq(ϕ)c(ϕ) = ws(ϕ)ls(ϕ) and consequently

ls(ϕ)

ls(ϕc)
=

c(ϕ)

c(ϕc)

q(ϕ)

q(ϕc)

ws(ϕc)

ws(ϕ)
. (9)

Finally, equilibrium in the market for skilled labour requires that the exogenous supply
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of skilled labour equals the demand for skilled labour at each ability level. Formally, in a

separating equilibrium for skilled labour the total demand for skilled labour by firms with

productivity up to ϕ̄, denoted by Lds(ϕ̄), must be equal to the supply of skilled workers

with a minimum suitable ability up to ᾱ = ϕ̄, denoted by Ls(ϕ̄). We get

Lds(ϕ̄) =
N

1−G(ϕc)

∫ ϕ̄

1
ls(ϕ)dG(ϕ) = Nls(ϕc)

g

g − εl︸ ︷︷ ︸
Lds

[
1−

(
ϕ̄

ϕc

)εl−g]
,

where εl is the elasticity of firm-level employment of skilled workers with respect to firm

productivity, and Ls(ϕ̄) = Ls[1 − (ϕ̄/ϕc)
−s]. Hence, labour market equilibrium requires

εl = g − s, and the resulting employment distribution across firms is given by

ls(ϕ)

ls(ϕc)
=

(
ϕ

ϕc

)g−s
. (10)

Eq. (10) shows that in our model firm-level employment of skilled workers can be higher

or lower in more productive firms, depending on the relative size of g and s: If and only if

the ability distribution of skilled labour has a fatter tail than the productivity distribution

of firms, firm-level employment of skilled labour is increasing in firm productivity.

Using Eq. (10) to substitute for ls(ϕ)/ls(ϕc), Eqs. (7) to (9) represent three equations

in three endogenous variables. Solving the system of equations gives

ws(ϕ)

ws(ϕc)
=

(
ϕ

ϕc

) 1−∆−(1−ν)(1−η)
ν

,
c(ϕ)

c(ϕc)
=

(
ϕ

ϕc

)−∆ q(ϕ)

q(ϕc)
=

(
ϕ

ϕc

)σ∆

, (11)

with

∆ ≡ g + 1− s+ η(1− ν)/ν

σ + (1− ν)/ν
∈ (0, 1) (12)

being the absolute value of the elasticity of firm-level marginal cost with respect to firm-

level productivity. In a model with equal wages per efficiency units of labour across firms,

marginal cost is inversely proportional to productivity, and this elasticity is obviously

equal to one. It is smaller than one in our model, since firms with higher productivity

10



have to pay more for an efficiency unit of skilled labour due to the fact that they require

high-ability workers, who command a wage premium. Relative revenues follow from (11)

as
r(ϕ)

r(ϕc)
=

(
ϕ

ϕc

)(σ−1)∆

. (13)

As explained above, firms are indifferent between hiring unskilled workers of the minimum

admissible ability β = ϕ or ones of higher ability, since the wage per efficiency unit of

unskilled labour is equalised across ability levels. This has two implications. First, we can

express relative wages of unskilled workers as a function of their relative abilities, not as

a function of relative firm productivity, as

wu(β)

wu(βc)
=

(
β

βc

)1−η
, (14)

with βc = ϕc. Second, the number of physical units of unskilled labour hired by a firm of a

given productivity is not determined (only the number of efficiency units is), and therefore

it is not possible to derive a solution for lu(ϕ)/lu(ϕc).

2.2 Solving for the General Equilibrium

Having derived solutions for firm-level variables relative to the respective values for the

marginal firm in the previous section, we are now left with the task of solving the general

equilibrium in order to pin down the solutions for the marginal firm in terms of model

parameters.

Market entry occurs via a Melitz-style productivity lottery with fixed market entry

cost fe, and we assume that all firms die after one period. In equilibrium, the expected

profits of entering the lottery have to be equal to fe. With markup pricing, this implies

that average revenues are a multiple σ of the fixed market entry cost:

R

Nϕ−gc
= σfe. (15)

Following Ghironi and Melitz (2005), we abstract from fixed production cost, and therefore

11



all firms that enter the productivity lottery also produce. This implies ϕc = 1. Hence,

average revenues are linked to revenues of the marginal firm by

R

N
=

∫ ∞
1

r(ϕ)dG(ϕ) = r(1)Θ with Θ ≡ g

g −∆(σ − 1)
(16)

as the factor of proportionality. We can therefore write revenues of the marginal firm as

r(1) = σfeΘ
−1. (17)

Using goods market equilibrium and markup-pricing, the implied marginal cost is given

by

c(1) =
σ − 1

σ
Θ

1
σ−1 , (18)

and the output of the marginal firm follows as

q(1) = σfeΘ
− σ
σ−1 . (19)

The wage rates ws(1) and wu(1) are linked via the unit-cost function of the marginal firm:

c(1) = µws(1)νwu(1)1−ν . (20)

Using the fact that aggregate wage bills Ws and Wu are linked by the condition Ws/Wu =

ν/(1 − ν), substituting from the adding-up conditions for skilled and unskilled wages,

Ws = Ls
∫∞

1 ws(α)dS(α) and Wu = Lu
∫∞

1 wu(β)dU(β), respectively, and substituting for

c(1) from Eq. (18), we get explicit solutions for ws(1) and wu(1):7

ws(1) =
σ − 1

µσ
Θ

1
σ−1

(
Γgν

Θs(1− ν)

Lu
Ls

)1−ν
, (21)

wu(1) =
σ − 1

µσ
Θ

1
σ−1

(
Θs(1− ν)

Γgν

Ls
Lu

)ν
, (22)

7In the derivation we make use of Eq. (11) and (1 − ∆)/ν − (1 − η)(1 − ν)/ν = −g/Θ + s.

12



with

Γ ≡ u

u+ η − 1
> 1

as the factor of proportionality linking the wage paid to unskilled workers with the lowest

ability to the average wage paid to unskilled workers. Skilled employment of the marginal

firm follows from applying Shephard’s Lemma to unit cost function Eq. (20) and multi-

plying the resulting labour input coefficient by firm-level output:

ls(1) = νµ

(
wu(1)

ws(1)

)1−ν
q(1). (23)

The mass of firms N follows from the full-employment condition Ls = N
∫∞

1 ls(ϕ)dG(ϕ):

N =
Ls
ls(1)

s

g
(24)

This completes the characterisation of the closed economy.

3 The open economy

We now consider an open economy, in which firms can export, subject to the fixed export

cost fx, expressed in units of final output Y , and a per-unit iceberg trade cost τ > 1 – with

τ units of each intermediate shipped for one unit to arrive abroad. We consider a scenario

of symmetric countries. In this case, we have rx(ϕ) = τ1−σre(ϕ), with rx(ϕ) and re(ϕ) as

the revenues of an exporting firm in the export and domestic market, respectively. Hence

total revenues of an exporter are given by (1 + τ1−σ)re(ϕ). Revenues of a non-exporter

are denoted by rn(ϕ).

In the open economy, high-productivity firms expand their labour demand and this

increases scarcity of high-ability workers of both skill types. Since skilled workers of high

ability are already scarce in the absence of trade, we know that the open economy – as

the closed economy – will feature a separating equilibrium for skilled workers. In the case

of unskilled workers, it is possible that the pooling equilibrium from the closed economy

survives, but there is another possibility as well: the extra demand from exporters for high-
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ability unskilled workers may lead to an equilibrium in which these workers command a

wage premium that is not fully compensated by their ability, i.e. they are more expensive

per efficiency unit than unskilled low-ability workers. In this case, the most able unskilled

workers are only hired by high-productivity exporting firms, which have no use for workers

of low ability, while the low-ability workers are hired by non-exporting firms, resulting in

pooling of unskilled workers over subsets of firms. Within both groups, the wage per

efficiency unit is equalised across abilities.

3.1 The decision to export and the exporter wage premium

The indifference condition of the marginal exporter with productivity ϕx is given by

(1 + τ1−σ)re(ϕx)

σ
− rn(ϕx)

σ
= fx, (25)

i.e. the fixed cost of exporting must be equal to the additional profits gained via exporting.

In making this comparison, the firm needs to take into account the constraint that in a

separating equilibrium it cannot increase the employment of skilled workers, and therefore

(1 − τ1−σ)les(ϕ) = lns (ϕ). Since the firm-level wage bill of skilled workers is proportional

to firm-level revenues, constant employment of skilled workers implies that the percentage

increase in total revenues a firm faces as a consequence of the decision to export is matched

one-for-one by a percentage increase in the skilled wage:(
1 + τ1−σ) re(ϕ)

rn(ϕ)
= ωs, (26)

where ωs ≡ wes(ϕ)/wns (ϕ) is the exporter wage premium for skilled labour. Accounting

for the link between relative revenues and relative productivities given in Eq. (13) as well

as the fact that with Pareto distributed productivities the share of exporting firms χ is

linked to the productivity of the marginal exporter by χ = (ϕx)−g, we can rewrite the

indifference condition of the marginal exporter as

ωs = 1 +
σfx
rn(1)

χ1− 1
Θ . (27)
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The free entry condition in the open economy is given by R/(σN) = fe + χfx, while the

adding-up condition for revenues now reads

R

N
= rn(1)Θ

[
1 + χ

1
Θ (ωs − 1)

]
. (28)

Together, they allow us to substitute for the endogenous variable rn(1) in Eq. (27), yielding

a condition that gives combinations between the two endogenous variables ωs and χ that

are compatible with both free entry and indifference of the marginal exporter between

exporting and not exporting:

ωs = 1 +
Θfxχ

1− 1
Θ

fe − χfx(Θ− 1)
(29)

Eq. (29) shows that the exporter wage premium for skilled workers ωs is monotonically

increasing in χ, the share of firms that are exporting.

Whereas χ ∈ [0, 1] is of course an endogenous variable, we now show that it is strictly

decreasing in τ , and that therefore the exporter wage premium for skilled workers rises

monotonically as variable trade costs fall. To this end, we note that the relative unit

cost of an exporting firm and a non-exporting firm of the same productivity is given by

ce(ϕ)/cn(ϕ) = (ωs)
ν (ωu)1−ν , where ωu ≡ weeu/w

n
eu is the exporter wage premium for

unskilled workers. Denoting by les(ϕ) and lns (ϕ) skilled employment by an exporting firm

for its domestic sales and skilled employment by a non-exporting firm, respectively, and

using Eqs. (7) and (9), we get

les(ϕ)

lns (ϕ)
= ω−[1+ν(σ−1)]

s ω−(1−ν)(σ−1)
u . (30)

Eq. (30) shows how a firm of a given productivity ϕ that decides to become an exporter

changes its skilled employment for domestic sales in the face of exporter wage premia ωs

and ωu. Combining Eq. (30) with the condition that overall firm-level employment stays

constant yields an equilibrium relationship between transport costs and the exporter wage
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premia for skilled and unskilled workers:

ωs =
(
1 + τ1−σ) 1

1+ν(σ−1) ω
− (1−ν)(σ−1)

1+ν(σ−1)
u . (31)

We can substitute for ωu by using the adding-up condition for unskilled wages Wu =

Lu
∫ ϕx

1 wnu(β)dU(β)+ωu
∫∞
ϕx w

n
u(β)dU(β) and the fact that due to constant mark-up pricing

and the Cobb-Douglas technology Re/R = W e
u/Wu. We get

ωs =
(
1 + τ1−σ) 1

σ

(
χ−

1
Θ − 1

χ
− u
gΓ − 1

) (1−ν)(σ−1)
σ

, (32)

which is larger than one if there is selection of only the most productive firms into exporting

and thus χ < 1. This is the case we are focussing on in this section. Combining Eqs. (29)

and (32) gives the implicit function

A(χ, τ) ≡ 1 +
Θfxχ

1− 1
Θ

fe − χfx(Θ− 1)
−
(
1 + τ1−σ) 1

σ

(
χ−

1
Θ − 1

χ
− u
gΓ − 1

) (1−ν)(σ−1)
σ

= 0, (33)

and it is shown in the Appendix that implicitly differentiating Eq. (33) we get dχ/dτ < 0.

In order to see whether an exporter wage premium for unskilled workers exists, and

therefore whether we are in an equilibrium with pooling of unskilled workers over subsets

of firms, we use Eqs. (31) and (32) to express ωu as a function of χ and τ :

ωu =
(
1 + τ1−σ) 1

σ

(
χ
− u
gΓ − 1

χ−
1
Θ − 1

) 1+ν(σ−1)
σ

. (34)

The following result can be established.

Lemma 2. If
(
1 + τ1−σ) 1

σ u/(gΓ) > 1/Θ, there exists a unique χ̂ ∈ (0, 1), such that high-

ability unskilled workers become a scarce resource in the open economy if χ > χ̂. In this

case, there is pooling of workers over subsets of firms and exporters pay a wage premium

for unskilled workers, ωu > 1. Otherwise, there is pooling of unskilled workers over all

firms and no exporter wage premium for unskilled workers exists.
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Proof. See the Appendix.

To interpret Lemma 2, note that the threshold level χ̂ above which further increases in the

share of exporting firms lead to the emergence of an exporter wage premium for unskilled

labour, decreases in u. This implies that pooling of unskilled workers over subsets of firms

is the more likely, the thinner is the tail of the ability distribution of unskilled workers,

and hence the scarcer are high abilities within this skill group. Furthermore, an increase

in τ raises χ̂ and lowers χ, according to Eq. (33). This means that an exporter wage

premium for unskilled workers is more likely if the trade-cost parameter τ is low and/or

if the skewness parameter of the distribution of unskilled workers u is large.

3.2 Solving for the General Equilibrium

The elasticities of firm-level variables with respect to productivity ϕ are unchanged rel-

ative to autarky for firms with the same export status, and they are still given by the

respective exponents in Eqs. (11), (13), and (14). For a complete description of the gen-

eral equilibrium in the open economy it is therefore sufficient to derive solutions for the

firm-level variables of the marginal firm with productivity ϕ = 1 as well as the respective

exporter premia.

Revenues of the marginal firm follow from Eqs. (27) and (29) as

rn(1) = [rn(1)]a
fe − χfx (Θ− 1)

fe
, (35)

where superscript a here and in the following denotes the autarky value of the respective

variable. Revenues of the marginal firm, and hence of all non-exporting firms, are unam-

biguously lower than under autarky as a consequence of import competition. The decline

in revenues, and therefore in operating profits, of non-exporting firms in the open economy

is of course well known from other Melitz-type models.

It turns out that the effect of trade on all the other variables pertaining to the marginal

firm is ambiguous, and we therefore defer the respective derivations and results to the

Appendix. We do, however, find an unambiguous effect of trade on the skill premium paid
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by the marginal firm. In particular, we get

wns (1)

wnu(1)
=

[
ws(1)

wu(1)

]a 1 + χ
u
gΓ (ωu − 1)

1 + χ
1
Θ (ωs − 1)

. (36)

In the Appendix, we show that the relative return to skilled workers with the lowest ability

level shrinks in the open economy. The reason for this lies in the scarcity of skilled workers

with high abilities. Since exporters pay a higher wage premium to skilled than unskilled

workers, according to Eqs. (32) and (34), the scarcity of skilled workers with high abilities

must be even more pronounced in the open than the closed economy. The higher costs for

employing skilled workers with sufficiently high abilities imply that exporters lower their

skill intensity. Labour-market clearing requires that a lower skill intensity of exporters is

compensated by a higher skill intensity of non-exporters and this is only consistent with

cost minimisation if the skill premium paid by non-exporters declines. We complete the

discussion in this section by summarising the insights from the analysis above regarding

the implications of trade for wages.

Proposition 1. International trade increases the scarcity of high-ability workers, thereby

increasing their return relative to low-ability workers in the same skill group and generating

an exporter wage premium. This exporter wage premium is higher for skilled than for

unskilled workers.

Proof. Analysis in the text.

The wage effects in Proposition 1 are instrumental for the effects of trade on economy-wide

inequality, which are studied in detail in the next section.

4 Trade and income inequality

To measure income inequality we use the Theil index, which for the distribution of labour

income w over interval [w,w] can be computed according to

T =

∫ w

w

w

µw
ln

w

µw
dF (w), (37)
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where w is individual income, µw is average income, and F (w) is the cumulative distribu-

tion function of w. A higher value of T is associated with higher inequality and the Theil

index has a minimum value of zero if income is equally distributed among all workers. A

nice feature of the Theil index is its decomposability, which allows us to split economy-wide

inequality into inequality within the groups of skilled and unskilled workers, measured by

indices Ts and Tu, respectively, and inequality between the two subgroups, measured by

index Tb (see Shorrocks, 1980). For our model, we can write the economy-wide Theil index

as

T = νTs + (1− ν)Tu + Tb, (38)

with

Tb ≡ ν ln

(
(Lu + Ls)ν

Ls

)
+ (1− ν) ln

(
(Lu + Ls)(1− ν)

Lu

)
.

Thereby, ν and 1 − ν measure the the income shares of skilled and unskilled workers,

respectively, which due to the Cobb-Douglas technology in Eq. (4) are constant. This

implies that access to exporting has an impact on inequality only through its effect on the

Theil sub-indices Ts and Tu. As formally shown in the Appendix, these two sub-indices

are given by

Ts =
sΘ

g
− 1− ln

(
sΘ

g

)
− ln

[
1 + (ωs − 1)χ

1
Θ

]
− (ωs − 1)χ

1
Θ lnχ

1 + (ωs − 1)χ
1
Θ

(
sΘ

g
− 1

)
1

Θ
+

ωsχ
1
Θ

1 + (ωs − 1)χ
1
Θ

lnωs (39)

and

Tu =
1− η
u

Γ− ln Γ− ln
[
1 + χ

u
gΓ (ωu − 1)

]
− 1− η

g

χ
u
gΓ (ωu − 1)

1 + χ
u
gΓ (ωu − 1)

lnχ+
χ

u
gΓ

1 + χ
u
gΓ (ωu − 1)

lnωu, (40)
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respectively.

The impact of trade openness on income inequality is summarised in the following

proposition.

Proposition 2. Opening up for trade increases income inequality of skilled workers. In-

come inequality of unskilled workers remains unaffected if there is pooling of unskilled

workers over all firms, whereas it increases in response to trade if there is pooling of un-

skilled workers over subsets of firms. In both cases, economy-wide inequality is higher in

the open than the closed economy.

Proof. See the Appendix

If there is pooling of unskilled workers over all firms, the wage profile of unskilled

workers is pinned down by the ability of these workers. As a consequence, the Theil index

measuring inequality within the group of unskilled workers is unaffected by trade and

given by its autarky level: Tu = [(1− η)/u]Γ− ln Γ. In this case, we can focus on Ts when

studying the consequences of trade with χ < 1 on income inequality. As formally shown

in the Appendix, Ts is always larger in the open than in the closed economy, and this is

because trade renders skilled high-ability workers a scarce resource in our model, which

generates an exporter wage premium, thereby augmenting income inequality within this

skill group. With pooling of unskilled workers over subsets of firms, high-ability workers of

both skill types become a scarce resource in the open economy, leading to a wage premium

of skilled and unskilled workers employed by exporting firms. The existence of exporter

wage premia gives rise to higher inequality within the sub-groups of skilled and unskilled

workers, adding up to higher economy-wide income inequality.

5 Empirical analysis

In this section, we empirically implement the theoretical model outlined above to estimate

key parameters of our model step by step. For this purpose, we use detailed information

on German firms from the linked employer-employee data set (LIAB), provided by the
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Institute for Employment Research (IAB).8 This data set matches representative firm-level

survey information from the IAB establishment panel, which is drawn from a stratified

sample of establishments with the stratum being defined over 16 (manufacturing and

service) industries, 10 categories of establishment size, and 16 German states.9 The survey

is conducted by Infratest Sozialforschung on behalf of the IAB, yielding a high response

rate of about 80 percent. The data set includes important firm characteristics like the

export status as well as total, domestic, and foreign sales.

LIAB matches the establishment data with individual information on workers who

are employed full-time in one of the establishments in this sample as of 30 June in the

respective year. The individual data comprise information on educational attainment,

distinguishing six levels of education by the highest degree attained by a worker: less

than 10 years of schooling and no vocational training, less than 10 years of schooling

and vocational training, high school degree and no vocational training, high-school degree

and vocational training, college degree, and university degree. We classify workers with

less than 10 years of schooling and no vocational training as unskilled and workers with

a degree from a college or university as skilled (see Südekum, 2008). With regard to

the three remaining groups, we follow Klein et al. (2013) and distinguish employees by

their employment as blue-collar or white-collar worker, associating the former with being

unskilled and the latter with being skilled. The reason for this is that white-collar worker

in Germany typically perform tasks with higher skill requirements than their blue-collar

counterparts.10 Our sample covers the years 1996-2008, which is the time period before the

Subprime Crisis, for which we have reliable information on both West and East German

establishments. Since our model is not informative about adjustment processes, we do not

use the time dimension of the data and instead work with a cross section of averages by

8Alda et al. (2005) provide detailed information on the LIAB data set, which is confidential but not
exclusive, i.e. it is available for non-commercial research by visiting the research data centre of the German
Federal Employment Agency at the IAB in Nuremberg, Germany (see also http://fdz.iab.de/en.aspx).

9We use the terms firm and establishment synonymously in this section.
10In a robustness analysis, we consider alternative definitions of skilled and unskilled workers. Since

wages are right-censored, we follow the literature and impute wages for the best-paid employees in our
data set (see, for instance, Schafer, 1997; Schank et al., 2007). Details on this imputation are available on
request.
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firm.

Dropping all firms without sales information, we end up with a sample of 21,456 units,

with 7,124 of them (=̂ 33.2 percent) being active in the export market. The descriptives of

firms are summarised in Table 1. The average firm in our sample employs 63 workers, with

35 percent of its workforce being skilled according to our definition of this group. Notably,

not all firms in our data set employ both skilled and unskilled workers. The skill premium

amounts to 28 percent. The sales level of the average firm in our sample is 29 million Euro.

There is substantial size heterogeneity of firms, with sales varying between 15 thousand

and 19 billion Euro and the workforce varying between one and 24,000 employees.

Table 1: Descriptive statistics

Obs. Mean Std. Dev. Median Min. Max.

– All firms –

Nr. of employees 21,456 63.017 291.842 9.773 1.000 24,000
Nr. of unskilled 21,456 41.218 219.879 3.757 0.000 18,000
Nr. of skilled 21,456 21.799 115.406 1.818 0.000 6,820
Wages unskilled 17,483 25,000 8,157 18,000 7,804 80,000
Wages skilled 18,293 32,000 12,000 31,000 7,796 96,000
Sales (in 1,000) 21,456 29,000 230,000 21,000 15.000 19,000,000

– Exporters –

Nr. of employees 7,124 129.953 475.792 31.242 1.000 24,000
Nr. of unskilled 7,124 91.323 363.222 15.152 0.000 18,000
Nr. of skilled 7,124 38.630 173.487 5.775 0.000 6,820
Wages unskilled 6,289 27,000 7,896 27,000 8,041 73,000
Wages skilled 6,774 37,000 11,000 38,000 7,822 96,000
Sales (in 1,000) 7,124 64,000 380,000 91,000 16.000 19,000,000

Notes: Figures in this table are based on averages at the firm-level over 1996 to 2008. Wages and
sales levels are in Euro.

The descriptives in Table 1 confirm the insight from previous studies that exporters

are significantly larger than non-exporters, supporting a selection of the best firms into

exporting (cf. Bernard and Jensen, 1995; Bernard et al., 2012). On average, exporters have

120.49 percent higher sales and employ 106.22 percent more workers than non-exporters

in our data set. At the same time, exporters in our data set have a significantly lower skill-

intensity than non-exporters. This is in contrast to evidence for Chilean plants reported by
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Harrigan and Reshef (2015). However, it is well in line with our theoretical model, which

explains a low skill intensity of exporters by the scarcity of high-ability skilled workers.

Finally, the descriptives in Table 1 show that the skill premium paid by German exporters

is 9.04 percentage points (or 32.28 percent) higher than the skill premium paid by German

non-exporters. This provides further support for our theoretical argument that exporting

increases particularly the scarcity of skilled workers with high abilities.
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Figure 1: The prevalence of exporters in high percentiles of the wage distribution

We complete the discussion of descriptives with a glance on whether it is in fact true

in our data set that the share of skilled workers employed by exporting firms is higher

for higher percentiles of the wage distribution. Only if this is the case, the observation

from Table 1 that exporters pay higher wages than non-exporters can be interpreted as

supportive evidence for our main theoretical argument: More productive firms pay higher

wages and at the same time are more likely to self-select into export status. In order

to analyze this question, we look at firm-averages of skilled wages and compute for each

percentile of this distribution the share of workers that are employed by exporting firms.

Figure 1 illustrates the result. It shows that, consistent with our model, the vast majority

of skilled workers in the data earning high wages are indeed employed by exporting firms.11

11As in virtually all other data sets the separation between exporters and non-exporters is not strict
(see Armenter and Koren, 2014, for an overview). It is therefore not surprising that we find exporters and
non-exporters coexisting in all wage percentiles.
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5.1 Estimation strategy

We need to gauge information on seven parameters, namely ν, σ, g, s, u, η, τ , which we can

combine to obtain estimates for the composite parameters ∆, Θ, and Γ. All estimations

are based on OLS. In what follows, we outline the estimation strategy and present the

respective estimation results. Thereby, we use index v to denote firm-level variables.

Estimation of the Cobb-Douglas cost share parameter ν

Parameter ν measures the cost share of skilled workers in the total wage bill of a firm. We

can estimate ν as an average from a regression

ws,vls,v
ws,vls,v + wu,vlu,v

= ν + errorv. (41)

This gives an estimate of ν̂ = 0.429 with a standard error of 0.003. This estimate is slightly

higher than the skilled labour shares for Mexico reported by Fenstra and Hanson (1997),

which range between 0.372 and 0.414. In contrast to them, we do not distinguish the

skilled and the unskilled by their employment as non-production and production workers,

but instead use the level of educational attainment to distinguish between skill groups.

Estimation of the elasticity of substitution σ

We estimate σ from the ratio of firm-specific total sales, rf , and operating profits (defined

as sales net of wage bill), ψv, from a regression of the form

rv
ψv

= σ + errorv, (42)

Using this procedure, we obtain an estimate of σ̂ = 3.240 with a standard error of 0.018.

This σ-estimate is well in line with the respective estimates by Bernard et al. (2003) and

Eaton et al. (2011), who report σ-values of 3.79 and 2.98, respectively. Furthermore, our

σ-estimate is at the lower bound of estimates reported by Broda and Weinstein (2006).
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Estimation of parameters g, u, and s

We now turn to the estimation of the shape parameters of the three Pareto distributions

for firm productivity, the ability of skilled workers, and the ability of unskilled workers,

respectively. In doing so, we adapt an idea outlined by Arkolakis (2010) and Arkolakis

and Muendler (2010): If relative firm-level revenues are a monotonic function these firms’

productivities (a feature that our model has, along with most other models building on

Melitz, 2003), the link of a firm’s revenue to its percentile position p in the revenue dis-

tribution is informative about the shape parameter of the underlying Pareto productivity

distribution. In our model with firm-specific skilled wages, an analogous argument holds

for the link between the skilled wage paid by a firm and its percentile position p in the

wage distribution. We use both links in the following to extract information about the

shape parameters of the productivity distribution and the ability distribution of skilled

labour.

As discussed by Arkolakis (2010), it is a consequence of the Pareto assumption that

the productivity distribution of exporters has the same shape parameter as the respective

distribution for all firms. Again, the analogous result holds of course for the ability

distribution of skilled workers. For the estimation of the shape parameters g and s it is

therefore meaningful to look at exporters only rather than at all firms. This is what we

do, since the distributions of revenues and skilled wages for all firms are not Pareto but are

composites of a truncated Pareto distribution for non-exporters and a Pareto distribution

for exporters. Denoting by ϕp the productivity at the percentile p threshold, we can

write ϕp/ϕ
x = (1 − Prp)−1/g, where Prp is the percentile position of an exporter with

productivity ϕp in the productivity distribution of exporters only, and rankp = 1 − Prp

the respective firm’s rank in this distribution.

According to our model, the percentile rank of a firm in the productivity distribution

equals this firm’s rank in the revenue distribution, and also its rank in the skilled wage

distribution. Both ranks are observable.12 Denoting by r̄tp the average revenues of all

12Arkolakis (2010) and Arkolakis and Muendler (2010) suggest using the variation in export sales across
different destination countries to learn about the shape parameter of the revenue distribution. We cannot
follow this strategy, since our data set has no information on country-specific export sales. The alternative
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firms more productive than firm p, and by w̄ps the average wage paid by all firms more

productive than firm p we can derive the following two regression equations:

ln r̄tp = α0 + α1 ln rankp + errorp, (43)

ln w̄ps = β0 + β1 ln rankp + errorp (44)

where α0 and β0 are constants and α1 ≡ 1/Θ−1 and β1 ≡ −[1−∆−(1−η)(1−ν)]/(νg) are

functions of the vector of model parameters x ≡ (ν, σ, s, g, η).13 With our data at hand,

we obtain a point estimate of α̂1 = −0.803 and a standard error of 0.002. The absolute

value of this estimate is close to the findings from previous empirical studies following a

similar approach. It is higher than the estimate of 0.67 reported by Arkolakis (2010) and

lower than the estimates of 0.83 and 0.86 reported by Arkolakis and Muendler (2010) and

Egger et al. (2013), respectively. We estimate a parameter value of β̂1 = −0.085 with a

standard error of 0.0005.

With the empirical values of ν and σ at hand, the estimates for α1 and β1 from Eqs.

(43) and (44) allow us to write estimates for g and s as functions of η:

ĝ = 1.086 + 1.446η (45)

ŝ = 0.307 + 0.409η. (46)

The revenue distribution of firms is not informative about u, the shape parameter of the

ability distribution of unskilled workers, since the wage per efficiency unit of unskilled

labour is equalized across firms. In order to estimate u, we instead use the fact that

in our model wage differences of all unskilled workers employed by firms with the same

export status reflect their ability differences. Therefore, the rank of an unskilled worker

in the ability distribution equals this worker’s rank in the wage distribution, which is

observable. Using this correspondence, we denote the fraction of unskilled workers with

approach described below was first used by Egger et al. (2013).
13Instead of using averages as left-hand side variables, we could simply link each exporter’s revenue and

skilled wage to its rank in the respective distribution in order to estimate α1 and β1. However, working
with averages helps guarding against mis-measurement of revenues and wages at the firm level and thus
gives more reliable results.
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an ability higher than the one in percentile p, βp, by 1 − Prup = (βp/β̄)−u. Thereby, β̄

denotes a lower productivity threshold, which defines the minimum ability level considered

in our computation. The rank of percentile p in the ability distribution is then given by

rankup = 100(1 − Prpu). Moreover, we can compute the wage bill of all workers with an

ability of at least as high as βp as follows

Wu(βp) = Luβ
−u
p wu(β̄)Γ

(
βp

β̄

)1−η
. (47)

Denoting the mass of workers with an ability higher than βp by Lpu ≡ Luβ−up , the average

wage of unskilled workers with an ability at least as high as βp is defined as w̄pu ≡

Wu(βp)/Lpu. Accounting for (βp/β̄)−u = rankpu, we can specify the following log-linear

equation

w̄pu = γ0 + γ1 ln rankpu + errorp (48)

where γ0 is a constant and γ1 ≡ −(1− η)/u. According to our theoretical model, we have

to distinguish two cases. If there is pooling of unskilled workers over all firms, we have

to set β̄ = 1 and consider all unskilled workers in our data set, because in this case the

wage profile across all ability levels is given by Eq. (14). In contrast, if there is pooling of

unskilled workers over subsets of firms, our model gives rise to an exporter wage premium,

so that unskilled workers with sufficiently high abilities to be employed by exporters receive

a wage from a profile that is upward shifted relative to the profile of unskilled workers

with low abilities and employment in non-exporting firms. In this case, we set β̄ = ϕx and

consider only unskilled workers from exporting firms. We obtain a parameter estimate of

γ̂+
1 = −0.141 and a standard error of 0.0004 when being in a scenario with pooling over

all firms and a parameter estimate of γ̂−1 = −0.149 with a standard error of 0.001 if there

is pooling of unskilled workers over subsets of firms. This establishes

û+ = −1− η
γ̂+

1

= 7.116(1− η), û− = −1− η
γ̂−1

= 6.712(1− η), (49)
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respectively.

One could as well write the least-squares problems to estimate the parameter vec-

tors {α0, α1}, {β0, β1}, and {γ0, γ1} in terms of generalized method of moments (GMM)

estimation. Each of the OLS models would then have two moment conditions for the

respective two parameters. We could refer to the respective 2 × 1 vectors of moment

conditions (requiring orthogonality of the right-hand-side variables with the residuals) as

mα = m(α0, α1), mβ = m(β0, β1), and mγ = m(γ0, γ1). Then, GMM for each couple of

parameters separately is

arg min
`

(
m′`Ψ`m` − q`

)
, (50)

for ` ∈ {α, β, γ}, where q`. is the value of the objective function, and Ψ` is the moments

weighting matrix (corresponding to the inverse of the asymptotic variance-covariance ma-

trix of the moment conditions). One could also estimate this problem for all equations

jointly. However, when assuming that the model is heteroskedastic, the GMM estimator

is OLS, regardless of Ψ` and whether one would estimate the problem for each couple of

parameters separately or all of them jointly (see Greene, 2003, p. 221).

Estimation of Parameter τ

Parameter τ can be estimated according to

rxv
rdv

= t0 + errorv (51)

where rdv , r
x
v are domestic and foreign sales of an exporting firm and t0 ≡ τ1−σ is a

constant. We obtain an estimate of t̂0 = 0.909 with a standard error of 0.074. In view of

the σ-estimate reported above, this corresponds to an iceberg transport cost parameter

of τ̂ = 1.044. This estimate is lower than the trade cost estimates obtained from gravity

equations. For instance, Novy (2013) reports a τ -estimate for Germany in 2000 of 1.69,

whereas Milner and McGowan (2013) estimate τ -levels for Germany that range from 1.39
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to 1.53 between 1996 and 2004.14 However, one should keep in mind that when relying on

the textbook gravity model, the estimated values for τ comprise both fixed and variable

barriers to international trade, and hence it is highly plausible that our estimate for τ is

lower than the estimates from gravity models.

Of course, it is possible that our assumption of symmetric countries leads us to under-

estimate the size of the export market, thereby leading to a downward bias in the estimate

of the iceberg trade cost parameter. One way to avoid this potential downward bias in the

estimation of τ , would be to follow Egger et al. (2013) in writing down a model with po-

tentially asymmetric countries. However, since our data set has no information about the

destination of exports, we would not be able to disentangle relative market size from the

trade cost parameter without adding a further, arbitrary identification assumption. For

this reason, and also because the estimation of trade costs is not the main focus of this

analysis, we stick to the more parsimonious model variant with symmetric countries.

To evaluate whether potential biases in the estimation of τ lead to wrong predictions

of the model regarding the export exposure of German firms in the aggregate, we can

compute the share of export sales to total sales and contrast it with the observed ratio in

the IAB firm-level data of 0.32.15 The ratio of export sales to total sales in our model is

given by

Rex
R

=
τ1−σ

1 + τ1−σ
ωsχ

1
Θ

1 + (ωs − 1)χ
1
Θ

, (52)

with ωs being given by Eq. (32). Making use of the parameter estimates from above,

we can compute Rex/R = 0.25. This suggests that our model does a fairly good job in

explaining the export exposure of German firms when relying on the τ -estimate from the

symmetric country model.

14We would like to thank Chris Milner for providing country-specific estimates of τ .
15This ratio is of the same magnitude as the average export exposure of Germany over the period 1996-

2008, when computing the ratio of exports sales to GDP based on data from the World Development
Indicators.
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Computation of Parameter η

To determine parameter η, we first note that Assumption 1 imposes two constraints that

confine the admissible range of η. Using the parameter estimates from above, constraint

s > g + 1− ησ is equivalent to

η > η̄s =
1.086 + 1− 0.307

0.409 + 3.240− 1.446
≈ 0.808 (53)

whereas constraint u < g + 1− ησ reduces to

η > η̄+
u =

7.116− 1.086− 1

7.116 + 1.446− 3.240
≈ 0.945

η > η̄−u =
6.712− 1.086− 1

6.712 + 1.446− 3.240
≈ 0.941

(54)

for the scenario with pooling of unskilled workers over all firms and the scenario with

pooling of unskilled workers over subgroups of firms, respectively. Finally, we know from

the theoretical model that pooling of unskilled workers over all firms implies ωu = 1,

whereas pooling of unskilled workers over sub-groups of firms establishes ωu > 1. In view

of Eq. (34), this gives two further constraints on η. Pooling of unskilled workers over all

firms requires

(1 + t0)
1
σ

χ−u++η−1
g − 1

χ−α1−1 − 1


1+ν(σ−1)

σ

≤ 1 =⇒ η > η+
ω ≈ 0.942, (55)

whereas pooling of unskilled workers over subgroups of firms requires

(1 + t0)
1
σ

χ−u−+η−1
g − 1

χ−α1−1 − 1


1+ν(σ−1)

σ

≥ 1 =⇒ η < η−ω ≈ 0.938, (56)

Taking stock, the parameter constraints in (53)-(56) rule out pooling of unskilled workers

over subgroups of firms. Furthermore, from (55) we can infer that in an equilibrium with

pooling over all firms η ≥ 0.942 must hold. To obtain a unique value of η, we choose the

η-level that minimises the absolute distance between Theil index T computed according
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to Eq. (38) and the respective Theil index observed in the data, taking into account

the parameter constraints mentioned above. Thereby, we restrict attention to inequality

between firms, by assigning the same (average) skill-specific wage to all workers in a certain

firm. Following this procedure, we arrive at η̂ = 0.945 as the preferred parameter value.16

Substitution of the thus computed η in Eqs. (45), (46), and (49) gives the remaining

parameter values. Combining these parameter estimates we can finally express the three

composite measures ∆, Θ, and Γ. The parameter estimates for our model are summarised

in Table 2.

Table 2: Parameter estimates

parameter value parameter value

ν 0.429 η 0.945
σ 3.240 τ 1.044
g 2.452 ∆ 0.879
s 0.693 Θ 5.069
u 0.390 Γ 1.163

5.2 Wages and income distribution: a quantitative account

With the parameter estimates from Table 2, we can quantify economy-wide inequality

and its components, and contrast the respective results with the empirical patterns in

our data set. Table 3 reports the computed and observed measures of inequality. From

this table, we see that our model overestimates within-group inequality among skilled

workers Ts, whereas it underestimates within-group inequality of unskilled workers Tu.

The model correctly predicts the ranking of Ts and Tu and it does a very good job in

explaining between group-inequality Tb. Overall, the model slightly over-estimates total

wage inequality in our data set, as measured by Theil index T .

Due to positive assortative matching between high-ability skilled workers and high-

productivity firms, our model features a direct link between firm-level revenues and firm-

level skilled wages. In particular it follows from Eqs. (11), (13) and (26) that firm-level

16Note that in our model 1 − η captures the effect of abilities on effective firm productivity conditional
on abilities being higher than the minimum viable level. Therefore our high estimate for η̂ is compatible
with the underlying model assumption that abilities are important for determining this productivity.
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Table 3: Income inequality

observed computed

Ts 0.037 0.106
Tu 0.034 0.012
Tb 0.015 0.015
T 0.050 0.067

skilled wages increase in firm-level revenues with constant elasticity 1−(g−s)/[∆(σ−1)] ∈

(0, 1):

lnws(ϕ)− lnws(1) =

[
1− g − s

∆(σ − 1)

] [
ln rt(ϕ)− ln rn(1)

]
, (57)

where superscript t refers to total revenues of exporters and non-exporters, respectively.

In order to see the model’s empirical suitability, we first compute a theory-consistent

average skilled wage for firms in each percentile of the revenue distribution by combining

data on average revenues in each percentile with parameter estimates from Table 2. We

then compare this profile to the observed average skilled wage for firms in each percentile

of the revenue distribution. Figure 2 illustrates the correlation between observed and

computed wages, normalised by the respective value for the marginal firm, with each

diamond representing a percentile value. The figure shows that the model does a very

good job in explaining the skilled wage profile across firms. The correlation coefficient

between observed and computed wages is, with a value of 0.973, very high. Our model

somewhat underestimates the differences in skilled wages across firms, but the standard

deviations based on observed and computed skilled wages are fairly close, at 0.294 and

0.221, respectively.17

Since the model features a pooling equilibrium for unskilled workers, there is no unique

assignment of unskilled worker abilities to firms of a particular productivity, and hence

we cannot simply replicate for unskilled workers the exercise we just conducted for skilled

17Although underestimating the skilled wage dispersion across firms, our model overestimates overall
wage inequality of skilled workers as measured by the Theil index (see above). This is, because our model
overestimates the dispersion of skilled employment across firms, which leads to an upward bias in the
computed Theil index.
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Figure 2: The correlation of computed and observed skilled wages

workers. Still, the model predicts average firm-level wages to be positively correlated with

firm revenues due to our assumption of the firm-specific ability cutoff that is increasing

in a firm’s baseline productivity. To be able to say something more specific, we need to

specify an assignment mechanism of unskilled workers to firms. We choose a particularly

simple one and assume that workers with the highest abilities fill the available jobs in the

firms with the highest ability requirements. This hierarchical matching process establishes

labour market clearing over all sub-intervals of the unskilled ability distribution. Formally,

the matching process is described by

N

∫ ∞
ϕ

σ − 1

σ

(1− ν)rt(ϕ)

wu(1)
dG(ϕ) = Lu

∫ ∞
β

β1−ηdU(β), (58)

where the left-hand side gives the demand for efficiency units of unskilled labour with

abilities β > ϕ and the right-hand side gives the supply of efficiency units of unskilled

workers with abilities β > β.

Our technology assumption implies β ≥ ϕ. Solving for the integrals, we can compute

β as an explicit function of ϕ:

β = ϕ
gΓ
uΘB(χ), with B(χ) ≡ Nrn(1)

Luwu(1)

σ − 1

σ

Θ

Γ

fe + χfx
fe − χfx(Θ− 1)

. (59)
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This holds for any ϕ. Noting that labour-market clearing with employment of the least

productive unskilled workers furthermore implies that β = 1 if ϕ = 1 and thus B(χ) = 1,

Eq. (59) simplifies to β = ϕ
gΓ
uΘ . Substitution into Eq. (14) establishes

wnu(ϕ)

wnu(1)
= ϕ

gΓ(1−η)
uΘ (60)

Taking logs and accounting for Eqs. (13) and (26), this gives

lnwu(ϕ)− lnwu(1) =

Ξ


[
ln rt(ϕ)− ln rn(1)

]
if ln rt(ϕ)− ln rn(1) ≤

(
1
Θ − 1

)
lnχ[

ln rt(ϕ)− lnωs − ln rn(1)
]

otherwise

, (61)

with

Ξ =
gΓ

uΘ

1− η
∆(σ − 1)

being a constant. As in the case of skilled wages, we can now combine revenues at the

percentile level from the data and the parameter estimates from Table 2 to compute a

theory-consistent profile of unskilled wages. The correlation between the thus computed

profile with the respective profile from the data is depicted in Figure 3. The correlation

coefficient between observed and computed wages is, with a value of 0.972, again very high.

But even with the assumed hierarchical matching process our model underestimates the

wage differences for unskilled workers between firms, the standard deviations for observed

and computed wages being 0.194 and 0.084, respectively.

When it comes to quantifying the exporter wage premium, the structural approach,

unlike previous studies on the exporter wage premium, allows us to compute skill-specific

premia. Relying on the parameter estimates from Table 2, the model indicates that an

exporter wage premium does only exist for high-skilled workers and that the premium

for this group is fairly high, with a value of 43.03 percent. This indicates a remarkable

difference in the way skilled and unskilled workers are affected by exporting. Weighting
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Figure 3: Wage profile based on revenues

the skill-specific wage premia by the share of skilled and unskilled workers employed in

exporting firms, we can compute an average exporter wage premium of 12.79 percent.

This average is in line with results from previous empirical work, which finds evidence for

the existence of an exporter wage premium with the estimates varying between 4.4 and

17.9 percent (cf. Bernard and Jensen, 1999; Mayer and Ottaviano, 2008; Frias et al., 2009;

Egger et al., 2013; Klein et al., 2013). Most closely related to our exercise, Hauptmann and

Schmerer (2013) report an exporter wage premium in the range of 11.2 and 14.1 percent

for a cross section of German manufacturing firms.

6 Exporting and wages: a counterfactual analysis

In this section, we make use of the parameter estimates from the empirical exercise to

conduct three counterfactual experiments. In the first experiment, we quantify the impact

of trade on wage inequality in Germany, by contrasting the Theil indices for the observed

exposure to trade with the respective indices in the counterfactual situation of no trade.

Moving the German economy to autarky enforces non-exporting for all firms, and hence

this experiment is equivalent to eliminating the exporter wage premium. Since exporters

do not pay a wage premium to their unskilled workforce, this comparative static exercise

only affects the wage distribution of skilled workers, making it more equal. To be more
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specific, the Theil index measuring the wage distribution of skilled wages, Ts, declines

by 30.98 percent, whereas overall wage inequality, as measured by Theil index T , falls

by 21.00 percent. This implies that the wage premium paid by exporters to their skilled

workforce has indeed strong economy-wide distributional consequences.18

In a second counterfactual experiment, we study the distributional effects of free trade,

which we define as a situation in which all variable trade costs are zero, while the fixed cost

of exporting is unchanged. At the observed exposure to trade, we can compute fx/fe by

employing our parameter estimates in Eq. (33). This establishes fx/fe = 0.161. Equipped

with this fixed cost ratio, we can now apply the implicit function in Eq. (33) a second time

to compute the share of exporting firms if τ falls to 1. This gives χ = 0.346. Eliminating

the remaining iceberg trade costs has only small effects on the share of exporting firms.

Therefore, the distributional consequences are also small. The exporter skill premium for

skilled workers increases by 4.65 percent, whereas there is still no exporter skill premium

for unskilled workers. Hence, all distributional effects of trade liberalisation materialise

due to an increase of wage inequality within the group of skilled workers. The Theil

index of skilled workers increases by 0.36 percent, whereas the Theil index for all workers

increases by 0.24 percent.

If economic integration were to eliminate not only variable trade costs but in addition

reduced the fixed cost ratio fx/fe below a level of 0.063, exporting would become attractive

for all firms (χ = 1) and the exporter wage premium for skilled workers would vanish.

Without exporter wage premia for either skill group, Theil indices Ts and T would fall

back to their autarky levels, thereby eliminating the adverse distributional consequences

of trade liberalisation. Hence, trade affects the wage distribution only if firms differ in

their exposure to exporting, and since this exposure is the same for all firms if χ = 0 or

χ = 1, the effects of trade on wage inequality must be non-monotonic in our setting (see

Helpman et al., 2010; Egger and Kreickemeier, 2012, for a similar result).

In a final counterfactual experiment, we quantify the distributional effects of the most

18With constant expenditure shares due to the Cobb-Douglas technology and full employment of both
skill types, there are no effects on the relative return of skilled to unskilled workers on average, leaving the
between component of the Theil index, Tb, unaffected.
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significant liberalisation event for Germany in the last two decades: the enlargement

of the European Union (EU) in 2004 and 2007. In 2004, the Czech Republic, Cyprus,

Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia, and Slovenia joined the

EU, whereas in 2007 Bulgaria and Romania became new member states. In total, the

two enlargement waves increased the number of EU members from 15 to 27. The general

public was concerned about adverse consequences for domestic labour markets, which made

the enlargement process a highly controversial issue in the incumbent member countries.

Ten years after the enlargement there seems to be no evidence for unintended negative

employment effects in Western Europe. We can use our model to shed further light on the

labour market effects of the EU expansion by evaluating its distributional consequences

in Germany.

For this purpose, we use estimates from Keuschnigg et al. (2001) on average tariffs on

German exports. They distinguish two groups of applicants according to the degree of

integration with the EU prior to their membership. The group with the ex ante deeper in-

tegration is labelled CEEC1 and comprises the Czech Republic, Estonia, Hungary, Poland,

and Slovenia. These countries had an average tariff on German exports of 6.688 percent

prior to their membership. Bulgaria, Latvia, Lithuania, Romania, and the Slovak Repub-

lic are the second group of applicants, CEEC2, with an average tariff of 10.975 percent on

German exports before their EU membership. We assign Cyprus and Malta to the first

group of applicants and therefore set their tariff on German exports prior to their mem-

bership to 6.688 percent. Furthermore, the tariff estimate for the RoW, i.e. all countries

except of EU members and the applicants is 5.915. Lacking information on non-tariff bar-

riers, Keuschnigg et al. (2001) suggest setting them to a tariff-equivalent value of 5 percent

for CEEC1 countries and to a value of 10 percent for CEEC2 countries and the RoW. Fol-

lowing this strategy would result in an iceberg trade-cost measure that is higher than our

estimate. Weighted by year-specific export shares we would obtain a level of τ = 1.067,

when setting non-tariff barriers at the levels suggested by Keuschnigg et al. (2001).19 To

19For computing the export shares, we rely on the OECD STAN database, which provides detailed
information on German goods exports for the period 1996-2008. Information on service exports is not
available in this data set.
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make non-tariff barriers consistent with our estimate of τ̂ = 1.044 we set them to a level

of 2.128 for CEEC1 countries and to a level of 4.255 percent for all other countries that

have not been EU members until 2004.

With these estimates at hand, we can quantify the trade cost reduction effect of the

respective EU enlargements. For this, we collapse the two stages of enlargement into a

single event and assume that all applicants started their EU membership in 2004. We then

compute the export-weighted average of trade costs for the years 1996-2003 to obtain an

ex-ante measure of iceberg parameter. Associating EU membership with the elimination of

all tariff and non-tariff barriers, we can further compute an ex-post measure of the iceberg

parameter as an export-weighted average of trade-costs vis-á-vis the RoW for the years

2004-2008. According to these computations, the enlargement of the EU is equivalent to a

fall in the iceberg trade cost parameter from τ = 1.046 to τ = 1.039 for German exports.

This is associated with an increase in the share of exporters from χ = 0.331 to χ = 0.334

in the model and raises the exporter wage premium for skilled workers by 0.21 percent.

The Theil index measuring wage inequality of skilled workers increases by 0.06 percent,

whereas the one for overall wage inequality increases by 0.04 percent. This suggests that

the distributional effects resulting from the elimination of barriers to goods trade with the

new member states of the EU in the first decade of this century are negligible according

to the quantitative model.20

7 Robustness analysis

In this section, we analyse the robustness of the estimation results in two regards: the

time dimension for which cross-sectional data are used and the the employed definition of

skill groups.

7.1 Parameter estimates for cross-sections based on sub-periods

In Table 4, we summarize parameter estimates for data which are based on cross-sections

for time-wise sub-samples of the raw data underlying the analysis in Section 5. Rather

20This result does not change when using the higher non-tariff barriers from Keuschnigg et al. (2001).
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than basing the cross-section on all data from 1996 to 2008 as had been done there (referred

to as the benchmark in this subsection), we compute nine alternative cross-sections for all

possible five-subsequent-year sub-periods within 1996-2008.

Table 4: Parameter estimates for cross-sections in time sub-samples

time period
param. benchmark 96-00 97-01 98-02 99-03 00-04 01-05 02-06 03-07 04-08

ν 0.429 0.373 0.398 0.415 0.430 0.439 0.441 0.441 0.435 0.433
σ 3.240 3.227 3.363 3.302 3.220 3.167 3.039 3.049 3.086 3.088
g 2.452 2.597 2.709 2.611 2.486 2.387 2.213 2.201 2.241 2.223
s 0.693 0.849 0.872 0.812 0.738 0.659 0.580 0.561 0.583 0.571
u 0.390 0.642 0.634 0.553 0.467 0.381 0.293 0.259 0.268 0.235
η 0.945 0.916 0.914 0.926 0.938 0.949 0.961 0.965 0.964 0.968
τ 1.044 1.044 1.041 1.042 1.044 1.045 1.048 1.048 1.047 1.047

The results in Table 4 suggest that most of the parameters are relatively stable over

time. The biggest deviations from the benchmark results are found for u (the Pareto

shape parameter of the ability distribution of unskilled workers) followed by s (the Pareto

shape parameter of the ability distribution of skilled workers). The data suggest a (non-

monotonic) downward trend for both shape parameters with the one for u being somewhat

more pronounced than the one for s. However, even these alternative values would not

lead to a change of the qualitative outcome of a support of a separating equilibrium for

skilled labor and a partial pooling (among exporters on the one hand and non-exporters

on the other hand) of unskilled labor.

Table 5: Theil indices for cross-sections in time sub-samples

time period
param. benchmark 96-00 97-01 98-02 99-03 00-04 01-05 02-06 03-07 04-08

Ts 0.037 0.033 0.031 0.031 0.033 0.033 0.033 0.036 0.038 0.040
Tu 0.034 0.027 0.027 0.027 0.028 0.029 0.029 0.031 0.033 0.034
Tb 0.015 0.012 0.014 0.015 0.014 0.013 0.014 0.013 0.014 0.014
T 0.050 0.045 0.043 0.043 0.045 0.044 0.045 0.046 0.049 0.051

Consistent with the relative robustness of the parameter estimates, the results for the

overall Theil index (T ) and the sub-indices used in Section 5 are relatively robust for the
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nine subperiods as compared to the benchmark covering the whole time span.

7.2 Parameter estimates for alternative skill definitions

Using again data for the cross-section based on all years, it is interesting to compare

outcomes for alternative skill definitions to the benchmark results. In that regard, it

is important to consider that information on workers’ skills can only be based on six

education attributes and a differentiation of blue-color and white-color workers in the

raw data. In the benchmark analysis, we combined these eight attributes in a specific

way to define skilled versus unskilled workers. To us, the definition used in the benchmark

analysis appeared reasonable, when being contrasted against the background of discussions

in German economic policy. In this section, we consider two alternative definitions which

are extreme in one or the other way. In one scenario, we adopt a narrow definition of

skilled, and in an alternative scenario we adopt a broad definition of skilled.

With the narrow definition of skilled workers, we classify only those workers as skilled

who hold a college or university degree. All other workers are subsumed under the now very

large group of unskilled workers. This lowers the share of skilled workers in our data set

tremendously from 34.6 to 4.2 percent, and it raises the skill premium – the average wage

paid to skilled workers relative to unskilled workers according to the definition used – from

28.0 to 65.4 on average. With the broad definition of skilled workers, we define workers

as to be unskilled only if they have at most ten years of education and not any vocational

training. This is the case for about 21.3 percent of the workers in our sample. The 78.3

of workers with higher levels of education are classified as skilled. This redefinition of

skill groups lowers the skill premium from 28.0 to 16.7 percent on average. We report the

parameter estimates for both alternative skill definitions in Table 6 and the corresponding

Theil indices in Table 7. We use the convention to report the corresponding benchmark

estimates for parameters and Theil indices obtained in the analysis above in the respective

first columns in either table.

Not surprisingly, the cost share of skilled workers changes markedly, when considering

the alternative definitions of skilled workers. The estimate ν̂ is much lower with the nar-
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row definition and much higher with the broad definition of skilled workers than in the

benchmark. Furthermore, with the narrow definition of skills, the group of skilled work-

ers becomes more homogeneous in the data, leading to a higher estimate of s, while the

opposite is true with the broad definition of skills. The shape parameter for the ability

of unskilled workers, u, is estimated to be much lower with the alternative skill defini-

tions than for the benchmark definition, suggesting much more heterogeneity among the

unskilled than in the benchmark. Beyond that, the heterogeneity of firms regarding their

baseline productivity is estimated to be lower (ĝ is higher) with a narrow skill defini-

tion, and it is estimated to be somewhat higher (ĝ is higher) when using a broader skill

definition than in the benchmark case.

Parameters such as σ and τ are principally independent of the definition of skills.

However, the sample sizes differ somewhat (are smaller) when using the alternative skill

definitions relative to the benchmark case, so that there is a minor effect also on those

estimates. But the definition of skills has obviously the largest relative impact on those

parameters where we would expect to find it, namely {ν̂, ĝ, ŝ, û}.

Table 6: Parameter estimates for cross-sections in time sub-samples

skill definition
param. benchmark narrow broad

ν 0.429 0.069 0.854
σ 3.240 3.450 3.357
g 2.452 2.996 2.406
s 0.693 0.799 0.681
u 0.390 0.014 0.096
η 0.945 0.998 0.986
τ 1.044 1.037 1.045

ωs 12.790 17.065 1.463

A key result from the analysis based on alternative skill definitions is qualitative:

the trade equilibrium supported by the estimates is still one where there is a separating

equilibrium and an exporter wage premium for skilled workers (ωs > 1) while there is

partial pooling and an absence of an exporter wage premium for unskilled workers (ωu =

1). With the narrow skill definition, the exporter wage premium is higher than in the
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Table 7: Income inequality for alternative definitions of skills

skill definition
benchmark narrow broad

observed computed observed computed observed computed

Ts 0.037 0.106 0.029 0.288 0.043 0.111
Tu 0.034 0.012 0.032 0.012 0.029 0.013
Tb 0.015 0.015 0.006 0.007 0.006 0.015
T 0.050 0.067 0.039 0.039 0.047 0.111

benchmark, while with the broader skill definition it is much lower. In the benchmark

case, the exporter wage premium was 12.79 percent for the average worker (43.03 percent

for skilled workers), while it is estimated at XX,XX percent on average (70.44 percent for

skilled workers) with a narrow skill definition and at XX.XX percent on average (34.906

percent for skilled workers) with a broad skill definition. Both are much higher than the

exporter wage premium estimates from other studies.

8 Conclusion

In this paper we have set up a structural empirical model of an open economy in which

the populations of firms and workers are heterogeneous. Firms hire skilled and unskilled

workers for production, and more productive firms require skilled and unskilled workers

of higher ability, leading them to pay higher wages for both types of workers. With

more productive firms selecting into exporting, our model allows for the existence of an

exporter wage premium due to extra demand by exporting firms for high-ability workers

that are in fixed supply. Whether or not an exporter wage premium materialises in our

model depends on supply of and demand for workers with high abilities, and therefore on

the ability distributions for skilled and unskilled workers as well as on the porductivity

distribution of firms. With two types of workers present, we can decompose the exporter

wage premium into its skill-specific components.

We structurally estimate the parameters of our model using the matched employer-

employee data set of the Institute for Employment Reserch (LIAB), which provides detailed
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information on German firms and workers for the years 1996 to 2008. The dataset includes

information on the highest degree obtained by workers, and we use this information to

find the empirical equivalent of the two worker categories in our theoretical model. Using

the estimated parameter values, we find an average exporter wage premium of about 13

percent, well within the range of values found in other studies. But we also find that

this average masks a lot of heterogeneity, with exporting firms paying no wage premium

to their unskilled workers, while the exporter wage premium for the subgroup of skilled

workers is more than 40 percent. This suggests to us that it is empirically relevant to try

and dissect the exporter wage premium as we have done in this paper.

Through its effect on the exporter wage premium, trade in our model also has con-

siderable effects on the economy-wide distribution of income, which is more unequal in

the open than the closed economy. However, the respective effects are not monotonic,

implying that traveling further along the road of trade liberalisation will eventually re-

duce income inequality. In a numerical exercise, we show that even large historical events

of trade liberalisation, such as the Eastern enlargement of the European Union in 2004

and 2007 only lead to minor distributional consequences for Germany. The reason is that

Germany was already well integrated with the new members states prior to this enlarge-

ment process, so that the expansion of EU had only moderate effects on trade costs of its

incumbent members.
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A Appendix

A.1 Proof of Lemma 1

To prove Lemma 1, we proceed in two steps. First, we show that with pooling of unskilled

workers over all firms, s ≥ g + 1 − ησ is necessary and sufficient for segmentation of

skilled workers by firms. For this purpose, we can note that if there is pooling of unskilled

workers, wage differences reflect ability differences according to wu(β) = (β/βc)
1−ηwu(βc),

with βc = ϕc. If skilled workers were also just compensated for their ability differences,

skilled wages would be given by ws(α) = (α/αc)
1−ηws(αc), with αc = ϕc. In this case,

marginal cost of firms could be expressed as c(v) = ϕ−η[ws(ϕc)]
ν [wu(ϕc)]

1−ν . Let us

further hypothesise that firms would only employ skilled workers who exactly match their

technology requirements: α = ϕ. Applying the Cobb-Douglas technology then gives

ws(v)ls(v) = νc(v)q(v). In view of Eq. (4) this allows us to write the skilled employment

of a firms with productivity ϕ as follows ls(ϕ) = (ϕ/ϕc)
ησ−1ls(ϕc). Thereby, we have

made use of the fact that all firm-level variables are simple function of firms productivity,

which allows to index firms by their productivity level. The outcome thus described is only

consistent with labour market clearing if relative labour demand ls(ϕ)/ls(ϕc)dG(ϕ) equals

relative labour supply dS(α) for all ability groups α, where α = ϕ holds by assumption.

If in contrast supply of skilled labour is the short side of the market for high ability levels,

which is the case if s ≥ g+ 1− ησ, there is segmentation of skilled workers by firms, with

the skilled wage differential ws(α)/ws(αc) exceeding (α/αc)
1−η if the condition holds with

strict inequality. With a similar argument we can conclude that condition g+ 1− ησ > u

rules out segmentation of unskilled workers by firms if there were pooling of skilled workers.

In a second step, let us assume that there is segmentation of skilled workers by firms

and let us hypothesise that firms hire only unskilled workers that exactly match their

technology requirements, β = ϕ, paying them a wage of wu(β) = (β/βc)
1−ηwu(βc). Making

use of derivation details from the main text, we could then write firm-level employment of

unskilled workers as lu(ϕ) = (ϕ/ϕc)
∆(σ−1)−1+ηlu(ϕc) (see the respective discussion in the

main text, following Lemma 1). This would be consistent with labour market clearing only

if relative labour demand lu(ϕ)/lu(ϕc)dG(ϕ) were equal to relative labour supply dU(β)

for all ability groups β, where β = ϕ holds by assumption. If labour demand were the

short side of the market for high ability groups, there would be pooling of unskilled workers

over firms. The pooling of unskilled workers therefore requires u < g −∆(σ − 1)− 1 + η.

Thereby, it is noteworthy that ∆−η ≤ 0 is sufficient for g+ 1−ησ ≤ g−∆(σ−1)−1 +η,

whereas s ≥ g + 1 − ησ ensures ∆ − η ≤ 0. Hence, Assumption 1 implies pooling of

unskilled workers if there is segmentation of skilled workers by firms.
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Putting together, we can thus conclude that with this parameter constraint the only

possible outcome consistent with labour market clearing is one with segmentation of skilled

workers by firms and pooling of unskilled workers over firms. This completes the proof.

A.2 The link between χ and τ

Partially differentiating Eq. (33) establishes

∂A

∂χ
=

(
1− 1

Θ

)
Θfxχ

− 1
Θ (fe + χfx)

[fe − χfx(Θ− 1)]2

− (1 + τ1−σ)
1
σ

(
χ−

1
Θ − 1

χ
− u
gΓ − 1

) (1−ν)(σ−1)
σ Â

χ
(
χ−

1
Θ − 1

)(
χ
− u
gΓ − 1

) , (A.1)

with

Â ≡
(
u

gΓ
− 1

Θ

)(
χ−

1
Θ − 1

)
χ
− u
gΓ − 1

Θ

(
χ−

1
Θ − χ−

u
gΓ

)
. (A.2)

The parameter constraint imposed by Assumption 1 implies 1/Θ > u/(gΓ), and hence

Â < 0. Therefore, we have ∂A/∂χ > 0. Furthermore, we can compute ∂A/∂τ > 0 and

∂A/∂fx > 0, and applying the implicit function theorem to Eq. (33) therefore establishes

dχ/dτ < 0. This completes the proof.

A.3 Proof of Lemma 2 and the impact of τ on χ̂

Let us define Λ ≡ (1 + τ1−σ)
1

1+ν(σ−1) . From Eq. (34) it then follows that ωu > 1 if and

only if

λ(χ,Λ) ≡ Λχ
− u
gΓ + 1− Λ− χ−

1
Θ > 0, (A.3)

with λ(0,Λ) = −∞, λ(1,Λ) = 0, and

λ′1(χ,Λ) = χ−
1
Θ
−1

[
1

Θ
− u

gΓ
Λχ

1
Θ
− u
gΓ

]
. (A.4)

Noting that 1/Θ > u/(gΓ) follows from Assumption 1, it is clear that the bracket term

of the last equation decreases in χ. Hence, we can distinguish two scenarios. First, if

Λu/(gΓ) ≤ 1/Θ, then λ′1(χ,Λ) > 0 and thus λ(χ,Λ) < 0 hold for all χ < 1. Second,

if Λu/(gΓ) > 1/Θ, then λ(χ,Λ) has an interior maximum on interval (0, 1), which is

reached at χ̄ ≡ [gΓ/(uΘ)]
gΓΘ

gΓ−uΘ . We therefore know that there exists a χ̂ < χ̄, such that
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λ(χ; Λ) < 0 if χ < χ̂, λ(χ) = 0 if χ = χ̂, and λ(χ) > 0 if χ > χ̂. Furthermore, λ′1(χ̂,Λ) > 0

must hold due to χ̂ < χ̄. Applying the implicit function theorem to λ(χ̂,Λ) = 0 then

establishes dχ̂/dΛ < 0 and thus dχ̂/dτ > 0. This completes the proof.

A.4 Derivation of firm-level variables in the open economy

In order to determine cn(1), we make use of

rn(1) =
Y

N(1 + χ)

(
cn(1)

σ

σ − 1

)1−σ

and, accounting for the free entry condition, Y = R, as well as Eq. (35), we can write

cn(1) = [cn(1)]a
(

fe + χfx
(1 + χ)[fe − χfx(Θ− 1)]

) 1
σ−1

. (A.5)

Output of the marginal firm follows as

qn(1) = [qn(1)]a
fe − χfx(Θ− 1)

fe

[
(1 + χ)[fe − χfx(Θ− 1)]

fe + χfx

] 1
σ−1

(A.6)

The wage rates ws(1) and wu(1) are determined in analogy to the closed economy, where

the adding up condition for skilled and unskilled wages now take account of the respective

exporter wage premia. We get

wns (1) = [ws(1)]a
(

1

1 + χ

) 1
σ−1

[
fe + χfx

fe − χfx(Θ− 1)

] 1−(1−ν)(σ−1)
σ−1 [

1 + χ
u
gΓ (ωu − 1)

]1−ν
,

(A.7)

wnu(1) = [wu(1)]a
(

1

1 + χ

) 1
σ−1

[
fe + χfx

fe − χfx(Θ− 1)

] 1+ν(σ−1)
σ−1 [

1 + χ
u
gΓ (ωu − 1)

]−ν
. (A.8)

Skilled employment of the marginal firm ls(1) follows as

ls(1) = [ls(1)]a
[
wnu(1)/wns (1)

[wu(1)/ws(1)]a

]1−ν q(1)

[q(1)]a
. (A.9)

Finally, the mass of firms is given by

N = Na [ls(1)]a

ls(1)
. (A.10)
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Due to labour market clearing, the mass of firms is inversely related to the skilled em-

ployment level of the least productive firms. This completes the characterisation of the

general equilibrium in the open economy.

A.5 A formal proof of wns (1)/w
n
u < [ws(1)/w

1
u]
a

Dividing Eq. (A.7) by Eq. (A.8) establishes Eq. (36). Combining Eqs. (32) and (34), we

obtain

ωu = ωs

(
χ
− u
gΓ − 1

χ−
1
Θ − 1

)
. (A.11)

Accounting for Eq. (29), it follows that

1 + χ
u
gΓ (ωu − 1)

1 + χ
1
Θ (ωs − 1)

>,=, < 1 ⇐⇒ χ
1
Θ − χ

u
gΓ >,=, < 0. (A.12)

Assumption 1 establishes 1/Θ > u/(gΓ), implying that χ
1
Θ −χ

u
gΓ < 0 holds for any χ(0, 1).

This is sufficient for wns (1)/wnu < [ws(1)/w1
u]a and completes the proof.

A.6 Derivation of Theil index Ts

In view of Eq. (37), we can write

Ts =
Lsw

n
s (1)

Ws

∫ ϕx

1
αs−

g
Θ ln

[
Lsw

n
s (1)

Ws
αs−

g
Θ

]
dS(α)

+
Lsw

n
s (1)

Ws
ωs

∫ ∞
ϕx

αs−
g
Θ ln

[
Lsw

n
s (1)

Ws
ωsα

s− g
Θ

]
dS(α). (A.13)

Solving for the integrals, we obtain

Ts =
Lsw

n
s (1)

Ws

sΘ

g

[
1 + (ωs − 1)χ

1
Θ

]{(sΘ
g
− 1

)
− ln

(
sΘ

g

)
− ln

[
1 + (ωs − 1)χ

1
Θ

]
−(ωs − 1)χ

1
Θ lnχ

1 + (ωs − 1)χ
1
Θ

(
sΘ

g
− 1

)
1

Θ
+

ωsχ
1
Θ

1 + (ωs − 1)χ
1
Θ

lnωs

}
. (A.14)

Substitution of

Ws = Ls

∫ ∞
1

ws(α)dS(α) = Lsw
n
s (1)

sΘ

g

[
1 + (ωs − 1)χ

1
Θ

]
(A.15)

then establishes Eq. (39).
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A.7 Derivation of Theil index Tu

In view of Eq. (37), we can thus write

Tu =
Luwu(1)

Wu

∫ ϕx

1
β1−η ln

[
Luwu(1)

Wu
β1−η

]
dU(β)

+
Luwu(1)

Wu
ωu

∫ ϕx

1
β1−η ln

[
Luwu(1)

Wu
ωuβ

1−η
]
dU(β) (A.16)

Solving for the integrals gives

Tu =
Luwu(1)

Wu

∫ ϕx

1
β1−η ln

[
Luwu(1)

Wu
β1−η

]
dU(β)

+
Luwu(1)

Wu
ωu

∫ ∞
ϕ∗

β1−η ln

[
Luwu(1)

Wu
ωuβ

1−η
]
dU(β) (A.17)

Accounting for

Wu = Lu

∫ ∞
1

wu(β)dU(β) = Luwu(1)Γ
[
1 + χ

u
gΓ (ωu − 1)

]
(A.18)

finally establishes Eq. (40).

A.8 The impact of trade on Ts

Since computing directly the impact of trade on Ts turns out to be difficult, we choose a

different route and make use of the fact that the Theil index respects the criterion of mean-

preserving second-order stochastic dominance (or Lorenz dominance). Put differently, if

there are two income distributions F1, F2 and the first one second-order stochastically

dominates the second one, the Theil index will show a lower value for the first than the

second one. This allows us to evaluate the Lorenz curves in the closed and the open

economy and infer conclusions for the ranking Theil indices.

To determine the Lorenz curve for the open economy, we first note that the wage of

a skilled worker with ability level α = ϕ who is employed in a non-exporting firm can be

written as wns (α) = αs−
g
Θws(1), according to Eq. (11) and Footnote 7. Then, the share of

income devoted to skilled workers with abilities up to ᾱ ≤ ϕx is given by

ρ1
s(ϕ̄) =

Lsws(1)

Ws

∫ ᾱ

1
αs−

g
ΘdS(α) =

1− ᾱ−
g
Θ

1 + (ωs − 1)χ
1
Θ

,

where the second equality follows when substituting Eq. (A.15) for Ws. The share of
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skilled workers with abilities up to ᾱ ≤ ϕ∗ is given by µs(ᾱ) =
∫ ᾱ

1 dS(α) = 1 − ᾱ−s.

Solving for ᾱ and substituting the resulting expression in ρ1
s establishes

ρ̂1
s(µs) =

1

1 + (ωs − 1)χ
1
Θ

[
1− (1− µs)

g
sΘ

]
, (A.19)

which is relevant for µs ≤ µxs ≡ 1− χ
s
g .

The relative wage paid by an exporting firm to a skilled worker with ability α is given

by wes(α) = ωsα
s− g

Θw1
s . The share of income devoted to skilled workers with abilities up

to ᾱ > ϕx is then given by

ρ2
s(ᾱ) = ρ̂1

s(µ
x
s ) +

Lsws(1)

Ws
ωs

∫ ᾱ

χ
− 1
g

αs−
g
ΘdS(α) = 1− ωsᾱ

− g
Θ

1 + (ωs − 1)χ
1
Θ

.

Substitution of ᾱ = (1− µs)−1/s allows us to write

ρ̂2
s(µs) = 1− ωsᾱ

− g
Θ

1 + (ωs − 1)χ
1
Θ

(1− µs)
g
sΘ . (A.20)

Together, Eqs. (A.19) and (A.20) establish the Lorenz curve in the open economy:

ρ̂s(µs) =


1

1+(ωs−1)χ1/Θ

[
1− (1− µs)

g
sΘ

]
if µs ≤ µxs

1− ωsᾱ−g/Θ

1+(ωs−1)χ1/Θ (1− µs)
g
sΘ if µs > µxs

. (A.21)

The Lorenz curve has the usual properties. It is positively sloped and strictly convex.

To determine the impact of openness on the Lorenz curve for skilled workers, we can

first note that evaluating Eq. (A.21) at χ = 0, we get µxs = 1 and ρ̂s(µs) = 1− (1−µs)
g
sΘ .

This is the Lorenz curve under autarky. Furthermore, evaluating Eq. (A.21) at χ = 1 gives

µxs = 0 and ρ̂s(µs) = 1−(1−µs)
g
sΘ . This implies that the Lorenz curves for the two limiting

cases χ = 0 and χ = 1 coincide, implying that trade exerts a non-monotonic impact on

the Lorenz curve ρ̂s(µs). Furthermore, denoting autarky variables by superscript a, it is

immediate that ρ̂1
s(µs) < ρ̂as(µs) holds for all µs > 0 – whereas ρ̂2

s(µs) < ρ̂as(µs) holds for

all µs < 1 if χ ∈ (0, 1). This is sufficient for the income distribution of skilled workers

under autarky Lorenz dominating the respective income distribution in the open economy,

implying Ts > T as . This completes the proof.
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A.9 The impact of trade on Tu

As noted above, we can infer insights regarding the impact of trade on the Theil index

from determining its impact on the Lorenz curve. To determine the Lorenz curve for the

income distribution of unskilled workers in the open economy, we make use of the wage

profile in Eq. (14) and write for the share of income devoted to unskilled workers with

abilities up to β̄ ≤ ϕx:

ρ1
u(β) =

Luwu(1)

Wu

∫ β̄

1
β1−ηdU(β) =

1− β̄−
u
Γ

1 + χ
u
gΓ (ωu − 1)

, (A.22)

where the second equality follows from Eq. (A.18). Noting that the share of unskilled

workers with an ability up to β̄ is given by µu =
∫ β̄

1 dU(β) = 1− β̄−u, we obtain the first

segment of the Lorenz curve

ρ̂1
u(µu) =

1

1 + χ
u
gΓ (ωu − 1)

[
1− (1− µu)

1
Γ

]
, (A.23)

which is relevant for µu ≤ µxu ≡ 1− χ
u
g .

The share of unskilled labour income accruing to workers with abilities up to β̄ > ϕx

is given by

ρ2
u(β̄) = ρ̂1

u(µxu) +
Luwu(1)

Wu
ωu

∫ β̄

χ
− 1
g

β1−ηdU(β) = 1− ωuβ̄
1−η−u

1 + χ
u
gΓ (ωu − 1)

. (A.24)

Substitution of β̄ = (1− µu)−1/u establishes the second segment of the Lorenz curve

ρ̂2
u(µu) = 1− ωu

1 + χ
u
gΓ (ωu − 1)

(1− µu)
1
Γ , (A.25)

which is relevant if µu > µxu. Together Eqs. (A.23) and (A.25) characterise the Lorenz

curve for the income distribution of unskilled workers

ρ̂u(µu) =


1

1+χ
u
gΓ (ωu−1)

[
1− (1− µu)

1
Γ

]
if µ ≤ µxu

1− ωu

1+χ
u
gΓ (ωu−1)

(1− µu)
1
Γ if µu > µxu

. (A.26)

The Lorenz curve in Eq. (A.26) has the usual properties. It is increasing and convex. If

ωu = 1, there is no exporter wage premium for unskilled workers, and hence the Lorenz

curve corresponds to the one in autarky: ρau(µu) = 1 − (1 − µu)
1
Γ . In this case, trade
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does not alter income inequality among unskilled workers. Finally, if ωu > 1, we have

ρ̂1
u(µu) < ρ̂au(µu) as well as ρ̂2

u(µu) > ρ̂au(µu), so that the income distribution of unskilled

workers under autarky Lorenz dominates the respective income distribution in the open

economy, establishing Tu > T au . However, noting that χ = 1 implies µxu = 0 and ρ̂u(µu) =

1− (1− µu)
1
Γ , it follows that the impact of trade on the income distribution of unskilled

workers is non-monotonic. This completes the proof.
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