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I
Introduction





When thinking about international trade theory, one might ask three simple ques-

tions: First, why do countries engage in trade? Second, why do some firms export

and others do not? And third, how does trade affect these exporting firms and their

workers?

As to the first question, a brief historic review of the three theories that had

arguably the most impact on our thinking of international trade strives to show the

reader that there is no simple answer at hand. It is rather a blend of these different

theories and the forces embedded therein that is able to give a satisfying explanation

of the features of today’s globalized trade.

The first theory of international trade goes back to David Ricardo’s The Princi-

ples of Political Economy, and Taxation, first published in 1817. In a world with

technological differences across countries and labor as the sole factor of production,

Ricardo’s remarks on foreign trade show that when countries specialize in the pro-

duction of the good that their labor can produce relatively efficiently in comparison

with other countries, i.e., the good in which the country has a so-called comparative

advantage, overall output will increase and allocations can be found that are benefi-

cial to all countries. It is these gains that create the incentive for countries to engage

in trade.

Developed by Eli F. Heckscher (Heckscher 1919) and Bertil Ohlin (Ohlin 1933), a

second theory, embodied in the so-called Heckscher-Ohlin model, later developed fur-

ther by Stolper & Samuelson (1941) and Samuelson (1948), dispenses with the notion

of differences in the labor force productivity and explains trade between countries

through different factor endowments. Thereby allowing for trade in similar goods, a

feature the classic Ricardo model cannot explain (Feenstra 2004, 1). According to

the model, a country than exports those goods that are relatively intensive in the

production of the input factors in which the country is relatively well endowed and

that are therefore relatively cheaper in production.

However, when first put to the test, the empirical findings suggested that a capital

abundant country like the US exports labor-intensive goods and imports capital-

intensive goods. A results that was contradictory to the Heckscher-Ohlin model and

became known as Leontief’s paradox (Leontief 1953). With new datasets becoming

available, later works by Trefler (1993) and Davis & Weinstein (2001) have then

shown that when measuring the effective endowments of labor and capital, the US

were not only abundant in capital but also abundant in labor. Since the US both

exported labor and capital intensive goods, Leontief’s findings were not paradoxal

at all. In this way, these works reestablished the importance of factor proportions

alongside technological differences as a cause of international trade.
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In 1977 Avinash Dixit and Joseph Stiglitz (Dixit & Stiglitz 1977) mathematically

formulated a model of monopolistic competition that dates back to an analytical

framework of Chamberlin (1933). Their model is based on a single representative

consumer with a love of variety of a differentiated good (Feenstra 2004, 137-138).

By allowing for increasing returns to scale and endogenous product variety, it went

to become the workhorse of international trade theory (Brakman & Heijdra 2011,

12).

Inspired by Dixit & Stiglitz (1977) and supported by empirical findings of intrain-

dustry trade, see e.g., Grubel & Lloyd (1975), as well as findings of trade among

similar countries — features neoclassical trade theory could not explain — Paul

Krugman developed a trade model, Krugman (1979), in which trade is solely ex-

plained by economies of scale at the firm level. With the opening of trade between

two economies, firms have the incentive to increase their production in order to serve

the foreign market in addition to the home market. Thus, a larger firm can for ex-

ample benefit from the use of more specialized and efficient machinery or a fuller use

of its capacity. In addition, some overhead costs might be independent of the scale of

production and will hence fall per unit alongside increasing production (Helpman &

Krugman 1985, 32). Together with Krugman (1980, 1981), this new approach that

no longer relies on technological differences or differences in factor endowments to

explain trade, triggered the so-called new trade theory. Note, that all these models

lay emphasis on the firm’s decision making process. However, they assume that firms

are symmetrical within a sector, so that sectoral output is given as a multiple of a

single firm’s output.

As new detailed plant-level datasets became available, empirical studies, see e.g.,

Bernard et al. (1995) and particularly for Germany Bernard & Wagner (1997), showed

that exporting firms outperform non-exporting firms in many ways, among other

things in the wages paid to their employees, leading to the perception that the sym-

metry assumption can no longer hold (Helpman 2013, 3-5).

Empirical findings that bring us back to the second of our initial questions: Why

do some firms export and others do not? In order to explain the above mentioned

findings Melitz (2003) developed a Krugman (1980) based trade model that allows

for firms to be heterogeneous in their productivity. A firm can further only enter

the export market and thus gain additional profits when its productivity surpasses a

certain threshold. If its productivity is below the threshold, the firm has to confine

itself to the domestic market. Ever since then, this framework has become the stan-

dard trade model, leading to tremenduous changes in the field of international trade

theory.
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In its wake new theoretical models like Egger & Kreickemeier (2009) or Helpman

et al. (2010a) arose that try to give answer to the third question: How does trade

affect these exporting firms and their workers? It is this question that is the common

ground of the three working papers, Hesse (2013a,b,c) that build the body of this

dissertation. In the following, we present a brief summary of their motivation and

findings.

By extending the Melitz (2003) model to heterogeneous workers as well as search

and matching frictions with an ensuing Stole & Zwiebel (1996) bargaing game, where

workers and firms bargain over the surplus from production, Helpman et al. (2010a)

were able to formulate a framework that explains the above mentioned empirically

observed wage premia exporters pay to their employees. Due to these wage premia,

the framework allows for trade liberalization to affect sectoral wage inequality as

shown by empirical findings of Verhoogen (2008). Thus, an autarkic industry will

see its wage inequality first increase and eventually decrease to its original level with

gradual trade liberalization. This hump-shaped relationship between the extensive

margin of trade openness and wage inequality is the key theoretical result of Helpman

et al. (2010a). A result that was incidentally also derived by Egger & Kreickemeier

(2009).

By making use of the LIAB, a German linked employer-employee panel dataset,

Hesse (2013a) provides empirical evidence in favor of this prediction. The paper runs

pooled OLS as well as fixed effects regressions of wage inequality on the extensive

margin of trade openness. Trade openness is thereby measured by the share of workers

in exporting firms according to different definitions of exporting, i.e., a firm either

exports if its share of total turnover exceeds 0%, 5%, or 20%. There are two further

measures for wage inequality: overall wage inequality, measured by the Theil index,

as well as between-firm wage inequality, measured by the standard deviation of the

firm level wage component, obtained by Mincer regressions. While being robust to

a set of firm specific controls, results for both measures do not only bear out to a

large extent the predicted inverted U-shaped relationship between wage inequality

and trade openness but are also suggestive of similar levels of wage inequality in

industries with relatively low and high shares of workers employed by exporting

firms.

While most of these new Melitz inspired models of heterogeneous firms only allow

for firms with a binary export status, i.e., either a firm exports or not, Hesse (2013b)

shows that a continuous share of exports is of additional value when assessing the

impact of trade exposure on certain firm characteristics. The theoretical background

of these findings is given by a link between an extended Melitz (2003) model that
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allows for a firm’s export status to be continuous, due to the existence of various

export thresholds, and the Helpman et al. (2010a) framework of heterogeneous firms

in a global economy. The model then predicts that a change in a firm’s share of

exports are caused by changes in the firm’s revenue, its average wage, as well as its

measure of workers hired. The predictions are ultimately borne out empirically by

the LIAB using fixed effects regressions. By including the firm’s binary export status

as well as its continuous share of exports in the regressions’ specifications, results are

perceptive to both changes in the extensive margin and intensive margin of exports.

As for the impact on revenue, the findings suggest that a firm that increases its share

of exports from 10% to 11% will experience a 0.916% increase in revenue. Similarly,

the coefficient of trade’s impact on wages — both for the overall average firm wage

and the firm level wage component, which is purged of worker observables — though

smaller, is positive and in line with the model’s predicted magnitude. This also holds

for the results for the measure of workers hired. All coefficients are further significant

and robust to a set of firm specific controls.

While a huge body of literature examined the effects of trade on firm characteris-

tics, using models of heterogeneous industries, firms, and workers, relatively little is

known of the sorting and matching pattern of heterogeneous production factors in

the open economy. This is of interest as the sorting and matching pattern can, as

recently shown by Grossman et al. (2013), affect the firm’s average factor ability and

ultimately the factor’s income dispersion.

By allowing for complementarities between two heterogeneous factors of produc-

tion, namely workers and managers, in a simple neoclassical trade model of two

countries, two sectors, and two factors, Grossman et al. (2013) showed that the sort-

ing and matching of these heterogeneous factors can have an impact on the firm’s

output and therefore on relative factor income. As trade liberalization is assumed

to affect the ability of a manager with whom a worker is matched and vice versa,

both managers’ salary dispersion and workers’ wage dispersion can either increase or

decrease.

Since these complementarity effects can be blended with forces of a factor’s com-

parative advantage and forces that are beneficiary to the real returns of the factor

used intensively in the production, it is not possible to make a valid prediction of the

impact of trade liberalization on a factor’s income dispersion without specific knowl-

edge of the industry’s factor intensities, its distribution of factor ability, its prevailing

factor sorting and matching pattern as well as the relative factor endowments of both

countries.

As an example, consider the case of a relatively manager abundant country that
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shows positive assortative matching across its two sectors, i.e., the more able work-

ers are matched with the more able managers. In this setting, trade liberalization

will, according to the Heckscher-Ohlin theorem, lead to an expansion of the manager

intensive sector and hence cause the average ability of both its workers and man-

agers to increase. Depending on the relative proportions of these ability increases,

a worker’s match can either deteriorate or improve. The same holds for managers.

As for the case of a similar relative increase, a worker’s match tends to deteriorate,

while a manager’s match is prone to improve.

By using the LIAB, Hesse (2013c) therefore aims to test if the predicted link be-

tween trade liberalization and factor ability as well as the ensuing impact on income

dispersion can be underpinned by empirical evidence.

In accordance with the above presented example of a relatively manager abundant

country, the results suggest a relatively low but proportionally similar impact of trade

liberalization on average factor ability. The latter is thereby measured by a ranked

variable of the worker’s and manager’s education. As predicted by Grossman et al.

(2013), the estimated coefficient of managerial ability on the workers’ wage dispersion

is negative, while the impact of an increase in overall worker ability on the managers’

salary dispersion tends to be positive. Thus, these findings suggest that if one of 10

workers were to get a degree of the next rank, the managers’ salary dispersion would

rise by about 0.52%.

The plan of this dissertation is as follows. Chapter II represents Hesse (2013a),

Chapter III contains Hesse (2013b), while Hesse (2013c) is presented in Chapter IV.

Furthermore, an Appendix to the above mentioned works is provided in order to give

insight into the most important derivations of the Helpman et al. (2010a) framework

and the Grossman et al. (2013) model, respectively.
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II
Inequality in a Global Economy

— Evidence from Germany





1. Introduction

Helpman et al. (2010a), henceforth HIR, recently proposed a new framework — an

extension of the Melitz (2003) model to Diamond-Mortensen-Pissarides search and

matching frictions — linking sectoral wage inequality and trade openness. We provide

empirical evidence in support of their key theoretical prediction that gradual trade

liberalization in an industry first increases and then decreases wage inequality.

In contrast to the predictions of neoclassical trade theory, empirical findings, see

e.g., Verhoogen (2008), show that trade can lead to wage inequality within sectors.

While other models in this line of research use workers’ fair wage preferences, see e.g.,

Egger & Kreickemeier (2009), or efficiency wages, see e.g., Davis & Harrigan (2011),

as a source of labor market imperfections in order to explain these findings, HIR

developed a new framework, where heterogeneous firms and workers bargain over

the surplus from production in a Stole & Zwiebel (1996) setting, thereby allowing

for workers with similar characteristics to be paid differently. Since only the most

productive firms go into export, the induced search and matching frictions are not

only able to explain sectoral wage inequality but are also able to link it to trade.

Our aim is to empirically test the model’s prediction that a rise in the extensive mar-

gin of trade openness first increases and then subsequently decreases wage inequality

to its original level for a classic developed country like Germany. A hump-shaped

relationship between trade openness and wage inequality that was incidentally also

derived in Egger & Kreickemeier (2009). As for the case of Germany, Dustmann et al.

(2009) have shown that it does not — contrary to common perception — have a stable

wage distribution, but witnessed a similar rise in wage inequality as the US, the UK,

or Canada. Furthermore, recent findings by Card et al. (2013) suggest that about

21% of the increase in German wage inequality from 2002 to 2009 can be explained

by rising dispersion in wage premiums at the firm level, while another 16% can be

accounted for by the rise in positive assortative matching between workers and firms.

Against this backdrop, the role of international trade in this development comes to

mind. While related works by Krishna et al. (2012), Klein et al. (2013), Felbermayr

et al. (2013), and Baumgarten (2013) could already provide reduced-form evidence

in support of the link between trade openness and wage inequality, we show that this

relationship is — as predicted in HIR — of a hump-shaped form. For this purpose,

we use the LIAB, a linked employer-employee panel dataset from Germany, to run

pooled OLS and fixed effects regressions of different measures of wage inequality on

the change in trade openness with and without industry specific controls.

Our results confirm to a large extent the postulated inverted U-shaped relation-
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ship between wage inequality and trade as well as considerable similarity in wage

inequality levels between the autarkic and perfectly open industry. Further empiri-

cal evidence in support of the model via structural estimation comes from work that

has recently been conducted by Helpman et al. (2013).

The plan of this paper is as follows. In Section 2 we recite the link between

sectoral wage inequality in an autarkic, in a perfectly open and in a partially open

economy, as recently proposed in the HIR model. Section 3 describes the dataset

used and gives insight into recent developments of German exports as well as the

role of collective bargaining in Germany. Section 4 presents our empirical results.

Section 5 concludes. An Appendix gives a review of the HIR framework as well as

its most important derivations.

2. Sectoral Wage Inequality and Trade Openness

By introducing heterogeneous workers and labor market frictions into a Melitz (2003)

model, HIR established a link between the extensive margin of trade openness and

sectoral wage inequality1. Their key theoretical result is that sectoral wage inequality

in the autarkic and the perfectly open economy are equal, whereas they are both

strictly smaller than the sectoral wage inequality in the partially open economy,

where not all firms are exporting.

For a notion of this proposition, consider an economy that is completely autarkic

due to very high trading costs. As trading costs decrease, more and more firms will

start exporting. While according to Melitz (2003) these firms see their revenue rise,

they can now afford to set a higher ability threshold and thereby hire workers of

a higher average ability. The ensuing Stole & Zwiebel (1996) bargaining process

between workers and firms will then lead to higher wages for the entire workforce

of these new exporters. Wage inequality will rise accordingly, since there is now an

increasing share of firms that pay higher wages to their employees.

Next consider the case of a perfectly open economy, where every firm is exporting.

In this case, wage inequality is, in theory, exactly the same as in the autarkic economy.

Once there is a sufficiently small increase in trading costs, some firms have to stop ex-

porting and will limit themselves to the domestic market. Since thereby their revenue

will go down, wages will go down as well. Because the wages paid by these firms are

already on the lower bound of the wage distribution, a further decrease will ultimately

1A concise review of the HIR framework is provided in the Appendix
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Trade Openness and Sectoral Wage Inequality

lead to an increase in wage inequality within the sector. Therefore wage inequality

first increases and then decreases to its original level with the opening of trade, see

Figure I.

Empirically, the extensive margin of trade openness in a given sector can either be

measured by the share of exporting firms, ρz, which is closely related to the ratio

of the productivity cutoff levels, ρ = θd/θx, HIR use in their theoretical framework,

or by the share of workers employed by exporting firms, s ≡ 1 − sd.2 Inasmuch as

s is a far more precise measure than ρz for it already weighs the contribution of an

exporting firm to the extensive margin of trade openness in a particular sector, we

will conduct the empirical part of our paper with s as the measure of trade openness.

Note the higher s, the higher the degree of trade openness.

Furthermore, s is also highly correlated with a trade intensity index, obtained by

the German trade share in EU-15 world trade.3

3. Data and Background

For the empirical part of our study we use the ‘LIAB cross-sectional model 2’, a

linked employer-employee dataset from the German Institute for Employment Re-

search (IAB).

2See the Appendix for a derivation of s.
3The correlation coefficient between the obtained trade intensity index and s is in all three cases

(see Section 4.1 for a description of the different definitions of s) around 0.67. Note that s only

measures the extensive margin of trade openness, while the trade intensity index is an indicator

of overall trade openness. Data obtained from Eurostat’s COMEXT database. Export data was

available for the first 17 industries in Table I.
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On the employer side, the LIAB consists of survey data from the annual waves of

the IAB establishment panel. The panel’s sample is drawn from the population of all

German establishments, henceforth referred to as firms, having at least one employee

covered by social security. It is further stratified according to firm size, industry, and

federal state and has a varying firm response rate of 63% to 73% through the years.

Each firm is then classified according to the IAB Establishment Panel Employer

Survey into one of 41 industries that are again part of an industry category. Since our

main focus lies on the impact of trade, we exclude industries with no primary interest

in exports, leading to a panel that consists of firms that belong to the first 25 indus-

tries in the IAB classification. These are all industries in the primary and secondary

sector as well as industries in the categories ‘Trade and Repair’ and ‘Transport and

Communication’.

Following a suggestion of Helpman et al. (2013), we exclude observations of firms

with less than five workers in a given year, thereby ensuring that our results are not

distorted by idiosyncratic factors of these very small businesses. However, we obtain

very similar results using the universe of all firms belonging to the above mentioned

25 industries. In order to allow for a better comparability between estimations with

and without industry specific controls, we exclude all firms that do not report whether

or not their workforce is subject to a collective bargaining agreement. In each year

these are so few in number — all together 88 firm-years — that there missing is only

noticeable at the fourth decimal place in the regressions’ coefficients. Table I reports

firm and employment shares for each industry in the base year 2000.

The information on individual employees stems from the social security notifications

and is matched through a common identifier with IAB establishment panel. Since the

IAB establishment panel is based on annual voluntary surveys, over the years some

firms and therefore workers drop out of the panel in order to be replaced by new ones,

while others can be followed through the entire panel. We only use the years from

2000 to 2008 for a major shift in the IAB classification of establishments in 2000 re-

sulted in such significant changes that a consistent extension to the years before 2000

is not possible (Fischer et al. 2007, 8). In addition, it is not until 1996 that the annual

surveys contain information about East German firms and workers, which would re-

duce a second panel to only four observations per industry. In accordance with other

literature, we only include full-time workers with an average daily gross wage ex-

ceeding twice the minimum wage4 (based on the wages in minor employment), which

4By imposing this threshold, we follow a suggestion of Klein et al. (2013). The threshold is

also very close to the one imposed in Akerman et al. (2013). Note that the mentioned amount is

considerably below the social security aid that a non-working person would receive.
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ranges, depending on the year, from 10.56 to 13.15 Euros per day. Thus, workers

during vocational training, interns, workers in minor employment or women during

maternity leave will not distort our analysis. Since the social securitiy notification do

TABLE I.

Employment Shares and Relative Mean Log Wages across Industries, 2000

Employ- Exporter Relative

ment share share mean log

Industry share firms employment wage

Agriculture, Hunting, Forestry & Fishing 0.55% 11.11% 12.52% −0.35

Mining, Electricity, Gas & Water Supply 5.55% 12.12% 17.00% 0.25

Manuf. of Food Prod. 3.89% 33.77% 60.49% −0.18

Manuf. of Textiles & Apparel 1.18% 70.00% 74.64% −0.14

Manuf. of Paper Prod., Printing & Publishing 2.40% 47.65% 68.78% 0.19

Manuf. of Wood Prod. (no Furniture) 1.02% 32.59% 71.02% −0.16

Manuf. of Chemicals, Coke & Petroleum 10.11% 77.23% 82.45% 0.17

Manuf. of Rubber & Plastic Prod. 3.34% 67.63% 88.74% −0.03

Manuf. of Other Non-Metallic Mineral Prod. 2.47% 41.94% 70.64% −0.02

Manuf. of Basic Metals 6.30% 60.28% 82.52% 0.06

Manuf. of Fabricated & Structural Metal Prod. 5.31% 46.70% 77.23% 0.00

Manuf. of Machinery & Equipment 11.27% 73.68% 92.83% 0.18

Manuf. of Motor Vehicles & Trailers 12.39% 61.48% 90.59% 0.06

Manuf. of Other Transport Equipment 4.28% 60.66% 81.23% 0.13

Manuf. of Electrical Equipment 6.45% 67.41% 85.87% 0.09

Manuf. of Precision & Optical Equipment 1.75% 39.02% 84.97% −0.03

Manuf. of Furniture, Jewellery & Other Prod. 1.46% 59.48% 87.58% −0.08

Recycling 0.20% 18.42% 10.22% −0.19

Building of Complete Constructions or Parts 3.73% 3.55% 5.48% −0.02

Building Installation & Completion 1.64% 5.16% 16.13% −0.08

Sales, Maintenance & Repair of Motor Vehicles 1.24% 15.83% 22.62% −0.06

Wholesale & Commission Trade 3.11% 37.25% 38.83% 0.12

Retail Trade & Repair of Household Goods 2.63% 6.19% 10.33% −0.12

Transport 7.14% 31.16% 15.82% 0.02

Communication 0.60% 16.67% 3.96% 0.24

All Industries 100.00% 35.97% 63.88% 65.82

Notes. Unweighted mean of all industries in the year 2000. A firm is classified as an exporter if

its export share of total turnover exceeds 0%. Relative mean log wage is the industry’s mean log

wage minus the employment weighted average log wage across all industries. Source: LIAB, Version

2, Year 2000.
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not state any additional income above the upper earnings limit, ranging from 144.16

to 173.77 Euros per day, wages within a range of 2 Euros at the limit are estimated

according to the imputation procedure of Gartner (2005)5. Wages are further deflated

by the Consumer Price Index, with 2000 as the base year. See Table I for the relative

log mean wage in each industry in the year 2000.

While wages are obtained from the social security notifications, the other variable

of interest, the firm’s share of exports, is obtained from the firm’s statement of its

share of total turnover that is due to exports.

In total, we are left with 8 364 979 worker-years, corresponding to 49 860 firm-years.

These data are further aggregated to 25 different industries, which leads with a span

of nine years to a total number of 225 observations for the ensuing empirical analysis.

Table I reports summary statistics for all 25 industries from 2000 to 2008.

3.1. Exports

As can be seen in Table I, German exports experienced a continuous increase in the

extensive margin through the years. When trying to explain this development, two

reasons come to mind: First, the economic expansion in the aftermath of the dot-com

bubble burst in 2000 up to the dawn of the financial crisis in 2007 is naturally sure

to have promoted exports considerably. Second, the enlargement of the European

Union in May 2004, along with previously established bilateral trade agreements,

considerably facilitated German exports into Eastern European countries. Thereby

enabling German exporters to increase their output destined to the 10 new members

from 2004 to 2008 by about 70%, while overall exports to the rest of the world only

increased by about 31% in the same time7.

3.2. Collective Bargaining

Since recent research by Felbermayr et al. (2013) has underpinned the relative im-

portance of collective bargaining in the wage setting mechanism of exporting firms,

5As independent variables of the wage estimation we use age, sex, education6, nationality, region,

industry, number of days in establishment, and a simplified skill level (un- or semi-skilled; skilled,

highly qualified; manager). The latter was built from the Blossfeld (1985) skill classification, which

categorizes the employer’s stated occupational 3-digit code of each employee into 12 groups.
6The quality of the education variable has been improved by the Fitzenberger et al. (2006)

routine which mainly relies on extrapolation of past and future information in order to cope with

missing and presumable invalid observations.
7Data obtained from Destatis.
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TABLE II.

Summary Statistics

2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

Theil index 0.063 0.065 0.068 0.072 0.072 0.072 0.074 0.077 0.080 0.071

(0.013) (0.013) (0.012) (0.014) (0.015) (0.011) (0.013) (0.013) (0.015) (0.014)

Share of export workers 0.524 0.539 0.543 0.558 0.567 0.573 0.587 0.593 0.597 0.565

(0.346) (0.335) (0.360) (0.337) (0.345) (0.337) (0.342) (0.327) (0.338) (0.336)

Collective agreement 0.826 0.824 0.815 0.808 0.781 0.801 0.775 0.764 0.753 0.794

(0.133) (0.134) (0.158) (0.145) (0.186) (0.136) (0.141) (0.143) (0.145) (0.147)

Share of unskilled workers 0.476 0.468 0.472 0.467 0.462 0.468 0.459 0.453 0.450 0.464

(0.145) (0.149) (0.146) (0.151) (0.159) (0.154) (0.166) (0.172) (0.165) (0.154)

Age 40.744 40.855 41.185 41.549 41.821 42.045 42.276 42.486 42.604 41.730

(1.022) (1.068) (1.416) (1.285) (1.245) (1.192) (1.097) (1.077) (1.174) (1.330)

Number of firms 5 733 6 205 5 847 5 650 5 547 5 438 5 123 5 201 5 116 49 860

Number of workers 977 473 1 056 317 960 475 901 063 945 675 984 604 849 977 823 781 865 614 8 364 979

Notes. Unweighted mean of all 25 industries by year. Standard deviation in brackets. One observation is one industry in one year. Each observation

contains information about the worker’s wage (used to compute the Theil index as a measure of wage inequality in each industry), firm’s export status

(0: non-exporting; 1: exporting; in this case a firm is exporting as soon as its export share of total turnover is higher or equal to 5%), firm’s participation

in a collective agreement (0: no; 1: yes), a worker’s skill level (un- or semi-skilled; skilled; highly qualified; manager), and his or her age. Source: LIAB,

Version 2, Years 2000-2008.
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we use this section to give some understanding of the role of collective bargaining in

the German labor market. While the conditions in Germany are not very peculiar in

comparison to other OECD countries, they differ in various points from the US labor

institutions. Thus, the collective bargaining coverage rate is of far greater magnitude

than in the US. While according to Venn (2009) in 2009 a mere 13% of all employees

worked under a collective agreement in the US, in Germany the coverage rate was

63%8. Though in recent years this figure is on its way down, the overall importance

of collective bargaining appears to be still quite large.

There are two further different kinds of collective agreements in Germany: industry-

wide company agreements and internal company agreements. The latter plays a mi-

nor role and is in most cases just a way for companies to participate in industry-wide

company agreements without having to become a member of the industry’s employ-

ers’ association. Most importantly, note that collective bargaining agreements are

always on the firm level such that all outcomes apply to all workers of the company,

irrespective of whether they are a member of the union or not.

4. Empirical Results

Since the original HIR model is devoid of any observable worker characteristics and

just focuses on the firm’s average wage, which is a constant fraction of its aver-

age revenue per worker, sectoral wage inequality in the original model only consists

of between-firm wage inequality. However, an extension to observable worker het-

erogeneity in the Technical Appendix to HIR provides average wage functions for

different types of workers and thereby allows for wage inequality between and within

firms to be part of sectoral wage dispersion. In view of this extension, the predicted

hump-shaped relationship between wage inequality and trade openness should be

valid both for overall sectoral and between-firm sectoral wage inequality. Against

this backdrop, we perform two analyses, one where we first use the Theil index9

of individual worker wages as a measure of overall wage inequality, while in a sec-

ond one, we solely use the standard deviation of the firm-level wage component for

different skill levels as our measure of between-firm wage inequality.

8The difference to the data in Table I stems from the fact that our panel does not include

service-oriented industries.
9The Theil index of wage inequality is defined as T = 1

N

∑N
i=1

(
wi
w̄ ln wi

w̄

)
, where wi denotes the

wage of an individual worker i and w̄ the average wage across the set of all N workers.
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4.1. Overall Wage Inequality

As a measure of wage inequality, we compute the Theil index for every industry in

the years from 2000 to 2008 using the daily gross wages of those workers who met

our wage and working hours standards. The share of workers employed by exporting

firms within an industry was computed according to three different definitions. While

in the first definition, a firm is exporting as soon as its export share of total turnover

exceeds 0%, in the remaining two definitions, a firm is exporting only when its export

share of total turnover is higher or equal to 5% or 20%.

A first look at a scatter plot, see Figure II, of the relationship between trade open-

ness (according to the 5% definition) and wage inequality for all 225 industry-years

already confirms to a degree the postulated inverted U-shaped pattern. Furthermore,

autarkic and perfectly open industries are apparently prone to present similar levels

of wage inequality.
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FIGURE II.

Wage Inequality - Trade Openness Scatter Plot of 225 Industry-Years

A non-parametric LOWESS regression, weighted by the tri-cube function with a

smoothing parameter of 0.5, confirms our eyeballing prediction. In addition, the

smoothed values of the LOWESS regression suggest that a good approach for a

parametric specification might be a quadratic functional form. We therefore run a

simple pooled OLS regression using the following specification:

Tjt = β1sjt + β2s
2
jt + ujt ,
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where j and t index industries and years, respectively. T is the Theil index; s the

employment share of exporting firms; and u the stochastic error. To fit the model’s

prediction, the coefficient of the linear term has to be positive, while the coefficient

of the quadratic term has to be negative. Table III.A presents the estimates of β

for all definitions of s (OLS 1, OLS 3, OLS 5). As can be seen, both the linear and

the quadratic term have the predicted signs and are in all but one case significant.

In addition, Figure II shows that the predicted values of the quadratic form — we

use the coefficients of OLS 3 — are also in unison with the results of the non-

parametric specification. The coefficients of OLS 1 and OLS 3 further suggest that

wage inequality peaks at about 54% trade openness.

As these results could also be affected by other industry specific variables, addi-

tional controls are required. Since the collective bargaining coverage rate is close to

80% in the dataset used, we add the industry’s share of workers who are employed

by a firm with either an industry-wide company agreement or an internal company

agreement, cajt. In addition, we control for the share of unskilled workers in each

industry, ¯̀
0jt, as well as time fixed effects, ζt. This leads to an extension of our

estimating equation to

Tjt = β1sjt + β2s
2
jt + β3cajt + β4

¯̀
0jt + ζt + ujt .

Results are again reported in Table III.A (OLS 2, OLS 4, OLS 6). As one might

expect, a higher share of contracts under a collective agreement, i.e., more trade

union influence, significantly drives down wage inequality within an industry. It can

also be observed that wage inequality is smaller the higher the industry’s skill level.

Although the coefficient of the unskilled worker share is not significant, its negativity

is in line with the fact that wage dispersion between unskilled workers is typically

smaller than wage dispersion between more qualified workers. Most importantly,

however, results are robust to our set of controls.

While the data bear out the inverted U-shaped pattern, a two-sample mean com-

parison test is in order to check the second part of the prediction, which states that

autarkic and perfectly open industries present the same level of wage inequality. To

this end, we compare the subsample of industries having an exporter employment

share of less than 10% to a subsample of industries with a share exceeding 90%.

While for the 0% export definition, we have to reject the hypothesis of equal means

at the 2.72% level, in the case of the 5% (20%) export definition, we fail to reject the

hypothesis of equal means at the 18.67% (96.65%) level.
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TABLE III.

Regression of Overall Wage Inequality on Trade Openness with and without

Industry Specific Controls

A. Pooled OLS regression

Dep. var.: Wage inequality measured by the Theil index

Exports > 0% Exports ≥ 5% Exports ≥ 20%

of total turnover of total turnover of total turnover

OLS 1 OLS 2 OLS 3 OLS 4 OLS 5 OLS 6

Share of export workers 0.0927∗∗ 0.0847∗∗ 0.0826∗∗ 0.0768∗∗ 0.0514 0.0550∗

(0.0382) (0.0356) (0.0368) (0.0340) (0.0321) (0.0312)

Share of export workers2 −0.0858∗∗ −0.0773∗∗ −0.0788∗∗ −0.0722∗∗ −0.0523 −0.0548

(0.0362) (0.0339) (0.0357) (0.0332) (0.0335) (0.0326)

Collective agreement −0.0323∗∗∗ −0.0327∗∗∗ −0.0345∗∗∗

(0.0101) (0.0102) (0.0108)

Unskilled worker share −0.0094 −0.0103 −0.0145

(0.0130) (0.0128) (0.0124)

Time fixed effects X X X

N.obs. 225 225 225 225 225 225

R2 0.1296 0.3536 0.1196 0.3490 0.0656 0.3206

B. Fixed effects regression

Dep. var.: Wage inequality measured by the Theil index

Exports > 0% Exports ≥ 5% Exports ≥ 20%

of total turnover of total turnover of total turnover

FE 1 FE 2 FE 3 FE 4 FE 5 FE 6

Share of export workers 0.1298∗∗ 0.0841∗ 0.1409∗∗∗ 0.0939∗∗ 0.1601∗∗∗ 0.1193∗∗∗

(0.0494) (0.0448) (0.0351) (0.0371) (0.0370) (0.0331)

Share of export workers2 −0.0579∗ −0.0530∗ −0.0646∗∗ −0.0576∗∗ −0.0841∗∗∗ −0.0781∗∗∗

(0.0333) (0.0290) (0.0249) (0.0243) (0.0250) (0.0227)

Collective agreement −0.0250∗∗∗ −0.0244∗∗∗ −0.0241∗∗∗

(0.0065) (0.0056) (0.0069)

Unskilled worker share −0.0570∗∗∗ −0.0493∗∗ −0.0417∗∗

(0.0198) (0.0187) (0.0170)

Time fixed effects X X X

N.obs. 225 225 225 225 225 225

R2 0.3207 0.6109 0.3696 0.6283 0.3918 0.6713

Notes. An observation in the regression is one industry in one year. We report clustered standard

errors at the industry level in brackets. All regressions in Part B include 25 industry dummies.

Source: LIAB, Version 2, Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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In order to assess the quantitative effect of our estimates, we compare the pre-

dicted wage inequality of a completely autarkic industry to one that has 54% (the

above mentioned turning point) of its workers in exporting firms. According to our

estimates of OLS 3, the difference in wage inequality of these two industries would

be approximately 0.0216 in the Theil index, which is about one and a half standard

deviations. For a basic idea of this difference, let us consider the following example:

In an industry where half the workers earn 495 Euros and the other half 1 000 Euros

— this would correspond to the average autarkic wage inequality level of the 5%

definition, i.e., the intercept in OLS 3 — an increase of 0.0216 in the Theil index

would mean that those workers who had 1 000 Euros before now earn 1 145 Euros

whereas the other half’s wages stay constant.

Since the shape of the observed pattern could be solely driven by the variation

between industries, a fixed effects regression is in order to assess the contribution of

the within industry variation. Table III.B reports results with and without industry

specific controls. Though we observe a very similar pattern for the fixed effects

regressions, with both export coefficients being significant and of the predicted sign,

their ratio is not sufficient to drive down the wage inequality of a perfectly open

industry to the confines of an autarkic industry.

In view of the overall results, it is, nevertheless, still fair to say, that the model’s

prediction of a hump-shaped relationship between wage inequality and trade openness

holds to a large extent, while autarkic and perfectly open industries appear to have

at least similar levels of wage inequality.

4.2. Between-Firm Wage Inequality

In addition to the overall wage inequality analysis, we now want to assess if the

model’s results still hold for a measure of wage inequality that is solely driven by the

firm-level component.

Relying strongly on the methods presented in Helpman et al. (2013) and Akerman

et al. (2013), we decompose the within-industry-skill wage into its components. In

a first step, the following OLS Mincer regression is estimated separately for each

industry-skill-year:

lnwij`t = z′ij`tλj`t + ϕmj`t + νij`t ,

where wij`t is a worker i’s wage, in industry j, with a skill level10 of `, in a given

10We again use the above mentioned simplified skill level (un- or semi-skilled, skilled, and highly

qualified). However, in order to have enough observations in each industry-skill-year, we do not

consider managers separately and hence categorize them with highly qualified workers.
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year t. The vector z′ij`t denotes individual observable worker characteristics, while

λj`t captures the returns to these characteristics. ϕmj`t is the fixed effect of firm m

and νij`t the stochastic error. Our specification for observable worker characteristics

is as follows: education (using categories for: no degree at all; vocational training

or high school degree; vocational training and high school degree; technical college

degree; university degree; as well as missing values), age (using the categories: 19-24;

25-29; 30-39; 40-49; 50-65), and gender. Due to possible idiosyncrasies of very small

businesses, we only use those workers with at least four colleagues in the same firm-

skill-year category. Since the regression is estimated separately for each industry-

skill-year, the coefficients on worker characteristics as well as the firm fixed effect can

vary over time and across skill levels. The firm fixed effects are further normalized

to sum to zero for each industry-skill-year, whereby the regressions’ intercepts are

absorbed by the observable worker characteristics components.

We then use our estimates to decompose the within industry-skill-year wage in-

equality into the following terms:

Var (lnwij`t) = Var (z′ij`tλ̂j`t) + Var (ϕ̂mj`t) + 2 Cov (z′ij`tλ̂j`t, ϕ̂mj`t) + Var (ν̂ij`t)

Table IV reports the obtained between-firm wage inequality, Var (ϕ̂mj`t), the within-

firm wage inequality, Var (ν̂ij`t), the wage inequality due to worker observables,

Var (z′ij`tλ̂j`t), as well as the component due to assortative matching between work-

ers and firms, i.e., the covariance between worker observables and firm fixed effects,

Cov (z′ij`tλ̂j`t, ϕ̂mj`t), for the years 2000 and 2008.

We can now use the firm fixed wage component to assess changes in between-

firm wage inequality due to changing levels of trade openness. As before, we specify

TABLE IV.

Decomposition of Wage Inequality Within Industry-Skills

2000 2008

Between-firm wage inequality 40.05% 42.63%

Within-firm wage inequality 42.14% 39.08%

Worker observables 16.63% 15.58%

Covariance worker observables – firm effects 1.13% 2.72%

Notes. Results are weighted by the employment share of each industry-skill group in each year.

Due to rounding, figures may not sum exactly to 100%. Source: LIAB, Version 2, Year 2000 and

2008.
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a simple pooled OLS regression, using the employment weighted standard deviation

across all skill levels of the firm fixed wage component as dependent variable:

Sd (ϕ̂mj`t)jt = γ1sjt + γ2s
2
jt + ujt

Table V.A reports the coefficients for all three export definitions (OLS 7, OLS 9,

OLS 11). As can be seen, both coefficients have the predicted signs and are in all

cases but for the 20% export definition significant. Results are again robust to our

set of industry specific controls (OLS 8, OLS 10, OLS 12).

While we fail to reject the hypothesis of equal means at the 10.26% level for the

0% export definition, we have to reject the hypothesis for the 5% and 20% export

definition.

Once more, we run fixed effects regressions — with and without industry specific

controls — to measure the effect of the within industry variation on the observed

pattern. Table V.B reports the corresponding coefficients (FE 7 - FE 12). As one

can see when comparing Table V.A and V.B, apart from the 20% export definition,

results do not appear to be driven by the within industry variation as in the overall

wage inequality analysis but rather by the between industry variation.

In spite of these imperfections, the predictions of the HIR model are still largely

borne out by the overall results. Thus, both analyses speak in favor of the hump-

shaped relationship between wage inequality and the degree of trade openness. Al-

though only in a few cases the data presents identical levels of wage inequality be-

tween the perfectly open and the autarkic industry, the coefficients of the pooled

OLS regressions are largely suggestive of at least similar levels.

As a concluding remark, note that in the original HIR model firm productivity is

assumed to be drawn from a Pareto distribution. As the firm’s average wage paid

to its employees can be written as a function of its productivity, this assumption

leads to a piecewise-defined function of sectoral wage distribution, consisting of a

truncated and an untruncated Pareto distribution for non-exporting and exporting

firms, respectively. While the observable overlap in the log wage as well as in the firm-

level wage component distributions of exporting and non-exporting firms (according

to the 5% export definition) in Figure III is more in favor of a log normal distribution,

Helpman et al. (2013) have shown that the Pareto distribution of firm productivity

is not a necessity for the hump-shaped relationship between trade openness and

wage inequality nor for the outcome that both the autarkic and the completely open

economy present the same level of wage inequality.
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TABLE V.

Regression of Between-Firm Wage Inequality on Trade Openness with and

without Industry Specific Controls

A. Pooled OLS regression

Dep. var.: Wage inequality measured by the employment weighted

standard deviation of the firm fixed wage component

Exports > 0% Exports ≥ 5% Exports ≥ 20%

of total turnover of total turnover of total turnover

OLS 7 OLS 8 OLS 9 OLS 10 OLS 11 OLS 12

Share of export workers 0.0999∗ 0.0945∗∗ 0.0872∗ 0.0822∗∗ 0.0352 0.0309

(0.0576) (0.0452) (0.0517) (0.0411) (0.0403) (0.0336)

Share of export workers2 −0.1231∗∗ −0.1075∗∗∗ −0.1137∗∗ −0.0986∗∗ −0.0691∗ −0.0531

(0.0516) (0.0408) (0.0482) (0.0383) (0.0405) (0.0336)

Collective agreement −0.1377∗∗∗ −0.1381∗∗∗ −0.1393∗∗∗

(0.0130) (0.0129) (0.0132)

Unskilled worker share 0.0455∗∗ 0.0446∗∗ 0.0393∗∗

(0.0178) (0.0178) (0.0175)

Time fixed effects X X X

N.obs. 225 225 225 225 225 225

R2 0.0794 0.4968 0.0786 0.4961 0.0820 0.4903

B. Fixed effects regression

Dep. var.: Wage inequality measured by the employment weighted

standard deviation of the firm fixed wage component

Exports > 0% Exports ≥ 5% Exports ≥ 20%

of total turnover of total turnover of total turnover

FE 7 FE 8 FE 9 FE 10 FE 11 FE 12

Share of export workers 0.2170∗ 0.1496 0.2433∗∗ 0.1741 0.2720∗∗∗ 0.2211∗∗

(0.1137) (0.1256) (0.0885) (0.1120) (0.0845) (0.0845)

Share of export workers2 −0.0754 −0.0799 −0.0918 −0.0927 −0.1309∗∗ −0.1399∗∗

(0.0760) (0.0824) (0.0610) (0.0742) (0.0605) (0.0624)

Collective agreement −0.0249 −0.0233 −0.0235

(0.0241) (0.0219) (0.0206)

Unskilled worker share −0.0575 −0.0427 −0.0364

(0.0723) (0.0659) (0.0535)

Time fixed effects X X X

N.obs. 225 225 225 225 225 225

R2 0.2092 0.4255 0.2471 0.4427 0.2370 0.4693

Notes. An observation in the regression is one industry in one year. We report clustered standard

errors at the industry level in brackets. All regressions in Part B include 25 industry dummies.

Source: LIAB, Version 2, Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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FIGURE III.

Distribution of Log Wages and Firm-Year Fixed Effects

5. Conclusion

While neoclassical trade theory is only able to explain wage dispersion between sec-

tors, it fails to explain empirical findings of increasing wage dispersion within sectors.

Based on the Melitz (2003) model, HIR developed a framework with heterogeneous

firms and workers in a labor market with search and matching frictions that is able

to link trade and sectoral wage inequality.

We use German linked employer-employee panel data in order to supply empirical

evidence in support of the model’s central prediction that wage inequality first in-

creases and then decreases to its original level with gradual trade liberalization. This

inverted U-shaped pattern stems from the wage premium exporters are paying their

workers. Thus, an increase in the extensive margin of trade openness in an autarkic

economy would increase wage inequality as some firms start to sell their products on

the foreign market. These firms will in return pay higher wages to their employees.

By contrast, rising trade frictions in a perfectly open economy would give rise to

wage inequality as well, since some firms will be forced to exit the export market

and limit themselves to the domestic market and are therefore forced to lower their

wages.

Our empirical results do not only bear out the inverted U-shaped wage inequality

pattern but also confirm to a large degree a similar level of wage inequality between

the autarkic and the perfectly open industry.
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While these results provide further insight into the forces that drive wage inequality

within an industry, they also imply that the initial level of trade openness of an

economy is crucial when trying to predict the impact of a change in trade frictions

on wage dispersion.
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III
The Impact of a Firm’s Share of

Exports on Revenue, Wages, and

Measure of Workers Hired

— Theory and Evidence





1. Introduction

While recent models of heterogeneous firms in a global economy only allow for firms

to have a binary export status (non-exporting or exporting), we argue that a firm’s

precise share of exports is of large additional value when trying to assess the key

drivers behind its revenue, its average wage, or the measure of its workers hired.

Our argumentation is borne out by an extended Melitz (2003) model in which

we loosen the symmetry assumption in order to allow for countries with different

aggregate expenditures and different aggregate prices. Thanks to this asymmetry,

some firms will — after drawing their initial productivity — be able to export to a

few countries, while other, more productive firms, are even able to export to more

countries and will hence have a higher share of exports. We further link our extended

model to the recently developed Helpman et al. (2010a) framework, henceforth HIR,

so as to establish a connection between a firm’s share of exports and its revenue, its

average wage rate as well as its measure of workers hired.

Ultimately, we use the LIAB, a linked employer-employee panel dataset from Ger-

many, in order to empirically test our model’s reliability. For this purpose, we run

fixed effects regressions of the firm specific variables mentioned above on the share

of exports with and without controls for certain firm specific characteristics. While

a dummy variable for the firm’s binary export status is perceptive to changes in the

extensive export margin, taking into account the seminal findings of Bernard et al.

(1995) and its ensuing body of literature, our results show that already very small

changes in the intensive export margin can be accounted for relatively large changes

in the variables of interest.

The plan of this paper is as follows. Section 2 presents the theoretical framework.

In Section 3 we describe the dataset used. Section 4 contains our empirical results.

Section 5 concludes. An Appendix provides the most important derivations.

2. Theoretical Framework

2.1. A Firm’s Productivity

Our model consists of a world with a home country and n asymmetric countries,

while the asymmetry stems from different distributions of firm productivity across

countries. In this way, a country c’s firm productivity in a given sector s1 is assumed

1For reasons of simplicity, we henceforth suppress the country, sector, and firm subscript when-

ever possible and consider just one firm k in a given sector s in country c.
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to be Pareto distributed with the continuous cumulative distribution

Gc(ϕ) = 1−
(
ϕmin,c

ϕ

)zc
for ϕ > ϕmin,c and zc > 1 for all c = 1, ..., n+ 1 ,

where less productive countries have a higher zc and/or a smaller ϕmin,c.

As in the Melitz (2003) model, after entering the market, each firm draws its

productivity parameter ϕcsk, henceforth ϕ, from gc(ϕ) with support over [ϕmin,c,∞),

where the draw of a productivity level that is not sufficient to serve the domestic

market, i.e., ϕ is smaller than the domestic cutoff productivity level ϕ∗d,c, will force a

firm to immediately exit the market. Though in contrast to Melitz (2003), from the

point of view of the home country, there are now n different export cutoff productivity

levels ϕ∗x,c for each foreign country c = 1, ..., n. Without loss of generality, we can

arrange these cutoff levels in ascending order, where 1 corresponds to the country

with the lowest export cutoff productivity level. Accordingly, a domestic firm with

a productivity ϕ, so that ϕ∗x,c′ < ϕ < ϕ∗x,c′+1, can export to the c′ least productive

countries, with 1 ≤ c′ ≤ n. However, since firms can only export if they produce for

their domestic market, we get ϕ∗d,c ≤ ϕ∗x,1. We further assume no price discrimination

and an equal elasticity of substitution σ = 1/(1−ρ), with 0 < ρ < 1, for each industry

across countries.

2.2. Worker Ability

We assume worker ability to be independently distributed across countries and to be

drawn from a Pareto distribution with the continuous cumulative distribution

Ga,c(a) = 1−
(amin,c

a

)ζc
for a > amin,c and ζc > 1 for all c = 1, ..., n+ 1 .

As in HIR, before hiring, firms will pay search costs of bm in order to be randomly

matched with m workers. Since worker ability is unobservable beforehand, firms have

to pay screening costs of εaδε/δ, where ε > 0 and δ > 0, to identify from those m

workers the ones that have at least an ability of aε. For more productive firms will

set the screening threshold higher, aε is dependent of ϕ, i.e., aε(ϕ).

2.3. A Firm’s Revenue and Export Decision

Following HIR, the production side is represented by a simple Cobb-Douglas function,

so that output y is given by

y(ϕ) = ϕhγ ā , (III.1)
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where h = m(amin,c/aε)
ζc is the measure of workers hired, 0 < γ < 1, and ā =

ζcaε/(ζc − 1) the average ability of the firm’s workforce. This leads to

y(ϕ) = ϕ
ζc

ζc − 1
aγζcminm

γa1−γζc
ε .

The equilibrium revenue of a firm in the home country that is producing a variety ω

and is exclusively serving the domestic market can be written as2

rd(ω) = yd(ω)pd(ω) = yd(ω)ρI1−ρ
d P ρ

d = yd(ω)ρAd , (III.2)

where Id is domestic income, Pd the domestic aggregate price, and Ad = I1−ρ
d P ρ

d a

domestic demand shifter. Ad is linked to the total average productivity ϕ̃t,d, which

includes all domestic and foreign firms of the home country, via (A.III.1)3. The

quantity yd(ω) is given by the Marshallian demand function4

yd(ω) = p(ω)−σP σ−1
d Id =

(
p(ω)

Pd

)−σ
Id
Pd

=

(
w

Pdρϕ

)−σ
Id
Pd

.

As can be seen, with increasing productivity, a firm’s output and thereby its domestic

revenue will increase continuously, so as of now we can write (III.2) as rd(ϕ) =

yd(ϕ)ρAd.

In an analogous way to HIR, a firm that has then drawn a productivity high enough

to export to c′ countries will allocate its domestic output and its exports to country

c, yd and yx,c, respectively, to equate its marginal revenue for every market. From

r(ϕ) = rd(ϕ) +
c′∑
c=1

rx,c(ϕ) = yd(ϕ)ρAd +
c′∑
c=1

(
yx,c(ϕ)

τc

)ρ
Ax,c , (III.3)

with r(ϕ) being overall revenue, rx,c(ϕ) the revenue from export to country c, τc

iceberg trading costs to country c, such that τc > 1 units of a variety must be

exported for one unit to arrive in country c’s market, and Ax,c the demand shifter

for country c, we obtain c′ different first-order conditions

∂rd(ϕ)

∂yd(ϕ)
=
∂rx,c(ϕ)

∂yx,c(ϕ)
⇔ yx,c(ϕ)

yd(ϕ)
= τ

ρ
ρ−1
c

(
Ax,c
Ad

) 1
1−ρ

for all c = 1, . . . , c′ . (III.4)

Using (III.3) and (III.4), we can write a firm’s total revenue as5

r(ϕ) = y(ϕ)ρAd

(
1 +

c′∑
c=1

τ
ρ
ρ−1
c

(
Ax,c
Ad

) 1
1−ρ
)1−ρ

. (III.5)

2See the Appendix for a derivation.
3See the Appendix for a derivation.
4See the Appendix for a derivation.
5See the Appendix for a derivation.
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Summing up the right-hand side of (III.4) over c = 1, . . . , c′ and linking it to (III.5)

along with the fact that y(ϕ) = yd(ϕ) + yx,1(ϕ) + . . .+ yx,c′(ϕ) which implies yd(ϕ) =

y(ϕ)/Υ, where Υ = 1 + τ
ρ
ρ−1

1

(
Ax,1
Ad

) ρ
1−ρ

+ . . .+ τ
ρ
ρ−1

c′

(
Ax,c′

Ad

) ρ
1−ρ

, leads to6

r(ϕ) = y(ϕ)ρAd ·Υ
1−ρ

Γ or equivalently r(ϕ) = rd ·
(
ϕ

ϕd

) ρ
Γ

·Υ
1−ρ

Γ , (III.6)

with rd being the revenue of a non-exporting firm that makes zero profits and Γ =

1 − ργ − ρ(1 − γζ)/δ. As can be seen, more productive firms are able to export to

more countries and will hence have in general a higher revenue.

A firm’s profit function can then be written as a combination of its domestic and

foreign profits

π(ϕ) = πd(ϕ) + πx,c(ϕ) = rd(ϕ) +
c′∑
c=1

rx,c(ϕ)− bm− ε

δ
aδε − fd −

c′∑
c=1

fx,c

By analogy with the Melitz (2003) model, in the end, a firm will only a export to

a certain country c, with 1 ≤ c ≤ c′, if the profits are non-negative, i.e., πx,c(ϕ) >

0. Therefore a firm’s export decision depends not only on its own productivity

surpassing the export cutoff productivity level, which is a necessary condition, but

also on the demand shifter and the trading costs. By taking this into account, the

number of countries a firm is actually exporting to, denoted by c∗, can be smaller than

c′, i.e., c∗ ≤ c′. However, since the Melitz (2003) model assumes constant productivity

over time, changes in the share of exports can only occur through changes in the

demand shifters or in trading costs.

Bringing trading costs into focus, this framework can explain two kinds of changes

in a firm’s share of exports. In this way, a small decrease in trading costs to countries

with a relatively low export cutoff productivity level as well as a considerable decrease

in trading costs to high productivity countries can make it profitable for some firms

to start exporting to these countries. While highly productive firms with a relatively

large share of exports might increase their exports to these countries only slightly,

this change in trading costs will mainly affect the extensive margin of exports. On

the other hand, an overall decrease in trading costs to high productivity countries will

especially affect the intensive margin of exports, for firms already exporting to these

countries will find it profitable to increase their output allocated to these countries.

Therefore Υ can either change through shifts in the intensive or extensive margin.

By bringing trading costs into focus, we state the following proposition:

6See the Appendix for a derivation.
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Proposition 1: A decrease in trading costs will weakly increase the firm’s share

of exports and its revenue.

2.4. Wages

In the following, we again rely on HIR to establish a link between a firm’s average

wage and its share of exports. The solution to the bargaining game between a firm

and its workers7 yields that the total wage bill is ργ/(1 + ργ) of the average revenue

while the firm keeps a share of 1/(1+ργ). The resulting profit maximization problem

for a firm in the home country is then defined by

π(ϕ) ≡ max
m≥0,

aε≥amin

{
1

1 + ργ

[
1 +

c′∑
c=1

τ
−ρ
1−ρ
c

(
Ax,c
Ad

) 1
1−ρ
]1−ρ

× Ad
(
ϕ

ζd
ζd − 1

aγζdminm
γa1−γζd

ε

)ρ
− bm− ε

δ
aδε − fd −

c′∑
c=1

fx,c

}
,

where fd and fx,c are fixed production costs for the domestic and foreign market,

respectively. For the measure of workers sampled m and the ability threshold aε we

derive the first-order conditions of the profit maximization problem:

ργ

1 + ργ
r(ϕ) = bm(ϕ) (III.7)

and

ρ(1− γζd)
1 + ργ

r(ϕ) = caε(ϕ)δ (III.8)

As one can see, firms with a higher revenue will not only sample more workers,

but will also set a higher ability threshold. We can use these results along with

h = m(amin,d/aε)
ζd in order to define the firm’s average wage

w(ϕ) =
ργ

1 + ργ

r(ϕ)

h(ϕ)
=
bm(ϕ)

h(ϕ)
= b

[
aε(ϕ)

amin,d

]ζd
. (III.9)

The relation we get from this last equation is in line with the general intuition that

firms with a higher revenue will also employ workers with a higher ability level, who

will correspondingly be better paid. Using again (III.4) and (III.5), we can derive8

w(ϕ) = wd ·
(
ϕ

ϕd

) ρζ
δΓ

·Υ
ζ(1−ρ)
δΓ , (III.10)

7A derivation of the solution to the bargaining game can be found in Acemoglu et al. (2007)

and in the Technical Appendix to HIR.
8See the Appendix for a derivation.
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where wd denotes the lowest average firm wage. This leads to our second proposition:

Proposition 2: A decrease in trading costs will weakly increase the firm’s share

of exports and the average wage paid to its employees.

2.5. Measure of Workers Hired

Making once again use of the first-order conditions (III.7) and (III.8) along with

h = m(amin,i/aε)
ζi , we can in a similar manner to the average wage rate derive the

firm’s measure of workers hired, namely9

h(ϕ) = hd ·
(
ϕ

ϕd

)ρ(1− ζ
δ )
·Υ

(1−ρ)(1−ζ/δ)
Γ , (III.11)

with hd being the lowest measure of workers hired. We state our third proposition

as follows:

Proposition 3: A decrease in trading costs will weakly increase the firm’s share

of exports and its measure of workers hired.

3. Data

For the empirical part of our study we use the ‘LIAB cross-sectional model 2’, a

linked employer-employee dataset from the German Institute for Employment Re-

search (IAB). A detailed description of the dataset can be found in Jacobebbinghaus

& Seth (2010) and chapter II. We furthermore rely on the same conditions used in

the latter, which are mainly: only industries with a primary interest in exports are

included in the panel, i.e., the first 25 industries in the IAB industry classification;

only firms with five or more full-time workers whose wages exceed the twice the min-

imum wage (based on the wages in minor employment) are considered; years from

2000 to 2008. Chapter II reports firm and employment shares for each industry in

the base year 2000.

Using the deflated wages obtained in chapter II, we then compute for each firm, each

year, and each of the three skill levels (un- or semi-skilled; skilled; highly qualified)

the average daily gross wage. The variables are then matched with the firm’s export

statement in the annual IAB survey, which ultimately leads to a dataset of 49 860

observations, corresponding to 8 364 979 worker-years, while one observation is one

firm in one year. Summary statistics for all firms in the dataset used can be found

in Table I.
9See the Appendix for a derivation.
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TABLE I.

Summary Statistics

2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

Share of exports 11.158 11.170 11.698 11.893 12.570 13.545 13.413 13.550 13.256 12.420
(21.308) (21.031) (21.546) (22.049) (22.942) (23.801) (23.648) (23.933) (23.200) (22.592)

Binary export status 0.360 0.375 0.382 0.375 0.381 0.396 0.396 0.396 0.409 0.385
(0.480) (0.484) (0.486) (0.484) (0.486) (0.489) (0.489) (0.489) (0.492) (0.487)

Revenue (in million Euros) 43.774 46.166 47.166 49.193 55.087 71.177 61.341 65.478 69.773 55.858
(216.792) (263.919) (220.745) (315.467) (349.118) (545.863) (451.008) (562.822) (708.472) (423.897)

Wage (all) 76.853 76.880 78.949 79.610 80.469 82.117 82.553 82.631 82.290 80.137
(23.458) (23.604) (24.736) (25.449) (26.012) (27.387) (28.055) (28.772) (28.660) (26.290)

Wage (un- or semi-skilled) 70.543 70.569 72.316 72.757 73.497 75.211 75.371 75.505 75.307 73.347
(21.606) (21.985) (22.773) (23.325) (23.869) (25.021) (25.530) (25.827) (26.510) (24.090)

Wage (skilled) 78.170 78.091 80.237 80.727 81.728 83.365 84.056 84.204 84.380 81.515
(23.160) (22.970) (23.781) (24.418) (25.029) (26.145) (26.787) (27.612) (27.721) (25.352)

Wage (highly qualified) 115.658 116.108 120.385 122.379 123.288 126.151 127.358 128.647 128.374 122.812
(34.759) (35.248) (36.746) (39.071) (38.875) (40.403) (41.424) (43.280) (43.204) (39.403)

All workers 170.499 170.236 164.268 159.480 170.484 181.060 165.914 158.389 169.197 167.769
(630.386) (870.561) (851.045) (877.624) (943.511) (965.483) (723.469) (789.440) (1029.016) (860.398)

Un- or semi-skilled workers 78.161 76.586 72.283 69.815 74.885 78.026 69.985 65.564 70.438 73.004
(287.198) (369.050) (344.774) (351.925) (379.892) (381.802) (267.384) (267.327) (363.765) (338.730)

Skilled workers 62.257 62.888 60.080 58.963 62.420 67.006 63.458 59.762 63.508 62.235
(222.505) (312.542) (303.034) (315.352) (325.988) (347.377) (334.474) (335.914) (404.289) (323.874)

Highly qualified workers 30.081 30.763 31.906 30.702 33.179 36.029 32.471 33.063 35.251 32.531
(167.724) (223.517) (252.777) (259.493) (277.790) (285.352) (217.446) (284.713) (350.145) (260.629)

Collective agreement 0.826 0.824 0.815 0.808 0.781 0.801 0.775 0.764 0.753 0.794
(0.133) (0.134) (0.158) (0.145) (0.186) (0.136) (0.141) (0.143) (0.145) (0.147)

Age 40.744 40.855 41.185 41.549 41.821 42.045 42.276 42.486 42.604 41.730
(1.022) (1.068) (1.416) (1.285) (1.245) (1.192) (1.097) (1.077) (1.174) (1.330)

Number of firms 5 733 6 205 5 847 5 650 5 547 5 438 5 123 5 201 5 116 49 860
Number of workers 977 473 1 056 317 960 475 901 063 945 675 984 604 849 977 823 781 865 614 8 364 979

Notes. Unweighted mean over all firms by year. Standard deviation in brackets. One observation is one firm in one year. Source: LIAB, Version 2,

Years 2000-2008.
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4. Empirical Results

We now want to assess the model’s predictions that a higher share of exports leads

to a higher revenue, a higher average wage, and a higher measure of workers hired.

As in the Melitz (2003) model we assume constant firm productivity ϕ over the

years, which means in return that changes in the share of exports can only be caused

by either changes in the foreign and domestic demand shifters Ax,c and Ad, respec-

tively, or in trading costs τ . We claim that in the years from 2000 to 2008 especially

the latter of the two events occurred. Thus, the enlargement of the European Union

in May 2004, along with previously established bilateral trade agreements, consider-

ably facilitated German exports into Eastern European countries, allowing German

exports to the 10 new members to increase from 2004 to 2008 by about 70%, while

overall exports to the rest of the world only increased by about 31%10 at the same

time.

Since the model states that firm revenue, wages, and the measure of workers hired

are driven by the firm’s share of exports,
∑c′

c=1 yx,c/yd, a variable not available in the

dataset, we have to find a reliable proxy for the ensuing empirical analysis. For this

purpose, we divide a firm’s total turnover by its domestic share of total turnover,

which leads with (III.3) to

r

rd
= 1 +

∑c∗

c=1 rx,c
rd

= 1 +
c∗∑
c=1

τ−ρc
Ax,c
Ad

(
yx,c
yd

)ρ
≡ ΥP .

Note the close relation to

Υ = 1 +

∑c∗

c=1 yx,c
yd

= 1 +
c∗∑
c=1

τ
−ρ
1−ρ
c

(
Ax,c
Ad

) ρ
1−ρ

.

As can be seen, a decrease in trading costs τc as well as an increase in the foreign

demand shifter Ax,c will increase both Υ and ΥP. Though the proportions of the

changes might be in both cases different and dependent on ρ, our proxy ΥP nev-

ertheless presents very similar features as the firm’s share of exports. While ΥP is

more suitable to capture any changes in the intensive margin of exports, an export

indicator variable,

I =

1 if ΥP > 1

0 if ΥP = 1
,

is perceptive to changes in the extensive margin. By allowing for both the commonly

used binary export status of a firm as well as its share of total turnover due to

10Data obtained from Destatis.
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exports, we can in particular examine if the extension to a multiple country model is

of any additional predictive value when trying to estimate certain characteristics of

exporting firms. Since Υ as well as ΥP are not defined for firms that do not produce

for the domestic market — which is in accordance with one of the basic assumptions

of the model — we include a dummy variable to represent those firms in the panel

that export 100% of their total output and categorize them with firms that export

99%. Note that overall results would not change, if these 174 firm-years were dropped

from the panel.

TABLE II.

Regression of Revenue on Share of Exports with and without Firm Specific

Controls

Dep. var.: Log revenue (ln r)

(FE 1) (FE 2)

Zero profit revenue (ln rd) 0.0535∗∗ 0.0425∗∗

(0.0213) (0.0196)

Share of exports (ln ΥP) 0.8155∗∗∗ 0.6869∗∗∗

(0.0822) (0.0662)

Binary export status (I) 1.0704∗∗∗ 1.0441∗∗∗

(0.1863) (0.1589)

Controls:

Collective agreement 1.0903∗∗∗

(0.1176)

Share unskilled workers 0.1501

(0.2602)

Age 0.0031

(0.0147)

N.obs. 44 490 44 490

R2 0.1512 0.2445

Notes. An observation in the regression is one firm in one year. All regressions include nine year

and 25 industry dummies as well as a dummy variable for firms with an export share of 100% (not

reported). We report clustered standard errors at the industry level in brackets. Since not all firms

stated their annual revenue, the N.obs. are smaller than in the ensuing empirical analyses on wage

and measure of workers hired. Nevertheless, the mean of the share of exports (12.5524) and its

standard deviation (22.5751) of this subsample only differ slightly from the full sample. Source:

LIAB, Version 2, Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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4.1. Revenue

In the following, we try to assess the relation between the share of exports — or to

be more precise, the share of revenue due to exports — and firm revenue. By taking

the logarithm of (III.6), we obtain the specification of our fixed effects estimating

equation

ln rkst = β0 ln rd,st + β1 ln

(
ϕkst
ϕd,st

)
+ β2 ln ΥP,kst + β3Ikst + ψs + ξt + ukst ,

where t indexes years; ψs is an industry fixed effect, i.e., the intercept of each in-

dustry; ξt are time fixed effects; and ukst denotes the stochastic error. Note that β1

corresponds to ρ/Γ and β2 to (1 − ρ)/Γ. However, since we assume constant firm

productivity ϕ over time, the coefficient for β1 cannot be captured in our estimation.

Table II reports the coefficients for β2 and β3 (FE 1). First of all, the mere fact

of becoming an exporting firm will, on average, increase the total revenue by 192%,

a number consistent with other literature, see e.g. Verhoogen (2008). As predicted

by the model, the share of exports — even while in the presence of the binary

export status — does have a clear positive effect on revenue. For an idea of our

results, we consider a firm that receives 10% of its total revenue from abroad, i.e.,∑c∗

c=1 rx,c/r = 0.1. Now an increase from 10% to 11% in this share — thereby reducing

rd/r from 90% to 89% — would lead to a 1.124% increase in ΥP and therefore to a

0.916% increase in total revenue. An effect of considerable magnitude, keeping the

rather small increase in the export revenue ratio in mind. As far as the coefficient

of the industry’s zero profit revenue, β0, is concerned, we can see that though being

significant it is nonetheless of very small importance.

Next, we include some firm specific controls into our analysis. We extend our main

estimating equation to a dummy variable that is 1 if a firm is subject to collective

bargaining11 and 0 if otherwise. As one can see, collective agreements tend to have

a large positive effect on revenue, whereas the share of unskilled workers as well as

the average age of its work force appear to be of no importance. Even though this

extension to firm specific controls slightly decreases the effect of the share of exports

(FE 2), the coefficient stays highly significant.

4.2. Wages

In order to measure the relationship of a firm’s share of exports and its average wage,

we use two different kinds of wages for each year-skill category as dependent variable:

11A detailed description of collective bargaining in Germany can be found in chapter II.
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the overall average firm wage as well as the firm fixed wage component.

Overall Average Firm Wage

For the first part of the analysis, we take in analogy to the previous subsection the

logarithm of (III.10) and obtain

lnwks`t = β0 lnwd,s`t + β1 ln

(
ϕkst
ϕd,st

)
+ β2 ln ΥP,kst + β3Ikst + ψs + ξt + ukst .

For each of the three different skill categories: un- or semi-skilled, skilled, and highly

qualified12, denoted by `, we then run fixed effects regressions using the overall aver-

age firm wage in each skill-year category as dependent variable. Since not all firms do

employ workers with all three kinds of skill levels, the number of observations differs

for each of these estimations. Due to possible idiosyncrasies of very small businesses,

we only use those workers with at least four colleagues in the same firm-skill-year

category.

Table III.A reports the coefficients β2 and β3 for all three different wage categories

(FE 1, FE 3, FE 5). As can be seen, all three average wages are positively driven

by the share of exports and the binary export status. To get an idea of the export

share’s coefficient, we again consider a firm whose share of revenue due to exports

increases from 10% to 11%, i.e., a 1.124% increase in ΥP. According to our estimates

of FE 1, this firm would then see the average wage paid to its un- or semi-skilled

employees rise by 0.106%. While this effect is of a far smaller magnitude than the

previously established rise in revenue, the outcome of the bargaining game — where

workers will get ργ/(1+ργ) of the revenue, while the firm keeps a share of 1/(1+ργ)

— is in accordance with these figures. The coefficient of the industry’s lowest wage,

β0, is again very small and only significant in the case of the average wage of skilled

workers.

We further control for firm specific variables (FE 2, FE 4, FE 6). As expected,

in all cases participation in a collective agreement appears to have a large positive

effect on wages. In addition, a higher share of unskilled workers significantly drives

down wages for un- or semi-skilled workers. As one might think, age, though not

significant, positively drives wages. Though the coefficients of interest are robust to

the controls, they all decrease in magnitude.

12In order to have enough observations in each industry-skill-year, we do not consider separately

managers and hence categorize them with highly qualified workers.
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TABLE III.

Regression of Wage on Share of Exports with and without Firm Specific Controls

A. Dep. var.: Average log wage (lnw)

un- or semi-skilled skilled highly qualified

(FE 1) (FE 2) (FE 3) (FE 4) (FE 5) (FE 6)

Lowest wage (lnwd) 0.0216 0.0042 −0.0176∗ −0.0130 0.0022 −0.0018

(0.0188) (0.0178) (0.0099) (0.0106) (0.0216) (0.0173)

Share of exports (ln ΥP) 0.0940∗∗∗ 0.0604∗∗∗ 0.1167∗∗∗ 0.0958∗∗∗ 0.0990∗∗∗ 0.0798∗∗∗

(0.0130) (0.0083) (0.0114) (0.0087) (0.0113) (0.0102)

Binary export status (I) 0.0666∗∗ 0.0543∗ 0.1094∗∗∗ 0.1040∗∗∗ 0.0833∗∗ 0.0871∗∗∗

(0.0299) (0.0273) (0.0229) (0.0174) (0.0372) (0.0311)

Controls:

Collective agreement 0.2237∗∗∗ 0.2088∗∗∗ 0.2198∗∗∗

(0.0146) (0.0161) (0.0173)

Share unskilled workers −0.2902∗∗∗ 0.0734∗ 0.0212

(0.0377) (0.0422) (0.0458)

Age 0.0011 0.0029 0.0021

(0.0022) (0.0019) (0.0043)

N.obs. 35 527 35 527 38 164 38 164 20 474 20 474

R2 0.0486 0.2584 0.0975 0.2349 0.0836 0.2138

B. Dep. var.: Firm log wage component (η)

un- or semi-skilled skilled highly qualified

(FE 3) (FE 4) (FE 5) (FE 6) (FE 7) (FE 8)

Lowest wage (η̂d) 0.1152∗∗∗ 0.1132∗∗∗ 0.0375 0.0383 0.0701∗∗∗ 0.0712∗∗∗

(0.0303) (0.0384) (0.0345) (0.0304) (0.0205) (0.0168)

Share of exports (ln ΥP) 0.0939∗∗∗ 0.0677∗∗∗ 0.1110∗∗∗ 0.0897∗∗∗ 0.0913∗∗∗ 0.0733∗∗∗

(0.0120) (0.0099) (0.0119) (0.0092) (0.0102) (0.0091)

Binary export status (I) 0.0690∗∗∗ 0.0675∗∗∗ 0.1113∗∗∗ 0.1134∗∗∗ 0.0662∗∗ 0.0708∗∗∗

(0.0247) (0.0228) (0.0549) (0.0180) (0.0247) (0.0212)

Controls:

Collective agreement 0.2284∗∗∗ 0.2034∗∗∗ 0.2030∗∗∗

(0.0151) (0.0163) (0.0150)

N.obs. 35 527 35 527 38 164 38 164 20 474 20 474

R2 0.0492 0.2066 0.0919 0.2173 0.0702 0.1929

Notes. An observation in the regression is one firm in one year. All regressions include nine year

and 25 industry dummies as well as a dummy variable for firms with an export share of 100% (not

reported). We report clustered standard errors at the industry level in brackets. N.obs. differ for

not every firm employs workers of all three kinds of skill levels. Source: LIAB, Version 2, Years

2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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Firm Level Wage Component

As these results could be driven by worker specific characteristics as well as assortative

matching between high-wage firms and high-wage workers, we decompose individual

worker wages into its components and use the firm fixed wage component as depen-

dent variable. We thereby rely strongly on the methods presented in Helpman et al.

(2013) and Akerman et al. (2013).

To this end, we first estimate the following OLS Mincer regression separately for

each industry-skill-year:

lnwis`t = z′is`tλs`t + ηks`t + νis`t ,

where wis`t is a worker i’s wage, in industry s, with a skill level of `, in a given

year t. The vector z′is`t denotes individual observable worker characteristics, while

λs`t captures the returns to these characteristics. ηk`t is the fixed effect of firm k and

νik`t the stochastic error. Our specification for observable worker characteristics is as

follows: education (using categories for: no degree at all; vocational training or high

school degree; vocational training and high school degree; technical college degree;

university degree; as well as missing values), age (using the categories: 19-24; 25-29;

30-39; 40-49; 50-65), and gender. As in the previous case, we only consider firms with

at least five observations in a given firm-skill-year. Since the regression is estimated

separately for each industry-skill-year, the coefficients on worker characteristics as

well as the firm fixed effects can vary over time and across skill levels. The firm fixed

effects are further normalized to sum to zero for each industry-skill-year, whereby the

regressions’ intercepts are absorbed by the observable worker characteristics compo-

nents. We then estimate in analogy to the above specification the following fixed

effects specification

η̂ks`t = β0η̂d,s`t + β1 ln

(
ϕkst
ϕd,st

)
+ β2 ln ΥP,kst + β3Ikst + ψs + ξt + ukst ,

where η̂d,s`t denotes the industry’s lowest firm log wage component. Results are

reported in Table III.B. As can be seen, all coefficients of interest are significant and

of the same magnitude as in the overall average firm wage case, while being robust

to controls for collective agreements. As the share of exports appears to be mainly

driven by the firm level component of wages, the model’s predictions are borne out

to a large degree.
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4.3. Measure of Workers Hired

While we have seen that firms with a higher share of exports do not only have a

higher revenue but also pay higher wages to their employees, we now try to give an

answer to the question, if they — as the model suggests — also employ more workers.

Using the logarithm on (III.11), we obtain the following estimating equation

lnhkst = β0 lnhd,st + β1 ln

(
ϕkst
ϕd,st

)
+ β2 ln ΥP,kst + β3Ikst + ψs + ξt + ukst .

TABLE IV.

Regression of Measure of Workers Hired on Share of Exports with and without

Firm Specific Controls

Dep. var.: Log measure of workers hired (lnh)

reported matched

(FE 1) (FE 2) (FE 3) (FE 4)

Lowest measure of workers hired (lnhd) 0.0054 −0.0003 0.6383∗ 0.6121∗

(0.0310) (0.0312) (0.3681) (0.3518)

Share of exports (ln ΥP) 0.5329∗∗∗ 0.4367∗∗∗ 0.5530∗∗∗ 0.4625∗∗∗

(0.0819) (0.0671) (0.0807) (0.0676)

Binary export status (I) 0.7324∗∗∗ 0.6964∗∗∗ 0.7662∗∗∗ 0.7378∗∗∗

(0.1259) (0.1042) (0.1410) (0.1146)

Controls:

Collective agreement 0.8429∗∗∗ 0.8314∗∗∗

(0.0923) (0.0989)

Share unskilled workers 0.5251∗∗∗ 0.4099∗∗

(0.0858) (0.1564)

Age −0.0016 0.0031

(0.0107) (0.0112)

N.obs. 49 860 49 847 49 860 49 860

R2 0.1112 0.2095 0.1182 0.2091

Notes. An observation in the regression is one firm in one year. All regressions include nine year

and 25 industry dummies as well as a dummy variable for firms with an export share of 100% (not

reported). N.obs. differ in FE 2 since not all companies reported their share of unskilled workers.

We report clustered standard errors at the industry level in brackets. Source: LIAB, Version 2,

Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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We then use two different kinds of observations for the measure of workers hired:

the reported and the matched number of workers. Since the data stems from annual

voluntary surveys of a sample of firms which is then matched with data from all

workers liable to social security, there is on the one hand the stated number of

workers in a firm (reported) while there is also the actual number of matched workers

(matched). Now these two variables slightly differ in some cases for various reasons.

For example the reported number of workers contains both workers in part-time

employment and dormant employment relationships. These are workers we initially

tried to exclude from our sample by introducing a wage threshold. However, since

we cannot be perfectly sure that our sample reflects an accurate image of a firm’s

actual full-time work force, for we might have excluded too few or too many workers,

the use of the reported number of workers is not only a way to ensure more reliable

results but also gives us an additional control for our previous estimations.

As predicted by the model, the measure of workers hired is in both cases positively

driven by the share of exports. Now again, an increase from 10% to 11% in the firm’s

share of revenue due to exports would go along with a 0.599% (FE 1) or a 0.621%

(FE 3) increase in the measure of workers hired. With an average reported measure

of workers of 167 this effect is quite large considering the relatively small increase in

the share of exports.

While collective agreements have a positive influence, the average age of a firm

appears to have no effect at all. In accordance with the reported measure of workers

hired, we use the reported share of unskilled workers as a control in FE 2. Though this

variable is better suited as a control than the observed share of unskilled workers for

it also contains workers in part-time employment, we are suspicious that its accuracy

has suffered due to the fact that firms had to decide by themselves if a worker’s task

requires him or her to be skilled or not.

Nevertheless, both measures produce very similar results, a fact that assures us

that the created dataset of full-time workers accurately represents each industry’s

work force.

5. Conclusion

By expanding the Melitz (2003) model to a world with asymmetric countries and

therefore to a world with different aggregate demand shifters, we can explain for firms

to export to a varying number of countries, all depending on their initial productivity,

trading costs, and the countries’ export thresholds. Since this setting enables firms
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to have a continuum of export shares instead of the commonly used binary export

status in the model, a link to the HIR framework, ultimately allows for a model

that predicts a higher revenue, higher average wages as well as a higher measure of

workers hired on account of an increasing share of exports. While assuming that the

productivity drawn by a firm stays constant over time, its export status can still be

subject to variation through changes in the countries’ demand shifters or in trading

costs.

We further use the LIAB, a German linked employer-employee dataset, in order to

empirically corroborate the predictions of our model. Since the LIAB doesn’t provide

the share of products sold abroad as required in the model, we take the share of total

turnover due to exports as a proxy variable. Using then fixed effects regressions,

we are able to show that all three measures are positively driven by the share of

revenue due to exports while being robust to a set of firm specific controls. The

coefficients of the effects are in all cases of a considerable magnitude, while acting

in accordance with the model’s parameter limitations. Our results do not only give

further empirical support to a relatively new line of research of trade models with

labor market frictions, but also show that allowing for a continuous export status

gives valuable information when predicting the effects of trade liberalization or foreign

demand shifts on domestic firms.
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IV
The Impact of Complementarities

between Workers and Managers on

Income Inequality





1. Introduction

Grossman et al. (2013), henceforth GHK, recently presented a neoclassical trade

model of two countries, two sectors, and two heterogeneous factors of production,

namely workers and managers. Due to complementarities between these factors,

production can be affected by their sorting and matching pattern into industries.

According to the model, the opening of trade can cause a worker, depending on the

country’s relative factor endowments and certain sector specific idiosyncrasies, to

rematch with either a manager of a higher or lower ability. GHK further predict,

that an overall increase in the manager’s ability with whom a worker is matched can

cause the relative wage and therefore wage dispersion of the respective workers to

increase. By the same token, the quality of a manager’s assigned team of workers can

either improve or decrease, having a similar impact on managers’ salary dispersion.

By using the LIAB, a linked employer-employee panel dataset from Germany, the

aim of this paper is to provide empirical evidence of the above mentioned link between

trade liberalization, factor ability, and income dispersion. In a first step, we therefore

assess the effect of trade on the average within-firm ability of both workers and

managers. Second, we show that changes in the workers’ and managers’ ability have

a significant impact on the within-firm wage and salary distribution.

Related empirical evidence is provided by Krishna et al. (2012), who use a matched

employer-employee dataset from Brazil to show that changes in trade openness will

lead to greater increases in wage dispersion for high education workers relative to low

education workers.

The plan of this paper is as follows. Section II briefly presents the theoretical

framework of GHK. Section III describes the dataset used. Section IV contains the

empirical results. Section V concludes. An Appendix provides the most important

derivations of the GHK framework as well as additional empirical results.

2. Theoretical Framework

The GHK model consists of two countries, two sectors, and two factors. Countries

can both differ in their relative factor endowments, giving rise to Stolper-Samuelson

forces, and their distribution of factor endowments, allowing for technological differ-

ences and hence comparative advantages. Sectors can vary from one another in their

factor intensities, in the strength of their factor complementarities, as well as in the

contribution of their factor abilities.

The two factors of production are workers and managers. Though GHK also present
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a framework where homogeneous managers are matched with heterogeneous workers,

their ultimate interest lies in the case of two heterogeneous factors, as it gives much

more insight into the distributional effects of international trade. Thus, they present

two settings of this case, one with a Cobb-Douglas productivity function and one

with a more general productivity function that allows for a determinate matching

pattern. We shall focus on the latter, for a Cobb-Douglas productivity function

due to its multiplicative separability does not allow for complementarities between

workers.

All workers are further part of a mass of workers L̄ and managers part of a mass

of managers H̄. The supply of workers with ability qL is given by L̄φL(qL), while

φL(qL) is the density of workers with ability qL with support over SL = [qLmin, qLmax].

Accordingly, the distribution of a manager’s ability qH is given by φH(qH) with

support over SH = [qH,min, qH,max] and 0 < qH,min < qH,max < +∞.

2.1. Matching and Income Dispersion among Factors

Starting with the simple output function of a firm in sector i:

xi = ψi(qH , qL)`γi , 0 < γi < 1 ,

where ` is the number of workers of type qL with whom a manager is teamed, GHK

derive a function for the relative salary of a connected set of managers [qH0, qH ] that

sorts to sector i:

ln ri(qH)− ln ri(qH0) =

∫ qH

qH0

ψiH [x,m(x)]

(1− γi)ψi[x,m(x)]
dx (IV.1)

m(x) is thereby the solution to the firm’s profit maximization problem. Note that

for a given managerial ability qH , m(qH) indicates the common ability of the team

of workers with whom the manager is teamed.

By the same token, GHK obtain a function for the relative wage of the set of

workers [qL0, qL]:

lnwi(qL)− lnwi(qL0) =

∫ qL

qL0

ψiL[µ(x), x]

γiψi[µ(x), x]
dx , (IV.2)

where µ(x) is the inverse function of m(x). Since there is positive assortative match-

ing within sectors, i.e., the better workers are always matched with the better man-

agers, both m(x) and µ(x) are strictly increasing in the set [qH0, qH ] and [qL0, qL],

respectively.

Based on the above results, we can state the following two hypotheses:
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Hypothesis 1: Wage dispersion increases if all workers in [qL0, qL] are re-

matched with better managers.

Hypothesis 2: Salary dispersion increases if all managers in [qH0, qH ] are re-

matched with better workers.

In other words, if a company replaces a manager with a better one, the productivity

of the manager’s team of workers will increase, leading ultimately to a boost in the

team’s relative wages, i.e., an increase in wage dispersion. The same holds true for

managers who are teamed with workers of a higher ability.

2.2. The Impact of Trade on Income Dispersion

In the light of international trade theory these outcomes raises two empirical ques-

tions. First, how is the ability of the managerial and worker staff affected by an

increase in exports? And second, motivated by the predictions of the GHK model,

does an increase in this ability lead to more or less income dispersion?

Theoretically, these questions cannot be answered without further assumptions of

the country’s factor endowments, the prevailing factor sorting pattern in each sector,

the distribution of factor abilities, as well as the sector’s factor intensities. Thus,

GHK provide different cases, where a manager’s and a worker’s match can either

deteriorate or improve due to trade.

qH

qL
q∗L

q∗H

sector 2 sector 1

qmax
L

qmax
H

qmin
H

qmin
L

FIGURE I.

Positive Assortative Matching within and across Sectors in Country A
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For an idea of how a sector’s factor ability can be affected by trade, we take a look at

the following example. Consider two countries, A and B, with a similar distribution

of factor ability and hence no technological differences but with different relative

factor endowments. Country A is thereby to be taken as relatively abundant in

managers, i.e., H̄A/L̄A > H̄B/L̄B. We further assume positive assortative matching

across industries in both countries. In this way, the most able managers and workers

will sort to sector 1, while the less able managers and workers sort to sector 2. In

the case of sector 2 being manager intensive, i.e., γ2 < γ1, these assumptions depict

the solid curve given in Figure I.

With the opening of trade, country A will then, according to the Heckscher-Ohlin

theorem, export the good that uses its abundant factor intensively, thereby increasing

the relative price and hence the real return to the factor used intensively in the

production of that good (Stolper-Samuelson theorem). As factors are fully mobile

between industries, the manager intensive sector, i.e., sector 2 with low ability workers

and low ability managers, will expand due to these increases in the real returns,

causing a rise of the ability thresholds q∗L and q∗H . In other words, the average ability

of both workers and managers in the manager intensive sector will increase as a cause

of trade liberalization.

We can now turn to our second initial question: How will this increase in factor

ability affect income dispersion? Consider a case where q∗L and q∗H rise by similar

proportions. The new matching pattern is then given by the dashed line in Figure I.

As can be seen, managers who remain in sector 2 will see their matches improve, while

those that move from sector 1 to 2 will see their matches deteriorate. Conversely,

workers who were initially in sector 2 will realize worse matches, while those that

switch from sector 1 to 2 will realize better matches. In the case of a relatively small

expansion of the sector, on average, a worker’s match would hence decrease, while the

ability of a manager’s team would increase, thus causing — according to (IV.1) — a

rise in salary dispersion and — according to (IV.2) — a decrease in wage dispersion.

These theoretical thoughts also hold true at the firm-level where a trade induced

extension of the manager intensive sector will cause firms to hire new workers and

managers from the labor intensive sector. Depending on the relative increase of the

firm’s skill-group abilities, the respective matches can then, as shown in Figure I,

either improve or deteriorate.

Since we have shown how trade can theoretically affect factor ability and hence

income dispersion, we now use firm-level data, provided by the LIAB, a German

linked employer-employee dataset, to give an empirical answer to our initial questions.
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3. Data

For the empirical part of our study we use the ‘LIAB cross-sectional model 2’, a

linked employer-employee dataset from the German Institute for Employment Re-

search (IAB). A detailed description of the dataset can be found in Jacobebbinghaus

& Seth (2010) and chapter II. We further rely on the same conditions used in the

latter, which are mainly: only industries with a primary interest in exports are in-

cluded in the panel, i.e., the first 25 industries in the IAB industry classification;

only establishments, referred to as firms, with five or more full-time workers whose

wages exceed twice the minimum wage (based on the wages in minor employment)

TABLE I.

Employment Shares across Industries, 2000

Employment Share Share

Industry share skilled workers managers

Agriculture, Hunting, Forestry & Fishing 0.55% 16.19% 3.16%

Mining, Electricity, Gas & Water Supply 5.55% 42.60% 3.01%

Manuf. of Food Prod. 3.89% 32.82% 2.35%

Manuf. of Textiles & Apparel 1.18% 25.43% 2.25%

Manuf. of Paper Prod., Printing & Publishing 2.40% 45.10% 3.77%

Manuf. of Wood Prod. (no Furniture) 1.02% 36.29% 1.61%

Manuf. of Chemicals, Coke & Petroleum 10.11% 27.46% 3.98%

Manuf. of Rubber & Plastic Prod. 3.34% 21.51% 2.48%

Manuf. of Other Non-Metallic Mineral Prod. 2.47% 23.05% 2.45%

Manuf. of Basic Metals 6.30% 35.80% 1.20%

Manuf. of Fabricated & Structural Metal Prod. 5.31% 35.77% 1.61%

Manuf. of Machinery & Equipment 11.27% 41.26% 2.11%

Manuf. of Motor Vehicles & Trailers 12.39% 31.18% 2.30%

Manuf. of Other Transport Equipment 4.28% 45.86% 2.09%

Manuf. of Electrical Equipment 6.45% 30.82% 2.55%

Manuf. of Precision & Optical Equipment 1.75% 35.18% 4.73%

Manuf. of Furniture, Jewellery & Other Prod. 1.46% 49.27% 1.53%

Recycling 0.20% 20.44% 1.93%

Building of Complete Constructions or Parts 3.73% 37.36% 1.52%

Building Installation & Completion 1.64% 65.47% 1.70%

Sales, Maintenance & Repair of Motor Vehicles 1.24% 62.75% 2.44%

Wholesale & Commission Trade 3.11% 41.31% 4.62%

Retail Trade & Repair of Household Goods 2.63% 36.10% 4.13%

Transport 7.14% 45.33% 2.12%

Communication 0.60% 42.95% 1.54%

All Industries 100.00% 37.91% 2.47%

Notes. Unweighted mean of all industries in the year 2000. Source: LIAB, Version 2, Year 2000.
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TABLE II.

Summary Statistics

2000 2001 2002 2003 2004 2005 2006 2007 2008 Total

Share of exports 11.158 11.170 11.698 11.893 12.570 13.545 13.413 13.550 13.256 12.420
(21.308) (21.031) (21.546) (22.049) (22.942) (23.801) (23.648) (23.933) (23.200) (22.592)

Binary export status 0.360 0.375 0.382 0.375 0.381 0.396 0.396 0.396 0.409 0.385
(0.480) (0.484) (0.486) (0.484) (0.486) (0.489) (0.489) (0.489) (0.492) (0.487)

Revenue (in million Euros) 43.774 46.166 47.166 49.193 55.087 71.177 61.341 65.478 69.773 55.858
(216.792) (263.919) (220.745) (315.467) (349.118) (545.863) (451.008) (562.822) (708.472) (423.897)

Skilled workers 62.257 62.888 60.080 58.963 62.420 67.006 63.458 59.762 63.508 62.235
(222.505) (312.542) (303.034) (315.352) (325.988) (347.377) (334.474) (335.914) (404.289) (323.874)

Managers 4.313 4.758 5.039 4.970 4.640 4.747 4.655 5.405 5.804 4.914
(23.363) (54.272) (65.407) (67.647) (56.394) (58.323) (47.796) (76.535) (94.56) (62.746)

Wage (skilled workers) 78.170 78.091 80.237 80.727 81.728 83.365 84.056 84.204 84.380 81.515
(23.160) (22.970) (23.781) (24.418) (25.029) (26.145) (26.787) (27.612) (27.721) (25.352)

Salary (managers) 140.492 141.484 146.796 154.600 152.903 157.562 158.761 159.447 158.201 151.683
(43.380) (44.214) (46.312) (52.221) (50.339) (52.566) (53.840) (55.579) (55.101) (50.736)

Education (skilled workers) 2.113 2.110 2.104 2.109 2.115 2.126 2.131 2.135 2.137 2.119
(0.322) (0.308) (0.302) (0.311) (0.307) (0.324) (0.323) (0.326) (0.320) (0.316)

Education (managers) 3.079 3.086 3.115 3.145 3.127 3.159 3.172 3.179 3.181 3.135
(1.017) (1.016) (1.018) (1.029) (1.028) (1.038) (1.045) (1.037) (1.040) (1.030)

Share university degree (skilled workers) 0.021 0.020 0.020 0.020 0.020 0.023 0.022 0.023 0.023 0.021
(0.067) (0.062) (0.060) (0.063) (0.060) (0.070) (0.065) (0.070) (0.069) (0.065)

Share university degree (managers) 0.233 0.233 0.237 0.246 0.243 0.250 0.254 0.254 0.254 0.244
(0.311) (0.312) (0.314) (0.321) (0.317) (0.325) (0.329) (0.330) (0.329) (0.321)

Age (skilled workers) 40.265 40.502 40.627 41.027 41.246 41.529 41.846 42.062 42.364 41.232
(5.071) (5.191) (5.111) (5.160) (5.192) (5.232) (5.291) (5.533) (5.511) (5.294)

Age (managers) 47.002 47.160 47.179 47.176 47.228 47.504 47.564 47.563 47.673 47.322
(7.467) (7.492) (7.273) (7.327) (7.194) (7.271) (7.191) (7.194) (7.214) (7.303)

Number of firms with skilled workers 5 490 5 940 5 561 5 360 5 263 5 161 4 861 4 930 4 806 47 372
Number of firms with managers 3 033 3 283 2 974 2 297 2 793 2 758 2 602 2 520 2 485 25 245

Notes. Unweighted mean over all firms by year. Standard deviation in brackets. Number of firms includes only those firms that employ at least five

or more skilled workers and managers, respectively. One observation is one firm in one year. Source: LIAB, Version 2, Years 2000-2008.
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are considered; an employee’s income is deflated by the Consumer Price Index, with

2000 as the base year; years from 2000 to 2008. All employees are further categorized

into four different skill levels (un- or semi-skilled; skilled; highly qualified; manager).

The latter is built from the Blossfeld (1985) skill classification, which categorizes the

employer’s stated occupational 3-digit code of each employee into 12 groups. Table I

reports employment shares for each industry in the base year 2000.

As a proxy variable for an employee’s ability, we use the stated education infor-

mation on the employer’s annual report to the social security system. In total, there

are five educational categories (1 = no degree at all; 2 = vocational training or high

school degree; 3 = vocational training and high school degree; 4 = technical college

degree; 5 = university degree) which can be ranked in increasing order. The quality

of the education variable has been improved by the Fitzenberger et al. (2006) routine

which mainly relies on extrapolation of past and future information in order to cope

with missing and presumable invalid observations. For each of the four skill levels,

we then compute the average education level in a given firm-year.

These variables are then matched with the firm’s export statement in the annual

IAB survey. We focus on the relation between managers and skilled workers, for

according to the above mentioned Blossfeld (1985) skill classification, workers cate-

gorized as un- or semi-skilled, generally do not require managerial supervision.

In total, we are left with a dataset of 47 372 firms with five or more skilled workers

and 25 245 firms with five or more managers. Summary statistics for firm character-

istics as well as skilled workers and managers in the dataset used can be found in

Table II.

4. Empirical Results

In the first part of our analysis, we examine the relationship between trade liberal-

ization and average factor ability. We thereby use the firm’s share of total turnover

due to exports to measure its exposure to trade. The average educational degree of

the firm’s managerial and worker staff further serves as a proxy for factor ability. We

estimate the following fixed effects specification separately for skilled workers,

q̃L,ijt = β1s+ ψj + ξt + uijt ,

and managers,

q̃H,ijt = β1s+ ψj + ξt + uijt ,

where q̃L (q̃H) denotes the average education of the skilled workers (managers) at
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firm i in industry j at year t. s is the firm’s share of total turnover due to exports; ψj

are industry fixed effects and ξt time fixed effects; uijt denotes the stochastic error.

Table A.I presents results for both skilled workers and managers with and without

firm specific controls.

As can be seen, the average education of both skilled workers and managers in-

creases with a firm’s exposure to trade. All coefficients of interest are significant and

robust to a set of firm specific controls. These comprise the employment share of the

respective skill group, its average age, the firm’s revenue as well as a dummy that

states whether a firm’s work force is subject to a collective bargaining agreement or

not.1

TABLE III.

Regression of Average Education on Share of Exports with and without Firm

Specific Controls

Dep. var.: Average Dep. var.: Average

education (q̃L) education (q̃H)

Skilled workers Managers

(FE 1) (FE 2) (FE 3) (FE 4)

Share of exports (s) 0.0012∗∗∗ 0.0005∗ 0.0040∗∗∗ 0.0022∗∗

(0.0003) (0.0003) (0.0011) (0.0011)

Controls:

Collective agreement −0.0343∗∗∗ 0.0197

(0.0059) (0.0463)

Employment share −0.1340∗∗∗ −0.1532

(0.0365) (0.2230)

Age −0.0016∗∗∗ −0.0008

(0.0005) (0.0028)

Log revenue 0.0201∗∗∗ 0.0839∗∗∗

(0.0032) (0.0144)

N.obs. 47 312 42 311 25 227 22 560

R2 0.0075 0.0340 0.0097 0.0309

Notes. An observation in the regression is one firm in one year. All regressions include nine

year and 25 industry dummies. Since not all companies reported their revenue, N.obs. is smaller

when controlling for revenue. We report clustered standard errors at the industry level in brackets.

Source: LIAB, Version 2, Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.

1A detailed description of collective bargaining in Germany can be found in chapter II.
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While the effects are moderate, the increase in average education due to trade ap-

pears to be absolutely larger for managers than for skilled workers. Considering the

differences in the standard deviation between worker and manager education, given

in Table II, both increases are however, in relative terms, of a similar magnitude. For

an idea of these results, consider a firm with 25 managers who all have a technical

college degree. A 10% increase in the firm’s share of exports would, according to the

coefficient of FE 3, raise the average education level of the managerial staff by 0.04.

TABLE IV.

Regression of Wage and Salary Dispersion on Average Education with and

without Firm Specific Controls

Dep. var.: Dispersion of Dep. var.: Dispersion of

log wage (lnwmax − lnwmin) log salary (ln rmax − ln rmin)

Skilled workers Managers

(FE 1) (FE 2) (FE 3) (FE 4)

Skilled worker education (q̃L) 0.0515∗ 0.1985∗∗∗ 0.0514∗∗∗

(0.0253) (0.0174) (0.0152)

Managerial education (q̃H) 0.0293∗∗ −0.0164∗∗ 0.0306∗∗∗

(0.0117) (0.0071) (0.0062)

Share of exports (s) 0.0138∗∗∗ 0.0056∗∗∗ 0.0075∗∗∗ 0.0016∗∗

(0.0012) (0.0009) (0.0010) (0.0008)

Share of exports2 (s2) −0.00011∗∗∗ −0.00006∗∗∗ −0.00006∗∗∗ −0.00002∗∗

(0.00002) (0.00001) (0.00001) (0.00001)

Controls:

Collective agreement −0.0430∗∗∗ −0.0180

(0.0131) (0.0128)

Employment share 0.6067∗∗∗ 2.7346∗∗∗

(0.0790) 0.3223

Age −0.0088∗∗∗ −0.0043∗∗∗

(0.0017) (0.0006)

Log revenue 0.2079∗∗∗ 0.1637∗∗∗

(0.0074) (0.0081)

N.obs. 24 800 22 199 24 808 22 199

R2 0.0768 0.4799 0.0540 0.3491

Notes. An observation in the regression is one firm in one year. All regressions include nine year

and 25 industry dummies. We report clustered standard errors at the industry level in brackets.

Source: LIAB, Version 2, Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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In other words, one of these 25 managers were to be replaced by a manager with

a university degree. In addition, the coefficients of the control variables are in line

with the general intuition. Thus, as one might assume, collective bargaining is of

no importance to managers. The negative coefficient of both collective agreements

and the skilled employment share are further in accordance with the general view

that both are on average higher in larger plants of an assembly line type where a

work force of a lower average ability is more common, while both are usually smaller

in more specialized manufacturing establishments. The negative coefficient of age

underpins the fact that younger workers have on average a higher ranked educational

degree. Last, the positive coefficient of log revenue is in line with the fact that firms

with a higher revenue are generally prone to have a staff of a higher average ability.

This holds for both skilled workers and managers.2

In a second step, we now want to assess the predicted effect of the changes in skilled

worker and managerial ability on the income dispersion of the respective counterpart.

We therefore estimate the following fixed effects specification, again separately for

skilled workers,

lnwijt,max − lnwijt,min = β1s+ β2s
2 + β3q̃H,ijt + ψj + ξt + uijt ,

and managers,

ln rijt,max − ln rijt,min = β1s+ β2s
2 + β3q̃L,ijt + ψj + ξt + uijt ,

where wmax (wmin) denotes the firm’s maximum (minimum) wage paid to a skilled

worker and rmax (rmin) its maximum (minimum) manager salary. Note the resem-

blance to the left-hand side of (IV.2) and (IV.1), respectively. Since the previous

results show that the average ability of the firm’s work force is affected by trade, we

include the firm’s export share into both specifications. A quadratic term of the share

of exports takes recent findings that are suggestive of a hump-shaped relationship

between wage inequality and trade openness by Hesse (2013a) and Helpman et al.

(2013) into account. Results are reported in Table IV.

As predicted by the GHK model, the specification without firm specific controls

(FE 1) states that the average wage dispersion of skilled workers significantly in-

creases with the average education of the managerial staff. However, when including

the previously used set of firm specific controls, the coefficient turns negative, im-

plying that FE 1 overestimates the effect to a large extent. To get an idea of the

2As an additional robustness check, we reran the above analysis using the share of university

degree holders per skill-group as an alternative proxy variable for the average ability of the firm’s

respective skill-group. See the Appendix for a detailed description of the results.
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magnitude of the coefficient, consider an absolute increase of a firm’s managerial abil-

ity by 0.1, i.e., one of ten managers were to get a degree of the next rank. According

to FE 2, this increase would go along with 0.16% decrease in wage dispersion.

Contrary to the above results, we find a positive relationship between the managers’

salary dispersion and the average education of the firm’s skilled workers that is robust

to our set of firm specific controls. In this way, an increase in the skilled workers’

average education of 0.1 would according to FE 4 correspond to an increase of the

managers’ salary dispersion by 0.52%.

Note that we obtain similar results when using the difference between the 80th and

20th income percentile as dependent variable in the above estimating equation.

In the end, our results are in line with the example given in section 2. Thus,

trade liberalization leads to a moderate and proportionally similar increase of both

worker and managerial ability. Although trade tends to benefit a firm’s overall factor

ability level, in the case of a relatively manager abundant country — a legitimate

assumption for a country like Germany — a worker’s match is prone to deteriorate,

while a manager’s match generally improves. As predicted by the GHK model in this

case, the empirical evidence suggests a decline in wage dispersion and an increase in

salary dispersion.

As a concluding remark, note that the coefficients of both the linear and the

quadratic export share are in accordance with the established inverted U-shaped

relationship between wage inequality and trade liberalization.

5. Conclusion

By allowing for heterogeneous managers and workers in a simple neoclassical trade

model of two countries, two sectors, and two factors, GHK were able to show that

trade liberalization can affect the sorting and matching pattern of workers and man-

agers and in the presence of factor complementarities their relative wages and salaries,

respectively. In the light of different possible blends of these complementarity forces

with Stolper-Samuelson and Ricardo-Viner forces, all depending on the initial as-

sumptions of factor endowments, factor intensities, factor ability distributions, and

the factor sorting and matching pattern, it is without specific knowledge of the indus-

tries’ idiosyncrasies not possible to give a general prediction of the impact of trade

on factor ability and on relative factor return.

Against this backdrop, we use the LIAB to establish the empirical relationship

between a firm’s exposure to trade and the average ability of its work force as well
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as the ensuing changes in income dispersion.

Our empirical results are in line with the theoretical predictions of the impact of

trade on a country that is relatively abundant in managers and is subject to posi-

tive assortative matching across industries. Thus, the opening to trade significantly

increases the average education of the firm’s managers as well as its workers. Fur-

thermore, our results suggest that an increase in managerial ability goes along with

a decrease in skilled workers’ wage dispersion, while the managers’ salary dispersion

appears to be positively affected by the average ability of the skilled work force.

In the aggregate, the empirical results underpin the Grossman et al. (2013) model

and hence the importance of the effects of the sorting and matching pattern when

trying to predict the impact of trade on skill-group income dispersion.
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Appendix





Appendix to

Inequality in a Global Economy

— Evidence from Germany

The aim of this Appendix is to provide a basic understanding of the Helpman et al.

(2010a) framework, henceforth HIR, and its most important derivations. The ensuing

presentation naturally relies strongly on the original paper as well as its Technical

Appendix (Helpman et al. 2010b).

Helpman et al. (2010a) Framework

In the HIR model, the real consumption index for the sector is given by

Q =

[∫
j∈J

q(j)βdj

] 1
β

,

where q(j) is consumption and hence also output of variety j, while J represents

the set of available varieties in the sector. These varieties are further assumed to be

substitutes, so that 0 < β < 1. The corresponding aggregated price index, i.e., an

index of the true cost of living, is then denoted by

P =

[∫
j∈J

p(j)
−β
1−β dj

]−(1−β)
β

,

with p(j) being the price of variety j. Accordingly, a firm that produces a variety j

and is confined to the domestic market, will bring in a revenue of

r(j) = p(j)q(j) .

The production function is assumed to be represented by simple Cobb-Douglas

function. A firm’s output for a given variety, y = q(j), is given by

y = θhγ ā , (A.II.1)
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where θ is the productivity of the firm, h the measure of workers hired with 0 < γ < 1,

and ā the average ability of the firm’s workforce. Worker ability is assumed to be

independently distributed and to be drawn from a Pareto distribution, Ga(a) =

1 − (amin/a)k for a ≥ amin > 0 and k > 1. When hiring, the model assumes that a

firm is willing to pay search costs of b per worker. Afterwards, the firm has to pay

screening costs of caδc/δ, where c > 0 and δ > 0, in order to identify those workers of

its total measure of matched workers n with an ability above ac. As can be seen, the

higher the targeted ability threshold ac, the higher the firm’s screening costs.

As in the Melitz (2003) model, firms first have to pay sunk costs fe in order to

enter the sector. Then they are assumed to draw their productivity θ from a Pareto

distribution Gθ(θ) = 1 − (θmin/θ)
z for θ ≥ θmin > 0. Afterwards, only the most

productive firms with a productivity exceeding the export cutoff level, i.e., θ > θx,

enter the export market, whereas the rest is confined to the domestic market, provided

their productivity is larger than the domestic cutoff level, i.e., θ > θd, or has to exit.

Firms that are willing to pay screening costs face a trade-off. On the one hand,

screening reduces their output for they employ fewer workers than they could (‘un-

derhiring’), but on the other hand, screening increases their average productivity

level ā and thus their output. So for the firm to only hire workers above a certain

productivity level, it must be the case that the increase in output caused by the

raise of the productivity level is larger than the decrease caused by the underhiring.

Since the ability of the workers is Pareto distributed, a firm with a screening thresh-

old ac hires h = n(amin/ac)
k. Accordingly, the average ability of the workforce is

ā = kac/(k − 1). Inserting these results into (A.II.1) yields

y = θhγ ā = θnγ
(
amin

ac

)kγ
kac
k − 1

=
k

k − 1
aγkminθn

γa1−γk
c . (A.II.2)

From (A.II.2) one can see that if k is sufficiently low, so that 0 < γk < 1, the

increase in output due to a higher productivity level ā is stronger than the decrease

due to the underhiring. The further development of the framework confines to this

requirement.

Since exporting firms will always serve the domestic market as well, the firm’s total

revenue consists of domestic and foreign revenue, i.e., r(θ) = rd(θ) + rx(θ).

As the firm will equate its marginal revenue in the domestic and the foreign market,

where yd(θ) is the output allocated to the domestic market and yx(θ)/τ the output

allocated to the foreign market, with y(θ) = yd(θ) + yx(θ), revenue can, according to

equation (5) and (7) from (Dixit & Stiglitz 1977, 298-299), be written as

r(θ) = rd(θ) + rx(θ) = pyd(θ) + p
yx(θ)

τ
= Ayd(θ)

β + A∗
(
yx(θ)

τ

)β
.
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Note that A and A∗ are defined according to the Dixit & Stiglitz (1977) notation as

Is(q)1−ρqρ with ρ ≡ β and q ≡ y.

Since firms allocate their output between the domestic and the foreign market so

that marginal revenues are equal, i.e.,

∂rd(θ)

∂yd(θ)
=
∂rx(θ)

∂yx(θ)
⇔ τ−β

(
A∗

A

)
=

(
yx(θ)

yd(θ)

)1−β

,

with y(θ) = yd(θ) + yx(θ) the firm’s total revenue can be written as

r(θ) =

(
1 + Ix(θ)τ

−β
1−β

(
A∗

A

) 1
1−β
)1−β

Ay(θ)β = Υ(θ)1−βAy(θ)β , (A.II.3)

where A is the sector’s demand shifter. Υ(θ) reflects the firm’s market access which

is defined as

Υ(θ) = 1 + Ix(θ)τ
−β
1−β

(
A∗

A

) 1
1−β

,

where Ix(θ) is an indicator variable that is 0 if the firm serves only the domestic mar-

ket and 1 if otherwise. τ are standard iceberg trading costs as modeled in Samuelson

(1954).

Since ex ante the firm does not know the exact ability of each worker, workers are

treated all equal, as if they have an ability of ā. According to (A.II.1) and (A.II.3),

the expected total revenue of a firm can therefore be written as

r(θ) = Υ(θ)1−βA(θā)βhβγ . (A.II.4)

Once a firm has observed its productivity and has made its decision on sampling,

screening, production, and exporting, it engages with its workers in a Stole & Zwiebel

(1996) bargaining game over the division of its revenue. The bargained wage rate,

w(θ, h), has thereby to satisfy the first-order differential equation

w(θ, h) =
∂(r(θ, h)− w(θ, h)h)

∂h
, (A.II.5)

which equates the firm’s marginal surplus from employment to the worker’s surplus

from employment.

Proposition (HIR): The solution to the above first-order differential equation

yields

w(θ, h) =
βγ

1 + βγ

r(θ, h)

h
,

i.e., each worker receives βγ/(1 + βγ) of the firm’s average revenue, while the firm

receives the remaining share, 1/(1 + βγ), of its total revenue.
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Proof.

By inserting the above solution as well as its derivative,

∂w(θ, h)

∂h
=

βγ

1 + βγ

βγr(θ, h)− r(θ, h)

h2
,

into (A.II.5), while revenue is given through (A.II.4), we obtain

w(θ, h) =
∂r(θ, h)

∂h
− w(θ, h)h

∂h

⇔ βγ

1 + βγ

r(θ, h)

h
=
βγr(θ, h)

h
− βγ

1 + βγ

βγr(θ, h)− r(θ, h)

h
− βγ

1 + βγ

r(θ, h)

h

⇔ βγ

1 + βγ

r(θ, h)

h
=

βγ

1 + βγ

r(θ, h)

h
(1 + βγ − βγ + 1− 1) .

�

Given the firm’s share of total revenue, the firm’s profit maximization problem can

be written as

π(θ) ≡ max
n≥0,

ac≥amin

{
1

1 + βγ

[
1 + Ixτ

−β
1−β

(
A∗

A

) 1
1−β
]1−β

× A
(

k

k − 1
aγkminθn

γa1−γk
c

)β
− bn− c

δ
aδc − fd − Ix(θ)fx

}
.

For the measure of workers sampled, n, and the ability threshold, ac, we derive the

first-order conditions

βγ

1 + βγ
r(θ) = bn(θ) ,

β(1− γk)

1 + βγ
r(θ) = cac(θ)

δ .

As can be seen, firms with a higher revenue will not only sample more workers, but

will also set a higher ability threshold. We can use these results in order to define

the firm’s average wage as a function of its ability threshold, namely

w(θ) =
βγ

1 + βγ

r(θ)

h(θ)
=
bn(θ)

h(θ)
= b

[
ac(θ)

amin

]k
. (A.II.6)

The relation we get from this last equation is in accordance with our intuition that

firms with a higher revenue will employ workers with a higher ability level, who will

correspondingly be paid better.
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Using the earlier definition of r(θ) in (A.II.4), the production function, and the first-

order conditions, we are now able to express revenue as a function of productivity

(θ), the demand shifter (A), the search cost (b), and parameters:

r(θ) = Υ(θ)1−βAy(θ)β = Υ(θ)1−βA

(
k

k − 1
aγkminθn

γa1−γk
c

)β

⇔ r(θ) = Υ(θ)1−βA

(
k

k − 1
aγkminθ

(
βγ

(1 + βγ)b
r(θ)

)γ (β(1− γk)

c(1 + βγ)
r(θ)

) 1−γk
δ

)β

⇔ r(θ)1−γβ−β(1−γk)
δ = Υ(θ)1−βA

(
k

k − 1
aγkminθ

(
βγ

(1 + βγ)b

)γ (β(1− γk)

c(1 + βγ)

) 1−γk
δ

)β

⇔ r(θ) = Υ(θ)
1−β

Γ A
1
Γ

(
k

k − 1
aγkminθ

(
βγ

(1 + βγ)b

)γ (β(1− γk)

c(1 + βγ)

) 1−γk
δ

)β
Γ

,

(A.II.7)

where Γ = 1− γβ − β(1−γk)
δ .

In a next step, we compute the firm’s profits by making once more use of the

first-order conditions

π(θ) =
1

1 + βγ
r(θ)− bn(θ)− c

δ
ac(θ)

δ − fd − Ix(θ)fx

=
1

1 + βγ
r(θ)− βγ

1− βγ
r(θ)− β(1− γk)

(1 + βγ)δ
r(θ)− fd − Ix(θ)fx

=
Γ

1 + βγ
r(θ)− fd − Ix(θ)fx . (A.II.8)

Furthermore, we know that the firm with the lowest productivity θd brings in

exactly zero profits (and is not exporting). Thence it follows that

Γ

1 + βγ
r(θd) = fd ⇒ r(θd) ≡ rd =

1 + βγ

Γ
fd . (A.II.9)

In the following, we use the expression for r(θ) from (A.II.7) and determine the

relative revenue of a firm in comparison to the lowest productivity firm:

r(θ)

rd
= Υ(θ)

1−β
Γ

(
θ

θd

)β
Γ

⇒ r(θ) = Υ(θ)
1−β

Γ rd

(
θ

θd

)β
Γ

.

By the same token we are able to compute ac(θ). We employ the first-order conditions

and get

ac(θ)
δ

ac(θd)δ
= Υ(θ)

1−β
Γ

(
θ

θd

)β
Γ

⇒ ac(θ) = Υ(θ)
1−β
δΓ ac(θd)

(
θ

θd

) β
δΓ

.
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Using (A.II.9) with the first-order conditions, we can compute

ac(θd) =

(
β(1− γk)

(1 + βγ)c

1 + βγ

Γ
fd

) 1
δ

=

(
β(1− γk)

cΓ
fd

) 1
δ

.

With the wage condition from (A.II.6), the lowest wage paid by a domestic firm is

w(θd) ≡ wd = b

(
ac(θd)

amin

)k
=

(
β(1− γk)

cΓaδmin

fd

) k
δ

.

This yields a wage relation that is solely dependent on θ, Υ(θ), θd, b, and parameters:

w(θ)

wd
=

(
ac(θ)

ac(θd)

)k
= Υ(θ)

k(1−β)
δΓ

(
θ

θd

)βk
δΓ

⇒ w(θ) = Υ(θ)
k(1−β)
δΓ wd

(
θ

θd

)βk
δΓ

.

(A.II.10)

As can be seen from this last equation, wages increase with firm productivity and

are always higher for exporting firms than for non-exporting firms.
We are now able to compute the wage distribution in the open economy. For this

purpose, we first derive the share of workers being employed in the non-exporting
sector

sd = 1−

∞∫
θx

h(θ)dGθ(θ)

∞∫
θd

h(θ)dGθ(θ)

= 1−

∞∫
θx

h(θ)gθ(θ)dθ

θx∫
θd

h(θ)gθ(θ)dθ +
∞∫
θx

h(θ)gθ(θ)dθ

= 1−

∞∫
θx

Υ(θ)
(1−β)(1−k/δ)

Γ hdθ
−β(1−k/δ)

Γ

d θzminzθ
−z−1+

β(1−k/δ)
Γ dθ

θx∫
θd

hdθ
−β(1−k/δ)

Γ

d θzminzθ
−z−1+

β(1−k/δ)
Γ dθ +

∞∫
θx

Υ(θ)
(1−β)(1−k/δ)

Γ hdθ
−β(1−k/δ)

Γ

d θzminzθ
−z−1+

β(1−k/δ)
Γ dθ

= 1−
Υ(θ)

(1−β)(1−k/δ)
Γ hdθ

−β(1−k/δ)
Γ

d θzmin
z

−z−1+
β(1−k/δ)

Γ

[
0− θ−z+

β(1−k/δ)
Γ

x

]
hdθ

−β(1−k/δ)
Γ

d θzmin
z

−z−1+
β(1−k/δ)

Γ

[
θ
−z+ β(1−k/δ)

Γ
x − θ−z+

β(1−k/δ)
Γ

d − θ−z+
β(1−k/δ)

Γ
x Υ(θ)

(1−β)(1−k/δ)
Γ

]

= 1−
Υ(θ)

(1−β)(1−k/δ)
Γ

[
0− θ−z+

β(1−k/δ)
Γ

x

]
θ
−z+ β(1−k/δ)

Γ
x

[
1−Υ(θ)

(1−β)(1−k/δ)
Γ

]
− θ−z+

β(1−k/δ)
Γ

d

= 1− −ρz−
β(1−k/δ)

Γ Υ(θ)
(1−β)(1−k/δ)

Γ

ρz−
β(1−k/δ)

Γ

[
1−Υ(θ)

(1−β)(1−k/δ)
Γ

]
− 1

=
ρz−

β(1−k/δ)
Γ − 1

ρz−
β(1−k/δ)

Γ

[
1−Υ(θ)

(1−β)(1−k/δ)
Γ

]
− 1

=
1− ρz−

β(1−k/δ)
Γ

1 + ρz−
β(1−k/δ)

Γ

[
Υ(θ)

(1−β)(1−k/δ)
Γ − 1

] , (A.II.11)
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where ρ is defined as the ratio of the productivity cutoffs, i.e., ρ ≡ θd/θx. The share

of exporting firms is then given by [1− Gθ(θx)]/[1 − Gθ(θd)] = ρz. Accordingly, the

share of workers employed by exporting firms is given by s ≡ 1− sd.
If we solve the wage condition (A.II.10) for θw,d(w), we can write the wage distri-

bution across workers employed by domestic firms as follows

Gw,d(w) =

θw,d(w)∫
θd

h(θ)dGθ(θ)

θx∫
θd

h(θ)dGθ(θ)

=

θw,d(w)∫
θd

hdθ
−β(1−k/δ)

Γ
d θzminzθ

−z−1+
β(1−k/δ)

Γ dθ

θx∫
θd

hdθ
−β(1−k/δ)

Γ
d θzminzθ

−z−1+
β(1−k/δ)

Γ dθ

=
θw,d(w)−z+

β(1−k/δ)
Γ − θ−z+

β(1−k/δ)
Γ

d

θ
−z+β(1−k/δ)

Γ
x − θ−z+

β(1−k/δ)
Γ

d

=

(
θd

θw,d(w)

) zδΓ
βk
− δ−k

k − 1(
θd
θx

)z−β(1−k/δ)
Γ − 1

,

with θw,d(w) = θd

(
w
wd

) δΓ
βk

and 1 + 1
µ

= zδΓ
βk
− δ−k

k
we get

Gw,d(w) =
1−

(
wd
w

)1+ 1
µ

1− ρz−
β(1−k/δ)

Γ

. (A.II.12)

By the same token, we compute the distribution of wages across workers employed

by exporters

Gw,x(w) =

θw,x(w)∫
θx

h(θ)dGθ(θ)

∞∫
θx

h(θ)dGθ(θ)

=

θw,x(w)∫
θx

Υ(θ)
(1−β)(1−k/δ)

Γ hdθ
−β(1−k/δ)

Γ
d θzminzθ

−z−1+
β(1−k/δ)

Γ dθ

∞∫
θx

Υ(θ)
(1−β)(1−k/δ)

Γ hdθ
−β(1−k/δ)

Γ
d θzminzθ

−z−1+
β(1−k/δ)

Γ dθ

=
θw,x(w)−z+

β(1−k/δ)
Γ − θ−z+

β(1−k/δ)
Γ

x

0− θ−z+
β(1−k/δ)

Γ
x

= 1−
(
θw,x(w)

θx

)−z+β(1−k/δ)
Γ

,

with θw,x(w) = θd

(
w
wd

) δΓ
βk Υ(θ)

k(1−β)
δΓ

ρ
βk
δΓ

and 1 + 1
µ

= zδΓ
βk
− δ−k

k
we get

Gw,x(w) = 1−
(wd
w

Υ(θ)
k(1−β)
δΓ ρ

−kβ
δΓ

)1+ 1
µ
. (A.II.13)
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Using (A.II.11), (A.II.12), and (A.II.13), the wage distribution of the open economy

can be written as

Gw(w) =


sdGw,d(w) , for wd ≤ w ≤ wd/ρ

βk/(δΓ) ,

sd , for wd/ρ
βk/(δΓ) ≤ w ≤ wdΥ

k(1−β)/(δΓ)
x /ρβk/(δΓ) ,

sd + (1− sd)Gw,x(w) , for w ≥ wdΥ
k(1−β)/(δΓ)
x /ρβk/(δΓ) ,

(A.II.14)

whereas the autarkic economy wage distribution would be

Ga
w(w) = 1−

(wd
w

)1+ 1
µ
, for w ≥ wd .

We are now able to compute a measure of wage inequality for the open and the

autarkic economy. A widely used measure of inequality is for example the Theil

index. One of the major advantages of the Theil index in comparison to other, more

popular measures such as the Gini Coefficient is its decomposability. This means

that even though (A.II.14) is a piecewise-defined function, the Theil index enables

us to compare the wage inequality in the autarkic and in the open economy. The

indices are defined as follows

T aw =

∞∫
wd

w

w̄a
ln

(
w

w̄a

)
dGa

w(w) , Tw = sdT dw + (1− sd)T xw + sd ln
w̄d
w

+ (1− sd) ln
w̄x
w
.

It can be shown that wage inequality in the open economy is higher than in the

autarkic economy, i.e., T aw < Tw.1 Note since the shape parameter, 1 + 1/µ, is the

same for the wage distribution in the autarkic and the perfectly open economy, both

economies have the same wage inequality, i.e., T aw = T xw , where T xw denotes the Theil

index of the perfectly open economy with ρ = 1. This ultimately leads to the key

theoretical result of the HIR model, see Section 2.

1For a proof see Helpman et al. (2010a)
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Appendix to

The Impact of a Firm’s Share of

Exports on Revenue, Wages, and

Measure of Workers Hired

— Theory and Evidence

This Appendix provides the most important derivations necessary to understand the

framework of chapter III as well as the key theoretical propositions derived from it.

The ensuing presentation borrows from Melitz (2003) and Helpman et al. (2010a).

Mathematical Derivations

Domestic demand yd and revenue rd

A representative consumer’s preferences are given by a C.E.S. utility function over a

continuum of varieties indexed by ω:

U =

[∫
ω∈Ω

y(ω)ρdω

] 1
ρ

,

where Ω represents the set of available varieties within the sector. These varieties

are substitutes, implying 0 < ρ < 1 and an elasticity of substitution between any

two varieties of

σ =
1

1− ρ
> 1 ⇔ ρ = 1− 1

σ
=
σ − 1

σ
.

The consumer’s constrained maximization problem may be solved by the Lagrangian

L = Uρ − λ
(∫

ω∈Ω

p(ω)y(ω)dω − I
)
,
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where Uρ is a strictly increasing transformation of U and I the consumer’s income.

Which yields the following first-order condition

∂L
∂y(ω)

= ρy(ω)ρ−1 − λp(ω) = 0 .

By dividing the first-order condition of one variety ω1 by the first-order condition of

another variety ω2, we obtain the relative demand

y(ω1)

y(ω2)
=

(
p(ω1)

p(ω2)

) 1
ρ−1

.

Multiplying both sides with y(ω2) yields

y(ω1) = y(ω2)

(
p(ω1)

p(ω2)

)−σ
.

When multiplying both sides with p(ω1) and taking the integral with respect to ω1,

we get ∫
ω∈Ω

p(ω1)y(ω1)dω1 =

∫
ω∈Ω

y(ω2)p(ω1)1−σp(ω2)σdω1 .

On the left-hand side we now have the consumer’s total expenditure on all varieties

R, which is equal to his income I, i.e.,

R = I = y(ω2)p(ω2)σ
∫
ω∈Ω

p(ω1)1−σdω1 .

Solving for y(ω2) yields the Marshallian demand for ω2

y(ω2) =
Ip(ω2)−σ∫

ω∈Ω
p(ω1)1−σdω1

.

By defining an index of the overall price level, denoted by

P =

[∫
ω∈Ω

p(ω)1−σdω

] 1
1−σ

,

Marshallian demand simplifies to

y(ω) = p(ω)−σP σ−1I =

(
p(ω)

P

)−σ
I

P
.

With domestic output, denoted by yd(ω), being equal to y(ω) for non-exporting firms,

domestic firm revenue can then be written as

rd(ω) = yd(ω) · p(ω) = Id

(
p(ω)

Pd

)1−σ

,
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where Id and Pd indicate domestic income and the domestic aggregate price, respec-

tively. Note that with pd(ω) = yd(ω)
1
−σ I

1
σ
d P

σ−1
σ

d domestic revenue can also be written

as in HIR, i.e.,

rd(ω) = yd(ω)1− 1
σ I

1
σ
d P

σ−1
σ

d = yd(ω)ρI1−ρ
d P ρ

d = yd(ω)ρAd ,

where Ad is called the domestic demand shifter, with Ad = I1−ρ
d P ρ

d .

Link between Ad and ϕ̃t,d

With the aggregate productivity level defined as a function of each countries domestic

cutoff productivity level, ϕ∗d,c, i.e.,

ϕ̃c(ϕ
∗
d,c) =

(
1

1−Gc(ϕ∗d,c)

∫ ∞
ϕ∗d,c

ϕσ−1
c g(ϕc)dϕc

) 1
σ−1

for all c = 1, ..., n+ 1 with d ∈ c ,

we can link the domestic demand shifter Ad to the total average productivity in the

home country. In an analogous way to (Melitz 2003, 1710), the latter can be written

as

ϕ̃t,d =

[
1

Mt,d

(
Mdϕ̃

σ−1
d +

∑
c 6=d

Mx,c(τ
−1
c ϕ̃c)

σ−1

)] 1
σ−1

,

where Md denotes the equilibrium mass of all firms in the home country, Mx,c the

mass of all firms that export from country c to the home country, and Mt,d = Md +∑
c6=dMx,c the total mass of firms competing in the home country. By using equation

(17) from (Melitz 2003, 1711),

Id = Mt,drd(ϕ̃t,d) , Pd = M
1

1−σ
t,d

1

ρϕ̃t,d

,

we obtain

Ad = I1−ρ
d P ρ

d = (Mt,drd(ϕ̃t,d))
1−ρ
(
M

1
1−σ
t,d

1

ρϕ̃t,d

)ρ
= rd(ϕ̃t,d)

1−ρ
(

1

ρϕ̃t,d

)ρ
. (A.III.1)

Υ and a derivation of yd(ϕ) = y(ϕ)/Υ

Using (III.4), we can write

y(ϕ) = yd(ϕ) + yx,1(ϕ) + . . .+ yx,c′(ϕ)

73



as

y(ϕ) = yd(ϕ) + τ
ρ
ρ−1

1 yd(ϕ)

(
Ax,1
Ad

) ρ
1−ρ

+ . . .+ τ
ρ
ρ−1

c′ yd(ϕ)

(
Ax,c′

Ad

) ρ
1−ρ

= yd(ϕ)

(
1 + τ

ρ
ρ−1

1

(
Ax,1
Ad

) ρ
1−ρ

+ . . .+ τ
ρ
ρ−1

c′

(
Ax,c′

Ad

) ρ
1−ρ
)
.

By defining Υ = 1 + τ
ρ
ρ−1
c

(
Ax,1
Ad

) ρ
1−ρ

+ . . .+ τ
ρ
ρ−1

c′

(
Ax,c′

Ad

) ρ
1−ρ

, we obtain

yd(ϕ) = y(ϕ)/Υ .

Total revenue r

A firm’s total revenue is given by

r(ϕ) = yd(ϕ)ρAd + τ−ρ1 yx,1(ϕ)ρAx,1 + . . .+ τ−ρc′ yx,c′(ϕ)ρAx,c′ .

Using the first-order conditions (III.4), this can be written as

r(ϕ) = yd(ϕ)ρAd + τ
ρ
ρ−1

1 yd(ϕ)ρAx,1

(
Ax,1
Ad

) ρ
1−ρ

+ . . .+ τ
ρ
ρ−1

c′ yd(ϕ)ρAx,c′

(
Ax,c′

Ad

) ρ
1−ρ

= yd(ϕ)ρAd

(
1 + τ

ρ
ρ−1

1

(
Ax,1
Ad

) 1
1−ρ

+ . . .+ τ
−ρ
1−ρ
c′

(
Ax,c′

Ad

) 1
1−ρ
)

= y(ϕ)ρAd

(
1 +

c′∑
c=1

τ
ρ
ρ−1
c

(
Ax,c
Ad

) 1
1−ρ
)1−ρ

.

Revenue as a function of a firm’s productivity

Using the earlier definition of r(ϕ) in (III.3), the production function, and the first-

order conditions (III.7) and (III.8), we are now able to express revenue as

r(ϕ) = Υ(ϕ)
1−ρ

Γ A
1
Γ

(
ζ

ζ − 1
aγζminϕ

(
ργ

(1 + ργ)b

)γ (
ρ(1− γζ)

ε(1 + ργ)

) 1−γζ
δ

) ρ
Γ

, (A.III.2)

where Γ = 1 − ργ − ρ(1 − γζ)/δ. In a next step, we compute the firm’s profits by

making once more use of the first-order conditions

π(ϕ) =
Γ

1 + ργ
r(ϕ)− fd −

c′∑
c=1

fx,c .
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Furthermore, we know that the firm with the lowest productivity ϕd makes exactly

zero profits (and is not exporting). Thence it follows2

Γ

1 + ργ
r(ϕd) = fd ⇒ r(ϕd) ≡ rd =

1 + ργ

Γ
fd . (A.III.3)

In the following, we use the expression for r(ϕ) from (A.III.2) and determine the

relative revenue of a firm in comparison to the firm with the lowest productivity ϕd:

r(ϕ)

rd
= Υ

1−ρ
Γ

(
ϕ

ϕd

) ρ
Γ

⇒ r(ϕ) = rd ·
(
ϕ

ϕd

) ρ
Γ

·Υ
1−ρ

Γ

Wage as a function of a firm’s productivity

By the same token, we are able to compute aε(ϕ). We again employ the first-order

conditions (III.7) and (III.8) and get

aε(ϕ)δ

aε(ϕd)δ
= Υ

1−ρ
Γ

(
ϕ

ϕd

) ρ
Γ

⇒ aε(ϕ) = aε(ϕd)Υ
1−ρ
δΓ

(
ϕ

ϕd

) ρ
δΓ

. (A.III.4)

Using (A.III.3) with the first-order conditions and (III.8), we can compute

aε(ϕd) =

(
ρ(1− γk)

(1 + ργ)ε

1 + ργ

Γ
fd

) 1
δ

=

(
ρ(1− γζd)

εΓ
fd

) 1
δ

.

With the wage condition from (III.9), the lowest wage paid by a domestic firm is

then

w(ϕd) ≡ wd = b

(
aε(ϕd)

amin

)ζd
=

(
ρ(1− γζd)
εΓaδmin

fd

) ζd
δ

.

This yields a wage relation that is solely dependent on ϕ, Υ(ϕ), ϕd, b, and parameters:

w(ϕ)

wd
=

(
aε(ϕ)

aε(ϕd)

)ζd
= Υ

ζd(1−ρ)
δΓ

(
ϕ

ϕd

) ρζd
δΓ

⇒ w(ϕ) = wd ·
(
ϕ

ϕd

) ρζd
δΓ

·Υ
ζd(1−ρ)
δΓ

As can be seen from this last equation, wages increase with firm productivity and

are always higher for exporting firms than for non-exporting firms.

Measure of workers hired as a function of a firm’s productivity

By the same token, we can derive the lowest measure of workers hired

h(ϕd) ≡ hd = m(ϕd)

(
amin,d

aε(ϕd)

)ζd
=

ργ

1 + ργ

rd
b

(
amin,d

aε(ϕd)

)ζd
.

2Note that while rd(ϕ) is the domestic revenue for a firm with productivity ϕ, rd is the revenue

of a non-exporting firm with zero profits.
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Using (A.III.4) and (III.6), the relation to h(ϕ) is then given by

h(ϕ)

hd
=
r(ϕ)

rd

(
aε(ϕd)

aε(ϕ)

)ζd
= Υ

1−ρ
Γ

(
ϕ

ϕd

) ρ
Γ

Υ
ζd(ρ−1)

δΓ

(
ϕ

ϕd

)−ζdρ
δΓ

= Υ
(1−ρ)(1−ζd/δ)

Γ

(
ϕ

ϕd

)ρ(1− ζd
δ

)
,

which ultimalety leads to

h(ϕ) = hd ·
(
ϕ

ϕd

)ρ(1− ζd
δ

)
·Υ

(1−ρ)(1−ζd/δ)
Γ .
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Appendix to

The Impact of Complementarities

between Workers and Managers on

Income Inequality

The aim of this Appendix is to provide the most important derivations of the Gross-

man et al. (2013) framework that are necessary to understand the functions of relative

salary and wage, (IV.1) and (IV.2), presented in chapter IV. The ensuing presentation

strongly relies on the original paper.

Mathematical Derivations of the Grossman et al.

(2013) Framework

Starting with the simple output function

xi = ψi(qH , qL)`γi , 0 < γi < 1 ,

where ` is the number of workers of type qL a manager is teamed with, we obtain

the firm’s profit function

πi(qH , qL, `) = piψi(qH , qL)`γi − w(qL)`− r(qH) ,

where pi is the price of good i, w(qL) is the wage of a worker with ability qL, and

r(qH) the salary of a manager with ability qH . We calculate the first-order conditions
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and obtain

∂πi(qH , qL, `)

∂`
= γipiψi(qH , qL)`γi−1 − w(qL) = 0

⇔ `i(qH , qL) =

(
γipiψi(qH , qL)

w(qL)

) 1
1−γi

.

Substituting the optimal amount of labor into the profit function yields

π̃i(qH , qL) = piψi(qH , qL)

(
γipiψi(qH , qL)

w(qL)

) γi
1−γi
− w(qL)

(
γipiψi(qH , qL)

w(qL)

) 1
1−γi
− r(qH) ,

= piψi(qH , qL)

(
γipiψi(qH , qL)

w(qL)

) γi
1−γi

(
1− w(qL)

γi
w(qL)

)
− r(qH) .

With γ̄i = γ
γi

1−γi
i (1− γi) profit can then be written as

π̃i(qH , qL) = γ̄ip
1

1−γi
i ψi (qH , qL)

1
1−γi w(qL)

− γi
1−γi − r(qH) .

The firm’s profit maximization problem is then solved in two stages. Given a

certain managerial ability qH , the firm chooses the most suitable matches qL, in

order to obtain the following profit function

Πi(qH) = max
qL∈SL

π̃(qH , qL) , for qH ∈ SH , i = 1, 2 ,

with SL = [qLmin, qLmax] and SH = [qH,min, qH,max]. The solution to this profit function

is then given by

q∗L = m(qH) =

m1(qH) for qH ∈ QH1

m2(qH) for qH ∈ QH2

,

where QHi denotes the set of managers that sorts to industry i. The firm then chooses

qH to maximize its profits Πi(qH).

Using q∗L = m(qH) the first-order condition to the profit maximization problem

∂π̃i(qH , qL)

∂qL
= γ̄ip

1
1−γi
i · 1

1− γi
ψi(qH , q

∗
L)

γi
1−γi · ψiL(qH , q

∗
L) · w(q∗L)

−γi
1−γi

+ γ̄ip
1

1−γi
i ψi(q

∗
L)

1
1−γi · −γi

1− γi
w(q∗L)

−1
1−γiw′(q∗L) = 0 ,

with ∂ψi(qH ,qL)
∂qL

= ψiL(qH , qL), can then be written as
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ψi[qH ,m(qH)]
γi

1−γi · ψiL[qH ,m(qH)] · w(qL)
−γi
1−γi =

ψi[qH ,m(qH)]
1

1−γi · γ̄iw[m(qH)]
−1

1−γiw′[m(qH)] .

Dividing both sides by w[m(qH)]
−γi
1−γi and ψi[qH ,m(qH)]

1
1−γi leads to

ψiL[qH ,m(qH)]

γiψi[qH ,m(qH)]
=
w′[m(qH)]

w[m(qH)]
.

Multiplying both sides by m(qH), ultimately yields the elasticity of the wage

m(qH)ψiL[qH ,m(qH)]

γiψi[qH ,m(qH)]
= εw(m(qH)) .

By the same token, i.e., forming the derivative of π̃i(qH , qL) with respect to qH , we

obtain the elasticity of the salary

qHψiH [qH ,m(qH)]

(1− γi)ψi[qH ,m(qH)]
= εr(qH) .

Note that the elasticities of productivity depend on the combinations of workers

and managers. In other words, an increase in the managerial ability does not only

affect the managerial output but also the workers’ output.

In order to have a look at the sorting at boundary points, consider a set of managers

QHi(qH) and a set of workers QLi(qL) that sort to sector i whose ability does not

exceed qH and qL, respectively. From the first-order conditions of the profit function

and the above elasticities

piψiL(qH , qL)`γi

w(qL)`
=
w′(qL)

w(qL)
=

ψiL[qH ,m(qH)]

γiψi[qH ,m(qH)]
,

piψiH(qH , qL)`γi

r(qH)
=
r′(qH)

r(qH)
=

ψiH [qH ,m(qH)]

(1− γi)ψi[qH ,m(qH)]
,

we obtain the demand for workers per manager

r(qH)

(1− γi)ψi[qH ,m(qH)]
=

w(qL)`

γiψi[qH ,m(qH)]

⇔ `(qH , qL) =
γir(qH)

(1− γi)w(qL)
.
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Now the firm’s demand of managers with an ability that does not exceed qH is equal

to the demand of workers that are suitable to be matched with these workers, i.e.,

H̄

∫
q∈QHi(qmin

Hi )

γir(q)

(1− γi)w[m(q)]
φH(q)dq + H̄

∫ qH

qmin
Hi

γir(q)

(1− γi)w[m(q)]
φH(q)dq

= L̄

∫
q∈QLi[m(qmin

Li )]
φL(q)dq + L̄

∫ m(qH)

m(qmin
Hi )

φL(q)dq for all qH ∈ (qmin
Hi , q

max
Hi ), i = 1, 2 .

By differentiating both sides with respect to qH , we obtain

H̄
γir(qH)

(1− γi)w[m(qH)]
φH(qH) = L̄φL[m(qH)]m′(qH) .

This last equation together with the elasticities, the zero-profit condition, and the

boundary conditions characterize the equilibrium:

H̄
γir(qH)

(1− γi)w[m(qH)]
φH(qH) = L̄φL[m(qH)]m′(qH)

ψiL[qH ,m(qH)]

γiψi[qH ,m(qH)]
=
w′[m(q)]

w[m(q)]
(A.IV.1)

r(qH) = γ̄ip
1

1−γi
i ψi[qH ,m(qH)]

1
1−γiw[m(qH)]

−γi
1−γi (A.IV.2)

m(qH) = qL ⇔ qH = µ(qL)

A simple sorting equilibrium, i.e., each sector only employs workers and managers

from a single interval, can be characterized by two thresholds, q∗L and q∗H . Using

(A.IV.1) and (A.IV.2), we obtain

d

dqL
lnwi(qL)− d

dqL0

lnwi(qL0) =
ψiL[µ(qL), qL]

γiψi[µ(qL), qL]
− ψiL[µ(qL0), qL0)]

γiψi[µ(qL0), qL0)]

=

∫ qL

qL0

(
ψiL[µ(x), x]

γiψi[µ(x), x]

)′
dx , for all qH , qH0 ∈ QHi ,

which is

lnwi(qL)− lnwi(qL0) =

∫ qL

qL0

ψiL[µ(x), x]

γiψi[µ(x), x]
dx .

Using the elasticity of the salary, we similarly obtain

ln ri(qH)− ln ri(qH0) =

∫ qH

qH0

ψiH [x,m(x)]

(1− γi)ψi[x,m(x)]
dx .
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Additional Empirical Results

As an additional robustness check for our analysis of the impact of trade liberalization

on average factor ability, we use the share of university degree holders per skill-group

within a firm as an alternative proxy variable of the average ability of the respective

skill group. Results are reported in Table A.I.

As can be seen, the results are both in respect to magnitude and in respect to

significance very similar to the results reported in Table III. It is only in the case of

FE 2 that the coefficient is not significant. Note, however, that the share of university

degree holders within skilled workers is relatively small, on average 2.14%, so that

the results for skilled workers should not be overinterpreted.

TABLE A.I.

Regression of Share of University Degrees on Share of Exports with and without

Firm Specific Controls

Dep. var.: Share of Dep. var.: Share of

university degrees (q̃L) university degrees (q̃H)

Skilled workers Managers

(FE 1) (FE 2) (FE 3) (FE 4)

Share of exports (s) 0.0002∗∗∗ 0.0001 0.0013∗∗∗ 0.0008∗∗

(0.0001) (0.0001) (0.0003) (0.0003)

Controls:

Collective agreement −0.0054∗∗∗ −0.0035

(0.0012) (0.0124)

Employment share −0.0129∗∗ 0.0493

(0.0056) (0.0530)

Age 0.0003∗∗∗ −0.0011∗

(0.0001) (0.0007)

Log revenue 0.0044∗∗∗ 0.0256∗∗∗

(0.0005) (0.0041)

N.obs. 47 312 42 311 25 227 22 560

R2 0.0046 0.0204 0.0093 0.0268

Notes. An observation in the regression is one firm in one year. All regressions include nine

year and 25 industry dummies. Since not all companies reported their revenue, N.obs. is smaller

when controlling for revenue. We report clustered standard errors at the industry level in brackets.

Source: LIAB, Version 2, Years 2000-2008.
∗∗∗ indicates significance at 1% level, ∗∗ at 5% level, ∗ at 10% level.
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Acemoglu, D., Antràs, P. & Helpman, E. (2007), ‘Contracts and Technology Adop-

tion’, American Economic Review 97(3), 916–943.

Akerman, A., Helpman, E., Itskhoki, O., Muendler, M.-A. & Redding, S. (2013),

‘Sources of Wage Inequality’, American Economic Review: Papers & Proceedings

103(3), 214–219.

Baumgarten, D. (2013), ‘Exporters and the Rise in Wage Inequality: Evidence from

German Linked Employer–Employee Data’, Journal of International Economics

90(1), 201–217.

Bernard, A. B., Jensen, J. B. & Lawrence, R. Z. (1995), ‘Exporters, Jobs, and Wages

in U.S. Manufacturing: 1976-1987’, Brookings Papers on Economic Activity. Mi-

croeconomics 1995(1995), 67–119.

Bernard, A. B. & Wagner, J. (1997), ‘Exports and Success in German Manufactur-

ing’, Review of World Economics (Weltwirtschaftliches Archiv) 133(1), 134–157.

Blossfeld, H.-P. (1985), Bildungsexpansion und Berufschancen: Empirische Analysen

zur Lage der Berufsanfänger in der Bundesrepublik, Campus Verlag, Frankfurt am

Main.

Brakman, S. & Heijdra, B. J. (2011), The Monopolistic Competition Revolution in

Retrospect, Cambridge University Press, Cambridge, UK.

Card, D., Heining, J. & Kline, P. (2013), ‘Workplace Heterogeneity and the Rise of

West German Wage Inequality’, The Quarterly Journal of Economics 128(3), 967–

1015.

Chamberlin, E. H. (1933), The Theory of Monopolistic Competition, Harvard Uni-

versity Press, Cambridge, MA.

83



Davis, D. R. & Harrigan, J. (2011), ‘Good Jobs, Bad Jobs, and Trade Liberalization’,

Journal of International Economics 84(1), 26–36.

Davis, D. R. & Weinstein, D. W. (2001), ‘An Account of Global Factor Trade’,

American Economic Review 88, 1423–1453.

Dixit, A. K. & Stiglitz, J. E. (1977), ‘Monopolistic Competition and Optimum Prod-

uct Diversity’, American Economic Review 67(3), 297–308.

Dustmann, C., Ludsteck, J. & Schönberg, U. (2009), ‘Revisiting the German Wage

Structure’, The Quarterly Journal of Economics 124(2), 843–881.

Egger, H. & Kreickemeier, U. (2009), ‘Firm Heterogeneity and the Labor Market

Effects of Trade Liberalization’, International Economic Review 50(1), 187–216.

Feenstra, R. C. (2004), Advanced International Trade: Theory and Evidence, Prince-

ton University Press, Princeton, NJ.

Felbermayr, G. J., Hauptmann, A. & Schmerer, H.-J. (2013), ‘International Trade

and Collective Bargaining Outcomes: Evidence from German Employer-Employee

Data’, The Scandinavian Journal of Economics, forthcoming.

Fischer, G., Janik, F., Müller, D. & Schmucker, A. (2007), ‘The IAB Establishment

Panel — from Sample to Survey to Projection’, FDZ-Methodenreport 2008(01).

Fitzenberger, B., Osikominu, A. & Völter, R. (2006), ‘Imputation Rules to Improve

the Education Variable in the IAB Employment Subsample’, Schmollers Jahrbuch

126(3), 405–436.

Gartner, H. (2005), ‘The Imputation of Wages above the Contribution Limit with

the German IAB Employment Sample’, FDZ Methodenreport 2005(2).

Grossman, G. M., Helpman, E. & Kircher, P. (2013), Matching and

Sorting in a Global Economy. Unpub. Paper. Available online at

http://scholar.harvard.edu/files/helpman/files/matching and underlinesorting.pdf.

Grubel, H. G. & Lloyd, P. J. (1975), Intra-Industry Trade: The Theory and Mea-

surement of International Trade in Differentiated Products, Macmillan, London.

Heckscher, E. F. (1919), ‘The Effect of Foreign Trade on the Distribution of Income’,

Economist Tidskrift .

84



Helpman, E. (2013), ‘Foreign Trade and Investment: Firm-Level Perspectives’, Coase

Lecture. Lecture presented at London School of Economics, 2013/02/21. Available

online at http://scholar.harvard.edu/files/helpman/files/coase 051013.pdf.

Helpman, E., Itskhoki, O., Muendler, M.-A. & Redding, S. (2013), Trade and

Inequality: From Theory to Estimation. Unpub. Paper. Available online at

http://scholar.harvard.edu/files/helpman/files/himr 092413sr.pdf.

Helpman, E., Itskhoki, O. & Redding, S. (2010a), ‘Inequality and Unemployment in

a Global Economy’, Econometrica 78(4), 1239–1283.

Helpman, E., Itskhoki, O. & Redding, S. (2010b), ‘Supplement to ‘Inequality and

Unemployment in a Global Economy”, Econometrica 78(4), 1239–1283. Available

online at http://www.econometricsociety.org/ecta/Supmat/8640 extensions.pdf.

Helpman, E. & Krugman, P. R. (1985), Market Structure and Foreign Trade, The

MIT Press, Cambridge, MA.

Hesse, G. (2013a), Inequality in a Global Economy — Evidence from Germany.

Unpub. Paper.

Hesse, G. (2013b), The Impact of a Firm’s Share of Exports on Revenue, Wages, and

Measure of Workers Hired — Theory and Evidence. Unpub. Paper.

Hesse, G. (2013c), The Impact of Complementarities between Workers and Managers

on Income Inequality. Unpub. Paper.

Jacobebbinghaus, P. & Seth, S. (2010), ‘Linked Employer-Employee Data from the

IAB: LIAB Cross-Sectional Model 2 1993-2008 (LIAB QM2 9308)’, FDZ Datenre-

port 2010(5).

Klein, M. W., Moser, C. & Urban, D. M. (2013), ‘Exporting, Skills and Wage In-

equality’, Labour Economics 25, 76–85.

Krishna, P., Poole, J. P. & Senses, M. Z. (2012), ‘Trade, Labor Market Frictions,

and Residual Wage Inequality across Worker Groups’, American Economic Review:

Papers & Proceedings 102(3), 417–423.

Krugman, P. R. (1979), ‘Increasing Returns, Monopolistic Competition, and Inter-

national Trade’, Journal of International Economics 9(4), 469–479.

Krugman, P. R. (1980), ‘Scale Economies, Product Differentiation, and the Pattern

of Trade’, American Economic Review 70(5), 950–959.

85



Krugman, P. R. (1981), ‘Intraindustry Specialization and the Gains from Trade’,

Journal of Political Economy 89(5), 959–973.

Leontief, W. (1953), ‘Domestic Production and Foreign Trade; The American Cap-

ital Position Re-Examined’, Proceedings of the American Philosophical Society

97(4), 332–349.

Melitz, M. J. (2003), ‘The Impact of Trade on Intra-Industry Reallocations and

Aggregate Industry Productivity’, Econometrica 71(6), 1695–1725.

Ohlin, B. (1933), Interregional and International Trade, Harvard University Press,

Cambridge, MA.

Ricardo, D. (1933), The Principles of Political Economy, and Taxation, J.M. Dent

& Sons Ltd., London. Original Edition 1817.

Samuelson, P. A. (1948), ‘International Trade and the Equalisation of Factor Prices’,

The Economic Journal 58(230), 163–184.

Samuelson, P. A. (1954), ‘The Transfer Problem and Transport Costs, II: Analysis

of Effects of Trade Impediments’, The Economic Journal 64(254), 264–289.

Stole, L. A. & Zwiebel, J. (1996), ‘Intra-Firm Bargaining under Non-Binding Con-

tracts’, The Review of Economic Studies 63(3), 375–410.

Stolper, W. F. & Samuelson, P. A. (1941), ‘Protection and Real Wages’, The Review

of Economic Studies 9(1), 58–73.

Trefler, D. (1993), ‘International Factor Price Differences: Leontief Was Right!’,

Journal of Political Economy 101(6), 961–987.

Venn, D. (2009), ‘Legislation, Collective Bargaining and Enforcement: Updating

the OECD Employment Protection Indicators’, OECD Social, Employment and

Migration Working Papers, No. 89, 1–54.

Verhoogen, E. A. (2008), ‘Trade, Quality Upgrading, and Wage Inequality in the

Mexican Manufacturing Sector’, The Quarterly Journal of Economics 123(2), 489–

530.

86



Lebenslauf

Persönliche Daten

Name : Gregor Hesse

Geburtsort : Halle (Saale)

Geburtsdatum : 28. Juni 1985

Adresse : Universität Ulm

Institut für Wirtschaftswissenschaften

Helmholtzstraße 18

89069 Ulm, Deutschland

Telefon : +49 (0)731 / 50 23552

E-mail : gregor.hesse@uni-ulm.de

Schulbildung

10.1992 - 07.1996 Grundschule Immenrode

08.1996 - 07.1998 Orientierungsstufe Vienenburg

08.1998 - 09.1999 Werner-von-Siemens-Gymnasium Bad Harzburg

09.1999 - 06.2005 Gymnasium Weilheim i. OB

Studium

10.2006 - 09.2010 Studium der Diplom Wirtschaftswissenschaften an der

Universität Ulm

10.2010 - 03.2014 Promotion zum Dr. rer. pol. im Rahmen einer Anstellung

als akademischer Mitarbeiter an der Universität Ulm

87





Zusammenfassung

Mit der Entwicklung des Melitz (2003) Modells, das sich in erster Linie durch die

Einführung heterogener Firmen in ein Handelsmodell monopolistischer Konkurrenz

auszeichnet, konnten erstmalig empirisch beobachtbare Zusammenhänge zwischen

der Produktivität einer Firma und deren Exportverhalten, siehe u.a. Bernard et al.

(1995), erklärt werden. Nachdem die Forschung damit der Frage nachgekommen war,

warum einige Firmen exportieren und andere nicht, wird die internationale Handels-

theorie seit nunmehr einigen Jahren von einer neuen Frage bestimmt: Wie wirkt sich

der globale Handel auf Firmen und deren Arbeiter aus? Eine Frage, die allen drei

Arbeitspapieren dieser Dissertation, Hesse (2013a,b,c), gemein ist.

Mit den im Zuge des Melitz (2003) Modells weiterentwickelten Handelsmodellen he-

terogener Firmen unter monopolistischer Konkurrenz, hierbei sind insbesondere Eg-

ger & Kreickemeier (2009) sowie Helpman et al. (2010a) zu nennen, konnte erstmalig

empirisch beobachtbare sektorielle Lohnungleichheit, siehe u.a. Verhoogen (2008) —

eine Unzulänglichkeit der neoklassischen Handelstheorie — erklärt werden. Ausge-

hend von der Annahme, dass heterogene Firmen ihre Belegschaft anteilig am Umsatz

beteiligen, konnten Helpman et al. (2010a) zeigen, dass es eine Verbindung zwischen

dem Grad der Handelsliberalisierung und der Lohnungleichheit in einem Sektor gibt.

Da laut Melitz (2003) exportierende Firmen produktiver und somit letztendlich um-

satzstärker sind, führt der durch die Wegnahme von Handelsschranken induzierte

Anstieg in der extensiven Handelsmarge zu einem Anstieg der Lohnungleichheit in

einem Sektor. Umgekehrt wird ein Anstieg der sektoriellen Lohnungleichheit für die

Einführung von Handelsschranken in einem perfekt geöffneten Sektor prognostiziert.

Unter Verwendung des LIAB, einem Arbeitgeber-Arbeitnehmer Datensatz des In-

stituts für Arbeitsmarkt- und Berufsforschung, gibt Hesse (2013a), siehe Kapitel II,

empirische Evidenz für den sich aus den theoretischen Überlegungen ergebenden U-

förmigen Verlauf zwischen Handelsliberalisierung und sektorieller Lohnungleichheit.

Dabei kann nicht nur der U-förmige Verlauf, sondern auch das von Helpman et al.

(2010a) prognostizierte gleiche Maß an sektorieller Lohnungleichheit in autarken und
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vollständig geöffneten Sektoren bestätigt werden.

Da in den neu entwickelten Handelsmodellen heterogener Firmen eine Firma an-

nahmegemäß entweder exportiert oder sich ausschließlich auf den heimischen Markt

beschränkt, stellt Hesse (2013b), siehe Kapitel III, die Frage, ob eine Erweiterung der

Modelle auf einen kontinuierlichen Exportstatus einen zusätzlichen Erklärungswert

für gewisse firmenspezifische Größen wie Umsatz, Lohnsatz oder Belegschaftsgröße

bietet. Zu diesem Zwecke wird das in der internationalen Handelstheorie vorherr-

schende Melitz (2003) Modell auf ein Mehrländermodell erweitert und mit dem Help-

man et al. (2010a) Modell verbunden. Die im Modell aufgezeigten Zusammenhänge

zwischen den oben genannten Größen werden anschließend empirisch anhand der Da-

ten des LIAB getestet. Dabei kann insbesondere gezeigt werden, dass zusätzlich zu

der in der Literatur bereits etablierten Rolle der extensiven Handelsmarge auch die

intensive Handelsmarge von großer Bedeutung ist. Die Größe der sich ergebenden

Zusammenhänge ist dabei im Einklang mit den im Modell gemachten Vorhersagen.

Während es eine Vielzahl theoretischer Untersuchungen für die Auswirkungen des

globalen Handels auf Firmen gibt, besteht noch relativ wenig Klarheit darüber,

wie die Anordnung heterogener Produktionsfaktoren in einer offenen Volkswirtschaft

verläuft. Grossman et al. (2013) zeigen in einem neoklassischen Handelsmodell mit

zwei Ländern, zwei Sektoren und zwei Produktionsfaktoren (Arbeiter und Mana-

ger), anhand unterschiedlicher Szenarien, wie die handelsbedingte Ausweitung eines

Sektors die durchschnittliche Fähigkeit der im Sektor beschäftigten Arbeiter und

Manager verändern kann. Letztendlich können diese Veränderungen dabei die Paa-

rungen einzelner Manager mit einem Team aus Arbeitern entweder verbessern oder

verschlechtern. Gleiches gilt für die Paarung einzelner Arbeiter mit einem Manager.

Anhand einer Produktionsfunktion, die Komplementaritäten zwischen beiden Pro-

duktionsfaktoren zulässt, zeigen Grossman et al. (2013), wie diese Veränderungen

die Lohnungleichheit des entsprechenden Produktionsfaktors erhöhen oder senken

können. Hesse (2013c), siehe Kapitel IV, präsentiert unter Verwendung des LIAB

erste empirische Evidenz für die im Modell aufgezeigten Wirkungskanäle. So konnte

gezeigt werden, dass eine Zunahme des Exportanteils Firmen dazu veranlasst, sowohl

besser ausgebildete Manager als auch Arbeiter einzustellen. Unter der Annahme, dass

es sich im internationalen Vergleich bei Deutschland um ein Land mit einer relativ

hohen Ausstattung an Managern handelt, führt diese Verbesserung schließlich, wie

im Modell vorhergesagt, zu einer Verschlechterung der Paarungen für Arbeiter und

zu einer Verbesserung der Paarungen für Manager. Dabei gehen diese Veränderungen

letztendlich mit steigender Lohnungleichheit bei den Managern und fallender Loh-

nungleichheit bei den Arbeitern der Firma einher.
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