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Motivation

• Questions: 
– How does trade impact on wages?
– What are the effects of different trading partners?
– Do these effects change over the distribution and over time?

• Human capital theory explains wage structure by
education and skills

• Empirically, returns to skills vary across industries
• Can sectoral wage differences be explained by trade?
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Overview

1. Austrian trade and earnings structure

2. Results from quantile regression

3. Decomposition of wage changes 1996-2002

4. Conclusions
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Related literature

• Austria, a geographically interesting case-study for the
effects of trade with CEEC

• Aiginger, Winter-Ebmer and Zweimüller (1996): imports 
from CEEC negatively and exports to CEEC positively 
correlated with wage growth in Austria

• Hofer and Huber (2003) similar results, with higher impact 
on blue collar workers than white collar
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European Survey of Earnings Structure

• EU wide harmonised structural firm survey on individual 
earnings in 1995 (1996), 2002, 2006, …

• covers firms > 9 employees in the private sector 
• Information:

– on firms: size, region and industrial sector (NACE 2-digit)
– on employees: gross earnings, gender, age, education, 

tenure with the current employer, type of contract, 
occupation, collective agreement

• Close cooperation with ST.AT due to confidentiality
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Small changes in trade by regions over time…

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Austrian exports by region of destination

High wage countries: 
OECD-NMS-Turkey-Mexico-Korea
CEEC: 
NMS+Balkan+CIS
Low wage countries: 
Rest of the world

Increasing share of CEEC in Austrian trade, 
reducing the share of high wage countries

Source: COMEXT

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Austrian imports by region of origin



www.oenb.at oenb.info@oenb.at

…but high variation between industry sectors

0%

50%

100%

150%

200%

250%

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 31 32 33 34 35 36

high wage countries low wage countries CEEC

Ratio of imports to total domestic production in 2002

Ratio of imported
(exported) goods by
sector i to total output of 
sector i

These ratios can be
computed for imports
and exports with
different trading partners

0%

20%

40%

60%

80%

100%

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 31 32 33 34 35 36

industrial sectors (NACE 2-digit)

Ratio of exports to total domestic production in 2002



www.oenb.at oenb.info@oenb.at

Estimating wage regressions

Wage equation

ω: gross hourly wage of individuals
X contains years of schooling, age, age2, tenure, tenure2, 
gender, regional dummies, firm size
imhw stands for the ratio of imports from high wage 
countries
imlw stands for the ratio of imports from low wage countries
imce stands for the ratio of imports from CEECs
….

exceexlwexhwimceimlwimhwXi 76543210 'ln ββββββββω ++++++++=
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Quantile regression allows to analyse impact across
the whole distribution of wages

Example:
Years of education
in 2002 -
Quantile regression
(green) effect
increasing with
wage, significantly
different from OLS 
estimate (red)3%
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Returns to imports from low wage countries negative,
other imports positive effects
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All effects much smaller in 2002, effect of CEEC imports
cease to be significant
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Returns to exports in low wage countries and CEEC 
positive and similar above median
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Returns to CEEC exports lower and more similar to high 
wage countries – sign of convergence?
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Contribution of trade to wage changes 1996 – 2002?
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Decomposition of wage changes

Analog to Oaxaca decomposition, quantile
regressions results can be used to decompose
wage growth between 1996 and 2002 in

– composition effect: wage changes due to changed
characteristics in labour force (e.g. more women; more
employment in sectors with more exports)

– returns effect: wage changes due to changed wage 
premia (here: measured by coefficients of wage 
regressions) 
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Returns to imports increased for high wage 
earners and composition effects negligible
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Both effects negative for exports, dampening wage 
inequality – „bazaar economy“?
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Conclusions

• Trade dampened Austrian wage growth between 1996 and 2002

• Mostly due to negative impact of exports to high wage countries

• Possible explanations:

– More competition in high wage countries and CEEC → Austrian
exporters act as price takers?

– Growing import share of exports, less domestic value added per 
export „bazaar-hypothesis“- evidence from Bayerl et al. (2008)

• Wage inequality did increase, but not due to trade: high wage earners
in export industries more affected than low wage earners
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Abstract 

To shed some light on the imputed impact of the growing international division of labor on 
wages, this paper aims to assess the impact of trade on wage distribution in the Austrian 
manufacturing industry by estimating quantile wage regressions. In the regressions we control 
for the share of imports and exports in the total production of industrial sectors and take into 
account the wage level of trading partners. A decomposition of wage changes from 1996 to 
2002 shows that imports from low-wage countries had a dampening effect on manufacturing 
wages in Austria, but that wage growth was dampened above all by exports to high-wage 
countries. This could be interpreted as evidence for the “bazaar economy” hypothesis.  

 

JEL classification: J31, F16 

Keywords: wage distribution, sectoral trade, quantile regressions 

 

Preliminary version 

 

 

 



� �

 

1. Introduction 

Austrian exports and imports in general and cross-border trade with Central and Eastern 
European countries (CEEC) in particular have grown steadily in recent years. According to 
traditional trade theory, the gains from growing trade depend on the pattern of factor 
endowment in the involved economies and are not equally distributed among production 
factors. In a country achieving net gains from trade, the winners could in theory compensate 
the domestic losers; in real-world settings, such compensation arrangements are rather 
unusual, though, and public opinion often expresses discontent about globalization.  

This paper is aimed at assessing the effects of trade on wages in Austrian manufacturing 
sectors. To estimate the effects of trade with high-wage or low-wage countries, we first 
estimate Mincer-type wage regressions which include the share of imports and exports in total 
production and which allow for a disaggregation of the trade variables with respect to trading 
partners. In addition, we use quantile regressions to estimate wage equations, in order to see 
whether these effects are different across the wage distribution. In a second step, we 
decompose the changes in the wage distribution over time into effects of changes in 
determinants of the wage structure (e.g. changes in the import intensity of individual 
industries) and changes in the returns to these determinants (i.e. wage premia). Again, we use 
quantile regressions to estimate different effects at different parts of the distribution.  

The paper is structured as follows. Section 2 briefly reviews the related literature with a 
special reference to research on the Austrian situation. In section 3 the data sources are 
described, with emphasis on the European Structure of Earnings Survey, which has not been 
used very often so far for economic analysis in Austria, as access is restricted due to 
confidentiality reasons. The empirical results of the wage regressions and the decomposition 
exercise are presented in section 4; finally, section 5 gives some concluding remarks.  

 

2. Trade Effects: Theoretical Background and Empirical Evidence 

2.1. The Impact of Exports and Imports on Wages  

The impact of trade on the distribution of income is usually analyzed in the framework of the 
Stolper-Samuelson theorem, which states that trade-induced changes in relative demand for 
goods will also change the relative prices of the factors used in the production of those goods. 
As firms specialize on producing goods for which factors are more abundant within their 
home country than abroad, the relative domestic prices of those factors would rise. The 
Stolper-Samuelson theorem has been used to explain the development of labor wages and of 
returns on capital, respectively, but it can also be applied to analyze wage differentials 
between high- and low-skilled labor.  

Focusing on the effects of trade on the distribution of wage income in this setting, it is 
assumed that countries differ with respect to their relative abundance of high- and low-skilled 
labor. Increasing trade between two countries should therefore cause the relative wage of low 
(high) skilled workers in a country that is abundant in high (low) skilled labor to decline. As 
high-skilled workers are on average better paid than low-skilled, trade between these 
countries would imply an increase in wage inequality in high-wage countries and a decrease 
in low-wage countries.  
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In its 2007 Employment Outlook, the OECD documents an increase in the dispersion of 
earnings in most high-wage countries. The rise in inequality mostly was attributable to large 
increases at the top of the distribution, measured by the decile ratio of earnings1. Therefore, 
the OECD concluded that imports from low-skilled countries have not been the major cause 
for the increase in inequality in OECD member states, because those imports should have 
resulted in rising inequality at the lower end of the distribution. Here, it may be useful to 
remember that the Stolper-Samuelson theorem only discusses relative wage changes between 
high- and low-skilled workers, and clearly the relative wage for low-skilled labor is declining. 
Furthermore, the argument only holds for trade with those emerging economies where the 
skill level on average is far below the OECD average. This most likely cannot be applied to 
Austria’s trade with CEEC, as there is no reason to assume that the average skill level in 
CEEC differs much from the Austrian standard, especially in exporting industries. According 
to the OECD’s Education at a glance (2008), the share of working age population who has 
attained at least upper secondary education was higher in the Czech Republic (90%), Estonia 
(88%), the Slovak Republic or Slovenia (82%) than in Austria (80%) in 2006.  

Furthermore, an increase in the trade volume between high-wage and low-wage countries is 
not a necessary precondition for putting pressure on the low-wage sector in rich countries. 
Freeman (1995) stressed that the mere possibility of imports might be sufficient to depress 
wage growth for less skilled workers in high-wage countries. Credible threats to shift 
production abroad may reduce the bargaining power of unions, so that wage growth might 
stall without an observable increase in trade flows. But, as Borjas et al. (1997) correctly state, 
such a threat effect is difficult to measure empirically.  

One way of assessing the impact of trade on labor demand is to compute the factor content of 
exports and imports and identify the net labor content as excess demand. The labor content of 
imports corresponds to a shift from domestic to foreign labor inputs. Wood (1995) proposes a 
method for taking into account the differences in skill intensity in the production of export 
and import goods in differently endowed countries. Previous research implicitly assumed that 
firms in high-wage and low-wage countries use the same technologies and thus have the same 
input ratio of high-skilled to low-skilled labor. Yet as skills endowments and hence skills 
prices differ between those countries, it is rather implausible that factors are used in identical 
proportions. According to Wood’s calculations, the imports from low-wage countries have 
been a substitute for substantial employment in high-wage countries, and the additional 
demand created by export opportunities is much too low to compensate for that. In contrast, 
when Borjas et al. (1997) estimated the impact of trade between the U.S.A. and low-wage 
countries on relative labor supplies of different skill groups and on the wages of low-skilled 
U.S. workers, they found such trade to explain less than 10% of the observed decline in the 
relative wage of low-skilled Americans. This result may reflect the relative closed economy 
of the U.S.A., which is hardly comparable with many small open economies in Europe. 

A particular problem in this respect is the level of aggregation. The more disaggregated the 
trade data, the more homogenous the units of the trade statistics will be. Therefore, the 
probability that different countries use similar factors to produce traded goods is higher with 
more disaggregated statistics. Krugman (2008) features an example on how aggregation can 
explain an apparent contradiction to conventional trade theory. According to U.S. trade 
statistics more than 75% of imported computers and electronic products come from China and 
other low-wage countries. While computer manufacturing is generally presumed to require a 

������������������������������������������������
1 Decile ratios compare the earnings at different deciles of the earnings distribution. The D9/D1 ratio can be 
decomposed into the D9/D5 and the D5/D1 ratios, which, when examined over time, allow to trace changes in 
the distribution to changes below or above the median.   
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high skill level, some computers no longer need that much skills to be produced, especially if 
the more skill-intensive parts of production can be imported from elsewhere. So one solution 
to this conundrum would be to use more detailed disaggregated data on trade and skill 
content, but clearly the statistics on wages available so far place a limit to that approach.  

In recent years, the impact of trade with very low wage countries like China and other 
emerging economies in Asia has received more attention, especially in the U.S.A. The OECD 
(2007) reports that the share of Chinese imports in total OECD imports roughly doubled from 
4% to 8% between 1996 and 2004. Could the acceleration of such exports to high-wage 
countries have increased the effects of trade on the wages of low-skilled workers in OECD 
countries? One counterargument refers to specialization. If low- and high-wage countries are 
so highly specialized that they cease to produce the same goods, increasing trade won’t hurt 
workers in either of the two sets of countries as imports are no longer substitutes for domestic 
production. Of course during the process of specialization, workers may become redundant as 
their output is replaced by imported goods, but once the countries have reached different 
“cones of diversification,” workers in high-wage countries are shielded from negative effects 
of trade on wages or employment. This may be a realistic assumption for trade between the 
U.S.A. and China, but between Austria and the CEECs skill endowments and specialization 
patterns do not differ that much to make production in different “cones of diversification” a 
very likely scenario. 

The effects of trade and FDI on the labor share in Europe have been analyzed by Breuss 
(2007) with separate panel regressions for old EU countries and CEECs. Both regressions 
include total net trade as an independent variable; in the case of EU countries, the equation 
also contains the trade share with CEEC countries and net FDI outflows to the rest of the 
world, whereas the equation for the CEECs contains the trade share with EU countries and 
FDI inflows. The results match theory only to some extent: for the EU countries the 
regression coefficients coincide with theoretical expectations (i.e. all have negative signs), but 
for the CEECs, only net trade increases the labor share, whereas the EU's trade share 
significantly depresses it and FDI inflows are hardly significant.  

2.2. Trade Effects in Austria  

In an early attempt to assess the effects of trade between Austria and selected CEECs2 
Aiginger et al. (1996) estimated employment and wage effects of such trade for the period 
from 1988 to 1991. Based on a sample of 2% of manufacturing workers from the Austrian 
social security records, they found the unemployment risk to have declined on average in 
sectors which export goods to the CEECs but to have not changed significantly as a result of 
imports from the CEECs. The unemployment risk differs significantly with respect to age, 
earnings and the type occupation (i.e. blue-collar vs. white-collar jobs). Wage increases were 
higher for employees in sectors with higher import growth from CEECs than for employees 
with unchanged CEEC import shares. The export share, in contrast, had a significant positive 
effect, but its size was much smaller, so the net effect of trade with CEECs would be negative 
for the period in question. Aiginger et al. (1996) thus find the aggregate effects of trade with 
CEECs to be negative, but not very strong, while at the same time acknowledging that trade 
between Austria and the CEECs was still at very small levels in the period they studied.    

Using comparable wage data for the period 1991 to 1994, Hofer and Huber (2003) assess the 
effects of trade and migration on earnings in Austria. That period differs from the one 
������������������������������������������������
2 Trade between Austria and Hungary, Poland as well the then still existing CSFR. �
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analyzed by Aiginger et al. (1996) as the boom of German unification was over and 1993 was 
a recession year, which substantially depressed average export and import growth rates; trade 
with the CEECs was, however, less affected than overall trade. They find negative effects of 
imports on wages and positive effects of exports, whereas their results for migration are not 
significant.  

The paper at hand tries to assess the impact of trade on wages in a more recent period. 
Earnings data are available for two years, 1996 and 2002, from the European Structure of 
Earnings Survey, a new and very accurate data source. Whereas the distributional effects of 
trade have been modeled so far by estimating different effects for blue-collar and white-collar 
employees, here the differences in the effects of trade on wages are captured with quantile 
regressions. In addition, those effects are decomposed into changes of the trade pattern and 
changes in the returns to working in more or less trade-intensive sectors.  

 

3. Data Description 

Many data sets on wages or earnings typically face limitations. Data from household surveys 
suffer from a notorious reluctance of individuals to state their earnings correctly, or answer 
income-related questions at all. Administrative records are much more reliable, but the data 
sets are often truncated as a result of top-coding, e.g. data from social security records only 
contain wage levels up to the earnings cap for social security contributions3.  

The wage variables used in this paper are derived from the Austrian national branch of the 
European Structure of Earnings Survey (ESES). ESES is an EU-wide harmonized structural 
survey on individual earnings which is collected periodically in line with EU regulations. A 
substantial advantage of ESES over other earnings surveys is the fact that the questions on 
wages are answered by employers, and that earnings-related information is often matched 
with administrative data4.  

ESES covers firms with more than 9 employees in the private sector except agriculture, i.e. 
manufacturing, construction and market-based services (ÖNACE C-K). On the employers' 
side, it provides information on firm size, industry affiliation and regional location (at the 
NUTS1 level5). Data on employees reflect gender, age, education, tenure with the current 
employer, type of contract (full-time or part-time, temporary or permanent employment), type 
of occupation (ranging from managers to elementary occupations) or the type of collective 
agreement the employee is subject to. Regarding education, we have information about the 
employees' highest degree according to ISCED classification and according to Austrian 
national grading; this allows to compute the mandatory years of education for each employee. 

Most importantly, the data contain information on the gross earnings of employees and on 
various sources these earnings stem from, so we can discern between bonus payments or 

������������������������������������������������
3 For example, the research by Aiginger et al. (1996) and by Hofer and Huber (2003) has been subject to top-
coding.�

4 For a comprehensive overview on the Austrian branch of ESES, see Statistics Austria (2006). 

5 The three NUTS1 regions in Austria are: Eastern Austria (Vienna, Lower Austria and Burgenland), Southern 
Austria (Carinthia and Styria) and Western Austria (Upper Austria, Salzburg, Tirol and Vorarlberg). 
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premia and ordinary wages. As the number of hours worked is also included in the survey, we 
can compute alternative measures for hourly wages. We use a wage variable for average 
hourly earnings including overtime and shift premia, regular bonus payments and full-rate 
paid absences. The 2002 wages have been deflated by the HICP to make them comparable 
with the 1996 wages. 

For this paper, the two ESES waves conducted in 1996 and 2002 were available, covering 
about 120,000 employees6 from 8.000 firms (1996) and 140,000 employees from 10,000 
firms (2002). As the definitions of employment contracts suitable to be included in the survey 
were altered slightly between 1996 and 2002, we restricted the data for comparability reasons 
to those employees who had worked with their employer for the whole year and earned more 
than a certain threshold. In addition, we excluded individuals with earnings below the first 
and above the 99th percentile as well as apprentices and persons younger than 16 and older 
than 65.  

The Austrian ESES data are kept in strict confidence by Statistics Austria; after all the data 
contain detailed information about the wages of more than 100,000 individuals. Even if 
individual identifiers for firms were coded anonymously, some firms and even some 
employees might eventually be uncovered in a small country like Austria. Therefore, we had 
only remote access to the data: the regressions were executed by Statistics Austria, with codes 
transmitted by the author. Therefore, we wish to thank Tamara Geisberger of Statistics 
Austria for the excellent cooperation.  

The trade data used in this paper are derived from Eurostat's ComExt database on the intra- 
and extra-EU trade of all EU Member States. The traded goods are aggregated into consistent 
production sectors. Here, the 2-digit NACE classification was used, as the ESES data also 
contain that information and the 2-digit level was the most disaggreggated level available. As 
the data are restricted to goods trade, they represent only the manufacturing sector7.  

Figure 1 

Austrian exports by region of destination
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Austrian imports by region of origin
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Source: ComExt. 

For the purpose of this paper, the trading partners of Austria were aggregated in the following 
way: OECD countries except for new EU Member States, Korea, Turkey and Mexico are 

������������������������������������������������
6 Strictly speaking that number refers to jobs, so if an individual held two jobs in the survey period she may be 
appear twice in the data. 
7 For NACE sector 30 (“Manufacture of office machinery and computers”) the Austrian exports amounted to 
multiples of 100% of domestic production in 1996 and 2002. Presumably, the re-export of imports has been 
accounted for as exports in this sector, which is by definition not a manufacturing activity, but trade service. 
Therefore, this sector has been excluded from the analysis.�
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grouped together as “high-wage countries”; the countries that joined the EU in 2004 and 2007 
together with the remaining Balkan countries, Belarus, Russia, Ukraine and Turkey form the 
“CEECs”; and the rest of the world is labeled “low-wage countries.” As can be seen from 
Figure 1, the vast majority of Austrian trade volumes are still exchanged with high-wage 
countries. The change in the share of CEECs in Austrian trade has been relatively dynamic; 
from 1996 to 2002 the share in imports doubled from 8% to 16%, and declined somewhat 
afterwards. Export shares have been relatively stable over time, and the increase in CEECs’ 
share has been smaller. For imports and for exports alike, the share of low-wage countries has 
been quite stable over time, causing the gains of CEECs to result in a declining weight of 
high-wage countries in Austrian trade. But all in all, the variation over time is rather subdued.  

At the sectoral level, the differences are more pronounced (see Figure 2 and  

Figure 3). For example, the shares of CEECs in Austrian exports ranged from 95% to 7% and 
average 17% in 1996. The variation for imports is smaller, but still substantial. Based on trade 
flows at the sectoral level, the next step is to assess the effects of imports and exports on 
Austria’s wage structure. In some sectors, exports to high-wage countries corresponded to 
90% of domestic production, and imports of apparel even amounted to more than 200% of 
Austrian production (see Figure 4). A list of the industrial sectors and their codes can be 
found in Appendix table A1.  

Figure 2 
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Sectors' Imports 1996
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Source: ComExt. 
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Figure 3 

Sectors' Exports 2002
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Figure 4 

Ratio of exports to total domestic production in 2002
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Source: ComExt. 

4. Empirical Estimation of Trade Effects  

The wage structure is determined by the qualitative composition of the work force and the 
returns workers receive for different qualities, such as returns to education. As high-skilled 
workers are usually better paid, a higher fraction of high-skilled workers will also drive up 
average wages. If demand for high-skilled workers goes up and supply is fixed in the short 
run, the return to education will go up as well, thus changing the wage structure. Therefore, 
the data on wages derived from both ESES waves are first regressed on their main 
determinants to assess labor market returns such as skill premia or wage premia due to 
seniority. According to human capital theory, these main determinants are education and 
experience, but we also know that identical skills are not rewarded identically in different 
sectors or different regions within the same country. 

As the returns to characteristics of workers are not distributed evenly over the whole spectrum 
of wages, quantile regressions are implemented to test for these differences. Sectoral trade 
variables are included to estimate the impact of imports and exports at different wage levels. 
Finally, the changes in the wage structure over time are calculated and decomposed into the 
effects of changes in the returns to characteristics like education or the trade intensity of 
industrial sectors (returns effect) and changes in the characteristics (composition effect) 
between 1996 and 2002.  
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4.1. Results from Wage Regressions  

With the comprehensive ESES data on employees' characteristics, wage equations can be 
estimated to see whether the wage premium of education or tenure has changed. To estimate 
the effects of the explanatory variables on the wages of employees at different parts of the 
distribution, quantile regressions are used. In ordinary least squares (OLS) estimations, the 
coefficients represent the effects of the independent variables on the mean of the dependent 
variable. If, for example, we estimate the effect of years of schooling on wages, the OLS 
coefficient on education would be 0.66. This coefficient assumes that the effect of education 
is the same for all quantiles of the distribution. 

Figure 5 

Effects of years of education on wages:
Coefficients of OLS and Quantile regressions for 2002 
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As can be seen in Figure 5, the coefficients from quantile regression offer a different view. 
The effects of an additional year of education on wages are growing along the distribution, 
and the estimated coefficients are mostly significantly different8 from the OLS estimation.  
Therefore, the use of quantile regressions seems warranted in estimating the effects of trade 
on the wage structure, as they provide a better picture of the conditional distribution (cf. 
Koenker and Hallok, 2001). 

In contrast to OLS, quantile regressions are based on least absolute deviations (LAD) 
estimators. A simple quantile regression model of wage ω  would be given by 


����� � � iii uz θθβω += �with� ( ) θθ βω 'iii zzQ =  

where Q� is the estimated �-th quantile of ω  conditional on the data set z, which contains 
information on employees’ and firms’ characteristics. The �-th regression quantile is defined 
within a range from 0 to 1 as a solution to the problem 

Eq. 2 � � ( )θθβ
βωρ ii

i

z−�min �

with the function ( )θθ βωρ ii z− � assuming values of ( )θβωθ ii z−2  if ( ) 0≥− θβω ii z � and�
( )θβωθ ii z−− )1(2 � if� ( ) 0<− θβω ii z �� If for example the conditional median shall be 

������������������������������������������������
8 The dashed lines represent the 95% confidence interval.  



� �

estimated, � equals 0.5 and β is chosen as to minimize the identically weighted residuals, i.e. 
the deviations of observed ω  from θβiz ; if we were interested in the 75th quantile, the 
weights were not identical, but equal 1.5 for positive residuals and 0.5 for negative ones.  

To assess the effects of employees’ characteristics on the wage structure, wage regressions are 
estimated in OLS and in a quantile regression specification. In the literature, log wages are 
usually regressed on educational variables, age, age squared, experience, experience squared 
and a gender dummy. The ESES data contain information on highest completed education, 
from which the minimum years of formal education can be computed. This variable is 
labelled yedu. The variable age measures the age of employees and ten the years of 
employment at the current employer (tenure). The variable ten is used as a proxy for firm-
specific experience, and the age variable should capture the general working experience; for 
both variables, their squared values are included because their marginal effect on wages is 
assumed to decrease; therefore, the coefficient on the squared values of age and ten is 
expected to be negative.  Finally, we use a gender dummy fem, which takes the value 1 for 
females and 0 for males.  

Eq. 3 � � femtentenageageyedu iiiiii 6
2

54
2

3210ln βββββββω ++++++=  

Estimating this equation in OLS yields coefficients presented in the left panel of Table 1 
(Specification 1). The effects of education are found to have been rather stable over time; the 
coefficient is nearly identical in both years at 0.67, meaning that each additional year of 
schooling increases the hourly wage on average by 6.7%. The effects of age and tenure 
declined significantly between the two survey years. Especially the return of general work 
experience as measured by age declined, which also means that the practice to pay higher 
wages due to seniority lost importance. The squared age and tenure variables are small and 
significantly negative as expected (not shown in Table 1). The female dummy shows an 
increase in the gender pay gap; controlling for education and experience, the wages of female 
employees were on average by 22.4% lower than the wage of their male colleagues in 1996. 
The average gender pay gap increased by 2.5% in the six years to 2002. Although 
specification 1 is rather parsimonious in terms of independent variables, it explains already 
about 40% of the variation in wages.  

In a second specification of the wage regression, more explanatory variables were included. 
The location of a firm may have an effect on the wage level; firms in urban agglomerations 
tend to pay higher wages. Unfortunately, the regional variable available from the ESES data is 
aggregated at the NUTS1 level, so we can only distinguish 3 regions within Austria. The 
firm’s size with respect to its number of employees also plays a role for wage levels, therefore 
dummy variables for different size classes are included. And finally, to capture the impact of 
trade, the import and export shares of each industrial sector are added. The import (export) 
share is calculated by the ratio of imports (exports) of goods typically produced by that sector 
to the total output of that sector. If the independent variables of Eq. 3 are integrated in a set X, 
the new regression is given by 

Eq. 4 � � exqimqsizesoutheastX ij
j

ji 11103210 'ln βββββββω ++++++= � , 

where east and south are the two regional dummies for eastern and southern Austria and 
western Austria is the reference category; sizej are dummies for the six different size classes, 
with firms with 25 or less as reference category; imq and exq are the import and export shares 
of industrial sectors. The results from these regressions can be seen in the central panel of 
Table 1.  
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Variables 1996 2002 1996 2002 1996 2002 
Constant 0.9978*** 1.3121*** 1.02132*** 1.30723*** 1.03923*** 1.33749*** 

Education  0.06679*** 0.06869*** 0.06708*** 0.06709*** 0.06509*** 0.06616*** 

Age in years 0.02243*** 0.00909*** 0.0204*** 0.00833*** 0.01936*** 0.008*** 

Tenure  0.01165*** 0.00923*** 0.01106*** 0.00918*** 0.01155*** 0.00936*** 

Female  -0.22441*** -0.24955*** -0.21394*** -0.23511*** -0.2059*** -0.23568*** 

East Austria   0.0073*** -0.08509*** 0.00224*** -0.07947*** 

South Austria   -0.04872*** -0.01946*** -0.04481*** -0.02242*** 

Number of employees:       

25 - 50   0.03542*** 0.05306*** 0.03124*** 0.05278*** 

50 - 100   0.05903*** 0.1073*** 0.05423*** 0.10346*** 

100 - 250   0.09955*** 0.15889*** 0.08977*** 0.15413*** 

250 - 500   0.14525*** 0.18606*** 0.1257*** 0.17833*** 

500 - 1000   0.14748*** 0.22279*** 0.13872*** 0.22328*** 

> 1000   0.21328*** 0.27415*** 0.19903*** 0.28173*** 

Trade:       

Import share   -0.07882*** 0.00264   

Export share   0.03133*** -0.09769***   

Shares of:       

High-wage imports     0.09823*** 0.0762*** 

Low-wage imports     -1.45763*** -0.36462*** 

CEEC imports     0.29175*** 0.11791* 

High-wage exports     -0.2752*** -0.34601*** 

Low-wage exports     0.68394*** 0.80849*** 

CEEC exports     0.56191*** -0.00438 

R2 0.40 0.36 0.43 0.41 0.45 0.42 

Observations 45,367 29,325 45,367 29,325 45,367 29,325 

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

* significant at 10%; ** significant at 5%; *** significant at 1% 
 

The wages in the southern part of Austria (Styria and Carinthia) were significantly lower than 
in the Western part (Upper Austria, Salzburg, Tyrol and Vorarlberg) in both years, with the 
relative gap declining, whereas in eastern Austria (Vienna, Lower Austria and Burgenland) 
wages in manufacturing declined relatively to the western part after 1996 and were lower by 
8.5% in 2002.  

With respect to wages, we find that size matters. The size dummies all point to the expected 
relation, i.e. bigger firms pay higher wages and this effect intensified over time, with the 
coefficient on each size dummy being higher in 2002 than in 1996. Firms with more than 
1000 employees pay wages that are on average by 21.3% (1996) respectively 27.4% (2002) 
higher than the wages paid in firms with 25 employees or less.  
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The coefficients of the trade variables show the most pronounced changes over time. In 1996, 
employees received a smaller wage the more goods typically produced by their sector were 
imported, but by 2002 this effect was no more significantly different from zero. On the other 
hand, the positive impact of the export share in 1996 was reversed in 2002, when sectors with 
higher exports to output ratios paid smaller hourly wages. However, it should be noted that 
the coefficients in both years, although statistically significant, are economically relatively 
small. The export shares are by definition bound between 0 and 1, and most import shares 
also have values in that range. For example, if in 1996 the import share in sector i was 10% 
higher than in sector j, according to the results in Table 1 this would translate ceteris paribus 
to a 0.7% lower wage in sector i.  

To assess the impact of trade with different partners, we run the wage regressions again and 
split up the trade variables with respect to trade partners. Instead of using the share of all 
imports or all exports relative to output in each sector, imports are grouped according to 
countries of origin and exports according to countries of destination. As described in section 
2, we pool Austria’s trading partners in high-wage countries, low-wage countries and CEECs 
and calculate imports from and exports to them as shares of sectors’ output, i.e.  

Eq. 5 � �
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for k = high wage countries, low wage countries and CEEC.  

So now all the independent variables from Eq. 4 except imq and exq are wrapped into X and 
we add some new explanatory variables: imhw stands for sector i’s imports from high-wage 
countries relative to domestic production, imlw sector i’s imports from low-wage countries 
and imce for sector i’s imports from CEECs; exhw, exlw and exce are the respective export 
shares. The new regression equation is given by 

Eq. 6� � exceexlwexhwimceimlwimhwXi 76543210 'ln ββββββββω ++++++++=  

The results from estimating Eq. 6 are shown in the right panel of Table 1. The coefficients of 
trade with high-wage countries, which constitutes the largest share of Austrian trade, are 
comparatively stable over time. Sectors with more imports from high-wage countries on 
average paid higher wages in 1996 and 2002, but the effect declined over time. The division 
of labour with other high-wage countries seems to be productivity enhancing and therefore 
allows for higher wages.  

Sectors with more imports from CEEC pay on average higher wages, which indicates low 
direct competition between domestic workers and foreign labor in those countries. Imports 
from CEECs are pronounced in the textiles and apparel industries, and these imports also 
increased as a share of production over time. But also the import share of that region in 
electronics, machinery and motor vehicles increased between the two years. Although the 
skill levels in CEECs do not differ so much from those in Austria, the average wage in 
manufacturing is much lower, as can be seen in Figure 6. The depicted hourly wages for 2002 
vary from 38% to 6% of the Austrian wage level, measured at current exchange rates.  
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Figure 6 

Average hourly wages in manufacturing, 2002
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The effect of low-wage countries’ imports was negative in both years, but lower in 2002 than 
in 1996. The biggest change in the import structure of low-wage countries in this period was 
the increase in imported communication equipment (NACE 32). Data on such equipment, 
usually considered a high-tech and skill-intensive production, are probably subject to the data 
limitations Krugman (2008) observed with respect to the aggregation of imported goods in 
trade statistics. For example, the Chinese share in Austria’s imported communication 
equipment increased from 1.6% in 1996 to 6% in 2002, while total imports in that sector from 
low-wage countries jumped from 4% to 21% of Austrian production. So if Chinese 
manufactures represent only the less skill-intensive stages in the production of communication 
equipment, they cannot serve as substitutes for Austrian products but rather provide cheaper 
inputs, which is why such imports would increase average sectoral productivity and raise 
wages.  

The results for exports to different destinations indicate that exports to high-wage countries 
depress the average wage. Here it should be noted that differences in skill levels are 
accounted for by the education and tenure variables. So if Austrian exports to high-wage 
countries are more skill-intensive than exports to low-wage countries and should therefore 
provide for higher wages, these effects are already captured by yedu and ten. Keeping that in 
mind, the negative coefficient of exports to high-wage countries could be interpreted as a sign 
for less market power of Austrian exporters in these markets, whereas in the low-wage 
countries and the CEECs, domestic firms have been able to demand higher mark-ups. 
Whereas the effect of exports to low-wage countries increased over time, the positive impact 
of exporting to CEECs vanished.  

To explore the relation between trade and the distribution of wages, we run quantile 
regressions for 1996 and 2002 (see Appendix Tables A2 to A7). In both years and all 
specifications, the coefficient on yedu increases over the whole distribution except for the 
highest decile. In specification 1, the returns to education range from 0.045 to 0.084 in 1996, 
which means that an additional year or education would have increased the hourly wage for 
employees at the first decile by 4.5% and for employees at the 8th decile by 8.4%. As shown 
in Figure 5, the average effect calculated by OLS would be 6.6%. For 2002, the returns on 
education are virtually the same as in 1996, for the tiny differences are not significant. 
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Martins and Pereira (2004) find the returns to education9 to be rather high in Austria 
compared to a sample of 16 OECD countries and also the difference between the 1st and the 
9th decile is the second-largest in this group.  

The returns to other characteristics are more evenly distributed, but changed more strongly 
over time. Interestingly, the gender bias is strongest around the median in both years. The 
coefficient on tenure was positive and rather stable over all deciles in 1996, which indicates 
that firm-specific human capital was valued at approximately the same rate for all wage 
levels. By 2002, the returns to tenure had decreased, especially for low-wage earners. The 
same holds for the returns to age, were coefficients were generally smaller in 2002 and in 
particular below the median. 

With regard to the trade variables, the distributional impact of high-wage countries’ imports 
changed, as the effect was u-shaped in 1996, benefiting low- and high-wage earners more 
than employees with wages around the median. In 2002, the effect was positive for all deciles, 
but monotonously increasing in the wage level. So the benefits of imports from high-wage 
countries shifted from low-wage earners to middle-wage earners, with high-wage earners 
continuing to be the main beneficiaries. CEEC imports had positive effects on wages only for 
low-wage earners in both years; above the median the effects are insignificant. The wage-
diminishing impact of imports from low-wage countries was evenly distributed in 1996, but in 
2002 the effect was less pronounced in the upper half of the distribution.  

The exports to high-wage countries tended to dampen the wage level in both years, with the 
effect being stronger the higher the wages. In fact, the negative correlation of the effect with 
the wage level intensified over time. Working in an industry which exported to CEECs was 
beneficial for wages in 1996, especially for the middle-income earners; the coefficient of 
CEEC exports peaked around the median and was positive over the whole distribution. Yet by 
2002 this positive effect of CEEC exports was gone, the coefficients were much smaller and 
insignificant. The estimated returns of exporting to low-wage countries were significantly 
positive in both years, favoring Austrian low-wage earners in 1996 and appearing rather 
evenly allotted in 2002.  

The wage regressions tell us how given characteristics of the workforce like education, gender 
or the import intensity of an industry are valued at the Austrian labor market in each year. 
However, the wage structure is not only determined by the returns to these characteristics, but 
also by the distribution of these characteristics among the workforce. And as Freeman (1995) 
put it, “[…] no one can say with confidence what would have happened had imports from 
less-developed countries remained constant or at the same proportion of GDP over time.” By 
decomposing the effects of changing wage premiums and changing characteristics of workers 
(e.g. changes of the trade intensity of the sectors they are employed in), we can proxy a 
counterfactual what-if analysis of wage changes in the way proposed by Freeman. The results 
from that exercise are presented in the next section.  

 

4.2. Decomposition of Changes in the Wage Distribution 

������������������������������������������������
9 Their specification includes years of schooling and experience as independent variables and they only used data 
on full-time working men; therefore, their results are not fully comparable to the findings of this paper, but they 
support our findings. �
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Real wage growth in the manufacturing sectors considered here was rather modest between 
1996 and 2002. As depicted in Figure 7 wages on average grew slightly more than 4%, with 
faster growth in the upper half of the distribution. To explain concomitant changes in the 
wage distribution, we want to relate the distributional changes to changes in the composition 
of the workforce or the trade structure and changes of the compensation of different groups 
within the workforce. In doing so, we follow the counterfactual decomposition approach of 
Machado and Mata (2005). They extended the Oaxaca (1973) decomposition for the wage 
means on the whole distribution of wages by comparing the density function of wages in a 
given year with a counterfactual density function that would have prevailed if one or more 
explanatory variables had been distributed differently. Thereby, the effect of changes in single 
covariates on the wage distribution can be identified. 

Figure 7 

Real wage growth in manufacturing, 1996-2002
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To decompose the wage changes between 1996 and 2002 to changes in characteristics z or 
changes in the returns to those characteristics, which are given by the βs of the wage 
regressions, we perform an application of the Machado and Mata (2005) decomposition, 
developed by Albrecht et al. (2003). Therefore, we compute the average characteristics of 
employees at each decile in both years by the following bootstrap procedure: 

i) a random sample of 100 observations is drawn (with replacement) 

ii) the drawn observations are ordered by wage, so that each observation represents one 
percentile of the wage distribution 

iii) this procedure is repeated 500 times, providing the basis for the computation of 
averages for each decile 

The average characteristics computed by this procedure and the estimated coefficients from 
the quantile regressions allow us to decompose the recorded wage changes into changes of 
characteristics and changes of coefficients for each decile. The counterfactual decomposition 
starts from equation  

Eq. 7 � �
199619962002200219962002 )ln()ln( θθθθθθ ββωω zz −=−  
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with ln( θω ) is the log wage at the �th-decile in the respective year, θz  the vector of average 
characteristcs at the �th-decile computed by the procedure described above and the θβ  are the 
coefficients from the wage regressions. 

Additionally, if we define  

Eq. 8 � �
19962002
θθθ zzz −=∆  

and 

Eq. 9 � �
19962002
θθθ βββ −=∆ , 

we can rewrite Eq. 7 as  

Eq. 10 � � θθθθθθ ββωω ∆−∆=− 1996200219962002 )ln()ln( zz  

The first term on the right side gives us the effect of changed characteristics on the wage 
differential between the two years (composition effect); if only the characteristics of the 
employees had changed and the returns to these characteristics were the same in both years, 
that term would define the total wage change. The second term represents the impact of a 
change in the coefficients on the wage structure (returns effect). If the composition of the 
work force had been unaltered from 1996 on and only the returns to existing properties of the 
work force had changed, we would end up with a wage change described by that term.  

The results from this decomposition exercise can be seen in Figure 8. The effects of 
increasing exports to low-wage countries or CEECs is negligible, whereas the growing share 
of exports to high-wage countries in total manufacturing output depressed wage growth 
between 1996 and 2002. Also the wage premium of working in a sector with a higher export 
share decreased over time, but the negative effect of working for a sector exporting to CEECs 
is even bigger than exporting to high-wage countries. Again, the effect of exports to low-wage 
countries is negligible. With respect to wage distribution, exports seem to reduce wage 
inequality, as the dampening effects on wage growth are higher for wages above the median 
than below.   

These findings disagree with the studies on trade effects on Austrian wages cited in section 
2.2, where exports mostly had a positive impact on wage growth. From factor content 
analysis, one would also expect that growing exports in a skill-intensive economy like Austria 
should raise demand for better educated (and better paid) employees and therefore raise wages 
on average.  

At the same time, it should be noted that this analysis is based on total exports and total 
imports, including re-exported imports. A rising import content of exports is equivalent to a 
lower share of value added in exports, which in turn means less scope for wage increases. The 
fact that value added in exports is declining has been the source of a discussion in Germany 
about the so called “bazaar economy,” as advocated in Sinn (2005). For Austria, the input-
output multiplier analysis by Bayerl et al. (2008) shows that value added by exports declined 
from 1995 to 2003, and this decline was more pronounced in manufacturing than in services. 
But they also find that export growth was sufficiently large to offset the smaller value added 
by exports. The negative effect of exports in the wage regressions represented in Figure 8 
indicates that the distribution of value added generated by export growth is skewed towards 
profits.  

Another interpretation for the wage-dampening effects of exports would be that Austrian 
firms are trying to gain (or keep) export market shares by cutting wage costs. The negative 
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composition effect of exports originates from growing exports to high wage countries. These 
countries have similar factor endowments and produce similar goods, so competitive 
pressures for Austrian firms might be higher in these markets. Similarly, the reduction in the 
wage premium of sectors exporting to CEECs can be interpreted as declining price-setting 
power of Austrian firms. The decline in the returns to CEEC exports is stronger in the upper 
half of the distribution, because these employees received higher wage premiums in 1996. 
The returns of both exports to CEECs and high-wage countries had a more dampening effect 
on wage growth of well-paid employees and therefore contributed to making wage inequality 
in Austria smaller.  

Figure 8 
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As for imports, the composition effects are rather small and mostly positive, so the increasing 
share of imports actually contributed positively (if at all) to wage growth. The returns to 
working in a sector with imports from low-wage countries increased across the whole wage 
distribution, whereas imports from high-wage countries caused the wages of low-wage 
earners to fall and those of high-wage earners to grow. Sectors with more imports from 
CEECs also paid lower wages in 2002 than in 1996, and the negative effect was particularly 
pronounced for low-wage earners; for higher wages the results are positive, but not 
significant. Overall, the returns effect of imports contributed to an increase in wage inequality 
between 1996 and 2002, as high-wage earners benefited from imports, whereas the effects for 
low-wage earners mostly canceled themselves out. Imports from high-wage countries and 
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from CEECs might more often work as substitutes to domestic production causing some 
crowding out, whereas imports from low-wage countries might serve as complements and 
therefore rather increase efficiency and wages. Interestingly, imports from CEECs are more 
similar in effect to imports from high-wage countries than from low-wage countries, which 
indicates that Austrian trade with CEECs does not fully match traditional Stolper-Samuelson 
models of different endowments.  

From the decomposition analysis we conclude that the effects of trade on Austrian wages 
have been twofold. Industries with higher exports tended to pay lower wages over the period 
in consideration; especially industries with higher exports to high-wage countries reduced 
their wages ceteris paribus. As about 70% of all Austrian exports go to high-wage countries, 
this effect prevails. The reason for the negative effect of exports could be found in fiercer 
competition for Austrian products on these markets and the increasing import content of 
exports (the so-called “bazaar economy” phenomenon). In fact, the value added of Austrian 
exports declined from the mid-1990s to the early years of this decade as evidenced by Bayerl 
et al. (2008). Considering the effect on wage distribution, exports tended to reduce inequality 
as the deciles above the median were affected more negatively. The distributional effects of 
imports point in the other direction, with wages above the median clearly benefiting from 
imports whereas, for lower wages, the effects of imports mostly canceled each other out, with 
low-wage countries’ imports affecting wages positively and all other imports having negative 
effects. Neither the increase of CEEC imports relative to total production nor the increasing 
share of imports from CEECs seems to have affected Austrian wages in particular.  

For the future some further research is warranted, especially with respect to the reason for the 
wage dampening effect of exports. It would be interesting to use more disaggregated firm data 
to see whether exports had a dampening effect on profits as well. It should also be noted that 
wage regressions on trade variables might be subject to an endogeneity bias, which could be 
overcome by instrumental variables (IV) estimation if proper instruments can be found and 
the IV estimation can be implemented with quantile regressions. Finally, the analysis should 
be repeated when the next ESES wave (surveying the wage structure in 2006) is available to 
assess whether the results are stable over a longer period.  

 

5. Conclusions 

Austrian trade in manufacturing has increased in recent years, as have the shares of imports 
and exports from and to CEECs. Increased imports from countries with a lower wage level 
have occasionally been identified as a reason for diminishing wage growth for low-wage 
earners in Austria. Traditional trade models would predict a decline of relative wages for less 
skilled workers, when trade with labor-abundant countries is growing.  

Using firm survey data from the European Structure of Earnings Survey (ESES) in 1996 and 
2002, we estimated wage regressions including trade variables to assess the impact of trade 
flows on Austrian wages. We find that manufacturing sectors pay less the higher the imports 
of goods typically produced by these sectors from low-wage countries. Sectors with more 
imports from high-wage countries or from CEECs pay higher wages on average. Considering 
exports, the effects work in reverse. Sectors with more exports to low-wage countries pay 
higher wages and sectors with more exports to high-wage countries pay lower wages; exports 
to CEECs used to increase wages in 1996, but the effect was gone by 2002. The latter change 
could be interpreted as a result of catching-up, as the effect of CEECs as export markets 
became more similar to high-wage country effects. 



� 	

With respect to wage changes between 1996 and 2002, the effects of trade have been 
decomposed into a composition effect and a returns effect. The extension of exports to high-
wage countries dampened wage growth, and the wage premia for exporting sectors declined 
as well, in particular for sectors exporting to high-wage countries or CEEC; this could be 
interpreted as evidence in favor of the so-called “bazaar economy” hypothesis, which claims 
that a growing import content of exports reduces domestic value added generated by exports. 
Wage growth for employees in sectors importing from high-wage countries or CEECs has 
been reduced.  

The changes in the wage distribution between 1996 and 2002 have been slightly in favor of 
higher wage earners, but the contributions of trade to these changes have been mostly in the 
opposite direction. The increasing exports to high-wage countries as well as negative changes 
in the wage premia of exporting sectors were dampening wage growth for high-wage earners 
more than for employees below the median. The effect of imports offset the levelling impact 
of exports somewhat, as the wage premia for importing sectors declined more strongly for 
low-wage employees. But according to our results, the increase in inequality cannot be 
attributed to the growing international division of labor.  
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Table A1: NACE Industrial Sectors Classification  

 

NACE 14 Mining and quarrying 

NACE 15 Manufacture of food products and beverages 

NACE 17 Manufacture of textiles 

NACE 18 Manufacture of wearing apparel; dressing and dyeing of fur 

NACE 19 Tanning and dressing of leather; manufacture of luggage, handbags, 
saddlery 

NACE 20  Manufacture of wood and of products of wood and cork, except 
furniture 

NACE 21  Manufacture of pulp, paper and paper products 

NACE 22  Publishing, printing and reproduction of recordefd media 

NACE 24  Manufacture of chemicals and chemical products 

NACE 25  Manufacture of rubber and plastic products 

NACE 26  Manufacture of other non-metallic mineral products 

NACE 27  Manufacture of basic metals 

NACE 28  Manufacture of fabricated metal products, except machinery and 
equipment 

NACE 29  Manufacture of machinery and equipment not elsewhere classified 

NACE 30  Manufacture of office machinery and computers 

NACE 31  Manufacture of electrical machinery and apparatus  

NACE 32  Manufacture of radio, television and communication equipment and 
apparatus 

NACE 33 Manufacture of medical, precision and optical instruments, watches 
and clocks 

NACE 34 Manufacture of motor vehicles 

NACE 35 Manufacture of other transport equipment 

NACE 36  Manufacture of furniture; manufacturing  
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Table A2: Coefficients of quantile regressions 1996, specification 1 

Percentile 10 20 30 40 50 60 70 80 90 

constant 1.03474 1.00453 0.9712 0.92461 0.91277 0.91378 0.89878 0.92311 0.99233 
 [0.02470]*** [0.02131]*** [0.01967]*** [0.01836]*** [0.02025]*** [0.02120]*** [0.02349]*** [0.03068]*** [0.03327]*** 
years of education  0.04518 0.0536 0.06125 0.06829 0.07369 0.07858 0.08315 0.08446 0.0825 
 [0.00106]*** [0.00090]*** [0.00083]*** [0.00077]*** [0.00084]*** [0.00087]*** [0.00093]*** [0.00113]*** [0.00114]*** 
Age in years 0.02001 0.02064 0.02116 0.02243 0.02264 0.02262 0.02361 0.02538 0.02801 
 [0.00129]*** [0.00112]*** [0.00103]*** [0.00096]*** [0.00106]*** [0.00110]*** [0.00122]*** [0.00160]*** [0.00173]*** 
Squared age/100 -0.02171 -0.02085 -0.02054 -0.0213 -0.02076 -0.01991 -0.02007 -0.02074 -0.02087 
 [0.00167]*** [0.00144]*** [0.00133]*** [0.00125]*** [0.00138]*** [0.00144]*** [0.00160]*** [0.00210]*** [0.00228]*** 
tenure 0.01109 0.01075 0.0109 0.01095 0.0114 0.0114 0.01202 0.01206 0.01157 
 [0.00061]*** [0.00055]*** [0.00052]*** [0.00049]*** [0.00055]*** [0.00059]*** [0.00065]*** [0.00086]*** [0.00094]*** 
squared tenure/100 -0.01292 -0.01106 -0.01074 -0.00943 -0.00936 -0.00858 -0.00859 -0.00774 -0.00765 
 [0.00192]*** [0.00177]*** [0.00169]*** [0.00161]*** [0.00181]*** [0.00192]*** [0.00215]*** [0.00283]*** [0.00306]** 
female dummy -0.23465 -0.23231 -0.23131 -0.22998 -0.22776 -0.22583 -0.2195 -0.21555 -0.21046 
 [0.00356]*** [0.00315]*** [0.00298]*** [0.00283]*** [0.00319]*** [0.00339]*** [0.00382]*** [0.00508]*** [0.00560]*** 

Number of obs. 45,367 45,367 45,367 45,367 45,367 45,367 45,367 45,367 45,367 

 

Quantile regression; standard errors in brackets  

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

Independent variables also include a dummy for vocational training. 

* significant at 10%; ** significant at 5%; *** significant at 1% 

�
� � � � �
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Table A3: Coefficients of quantile regressions 2002, specification 1 

Percentile 10 20 30 40 50 60 70 80 90 

constant 1.36869 1.32933 1.30536 1.27799 1.25953 1.25049 1.23293 1.23203 1.27373 
 [0.02941]*** [0.02750]*** [0.02671]*** [0.02541]*** [0.02819]*** [0.02760]*** [0.03031]*** [0.03977]*** [0.04649]*** 
years of education  0.04424 0.05296 0.06 0.06588 0.07339 0.07905 0.08368 0.08673 0.08538 
 [0.00106]*** [0.00099]*** [0.00098]*** [0.00094]*** [0.00104]*** [0.00101]*** [0.00109]*** [0.00138]*** [0.00153]*** 
Age in years 0.00695 0.00836 0.00886 0.01008 0.00917 0.0089 0.00986 0.0115 0.01513 
 [0.00151]*** [0.00143]*** [0.00140]*** [0.00133]*** [0.00148]*** [0.00145]*** [0.00159]*** [0.00209]*** [0.00246]*** 
Squared age/100 -0.00695 -0.00816 -0.00831 -0.00953 -0.00748 -0.00606 -0.0058 -0.00592 -0.00691 
 [0.00190]*** [0.00181]*** [0.00177]*** [0.00169]*** [0.00189]*** [0.00186]*** [0.00204]*** [0.00270]** [0.00319]** 
tenure 0.0071 0.00727 0.00749 0.00788 0.00936 0.00983 0.01044 0.01099 0.01107 
 [0.00070]*** [0.00067]*** [0.00067]*** [0.00064]*** [0.00072]*** [0.00071]*** [0.00079]*** [0.00104]*** [0.00119]*** 
squared tenure/100 -0.00197 0.00086 0.00288 0.00328 -0.00038 -0.00078 -0.00217 -0.00285 -0.00548 
 [0.00225] [0.00215] [0.00212] [0.00204] [0.00229] [0.00227] [0.00252] [0.00333] [0.00382] 
female dummy -0.24475 -0.25193 -0.26082 -0.26426 -0.26693 -0.25991 -0.25387 -0.24664 -0.2339 
 [0.00407]*** [0.00387]*** [0.00383]*** [0.00369]*** [0.00415]*** [0.00412]*** [0.00458]*** [0.00608]*** [0.00707]*** 

Number of obs. 29,325 29,325 29,325 29,325 29,325 29,325 29,325 29,325 29,325 

 

Quantile regression; standard errors in brackets  

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

Independent variables also include a dummy for vocational training. 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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Table A4: Coefficients of quantile regressions 1996, specification 2 

Percentile 10 20 30 40 50 60 70 80 90 

constant 1.1006 1.04675 1.01159 0.97311 0.93546 0.93138 0.91163 0.90328 1.00889 
 [0.02142]*** [0.01894]*** [0.01919]*** [0.01860]*** [0.01957]*** [0.02195]*** [0.02239]*** [0.02750]*** [0.03718]*** 
years of education  0.0453 0.05422 0.06171 0.06782 0.0746 0.0788 0.08281 0.08455 0.08346 
 [0.00092]*** [0.00080]*** [0.00081]*** [0.00078]*** [0.00081]*** [0.00088]*** [0.00087]*** [0.00100]*** [0.00122]*** 
age in years 0.01699 0.01809 0.01799 0.01911 0.01957 0.02026 0.02226 0.02578 0.02642 
 [0.00111]*** [0.00098]*** [0.00099]*** [0.00096]*** [0.00101]*** [0.00113]*** [0.00115]*** [0.00142]*** [0.00193]*** 
Squared age/100 -0.01821 -0.01826 -0.01687 -0.01746 -0.01687 -0.01681 -0.01832 -0.021 -0.01848 
 [0.00142]*** [0.00127]*** [0.00129]*** [0.00125]*** [0.00132]*** [0.00148]*** [0.00151]*** [0.00187]*** [0.00254]*** 
tenure 0.01159 0.01043 0.01042 0.01056 0.01102 0.01071 0.01056 0.01055 0.00967 
 [0.00052]*** [0.00048]*** [0.00050]*** [0.00050]*** [0.00053]*** [0.00060]*** [0.00062]*** [0.00077]*** [0.00104]*** 
squared tenure/100 -0.01466 -0.01088 -0.01025 -0.00941 -0.0105 -0.00836 -0.00686 -0.00578 -0.00332 
 [0.00166]*** [0.00154]*** [0.00161]*** [0.00161]*** [0.00173]*** [0.00197]*** [0.00203]*** [0.00253]** [0.00342] 
female dummy -0.20857 -0.21322 -0.21746 -0.22056 -0.21936 -0.21752 -0.21478 -0.2088 -0.20501 
 [0.00311]*** [0.00280]*** [0.00291]*** [0.00289]*** [0.00311]*** [0.00357]*** [0.00371]*** [0.00465]*** [0.00641]*** 
imports/output -0.10405 -0.10447 -0.09968 -0.09566 -0.09778 -0.08985 -0.07892 -0.06088 -0.04167 
 [0.00685]*** [0.00611]*** [0.00617]*** [0.00594]*** [0.00620]*** [0.00689]*** [0.00696]*** [0.00848]*** [0.01129]*** 
exports/output 0.04048 0.06345 0.07573 0.07167 0.07453 0.06074 0.04072 -0.0014 -0.0387 
 [0.01035]*** [0.00936]*** [0.00969]*** [0.00958]*** [0.01026]*** [0.01171]*** [0.01215]*** [0.01532] [0.02121]* 

Number of obs. 45,367 45,367 45,367 45,367 45,367 45,367 45,367 45,367 45,367 
 

Quantile regression; standard errors in brackets  

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

Independent variables also include firm size and region 

* significant at 10%; ** significant at 5%; *** significant at 1% 
�

�
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Table A5: Coefficients of quantile regressions 2002, specification 2 

Percentile 10 20 30 40 50 60 70 80 90 

constant 1.36969 1.34166 1.31534 1.28566 1.26915 1.2734 1.26323 1.22008 1.21955 
 [0.02705]*** [0.02569]*** [0.02376]*** [0.02434]*** [0.02837]*** [0.03135]*** [0.03013]*** [0.04211]*** [0.04527]*** 
years of education  0.04541 0.05233 0.05932 0.06472 0.07075 0.07566 0.07927 0.08345 0.08387 
 [0.00099]*** [0.00094]*** [0.00087]*** [0.00090]*** [0.00104]*** [0.00113]*** [0.00106]*** [0.00141]*** [0.00145]*** 
age in years 0.00544 0.00657 0.00712 0.00805 0.00801 0.00771 0.00845 0.01161 0.01649 
 [0.00139]*** [0.00133]*** [0.00123]*** [0.00126]*** [0.00147]*** [0.00162]*** [0.00156]*** [0.00217]*** [0.00234]*** 
Squared age/100 -0.00543 -0.00607 -0.00618 -0.0066 -0.00579 -0.00432 -0.00349 -0.00512 -0.00768 
 [0.00176]*** [0.00168]*** [0.00156]*** [0.00160]*** [0.00187]*** [0.00208]** [0.00200]* [0.00280]* [0.00304]** 
tenure 0.00826 0.00893 0.0079 0.00843 0.00875 0.00934 0.01051 0.00987 0.00912 
 [0.00063]*** [0.00062]*** [0.00058]*** [0.00061]*** [0.00071]*** [0.00079]*** [0.00077]*** [0.00107]*** [0.00113]*** 
squared tenure/100 -0.00469 -0.00604 -0.00113 -0.00175 -0.0021 -0.00354 -0.00703 -0.00512 -0.00602 
 [0.00202]** [0.00197]*** [0.00186] [0.00193] [0.00228] [0.00254] [0.00247]*** [0.00343] [0.00362]* 
female dummy -0.22443 -0.23469 -0.24163 -0.24668 -0.24783 -0.25021 -0.24336 -0.23667 -0.22155 
 [0.00378]*** [0.00364]*** [0.00343]*** [0.00356]*** [0.00421]*** [0.00472]*** [0.00460]*** [0.00648]*** [0.00700]*** 
imports/output -0.04259 -0.03939 -0.02687 -0.01658 -0.00355 0.01309 0.04099 0.06777 0.07418 
 [0.00726]*** [0.00716]*** [0.00661]*** [0.00669]** [0.00765] [0.00825] [0.00777]*** [0.01057]*** [0.01095]*** 
exports/output -0.02551 -0.0367 -0.05374 -0.0685 -0.08584 -0.11511 -0.15072 -0.17767 -0.213 
 [0.01161]** [0.01141]*** [0.01076]*** [0.01121]*** [0.01326]*** [0.01486]*** [0.01451]*** [0.02053]*** [0.02243]*** 

Number of obs. 29,325 29,325 29,325 29,325 29,325 29,325 29,325 29,325 29,325 
 

Quantile regression; standard errors in brackets  

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

Independent variables also include a dummy for vocational training, firm size and region 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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Table A6: Coefficients of quantile regressions 1996, specification 3 
Percentile 10 20 30 40 50 60 70 80 90 

constant 1.10099 1.03936 1.03165 1.02576 0.9994 0.96024 0.97456 0.96117 1.05088 

 [0.02340]*** [0.01853]*** [0.01827]*** [0.01746]*** [0.01976]*** [0.01951]*** [0.02226]*** [0.02806]*** [0.03589]*** 

years of education  0.04368 0.05272 0.0591 0.06504 0.07135 0.0761 0.07939 0.08191 0.0819 

 [0.00101]*** [0.00078]*** [0.00077]*** [0.00073]*** [0.00081]*** [0.00078]*** [0.00086]*** [0.00102]*** [0.00120]*** 

age in years 0.01606 0.01791 0.01725 0.01709 0.01724 0.01905 0.01948 0.02263 0.02403 
 [0.00121]*** [0.00095]*** [0.00094]*** [0.00090]*** [0.00101]*** [0.00100]*** [0.00114]*** [0.00144]*** [0.00184]*** 
tenure 0.0123 0.01131 0.01094 0.01087 0.01128 0.01116 0.01121 0.01101 0.0098 
 [0.00057]*** [0.00046]*** [0.00047]*** [0.00046]*** [0.00053]*** [0.00053]*** [0.00061]*** [0.00078]*** [0.00101]*** 
female dummy -0.19308 -0.20071 -0.20547 -0.20969 -0.2113 -0.20602 -0.19936 -0.19737 -0.19724 
 [0.00351]*** [0.00279]*** [0.00281]*** [0.00274]*** [0.00317]*** [0.00319]*** [0.00372]*** [0.00477]*** [0.00627]*** 
High wage imports 0.10756 0.07817 0.07623 0.05702 0.03443 0.06549 0.0752 0.10922 0.10062 
 [0.01382]*** [0.01136]*** [0.01162]*** [0.01154]*** [0.01350]** [0.01370]*** [0.01600]*** [0.02048]*** [0.02636]*** 
Low wage imports -1.65108 -1.49046 -1.5808 -1.32145 -1.16122 -1.35783 -1.36504 -1.55728 -1.01586 
 [0.12244]*** [0.09998]*** [0.10215]*** [0.10089]*** [0.11763]*** [0.11908]*** [0.13916]*** [0.17866]*** [0.23186]*** 
CEEC imports 0.66773 0.47386 0.52124 0.25759 0.16154 0.2768 0.21156 0.26235 -0.25778 
 [0.11469]*** [0.09475]*** [0.09687]*** [0.09547]*** [0.11104] [0.11221]** [0.13139] [0.16899] [0.21968] 
High wage exports -0.22737 -0.23685 -0.2577 -0.25609 -0.25732 -0.28955 -0.29069 -0.31388 -0.26562 
 [0.01776]*** [0.01416]*** [0.01425]*** [0.01392]*** [0.01608]*** [0.01619]*** [0.01887]*** [0.02417]*** [0.03087]*** 
Low wage exports 0.84897 0.86698 0.86372 0.83029 0.82348 0.72111 0.72102 0.48735 0.49794 
 [0.06021]*** [0.04886]*** [0.04979]*** [0.04910]*** [0.05725]*** [0.05800]*** [0.06771]*** [0.08706]*** [0.11344]*** 
CEEC exports 0.11217 0.41797 0.57562 0.73613 0.84879 0.86042 0.75734 0.72955 0.46869 
 [0.07266] [0.05914]*** [0.06009]*** [0.05908]*** [0.06840]*** [0.06880]*** [0.07988]*** [0.10156]*** [0.12885]*** 

Number of obs. 45,367 45,367 45,367 45,367 45,367 45,367 45,367 45,367 45,367 
 

Quantile regression; standard errors in brackets  

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

Independent variables also include a dummy for vocational training, age squared, tenure squared, firm size and region 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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Table A7: Coefficients of quantile regressions 2002, specification 3 
Percentile 10 20 30 40 50 60 70 80 90 

constant 1.3927 1.36914 1.33123 1.32767 1.30407 1.30341 1.29313 1.26435 1.21422 
 [0.02914]*** [0.02327]*** [0.02622]*** [0.02690]*** [0.02710]*** [0.02936]*** [0.03229]*** [0.03807]*** [0.05201]*** 
years of education  0.0442 0.05186 0.05848 0.06335 0.06878 0.0745 0.07751 0.08187 0.08297 
 [0.00106]*** [0.00085]*** [0.00096]*** [0.00099]*** [0.00099]*** [0.00106]*** [0.00114]*** [0.00128]*** [0.00168]*** 
age in years 0.00541 0.00609 0.00755 0.00762 0.00802 0.00756 0.00867 0.01084 0.01766 
 [0.00149]*** [0.00120]*** [0.00136]*** [0.00139]*** [0.00140]*** [0.00151]*** [0.00166]*** [0.00196]*** [0.00270]*** 
tenure 0.0086 0.00896 0.00875 0.00895 0.00943 0.00936 0.01034 0.0098 0.00889 
 [0.00068]*** [0.00056]*** [0.00064]*** [0.00067]*** [0.00068]*** [0.00074]*** [0.00082]*** [0.00097]*** [0.00132]*** 
female dummy -0.2212 -0.23225 -0.23977 -0.24744 -0.24593 -0.24922 -0.24469 -0.23492 -0.22098 
 [0.00409]*** [0.00330]*** [0.00379]*** [0.00394]*** [0.00402]*** [0.00442]*** [0.00493]*** [0.00586]*** [0.00807]*** 
High wage imports 0.04067 0.04044 0.05838 0.07092 0.0891 0.09578 0.09862 0.11362 0.11937 
 [0.00994]*** [0.00839]*** [0.00983]*** [0.01036]*** [0.01068]*** [0.01181]*** [0.01326]*** [0.01582]*** [0.02163]*** 
Low wage imports -0.56697 -0.49598 -0.45315 -0.44728 -0.49008 -0.35345 -0.28187 -0.31585 -0.2515 
 [0.08536]*** [0.07574]*** [0.09223]*** [0.09977]*** [0.10480]*** [0.11704]*** [0.13242]** [0.15574]** [0.21195] 
CEEC imports 0.1392 0.11345 0.06858 0.04655 0.06859 0.01179 0.0084 0.11717 0.11234 
 [0.05970]** [0.05313]** [0.06427] [0.06934] [0.07260] [0.08121] [0.09224] [0.10887] [0.14841] 
High wage exports -0.19196 -0.24345 -0.27555 -0.30586 -0.33979 -0.35792 -0.36627 -0.40103 -0.40903 
 [0.01783]*** [0.01588]*** [0.01928]*** [0.02088]*** [0.02205]*** [0.02496]*** [0.02868]*** [0.03445]*** [0.04776]*** 
Low wage exports 0.70067 0.77892 0.78789 0.72922 0.75224 0.72381 0.7345 0.74833 0.58363 
 [0.06115]*** [0.04939]*** [0.05679]*** [0.05894]*** [0.05986]*** [0.06540]*** [0.07269]*** [0.08640]*** [0.11954]*** 
CEEC exports -0.10206 -0.01855 -0.00646 0.06146 0.08064 0.08407 0.03047 0.00663 -0.0221 
 [0.04948]** [0.04030] [0.04630] [0.04764] [0.04766]* [0.05127] [0.05636] [0.06607] [0.08933] 

Number of obs. 29,325 29,325 29,325 29,325 29,325 29,325 29,325 29,325 29,325 
 

Quantile regression; standard errors in brackets  

Dependent variable: log average hourly earning includes overtime, regular bonuses and full rate paid absences 

Independent variables also include a dummy for vocational training, age squared, tenure squared, firm size and region 

* significant at 10%; ** significant at 5%; *** significant at 1% 
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