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Abstract

This paper studies the e¤ects of service o¤shoring on the skill composition of labor

demand, using novel comparable data for nine Western European countries between 1990

and 2004. The empirical analysis delivers three main results. First, service o¤shoring

is skill-biased, because it increases the demand for high and medium skilled labor and

decreases the demand for low skilled labor. Second, the e¤ects of service o¤shoring are

similar to those of material o¤shoring, both qualitatively and quantitatively. Third, the

economic magnitude of these e¤ects is not large.
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1 Introduction

Over the last decade, �rms have moved an increasing number of service activities to foreign

countries (Unctad, 2004; OECD, 2007), taking advantage of the sharp reduction in the cost

of trading services induced by technological progress (Freund and Weinhold, 2002; Head et

al., 2009). Consequently, the labor market implications of service o¤shoring have become

an important concern in many industrialized economies (Amiti and Wei, 2005; Mankiw and

Swagel, 2006). This paper aims to provide new empirical evidence on the much debated, but

still controversial, issue of how service o¤shoring a¤ects the skill composition of labor demand

in these countries (The Economist, 2007).1

A priori, the e¤ects of service o¤shoring on the skill composition of labor demand are not

unambiguous. On the one hand, theoretical predictions based on factor proportion arguments

suggest that the developed countries will specialize in skill-intensive services, and that relative

labor demand will thus shift in favor of skilled workers as already occurred for the o¤shoring of

production stages (material o¤shoring); see, in particular, Bhagwati et al. (2004), Deardor¤

(2005), Markusen (2005), Tre�er (2005) and Markusen and Strand (2008). On the other hand,

some empirical facts do not allow us to rule out the opposite result, namely that relative labor

demand will shift away from skilled workers. In fact, many services are skill-intensive and are

performed by highly educated individuals (Kirkegaard, 2004; Jensen and Kletzer, 2005); these

services generally are more tradable than the low skill-intensive ones (Blinder, 2007; Jensen

and Kletzer, 2008; Blinder and Krueger, 2009; Crinò, 2009b).2

This paper weighs in the debate and examines this issue using novel comparable data

covering 20 manufacturing and service industries in nine Western European countries between

1990 and 2004. Information on employment and wages for three groups of high skilled, medium

1To clarify the terminology, this paper de�nes o¤shoring as the foreign relocation of activities through both
foreign direct investment and arm�s length contracts with una¢ liated parties (Helpman, 2006).

2Services are more tradable the more easily they can be transmitted electronically and the less face-to-face
interaction they require with �nal consumers (see, e.g., Blinder, 2006; and Levy and Murname, 2006). Using
a large sample of U.S. occupations, Blinder (2007) and Jensen and Kletzer (2008) �nd that the correlation
between their educational level and proxies for their tradability is positive, ranging between 0.08 and 0.31.
Similarly, using individual-level data from the Princeton Data Improvement Initiative, Blinder and Krueger
(2009) show that tradability increases rapidly with a worker�s educational level, a �nding con�rmed by Crinò
(2009b) for the U.S. white-collar occupations.
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skilled and low skilled workers, is obtained from the EUKLEMS data set. It is then matched

with a service o¤shoring proxy, de�ned as the share of imported services in total non-energy

input purchases (Amiti and Wei, 2005) and constructed using data from Eurostat.

The empirical analysis based on this data set consists of joint estimation of the system

of labor demand functions derived from the cost minimization problem of a representative

�rm in each country and industry. Following Feenstra and Hanson (1996, 1999), we condition

the optimization process on the service o¤shoring proxy, so that the labor demand functions

experience parallel shifts when service o¤shoring changes. For our empirical application, we

choose a translog representation for the cost function and estimate the implied system of wage

bill share equations by Seemingly Unrelated Regressions.

Three main results emerge from the analysis. First, service o¤shoring is skill-biased,

consistent with theoretical predictions based on factor proportion arguments. A rise in service

o¤shoring, in fact, increases the demand for high and medium skilled labor and reduces

the demand for low skilled labor. Second, the e¤ects of service o¤shoring are qualitatively

identical, and quantitatively similar, to those of material o¤shoring, as proxied by the share

of imported intermediates in total non-energy input purchases (Feenstra and Hanson, 1996,

1999). Our preferred speci�cation shows, in fact, that a 1 percent increase in service o¤shoring

raises the wage bill share of high skilled labor by 0.04 percent and that of medium skilled labor

by 0.06 percent, whereas it reduces the wage bill share of low skilled labor by 0.1 percent; the

marginal e¤ects of material o¤shoring are equal to 0.04, 0.08 and -0.12 percent, respectively.

Third, the economic magnitude of the e¤ects of service o¤shoring is not large. The cumulative

increase in service o¤shoring over the sample period, in fact, explains 1 percent of the rise in

the wage bill share of high skilled labor, 11 percent of the increase in the wage bill share of

medium skilled labor and 3 percent of the decline in the wage bill share of low skilled labor;

material o¤shoring accounts for an additional 1, 21 and 5 percent, respectively.

These results successfully pass a large number of sensitivity checks. First, they are not

driven by other factors potentially correlated with service o¤shoring, such as trade openness,

quality of labor market institutions, productivity improvements and unobserved shocks at the
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country- and industry-level. Second, they do not depend on how the service o¤shoring proxy

is constructed. Third, they remain unchanged when the main assumptions of the empirical

model are relaxed, in particular when the potential endogeneity of service o¤shoring and the

role of labor supply shifts and wage rigidities are taken into account.

This paper is related to the growing empirical literature on the labor market implications

of service o¤shoring. It aims to contribute to this literature by shedding new light on the

consequences for the skill composition of labor demand, which remain relatively unexplored.

Most of the existing studies, in fact, focus on the e¤ects of service o¤shoring on overall labor

demand, convincingly showing that they are moderately negative in many developed countries;

see, in particular, Amiti and Wei (2005), Görg and Hanley (2005), Hijzen and Swaim (2007),

Hijzen et al. (2007), OECD (2007), Liu and Tre�er (2008) and Blinder and Krueger (2009).

To our knowledge, instead, contributions on the skill composition of labor demand are limited

to Geishecker and Görg (2008a), who address this issue using micro-level wages for the U.K.,

and to Crinò (2009b), who uses industry-level data for the U.S.. This paper con�rms the main

�nding of these studies, namely that service o¤shoring is skill-biased. However, it departs from

them in two ways. First, it focuses on a larger set of countries, where service o¤shoring has

grown rapidly over the last decade. Second, it studies the full response in labor demand, which

usually brings about changes in relative employment along with those in relative wages.3

The paper is also related to the vast literature studying the e¤ects of material o¤shoring on

the skill composition of labor demand. In particular, it comes close to the empirical studies

that use disaggregations of labor into more than two groups, such as Morrison and Siegel

(2001), Falk and Koebel (2001, 2002), Ekholm and Hakkala (2005), Hijzen et al. (2005),

Geishecker and Görg (2008b) and Becker et al. (2009).4 These works generally show that

material o¤shoring is skilled biased, a result con�rmed by this paper. However, none of

them considers service o¤shoring. Borrowing the empirical framework proposed by these

3A parallel literature, both theoretical and empirical, studies other e¤ects of service o¤shoring, such as
those on wages and overall welfare (Samuelson, 2004; Antras et al., 2006; Baldwin, 2006; Baldwin and Robert-
Nicoud, 2007; Rodriguez Clare, 2007; Grossman and Rossi-Hansberg, 2008), on productivity (Crinò, 2008;
Görg et al., 2008; Amiti and Wei, 2009; Hijzen et al., 2009), and on innovation (Görg and Hanley, 2009).

4Recent and updated surveys of this literature can be found in Feenstra and Hanson (2003), Hijzen (2005)
and Crinò (2009a).
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studies, this paper shows that the e¤ects of service o¤shoring largely resemble those of material

o¤shoring.

The remainder of the paper is organized as follows. Section (2) describes the data and

contains some stylized facts; Section (3) explains the empirical model and the estimation

strategy; Sections (4) and (5) present and discuss the results; Section (6) brie�y concludes.

2 Data and Stylized Facts

2.1 Data

The data set includes nine Western European countries and, for each of them, contains infor-

mation on 20 (NACE Rev. 2) manufacturing and service industries over the period 1990-2004.

Table 1 reports the list of countries and industries, together with details on the coverage of

the sample in the year 2004. The 20 industries account for more than 70 percent of private

sector employment in each country; the nine economies, in turn, account for more than 75

percent of the EU-25 population (see Eurostat, 2004).

We retrieve data on a number of characteristics of the production process from EUKLEMS

(Timmer et al., 2007), a large data set issued by a consortium of 14 European institutions

within the Sixth EU Framework Program. EUKLEMS contains industry-level information

(comparable across countries) on many variables including the following: gross output (Y );

total purchases of non-energy material and service inputs (NE); total capital investment

(K); and the ICT share of capital investment (ICT ), a widely used proxy for technical

progress (Berman et al., 1994; Feenstra and Hanson, 1999). It also contains data on hours

worked (E) and wage bill for three groups of workers: those with at least a bachelor�s degree

(de�ned as high skilled workers and indicated by H), those with either upper secondary or

vocational education (medium skilled workers,M) and those with no formal quali�cation (low

skilled workers, L). We use this information to compute the average hourly wage rate (W ),

employment share (Esh) and wage bill share (Wsh) of each skill group. To pool the data

meaningfully across countries, we express the nominal �gures in real terms and PPP using

5



the industry-speci�c de�ators provided by EUKLEMS.5

Following Amiti and Wei (2005), service o¤shoring is proxied by the share of imported

private services in total non-energy input purchases. The underlying idea is simple: the output

of the o¤shored services needs to be imported into Western Europe to enter the production

process with other inputs; hence, the greater the intensity of service o¤shoring, the higher

this indicator will be. The typical problem in constructing this proxy is the lack or limited

disaggregation of service import data at the industry-level. Amiti and Wei (2005) therefore

proposed to estimate these �gures by combining Input-Output accounts with data on service

imports at the economy-wide level. We follow the same approach to construct the main proxy

for service o¤shoring used in this paper.6

From Eurostat, we gather economy-wide imports of 5 private services for the entire period

of analysis: henceforth,Msct will denote imports of service s by country c in year t.7 Eurostat

also publishes Input-Output accounts for two years, 1995 and 2000.8 To our purposes, an

important element of the Input-Output accounts are the Import Matrixes, because they report

detailed data on service and material imports for all the industries. Following Crinò (2009b),

we use the Import Matrixes to compute the share of each industry i in the economy-wide

imports of the 5 services in 1995 and 2000. We call these shares #95cis and #
00
cis, respectively,

and average them out between the two years. Then, we multiply the resulting numbers, #cis,

by Msct. This provides us with an estimate of the imports of each service for all industries

and years in the sample. Finally, we sum these �gures across the 5 services to obtain the time

5Data for Sweden and the U.K. are converted to Euros using exchange rates from the �International Financial
Statistics�published by the International Monetary Fund.

6The lack of industry-level import data is also relevant for the construction of material o¤shoring proxies.
The procedure proposed by Amiti and Wei (2005) is indeed inspired by Feestra and Hanson�s (1996, 1999)
method to estimate imported intermediate inputs for detailed industries.

7The 5 private services are: communication, �nance and insurance, computer and information, royalties
and licence fees, other business services. Data represent payments by European residents to both a¢ liated
and una¢ liated foreign residents. Because most of the exchanges in these services occur between European
�rms and �rms located abroad, payments to foreign residents provide a reliable measure of service imports
(Bhagwati et al., 2004). Data for Sweden are unavailable prior to 1996.

8The Input-Output accounts adopt a common industrial classi�cation (ESA95) and are thus comparable
across countries. They are available for eleven Western European economies, but we must exclude Belgium
and Denmark due to the lack of data on economy-wide service imports. For the U.K., Eurostat only publishes
the accounts for 1995; those for 2000 are retrieved from STAN (OECD). For France, Eurostat publishes the
accounts for 2000; those for 1995 are sourced from STAN.
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series of total service imports at the industry-level, IMPScit. Formally,

IMPScit =
5X
s=1

#cis �Msct.

The last step to obtain the proxy for service o¤shoring, SOS, consists of normalizing

IMPS using the total value of non-energy input purchases:

SOScit =
IMPScit
NEcit

. (1)

The use of inputs as the denominator of equation (1) makes SOS comparable to the service

o¤shoring proxies used by previous studies, e.g. Amiti and Wei (2005). However, this nor-

malization has a potential drawback: if an industry substitutes its own production of services

with imports, IMPS and NE will increase by the same amount and SOS will underesti-

mate the change in service o¤shoring. In the spirit of Hijzen et al. (2005), robustness checks

will thus be performed using industry output as an alternative normalization for IMPS; the

corresponding proxy will be referred to as SOS_Y .

An additional concern about SOS may be raised by our procedure for estimating the

numerator of equation (1). The construction of IMPS, in fact, is based on two assumptions

that may cast some doubts on the ability of SOS to be informative of the size and time

behavior of service o¤shoring. First, the time variability of IMPS exclusively comes from

the economy-wide service imports; second, its industry variability is maintained constant

over the sample period. To ensure that the main results of this paper are not biased by

measurement error, robustness checks will thus be performed using two alternative service

o¤shoring proxies. The �rst, SOS_9500, applies #95 to the imports for the period 1990-1999

and #00 to those for more recent years. This indicator allows the industrial structure of service

imports to change during the sample period, but requires some arbitrariness in the choice of

the two time intervals.9 The second proxy, SOS_OFF , directly uses the o¢ cial information

on industry-level service imports reported by the Import Matrixes, but can only be computed

9 In any case, experimenting with alternative sub-periods did not lead to substantial changes in the qualita-
tive results of this paper.
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for the years 1995 and 2000.

Finally, the Import Matrixes are combined with data on commodity imports from STAN

to construct four equivalent proxies for material o¤shoring: MOS, MOS_Y , MOS_9500

and MOS_OFF .10 Table A1 reports names, de�nitions, sources and descriptive statistics

for all the variables used in the econometric analysis.

2.2 Stylized Facts

Table 2 contains descriptive statistics on the o¤shoring proxies, both for the whole sample of

countries and for each country separately. Service o¤shoring is still a limited phenomenon in

Western Europe, especially compared with material o¤shoring. However, service o¤shoring

has increased over the sample period, both on average and across countries (with the exception

of Austria); its growth rates were similar to, or higher than, those of material o¤shoring.

As expected, SOS is higher than SOS_Y and tends to grow more slowly. It is also slightly

higher than SOS_9500 and SOS_OFF , suggesting that the use of estimated imports may

somewhat overstate the level of service o¤shoring. This di¤erence, however, is driven by a

single country, Austria, whereas for the other economies the three indicators are much closer

to each other; similar conclusions apply to the material o¤shoring proxies. Despite these

di¤erences, the o¤shoring indicators are highly positively correlated among themselves: in

particular, the correlation among the four service o¤shoring proxies averages out at 0.70, and

ranges between 0.56 and 0.82; similarly, the correlation between the four material o¤shoring

proxies averages out at 0.83, and ranges between 0.71 and 0.93.

Turning to the labor market variables, Table 3 reports descriptive statistics on Wsh, Esh

and the log real hourly wage rates of the three skill groups. Medium skilled workers make

the lion�s share (64 percent) of both employment and wage bill; high skilled workers and

low skilled workers, on the other hand, account for 15 and 21 percent of total wage bill and

for 10 and 26 percent of total employment. Over the sample period, the wage bill shares of

high and medium skilled labor have increased by 55 and 7 percent, respectively, whereas the

10These indicators include intermediate inputs imported from all the industries, and therefore capture a
broad concept of o¤shoring (Feenstra and Hanson, 1999).
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wage bill share of low skilled labor has plunged (-39 percent). These trends resulted from the

combination of two factors: (1) an increase in the employment shares of high skilled workers

and medium skilled workers; and (2) a widening of the wage gap between them and the low

skilled, as evidenced by the faster increase in their real wages compared with those of low

skilled workers.

Overall, these stylized fact show a contemporaneous increase in service o¤shoring and

in the usage of more skilled labor in Western Europe, but they do not tell anything about

causality. This issue is explored in the next sections.

3 Empirical Model and Estimation Strategy

As in the existing literature, our empirical approach is based on the following assumption:

an easier access to service o¤shoring, due for instance to technological improvements, makes

optimal for �rms to adjust their domestic demand for workers with di¤erent educational levels.

Under this assumption, the empirical model can be represented using a set of labor demand

functions augmented by service o¤shoring; the latter acts as a shift-factor inducing parallel

movements in the demand schedules.

We derive the demand functions for the three groups of workers from the cost minimization

problem of a representative �rm in each country and industry.11 Assume that the short-run

cost function of this �rm is

CSR(W
H ;WM ;WL; Y;K;Z0) = min

EH ;EM ;EL
(WH � EH +WM � EM +WL � EL)
s.t. Y=f(EH ;EM ;EL;K;Z0)

(2)

where CSR indicates short-run costs, i.e. total wage bill, and Z is a vector of shift-factors

including service o¤shoring; country, industry and time subscripts are omitted to save on

notation.12 Applying Shephard�s lemma to equation (2) yields the demand functions for the

11See Morrison and Siegel (2001), Falk and Koebel (2001, 2002), Ekholm and Hakkala (2005) and Hijzen et
al. (2005) for a similar approach.
12The use of a short-run representation for the cost function is dictated by the lack of data on the price of

capital, which is therefore treated as a quasi-�xed input following Berman et al. (1994).
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three groups of workers:

Er = f(WH ;WM ;WL; Y;K;Z0) 8r 2 R � fH;M;Lg . (3)

Note that, similarly to Feenstra and Hanson (1996, 1999), the optimization problem is condi-

tioned on service o¤shoring (and on the other shift-factors contained in the vector Z). This

means that �rms choose employment optimally for a given level of this variable, and hence the

labor demand functions depend on it. When service o¤shoring changes, �rms will re-optimize

over employment and the labor demand functions will experience a parallel shift.

To get the estimating version of (3), we start by assuming that the cost function has the

following translog representation:13

lnCSR = �+
X
r2R

�r lnW
r + �Y lnY + �K lnK +

X
z2Z

�zz +

+
1

2

24X
r2R

X
v2R

�r;v lnW
r � lnW v + �Y;Y (lnY )

2 + �K;K(lnK)
2 +

X
z2Z

X
q2Z

�z;qz � q

35+
+
X
r2R

�r;Y lnW
r � lnY +

X
r2R

�r;K lnW
r � lnK +

X
r2R

X
z2Z

�r;z lnW
r � z +

+�Y;K lnY � lnK +
X
z2Z

�Y;z lnY � z +
X
z2Z

�K;z lnK � z, (4)

where linear price homogeneity and symmetry imply the following restrictions on the para-

meters:

X
r2R

�r = 1;
X
r2R

�r;v =
X
v2R

�v;r = 0;
X
r2R

�r;Y =
X
r2R

�r;K =
X
r2R

�r;z = 0;

�r;v = �v;r;�z;q = �q;z. (5)

Then, we apply Shephard�s lemma to (4) and obtain the following system of labor demand

13The elements of Z are not expressed in logs because the main shift-factors used in our analysis (service
o¤shoring, material o¤shoring and technical progress) are all measured in percentages. In some of the robustness
checks, the additional control variables will enter in logs; we will mention these cases when they occur.
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functions:

Wshr = �r +
X
v2R

�r;v lnW
v + �r;Y lnY + �r;K lnK +

X
z2Z

�r;zz 8r 2 R. (6)

Note that, if �r;SOS > 0 (< 0), a rise in service o¤shoring will move outward (inward) the

demand function for the r-th group of workers and will increase (decrease) its wage bill share.

For theoretical consistency, the cost function must be concave in the wages of the three

groups of workers. The necessary condition for concavity is that the Hessian matrix of the

cost function, i.e. the matrix of wage elasticities, is negative semide�nite. This condition can

be veri�ed by testing that none of the own-wage elasticities are greater than zero. In the

translog case, the own-wage elasticities are equal to

"r;r =
�r;r
Wshr

+Wshr � 1 8r 2 R,

and vary across observations because they are a combination of parameters and wage bill

shares. Following the usual approach in the literature, these elasticities will thus be evaluated

at the sample mean (Hijzen et al., 2005).

To the purpose of estimation, let u �
�
uH ; uM ; uL

	
denote a vector of additive distur-

bances for the system in (6) and assume that u � N(0;�), where � = E(u0u). Because the

wage bill shares in (6) add up to one at each observation, the variance-covariance matrix � is

singular. Hence, one equation must be dropped from the system to make estimation feasible.

The estimated parameters are invariant with respect to the excluded equation if estimation is

performed by Full Information Maximum Likelihood (FIML) or using Zellner�s (1962) Iterated

Seemingly Unrelated Regressions (ISUR). Although the two procedures yield asymptotically

equivalent estimates (Berndt, 1991), ISUR is computationally simpler than FIML. We will

thus estimate the parameters by ISUR (similarly to Ekholm and Hakkala, 2005; and Hijzen

et al., 2005).

Dropping the equation for low skilled labor and imposing symmetry and linear price
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homogeneity restrictions according to (5) yields the estimating version of (6):

WshH = �H + �H;H ln

�
WH

WL

�
+ �H;M ln

�
WM

WL

�
+

+�H;Y lnY + �H;K lnK +
X
z2Z

�H;zz + u
H

WshM = �M + �H;M ln

�
WH

WL

�
+ �M;M ln

�
WM

WL

�
+

+�M;Y lnY + �M;K lnK +
X
z2Z

�M;zz + u
M . (7)

In order to wipe-out unobserved heterogeneity at the country-industry-level, the variables will

be expressed in deviations from country-industry averages (Cornwell et al., 1992).14 Finally,

the parameters not directly estimated from (7), i.e. �H;L, �M;L and those of the low skilled

labor equation, will be retrieved using the restrictions in (5) and their asymptotic standard

errors will be computed using the delta method.

4 Results

4.1 Main Estimates

Table 4 reports the results from the estimation of (7). Panels a) and b) refer to a benchmark

model including only SOS among the shift-factors (without and with year dummies, respec-

tively). The coe¢ cients of this variable are always precisely estimated at the 1 percent level;

they are positive in the equations for high and medium skilled labor, and negative in the

equation for low skilled labor. These very simple speci�cations therefore suggest that service

o¤shoring shifts the demand for high and medium skilled labor outward and the demand for

low skilled labor inward. Accordingly, it may have contributed to the rising usage of more

skilled labor in Western Europe over the last decade.

Panel c) adds MOS to the shift-factors. The coe¢ cients of this variable are statistically

signi�cant at the 1 percent level; they are positive for high and medium skilled labor, and

negative for low skilled labor. Consistent with previous studies, the e¤ects of material o¤-
14An alternative approach is to express the variables in �rst-di¤erences. However, this may exacerbate bias

due to measurement error in the data (Griliches and Hausman, 1986).
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shoring are therefore biased in favor of more skilled workers. The inclusion of MOS causes a

slight reduction in the size of the coe¢ cients of SOS, but does not change the main evidence

emerged from the previous panels. Interestingly, the point estimates of the two o¤shoring

proxies have a similar absolute dimension; indeed, the F -tests reported at the bottom of the

table do not reject the null hypothesis that �SOS = �MOS for any of the three skill groups.

In panel d), the speci�cation also controls for ICT . This takes into account the e¤ects of

technical progress, which has been shown to be skill-biased (Berman et al., 1994) and may

be correlated with service o¤shoring. In addition, including ICT makes the empirical model

comparable with those estimated by previous studies, in particular by Feenstra and Hanson

(1999). We therefore see panel d) as our preferred speci�cation. Note that the coe¢ cients of

ICT are always statistically signi�cant and con�rm that technical change favors more skilled

workers. Importantly, controlling for technological progress does not alter the main results

on service o¤shoring. The coe¢ cients of SOS, in fact, show no change in their signs and

signi�cance, and remain close in size to those of MOS.

A quick look at the remaining estimates shows that none of the own-wage elasticities are

statistically greater than zero. As regards output, its coe¢ cients are always positive and very

precisely estimated in the equation for high skilled labor, whereas they are generally negative

and highly signi�cant in the remaining cases. In line with previous studies, this suggests that

the production technology is non-homothetic and that an increase in the scale of operations is

biased in favor of high skilled labor (Epifani and Gancia, 2006, 2008). The capital coe¢ cients,

on the other hand, are always very small and, in our preferred speci�cation, they are also quite

imprecisely estimated.15

Overall, two main messages emerge from Table 4 regarding the e¤ects of service o¤shoring.

First, they are broadly consistent with theoretical predictions based on factor proportion

arguments, which suggest that the developed countries should specialize in more skill-intensive

services. Second, they are qualitatively identical, and quantitatively similar, to the e¤ects of

material o¤shoring. According to our preferred speci�cation, in fact, a 1 percent increase in
15This may be due to the fact that capital investment is a poor proxy for the capital input. Hence, we also

experimented using the capital stock, computed by the Perpetual Inventory Method with a depreciation rate
of 7 percent and an initial stock equal to investment in 1970. The main results did not change.
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SOS raises the wage bill shares of high and medium skilled labor by 0.04 and 0.06 percent,

respectively, and reduces the wage bill share of low skilled labor by approximately 0.1 percent.

These marginal e¤ects are close in size to those of MOS, which are equal to 0.04, 0.08 and

-0.12 percent.16 Section (5) will discuss what these numbers imply for the contributions of

the two types of o¤shoring to the cumulative changes in the wage bill shares over the sample

period. Before that, however, we submit our results to a number of sensitivity checks.

4.2 Accounting for Concomitant Factors

This section investigates whether the results are biased due to time-varying factors correlated

with service o¤shoring but omitted from the speci�cation. A �rst possibility is that service

o¤shoring rises when countries become more integrated in international trade. In this case,

SOS could just be capturing the e¤ect of trade openness, which should be skill-biased in

skill-abundant economies. Hence, panel a) of Table 5 adds a control for trade openness to the

system (7); this is de�ned as the log ratio between imports plus exports and GDP (lnOPEN)

and is constructed using data from the �World Development Indicators�.17 As expected, the

coe¢ cients of trade openness are positive and very precisely estimated in the equations for

high and medium skilled labor, whereas they are negative and highly signi�cant for low skilled

labor. Nevertheless, adding this control does not produce any noteworthy change in the main

results.

A second possibility is that service o¤shoring increases when the e¤ectiveness of labor

market institutions improves, because this may make domestic labor relatively more expensive.

Panel b) controls for this issue by adding a time-varying proxy for the quality of labor market

institutions in each country. This is de�ned as the log ratio between union membership

and total employment (lnUNMEMB) and is constructed using Nickell�s (2006) data for the

period 1990-2000. Union membership favors low skilled workers at the expense of medium

skilled employees, but controlling for it leaves the previous results almost unchanged.

16See Feenstra and Hanson (1999) for details on the interpretation of the coe¢ cients.
17This variable is constructed at the country-level because trade data are unavailable for the service indus-

tries. It can be separately identi�ed from the time dummies because there is enough cross-country variation
in every year.
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A third possibility is that �rms resort more to service o¤shoring when their production

process becomes more input-intensive. If this change in technology also induced higher de-

mand for more skilled labor, it would spuriously drive our results. To account for this issue, the

system (7) is re-estimated including proxies for input-intensity, namely the log ratios between

service and material purchases and total hours worked (lnSERV INT and lnMATINT , re-

spectively); these variables are constructed using data from EUKLEMS. The results are in

panel c). Intermediate input intensity is associated with rising demand for high and medium

skilled labor, whereas the opposite is true of service intensity. Apart from a slight reduction

in the statistical signi�cance of the coe¢ cients, however, the main �ndings of this paper are

preserved.18

A forth possibility is that service o¤shoring rises in industries enjoying positive produc-

tivity shocks, which in turn may be more likely to increase their demand for skilled workers.

Panel d) therefore includes a proxy for productivity, de�ned as log value added per hour

worked (lnLABPROD) and computed using data from EUKLEMS. Reassuringly, our main

conclusions are not driven by unobserved productivity shocks.

Finally, we try to account for other time-varying factors that either cannot be precisely

measured or are entirely unobserved. To this purpose, panel e) adds the log price of energy

in each country and industry (lnPEN , sourced from EUKLEMS) in order to control for

macroeconomic shocks that cannot be measured in detailed industries, such as those induced

by variations in oil prices. There is no substantial change in the main results. Instead, panel

f) replaces the time dummies with full sets of interaction terms between �ve-year dummies

and country e¤ects and between �ve-year dummies and industry e¤ects, so as to account for

unobserved shocks at the country- and industry-level. Despite the substantial loss in degrees

of freedom and the possible violation of concavity, the results are broadly consistent with the

evidence discussed so far.
18We also experimented with a cost function including materials among the variable inputs. While the results

are consistent with those reported in panel c), this alternative speci�cation is less useful to our purposes. The
estimated parameters, in fact, measure the e¤ects of service o¤shoring on the variable-cost shares, which also
include the expenditures in materials.
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4.3 Relaxing the Model�s Assumptions

This section analyzes the robustness of the results when some of the main assumptions un-

derlying the empirical analysis are relaxed. These sensitivity checks are reported in Table 6,

where we only focus on the shift-factors to save space.

Construction of the o¤shoring proxies Panels a)-c) replace SOS and MOS with alter-

native o¤shoring proxies. In particular, panel a) uses the indicators normalized by industry

output (SOS_Y and MOS_Y ), panel b) those based on Import Matrix coe¢ cients for 1995

and 2000 (SOS_9500 and MOS_9500), and panel c) those based on o¢ cial import data

(SOS_OFF and MOS_OFF ). Reassuringly, our �ndings do not crucially depend on how

the o¤shoring proxies are constructed. Interestingly, the coe¢ cients of service o¤shoring are

slightly larger than those reported in Table 4 suggesting, if anything, that our preferred spec-

i�cation measures the lower bound of its e¤ects.

Wage rigidities In rigid labor markets, relative wages do not immediately respond to a shift

in labor demand. Rather, workers whose demand falls experience higher unemployment rates

and the adjustment is mostly re�ected by changes in relative employment (Freeman and Katz,

1995). To account for the possible non-fully-�exible nature of the labor markets in the nine

economies, panel d) re-estimates the system (7) using employment shares as the dependent

variables, following the approach suggested by Ekholm and Hakkala (2005) and Hijzen et al.

(2005). Panels e) and f), instead, borrow from Berman et al. (1994) and re-estimate the

wage bill share equations either using country-level wages or excluding the wage regressors

altogether.19 The service o¤shoring coe¢ cients maintain the same sign and approximately

the same size as in Table 4 and, apart from one case, they remain statistically signi�cant.

Hence, the main evidence of this paper does not hinge on the assumptions underlying the

functioning of the labor market.

19 In panel e), we assume that the relative wages do not vary across the industries in a given country, whereas
in panel f) we also assume that they do not vary across the nine economies. Note that this approach also
partially accounts for the potential simultaneity of the relative wages in the system (7), an issue that is further
explored later on.
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Labor supply shifts Our empirical model assumes that service o¤shoring works as a labor

demand shifter. In principle, however, it may also be the �rms�response to changes in labor

supply: for instance, a declining supply of low skilled workers may induce �rms to carry out

more o¤shoring of low skill-intensive services. To ensure that the results are not biased by

labor supply shifts, in panels g)-i) the system (7) is conditioned on three alternative proxies

for the changes in labor supply: the growth rate of the number of hours worked (�E) and its

�rst lag; the growth rate of EshH and its �rst lag; country- and industry-speci�c time trends.

The sign, size and signi�cance of the coe¢ cients remain largely unchanged, suggesting that

our �ndings are not spuriously driven by labor supply shifts.

Simultaneity Until now, service o¤shoring has been treated as an exogenous technolog-

ical parameter. In reality, however, it may be a choice variable that �rms adjust together

with relative labor demand. To account for this potential simultaneity, service o¤shoring is

instrumented using its �rst two lags (as in Geishecker and Görg, 2008b) and the system (7)

is re-estimated by Iterated Three-Stage Least Squares (I3SLS); the missing values generated

by the lag operator are replaced with zeros as in Arellano and Bond (1991). The results are

reported in panel j). Note that the Hansen J-statistic for overidentifying restrictions is very

low, suggesting that the instruments are uncorrelated with the error terms and hence valid.

At the same time, Shea�s (1997) partial R2 and the F -statistic for excluded instruments are

both very high, implying that the instruments are su¢ ciently correlated with the endogenous

variable and hence relevant.20 Importantly, the estimates obtained by I3SLS are similar to

those obtained by ISUR: this suggests that simultaneity is not a crucial issue for the main

�ndings of this paper.21 The same conclusion is largely supported by the results in panel k),

where material o¤shoring and technical progress are instrumented, too, using their �rst and

second lags. Finally, panel l) instruments all the explanatory variables with their �rst two

20The rule of thumb proposed by Staiger and Stock (1997) implies that the instruments are relevant if the
F -statistic from �rst-stage regression is higher than 10.
21The C-statistics obtained by estimating (7) equation-by-equation with Two-Stage Least Squares, equal

1.27 (p-value = 0.26) for high skilled labor and 1.75 (p-value = 0.19) for medium skilled labor. Hence, they
never reject the exogeneity of service o¤shoring. This provides additional suggestive evidence in favor of the
ISUR estimates.
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lags, in order to account also for the potential endogeneity of relative wages, output and capi-

tal. Although some caution is dictated in this case by the test for overidentifying restrictions,

the main pattern of results is preserved.

4.4 Other Issues

We performed other sensitivity checks, which are not reported here due to space constraints.

In particular, we estimated the system (7) separately on each country, in order to ensure that

the average results do not hide substantial heterogeneity across the economies; restricted the

estimation sample to the period 1997-2006, because service o¤shoring cannot be computed

for Sweden in earlier years; weighted the regressions by the industry share of total input

purchases, in order to account for possible heteroskedasticity in the error terms; used R&D

intensity as an alternative proxy for technical progress (as in Machin and Van Reenen, 1998).22

These robustness checks largely con�rmed the main evidence discussed so far.

5 Economic Magnitude

This section quanti�es the contribution of service o¤shoring to the shift towards more skilled

labor documented in Section (2). To this purpose, it calculates how much of the change in

the three wage bill shares is explained by the cumulative rise in service o¤shoring over the

sample period. The calculation is performed by multiplying the estimates in Table 4, panel

d), by the change in SOS reported in Table 2 and then dividing the resulting numbers by the

changes in the wage bill shares reported in Table 3; the standard errors are computed using

the delta method.

The results are shown in Table 7. Service o¤shoring explains 1 percent of the rise in the

wage bill share of high skilled labor, 11 percent of the increase in the wage bill share of medium

skilled labor, and 3 percent of the decline in the wage bill share of low skilled labor. The

contributions of material o¤shoring, computed similarly, equal 1, 21 and 5 percent, whereas

22R&D data were sourced from STAN. Because they are unavailable for Austria and for the wholesale and
retail sectors of the other countries, we see R&D intensity as a less reliable proxy for technological progress in
our case.
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those of technical progress amount to 1, 5 and 2 percent.23

One way to assess the quality of these results is to compare the contributions of material

o¤shoring and technical progress with those reported by previous studies. This comparison

is complicated, however, by di¤erences in the empirical speci�cation (Morrison and Siegel,

2001; Falk and Koebel, 2001, 2002) and in the procedure for computing the contributions

(Ekholm and Hakkala, 2005; Hijzen et al., 2005). The closest work to this paper in terms of

speci�cation and calculation of the contributions is Feenstra and Hanson�s (1999) study for

the U.S.. We thus compare our results with those reported in that work. To this purpose,

we �rst collect medium skilled workers and high skilled workers into a single group, in order

to match the skill classi�cation used by the authors. Then, we estimate the resulting relative

labor demand function, which also corresponds to the main speci�cation used by Feenstra

and Hanson:

WshS = �S + �S;S ln

�
WS

WL

�
+ �S;Y lnY + �S;K lnK +

X
z2Z

�S;zz + u
S , (8)

where S � H +M . As before, we control for a full set of year dummies and express the

variables in deviations from country-industry averages.

The results are reported in Table 8. Column (1) contains the estimated parameters of

equation (8): apart from capital, all of the estimates are statistically signi�cant at the 1 per-

cent level. The coe¢ cients of SOS, MOS and ICT are all positive, suggesting that these

variables shift relative skilled labor demand outward. As before, the marginal e¤ects of ser-

vice o¤shoring are similar in size to those of material o¤shoring. Column (2) reports the

contributions of the three shift-factors: service o¤shoring explains approximately 9 percent

of the rise in WshS , whereas material o¤shoring and technical progress account for 14 and

5 percent, respectively.24 For a meaningful comparison with Feenstra and Hanson�s results,

column (3) re-estimates equation (8) excluding service o¤shoring; the contributions of mate-

rial o¤shoring and technical progress are reported in column (4). Note that the results are

23The increase in ICT over the sample period is equal to 17.9 percent.
24The change in WshS between 1990 and 2004 is equal to 14.5 percent.
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almost unchanged, apart from a slight increase in the e¤ects of material o¤shoring. Columns

(5) contains the contributions implied by Feenstra and Hanson�s estimates; they refer to a

speci�cation including the authors�broad proxy for material o¤shoring and the ICT share of

capital investment. Note that material o¤shoring explains approximately 14 percent of the

rise in the skilled labor share of wage bill in the U.S., whereas technological progress accounts

for an additional 5 percent. These numbers are very close to our estimates.

6 Conclusion

This paper empirically studied the e¤ects of service o¤shoring on the skill composition of labor

demand, using novel comparable data for nine Western European countries between 1990 and

2004. Three main results emerged from the analysis. First, service o¤shoring is skill-biased,

consistent with theoretical predictions based on factor proportion arguments. Second, its

e¤ects are qualitatively identical, and quantitatively similar, to those of material o¤shoring.

Third, the economic magnitude of these e¤ects is not large.

Taken together, the �ndings of this paper suggest that service o¤shoring should not call

for new and speci�c schemes of government intervention. Its negative e¤ects on low educated

and poorly quali�ed workers, in fact, could be e¤ectively tackled by the same combination of

policies advocated against the adjustment costs of trade and material o¤shoring, and aimed at

improving on-the-job training and access to secondary and tertiary education (OECD, 2005).

In conclusion, we mention a possible avenue for future research related to this paper. The

speed and cost of adjustment to service o¤shoring may be di¤erent for individual employees,

depending on their educational level and on other characteristics such as gender, race, occu-

pation, labor market experience and geographical mobility. Understanding how these factors

work may be crucial to designing and tailoring e¤ective safety nets in the very short-run.

While the present paper does not address such issues given its focus on aggregate e¤ects, the

studies on service o¤shoring using micro-level data are so far limited to a handful: among

them are the recent contributions by Liu and Tre�er (2008) and Blinder and Krueger (2009)

for the U.S., and by Hijzen et al. (2007) and Geishecker and Görg (2008a) for the U.K.. The
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increasing availability of worker-level and matched employer-employee data sets will o¤er a

great opportunity to expand the number and geographic coverage of these studies, thereby

improving our understanding of the labor market implications of service o¤shoring in the

developed countries.
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NACE Code Description NACE Code Description
15, 16 Food, bev., tobac. 30-33 Electrical, optical eqpmnt.
17-19 Text., leath., footwear 34, 35 Transport eqpmnt.
20 Wood and cork 36, 37 Manufacturing, nec
21, 22 Pulp, paper, print., publ. 50 Wholesale and retail, motor vehicles
23 Coke, ref. petr. and nucl. fuel 51 Wholesale, except motor vehicles
24 Chemicals 52 Retail, except motor vehicles
25 Rubber and plastics 60-63 Transportation and storage
26 Other non metall. min. prod. 64 Post and telecommunication
27, 28 Basic metals and fabr. met. prod. 70 Real estate
29 Machinery, nec 71-74 Other business activities

75.0
81.0
79.0
80.0
77.0
80.0
70.0
82.0
77.0

Source: EUKLEMS.

Table 1 - Sample Composition and Coverage

Sweden
U.K.

Netherlands
Spain

Germany
Italy

Finland
France

Industries

Countries % of private sector employment in 2004
Austria
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Mean 1990 1995 2000 2004 Change (90-
04)

Mean 1990 1995 2000 2004 Change (90-
04)

SOS 3.0 2.9 2.5 2.9 3.2 13.3 15.0 18.7 10.0 10.6 12.8 -31.4
SOS_Y 1.4 1.2 1.1 1.4 1.6 31.2 6.7 8.0 4.6 5.0 6.0 -25.0
SOS_9500 2.1 1.7 1.8 2.2 2.5 52.3 3.2 3.8 2.8 2.5 3.0 -20.9
SOS_OFF 2.0 - 1.8 2.2 - - 1.7 - 1.0 2.4 - -
MOS 22.1 19.9 21.8 23.9 23.4 17.6 40.4 38.2 40.9 40.0 36.7 -3.9
MOS_Y 12.6 11.3 12.3 13.8 13.5 19.5 21.5 19.9 21.9 21.9 19.7 -1.4
MOS_9500 19.9 18.4 19.9 21.3 20.3 10.8 28.3 27.8 28.1 27.9 27.7 -0.4
MOS_OFF 19.1 - 18.8 19.4 - - 16.7 - 16.4 17.1 - -

SOS 2.7 3.1 3.2 3.2 2.7 -12.0 0.9 0.7 0.8 0.8 0.9 19.0
SOS_Y 1.1 1.1 1.5 1.4 1.1 5.9 0.4 0.3 0.4 0.4 0.4 52.9
SOS_9500 2.1 1.3 2.6 2.8 2.7 102.4 0.8 0.6 0.8 0.8 0.7 30.7
SOS_OFF 3.2 - 3.1 3.2 - - 0.9 - 1.0 0.9 - -
MOS 23.4 18.6 22.8 24.5 26.5 43.1 14.0 13.3 13.3 15.7 15.0 13.4
MOS_Y 12.3 9.4 12.9 13.6 14.0 48.6 8.2 7.4 7.7 9.4 9.3 26.1
MOS_9500 19.6 15.6 20.2 20.7 22.5 44.5 13.3 13.3 13.5 15.9 12.0 -9.8
MOS_OFF 21.9 - 20.0 23.7 - - 13.0 - 13.5 12.4 - -

SOS 1.7 0.8 1.7 1.9 2.0 152.7 2.0 1.7 1.8 1.9 1.6 -4.4
SOS_Y 0.7 0.4 0.6 0.9 0.9 114.2 0.8 0.6 0.7 0.9 0.8 26.9
SOS_9500 1.8 1.5 1.7 2.0 2.1 39.8 1.6 1.4 1.4 1.6 1.4 -4.0
SOS_OFF 1.7 - 1.4 1.9 - - 1.8 - 1.8 1.8 - -
MOS 16.0 15.4 14.3 18.7 17.5 13.7 18.9 16.5 20.6 20.2 18.4 11.4
MOS_Y 8.6 7.2 7.8 10.2 9.8 34.8 10.3 9.0 10.5 11.8 11.2 24.1
MOS_9500 14.5 13.1 13.6 17.4 14.9 13.8 15.4 14.3 15.8 17.3 15.8 10.4
MOS_OFF 16.1 - 15.0 17.2 - - 18.2 - 18.7 17.6 - -

SOS 4.1 2.8 3.0 4.3 6.1 118.9 1.9 1.1 1.8 2.2 2.5 129.9
SOS_Y 2.0 1.3 1.5 2.2 3.0 132.0 0.9 0.5 0.8 1.2 1.3 172.0
SOS_9500 4.1 2.8 2.8 4.3 5.7 102.0 1.7 0.9 1.6 1.9 2.3 151.5
SOS_OFF 2.8 - 2.4 3.3 - - 2.0 - 1.6 2.5 - -
MOS 28.7 29.6 27.5 29.3 29.2 -1.5 18.0 13.7 16.9 21.3 22.6 64.7
MOS_Y 18.0 18.0 17.1 18.6 18.2 1.3 11.0 7.9 10.1 13.2 14.4 83.0
MOS_9500 27.9 30.2 27.5 25.3 26.1 -13.6 16.6 12.5 15.7 19.8 20.8 65.7
MOS_OFF 28.0 - 29.1 26.9 - - 17.0 - 14.5 19.5 - -

SOS 2.6 - 0.9a 3.0 3.3 277.7c 1.5 0.9 0.9 1.7 2.1 121.5
SOS_Y 1.5 - 0.5a 1.7 1.8 279.5c 0.6 0.4 0.4 0.8 0.9 138.5
SOS_9500 2.7 0.9a 2.8 3.6 318.5c 1.3 0.9 0.9 1.7 1.5 65.4
SOS_OFF 2.4 - 1.8 3.0 - - 1.4 - 1.7 1.2 - -
MOS 26.2 26.1b 25.4 27.7 28.4 9.0d 23.2 21.5 23.2 25.8 23.9 10.8
MOS_Y 15.0 15.0b 14.8 15.4 15.4 3.0d 12.8 11.4 12.9 14.5 13.2 15.6
MOS_9500 23.9 23.7b 23.2 24.2 24.7 4.0d 21.4 20.0 22.2 24.1 20.2 1.0
MOS_OFF 21.9 - 22.0 21.8 - - 18.4 - 19.2 17.7 - -

Italy

Netherlands Spain

Table 2 - Stylized Facts on Offshoring

Author's calculations based on Eurostat, EUKLEMS and OECD. Reported figures are percentages. See Table A1 for variable names and definitions. a Data refer to
1996. b Data refer to 1993. c Change between 1996 and 2004. d Change between 1993 and 2004.

Whole Sample Austria

Finland France

Sweden U.K.

Germany
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Mean Change 
(90-04)

Mean Change 
(90-04)

Mean Change 
(90-04)

Mean Change 
(90-04)

Mean Change 
(90-04)

Mean Change 
(90-04)

H 15.0 54.6 9.8 59.8 3.3 67.0 9.4 80.0 6.3 90.6 3.3 51.9
M 63.8 6.7 63.9 10.0 2.8 70.0 71.3 1.5 68.7 4.8 2.8 60.7
L 21.2 -38.8 26.3 -33.4 2.5 47.8 19.3 -28.6 25.0 -24.6 2.5 58.4

H 34.1 34.8 25.3 36.3 3.3 62.3 15.7 34.8 8.5 52.6 3.8 30.7
M 39.8 14.9 44.7 19.3 2.9 59.4 61.5 9.2 62.3 18.0 3.1 42.5
L 26.1 -45.1 30.0 -39.9 2.8 50.7 22.7 -34.1 29.2 -38.1 2.8 65.6

H 12.1a 38.0b 6.6a 28.5b 3.8a 69.8b 4.8 88.8 5.0 49.3 3.3 67.8
M 67.0a -2.3b 63.2a 2.8b 3.3a 51.0b 94.6 -2.3 93.7 -1.2 3.3 63.1
L 20.9a -10.8b 30.2a -10.9b 2.8a 61.8b 0.6 -80.0 1.3 -53.4 2.4 -34.5

H 9.5 95.2 5.8 102.5 3.7 59.8 19.9 77.6 12.2 98.1 3.5 72.9
M 82.0 -0.9 82.7 2.8 3.1 60.1 28.7 47.7 27.9 59.4 3.0 77.9
L 8.4 -51.4 11.5 -44.2 2.8 45.7 51.4 -35.4 59.8 -29.7 2.8 73.4

H 12.3 50.6 8.3 69.2 1.3 23.9 17.0 86.2 10.2 116.4 3.9 89.4
M 62.3 10.1 63.4 12.8 0.8 41.1 66.8 9.6 68.5 12.2 3.3 107.7
L 25.3 -38.2 28.3 -37.3 0.7 40.0 16.2 -58.8 21.3 -49.1 3.0 76.4

Netherlands Spain

Sweden U.K.

Wsh

Finland France

Germany Italy

Table 3 - Stylized Facts on Labor Market Variables

Author's calculations based on EUKLEMS. Reported figures are percentages, except for the mean of lnW. Legend: H = high skilled workers; M = medium
skilled workers; L = low skilled workers. See Table A1 for variable names and definitions. a Data start in 1991. b Change between 1991 and 2004.

Esh lnW

Whole Sample Austria

Wsh Esh lnW
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H M L H M L H M L H M L

ln WH 0.131*** -0.132*** 0.001 0.134*** -0.151*** 0.017*** 0.134*** -0.150*** 0.016*** 0.134*** -0.150*** 0.016***
[0.005] [0.005] [0.003] [0.005] [0.005] [0.003] [0.005] [0.005] [0.003] [0.005] [0.005] [0.003]

ln WM -0.132*** 0.121*** 0.010** -0.151*** 0.122*** 0.029*** -0.150*** 0.123*** 0.027*** -0.150*** 0.123*** 0.027***
[0.005] [0.006] [0.004] [0.005] [0.006] [0.004] [0.005] [0.006] [0.004] [0.005] [0.006] [0.004]

ln WL 0.001 0.010** -0.011** 0.017*** 0.029*** -0.046*** 0.016*** 0.027*** -0.043*** 0.016*** 0.027*** -0.043***
[0.003] [0.004] [0.006] [0.003] [0.004] [0.005] [0.003] [0.004] [0.004] [0.003] [0.004] [0.004]

SOS 0.084*** 0.062*** -0.146*** 0.053*** 0.082*** -0.135*** 0.042** 0.057*** -0.099*** 0.041** 0.056*** -0.097***
[0.021] [0.024] [0.034] [0.017] [0.022] [0.027] [0.017] [0.022] [0.027] [0.017] [0.022] [0.027]

MOS 0.038*** 0.082*** -0.120*** 0.036*** 0.081*** -0.117***
[0.009] [0.011] [0.014] [0.009] [0.011] [0.014]

ICT 0.023*** 0.019* -0.042***
[0.009] [0.011] [0.014]

ln Y 0.095*** 0.020*** -0.114*** 0.037*** -0.023*** -0.013*** 0.041*** -0.015*** -0.026*** 0.039*** -0.016*** -0.023***
[0.003] [0.004] [0.005] [0.003] [0.004] [0.005] [0.003] [0.004] [0.005] [0.003] [0.004] [0.005]

ln K 0.003** 0.012*** -0.016*** -0.004*** 0.004*** 0.000 -0.003*** 0.004*** -0.001 -0.002 0.006*** -0.004*
[0.001] [0.002] [0.002] [0.001] [0.001] [0.002] [0.001] [0.001] [0.002] [0.001] [0.002] [0.002]

Own-wage elasticity 0.020 -0.172*** -0.840*** 0.039 -0.171*** -1.004*** 0.040 -0.170*** -0.992*** 0.042 -0.169*** -0.991***
[0.032] [0.010] [0.027] [0.030] [0.010] [0.021] [0.030] [0.010] [0.021] [0.030] [0.010] [0.021]

F -test H0: βSOS=βMOS (p -value) - - - - - - 0.84 0.33 0.51 0.82 0.33 0.53

Obs. 2357 2357 2357 2357

Generalized R2 0.71 0.85 0.85 0.85
Iterated Seemingly Unrelated Regressions (ISUR) with asymptotic standard errors in square brackets. The variables are in deviations from country-industry averages. ***,**,*:significant at 1, 5, 10 percent level respectively.
See also notes to previous tables.

c) Adding MOSa) Baseline

Table 4 - Main Estimates
Dependent Variables: Wage Bill Shares of High Skilled (H), Medium Skilled (M) and Low Skilled (L) Workers

b) Adding Year Dummies d) Adding ICT
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H M L H M L H M L

ln WH 0.134*** -0.149*** 0.015*** 0.119*** -0.137*** 0.018*** 0.134*** -0.147*** 0.013***
[0.005] [0.005] [0.003] [0.005] [0.006] [0.003] [0.004] [0.005] [0.003]

ln WM -0.149*** 0.124*** 0.026*** -0.137*** 0.106*** 0.031*** -0.147*** 0.122*** 0.025***
[0.005] [0.006] [0.004] [0.006] [0.008] [0.005] [0.005] [0.006] [0.004]

ln WL 0.015*** 0.026*** -0.041*** 0.018*** 0.031*** -0.049*** 0.013*** 0.025*** -0.038***
[0.003] [0.004] [0.004] [0.003] [0.005] [0.006] [0.003] [0.004] [0.004]

SOS 0.045*** 0.061*** -0.106*** 0.036** 0.060*** -0.096*** 0.044** 0.040* -0.084***
[0.017] [0.022] [0.026] [0.017] [0.022] [0.027] [0.017] [0.022] [0.027]

MOS 0.030*** 0.074*** -0.104*** 0.021** 0.074*** -0.095*** 0.041*** 0.074*** -0.115***
[0.009] [0.011] [0.013] [0.010] [0.012] [0.015] [0.009] [0.011] [0.013]

ICT 0.035*** 0.031*** -0.066*** 0.023** 0.022 -0.045*** 0.021** 0.013 -0.034**
[0.009] [0.011] [0.014] [0.011] [0.014] [0.017] [0.009] [0.011] [0.014]

ln OPEN 0.034*** 0.038*** -0.072***
[0.006] [0.007] [0.009]

ln UNMEMB -0.006 -0.025** 0.030**
[0.008] [0.010] [0.012]

ln MATINT 0.008*** 0.011*** -0.018***
[0.002] [0.003] [0.004]

ln SERVINT -0.020*** -0.013*** 0.033***
[0.002] [0.003] [0.003]

ln Y 0.040*** -0.015*** -0.025*** 0.028*** -0.009* -0.019*** 0.046*** -0.012*** -0.033***
[0.003] [0.004] [0.005] [0.004] [0.005] [0.006] [0.003] [0.004] [0.005]

ln K -0.002* 0.005*** -0.003 0.000 0.003* -0.003 -0.002* 0.004*** -0.002
[0.001] [0.002] [0.002] [0.001] [0.002] [0.002] [0.001] [0.002] [0.002]

Own-wage elasticity 0.042 -0.168*** -0.981*** -0.057 -0.196*** -1.020*** 0.041 -0.171*** -0.967***
[0.030] [0.010] [0.021] [0.036] [0.013] [0.027] [0.030] [0.010] [0.021]

p -value H0: βSOS=βMOS 0.46 0.61 0.94 0.49 0.62 0.97 0.88 0.19 0.33

Obs. 2357 1702 2348 

Generalized R2 0.86 0.94 0.86

H M L H M L H M L

ln WH 0.133*** -0.151*** 0.018*** 0.130*** -0.146*** 0.015*** 0.143*** -0.127*** -0.016***
[0.005] [0.005] [0.003] [0.005] [0.005] [0.003] [0.004] [0.005] [0.003]

ln WM -0.151*** 0.123*** 0.028*** -0.146*** 0.119*** 0.027*** -0.127*** 0.136*** -0.008**
[0.005] [0.006] [0.004] [0.005] [0.006] [0.004] [0.005] [0.007] [0.004]

ln WL 0.018*** 0.028*** -0.045*** 0.015*** 0.027*** -0.043*** -0.016*** -0.008** 0.025***
[0.003] [0.004] [0.004] [0.003] [0.004] [0.004] [0.003] [0.004] [0.004]

SOS 0.036** 0.054** -0.090*** 0.036** 0.072*** -0.108*** 0.044** 0.070*** -0.114***
[0.017] [0.022] [0.027] [0.017] [0.022] [0.027] [0.022] [0.022] [0.025]

MOS 0.048*** 0.086*** -0.134*** 0.037*** 0.077*** -0.114*** 0.012 0.038*** -0.050***
[0.009] [0.011] [0.014] [0.009] [0.011] [0.014] [0.009] [0.009] [0.010]

ICT 0.027*** 0.020* -0.048*** 0.023*** 0.020* -0.043*** 0.011 0.008 -0.020**
[0.009] [0.011] [0.014] [0.009] [0.011] [0.014] [0.009] [0.009] [0.010]

ln LABPROD -0.012*** -0.005* 0.017***
[0.002] [0.003] [0.003]

ln PEN 0.006** -0.020*** 0.014***
[0.002] [0.003] [0.004]

ln Y 0.046*** -0.013*** -0.034*** 0.040*** -0.017*** -0.022*** 0.017*** 0.011*** -0.028***
[0.004] [0.004] [0.005] [0.003] [0.004] [0.005] [0.004] [0.004] [0.004]

ln K -0.001 0.006*** -0.005*** -0.002 0.006*** -0.004** 0.001 0.005*** -0.006***
[0.001] [0.002] [0.002] [0.001] [0.002] [0.002] [0.001] [0.001] [0.001]

Own-wage elasticity 0.038 -0.169*** -1.002*** 0.017 -0.176*** -0.988*** 0.105*** -0.150*** -0.672***
[0.030] [0.010] [0.021] [0.030] [0.010] [0.021] [0.029] [0.010] [0.018]

p -value H0: βSOS=βMOS 0.56 0.22 0.17 0.95 0.85 0.85 0.20 0.22 0.03

Obs. 2357 2357 2357

Generalized R2 0.85 0.85 0.95

Table 5 - Accounting for Concomitant Factors
Dependent Variables: Wage Bill Shares of High Skilled (H), Medium Skilled (M) and Low Skilled (L) Workers

d) Adding Labor Productivity e) Adding Energy Prices f) Adding Country-Time and Industry-
Time Effects

ISUR with asymptotic standard errors in square brackets. ***,**,*: significant at 1, 5, 10 percent respectively. See also notes to previous tables.

c) Adding Mat.- and Serv.- Intensityb) Adding Union Membershipa) Adding Trade Opennes
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H M L H M L H M L

Service Offshoring 0.122*** 0.054 -0.176** 0.046* 0.080** -0.126*** 0.234* 0.365** -0.600***
[0.045] [0.057] [0.071] [0.026] [0.033] [0.040] [0.140] [0.166] [0.214]

Material Offshoring 0.073*** 0.133*** -0.206*** 0.095*** 0.127*** -0.221*** 0.062*** 0.093*** -0.156***
[0.017] [0.021] [0.026] [0.011] [0.014] [0.017] [0.022] [0.026] [0.034]

ICT 0.023*** 0.019* -0.043*** 0.027*** 0.026** -0.053*** 0.041** 0.063*** -0.104***
[0.009] [0.011] [0.014] [0.009] [0.011] [0.013] [0.019] [0.022] [0.029]

p -value H0: βSOS=βMOS 0.32 0.21 0.70 0.10 0.20 0.03 0.24 0.12 0.05

Obs. 2357 2479 335

Generalized R2 0.85 0.85 0.73

SOS 0.043*** 0.041* -0.084*** 0.065*** 0.040* -0.105*** 0.053*** 0.035 -0.089***
[0.013] [0.022] [0.025] [0.019] [0.024] [0.025] [0.019] [0.024] [0.027]

MOS 0.023*** 0.076*** -0.099*** 0.022** 0.074*** -0.096*** 0.033*** 0.093*** -0.126***
[0.007] [0.011] [0.013] [0.010] [0.012] [0.013] [0.010] [0.012] [0.014]

ICT 0.012* 0.045*** -0.056*** 0.016* 0.018 -0.034*** 0.016* 0.029** -0.045***
[0.007] [0.011] [0.013] [0.010] [0.012] [0.013] [0.010] [0.013] [0.014]

p -value H0: βSOS=βMOS 0.21 0.17 0.62 0.06 0.23 0.76 0.37 0.05 0.25

Obs. 2357 2357 2357

Generalized R2 0.81 0.81 0.78

SOS 0.038** 0.051** -0.089*** 0.055*** 0.049** -0.105*** 0.037** 0.050** -0.088***
[0.017] [0.022] [0.027] [0.017] [0.022] [0.027] [0.017] [0.021] [0.025]

MOS 0.037*** 0.082*** -0.119*** 0.029*** 0.081*** -0.110*** 0.026*** 0.072*** -0.099***
[0.009] [0.011] [0.013] [0.008] [0.011] [0.014] [0.009] [0.011] [0.013]

ICT 0.023*** 0.019* -0.042*** 0.024*** 0.016 -0.040*** 0.018** 0.008 -0.026**
[0.009] [0.011] [0.014] [0.009] [0.011] [0.014] [0.009] [0.011] [0.013]

p -value H0: βSOS=βMOS 0.97 0.23 0.34 0.20 0.22 0.86 0.59 0.38 0.71

Obs. 2357 2319 2357

Generalized R2 0.86 0.87 0.88

SOS 0.060** 0.073** -0.133*** 0.057** 0.066* -0.123*** 0.060** 0.069** -0.128***
[0.028] [0.034] [0.043] [0.027] [0.034] [0.042] [0.027] [0.034] [0.042]

MOS 0.035*** 0.080*** -0.114*** 0.039*** 0.115*** -0.153*** 0.038*** 0.110*** -0.148***
[0.009] [0.011] [0.014] [0.013] [0.016] [0.020] [0.013] [0.016] [0.020]

ICT 0.023*** 0.019* -0.042*** 0.043*** -0.012 -0.031 0.029** 0.004 -0.033
[0.009] [0.011] [0.014] [0.015] [0.019] [0.024] [0.013] [0.017] [0.021]

p -value H0: βSOS=βMOS 0.41 0.86 0.70 0.55 0.21 0.53 0.49 0.29 0.68

Obs. 2357 2357 2357

Generalized R2 0.85 0.85 0.85

IV Statistics

Hansen J 1.09 3.62 17.11
Hansen J (p -value) 0.30 0.31 0.02
Cragg-Donald 76.7 27.6 29.3
F -stat. Excl. Ins. (min-max) 76.7 30.4-46.9 16.2-451.0
Shea Partial R2 (min-max) 0.4 0.3-0.5 0.4-0.7
ISUR and Iterated Three-Stage Least Squares with asymptotic standard errors in square brackets. ***,**,*:significant at 1, 5, 10 percent respectively. The instruments
used in panels j)-l) are the first two lags of the endogenous variables; the missing values generated by the lag operator are replaced with zeros. See also notes to previous
tables.

Issue: Labor Supply Shifts

c) SOS_OFF and MOS_OFF

Issue: Simultaneity

j) Instrumenting SOS k) Instrumenting All the Shift-Factors l) Instrumenting All the Expl. Var.

g) Adding Growth in Hours Worked ( ∆ E) h) Adding Growth in Esh H  (∆ Esh H ) i) Country- and Ind.-Spec. Time Trends

Table 6 - Relaxing the Model's Assumptions
Dependent Variables: Wage Bill Shares, Unless Otherwise Indicated

Issue: Wage Rigidities

e) Country-Level Wages f) Excluding Wagesd) Employment Shares as the Dep. Var.

Issue: Construction of the Offshoring Proxies

a) SOS_Y and MOS_Y b) SOS_9500 and MOS_9500
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H M L

SOS 0.9** 11.2*** 3.3***
[0.4] [4.3] [0.9]

MOS 1.2*** 21.3*** 5.3***
[0.3] [2.9] [0.6]

ICT 0.8*** 5.1* 2.0***
[0.3] [3.0] [0.6]

Table 7 - Economic Magnitude

The table reports the percentage contribution of each shift-factor to the observed changes in the three
wage bill shares over the sample period. The contributions are computed multiplying the coefficients
reported in panel d) of Table 4 by the changes in the shift-factors between 1990 and 2004 (shown in
Table 2 for SOS and MOS and equal to 17.9 percent for ICT) and then dividing the resulting numbers by
the changes in the wage bill shares reported in Table 3. The standard errors (reported in square brackets)
are computed using the delta method. See also notes to previous tables.
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Estimates Contributions (%) Estimates - No 
SOS

Contributions (%) - No 
SOS

Contributions (%) - Feenstra 
and Hanson

(1) (2) (3) (4) (5)

ln WS -0.038*** -0.039***
[0.004] [0.004]

SOS 0.094*** 8.6***
[0.022] [2.1]

MOS 0.118*** 14.3*** 0.123*** 14.9*** 14.0
[0.017] [2.0] [0.016] [2.0]

ICT 0.044*** 5.4*** 0.043*** 5.2*** 5.3
[0.014] [1.7] [0.014] [1.7]

ln Y 0.023*** 0.024***
[0.005] [0.005]

ln K 0.004* 0.004*
[0.002] [0.002]

Own-wage elasticity -0.261*** -0.261***
[0.005] [0.005]

p -value H0: βSOS=βMOS 0.41 -

Obs. 2357 2409

R2 0.61 0.61

Dependent Variable: Wage Bill Share of High Skilled Workers plus Medium Skilled Workers (WSH S )
Table 8 - Comparing the Contributions with Feenstra and Hanson's (1999)

Legend: S = H+M. Column (1) reports the estimates of equation (8) in the text. Column (2) reports the corresponding contributions, computed as in Table 7
(change in Wsh S = 14.5 percent). Column (3) reports the estimates of equation (8) excluding SOS. Column (4) reports the corresponding contributions. Column (5)
reports the contributions computed by Feenstra and Hanson (1999) for the same specification as in column (3). See also notes to previous tables.
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Name Definition Source Obs. Mean Std. Dev.

WshH Wage bill share of high skilled workers EUKLEMS 2680 15.0 12.0

WshM Wage bill share of medium skilled workers EUKLEMS 2680 63.8 19.9

WshL Wage bill share of low skilled workers EUKLEMS 2680 21.2 15.6

WshS Wage bill share of high skilled plus medium  skilled workers EUKLEMS 2680 78.8 15.6

EshH Employment share of high skilled workers EUKLEMS 2680 9.8 8.8

EshM Employment share of medium skilled workers EUKLEMS 2680 63.9 19.1

EshL Employment share of low skilled workers EUKLEMS 2680 26.3 17.0

ln WH Log real hourly wage of high skilled workers EUKLEMS 2680 3.3 0.8

ln WM Log real hourly wage of medium skilled workers EUKLEMS 2680 2.8 0.8

ln WL Log real hourly wage of low skilled workers EUKLEMS 2680 2.5 0.8

ln WS Log real hourly wage of high skilled plus medium skilled workers EUKLEMS 2680 2.9 0.8

ln WH, country-level Log real hourly wage of high skilled workers (country average) EUKLEMS 2680 3.3 0.7

ln WM, country-level Log real hourly wage of medium skilled workers (country average) EUKLEMS 2680 2.8 0.7

ln WL, country-level Log real hourly wage of low skilled workers (country average) EUKLEMS 2680 2.5 0.7

ln Y Log output EUKLEMS 2700 9.8 1.6

ln K Log capital investment EUKLEMS 2659 7.7 1.8

SOS Service offshoring (share of imported private services in total non-
energy input purchases)

Eurostat and EUKLEMS 2403 3.0 5.1

SOS_Y Service offshoring normalized by industry output Eurostat and EUKLEMS 2405 1.4 2.1

SOS_9500 Service offshoring based on Import Matrix coefficients for 1995 and
2000

Eurostat and EUKLEMS 2528 2.1 3.4

SOS_OFF Service offshoring based on official import data Eurostat and EUKLEMS 338 2.0 2.5

MOS Material offshoring (share of imported intermediate inputs in total non-
energy input purchases)

Eurostat, EUKLEMS and
OECD

2458 22.1 19.3

MOS_Y Material offshoring normalized by industry output Eurostat, EUKLEMS and
OECD

2514 12.6 12.2

MOS_9500 Material offshoring based on Import Matrix coefficients for 1995 and
2000

Eurostat, EUKLEMS and
OECD

2579 19.9 17.8

MOS_OFF Material offshoring based on official import data Eurostat, EUKLEMS and
OECD

339 19.1 14.9

ICT Share of information and communication technologies in total capital
investment

EUKLEMS 2640 14.5 14.6

ln SERVINT Log total service purchases over total hours worked EUKLEMS 2473 2.6 1.0

ln MATINT Log total material purchases over total hours worked EUKLEMS 2473 2.9 1.3

ln OPEN Log imports plus exports over GDP (country-level) World Development Indicators 2700 -0.5 0.3

ln UNMEMB Log union members over total employment (country-level) Nickell (2006) 1980 -1.1 0.6

ln LABPROD Log value added per hour worked EUKLEMS 2700 3.3 1.0

ln PEN Log energy price EUKLEMS 2638 0.1 0.2

∆ E % Change in total number of hours worked EUKLEMS 2700 -0.5 4.9

∆ EshH % Change in employment share of high skilled workers EUKLEMS 2660 4.7 10.9

Table A1 - Variables and Descriptive Statistics
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