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Abstract

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

Western Europe, using comparable data for nine economies during the 1990s. A short-run translog

cost function allows derivation of demand elasticities for three labor inputs. Potential endogeneity

and measurement error in service o¤shoring are accounted for by using instruments based on EBRD

indexes of telecommunication reform in Eastern Europe. Results show that service o¤shoring is

skill-biased, because it raises relative labor demand for high skilled workers.
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1. Introduction

The last decade has witnessed important changes in the nature of international trade. Thanks to

improvements in information and communication technologies, the range of tradeable services has

widened signi�cantly. Activities like accounting, bookkeeping, bill processing and consulting can

nowadays be performed at long distance, and their output can be conveniently transmitted from

remote destinations in real time and at low costs (Freund and Weinhold, 2002). Not surprisingly,

service o¤shoring has become a common strategy among �rms in developed countries, to achieve

cost savings by exploiting di¤erences in relative factor endowments. Just one decade before, during

the 1980s, o¤shoring almost exclusively entailed relocation of intermediate stages of production and

gave rise to trade in intermediate inputs and components (material o¤shoring) (Feenstra and Hanson,

1999)1.

While service o¤shoring has �rst taken o¤ in the U.S., plenty of indirect evidence suggests that it is

becoming a phenomenon also in Western Europe. Several �rms have already o¤shored service tasks to

Eastern Europe and to East Asia (UNCTAD, 2004a); several others have manifested their willingness

to pursue service o¤shoring strategies in the near future (UNCTAD, 2004b). O¢ cial data on service

trade re�ect this tendency: the share of total EU15 imports accounted for by "Other commercial

services" has increased from 8 to 13% between 1990 and 2004, while the share of total imports from

non-EU Members has risen from 11 to 14% (Figure 1)2.

A vivacious debate has recently �ourished about the labor market e¤ects of service o¤shoring in

developed countries. A substantial fraction of the labor force is indeed employed in service jobs which

are potentially at risk of relocation3. Because these jobs on average pay high wages and require high

levels of education, some commentators have suggested that service o¤shoring will progressively reduce

the incentives to invest in human capital4.

This view is in contrast with theoretical predictions. According to standard factor proportion

arguments, in fact, developed countries should have a comparative advantage in the most skilled

service activities and should therefore o¤shore those with lower skill requirements; as a result, service

o¤shoring should shift the composition of labor demand in favor of the most skilled workers. Under

this scenario, it is unlikely for service o¤shoring to disrupt incentives to invest in human capital5.

Empirical support to these predictions have already come from some studies on the U.S. (Liu and

Tre�er, 2006; Crinò, 2007b). Liu and Tre�er (2006) have shown that service o¤shoring favors U.S. high

skilled workers, in terms of lower risks of job and wage losses; Crinò (2007b) has found that service

o¤shoring raises U.S. high skilled employment at the expenses of medium and low skilled employment.

1 I use the term service (material) o¤shoring to indicate relocation of service (production) activities occurring through
both foreign direct investment and arm�s lenght contracts with foreign una¢ liated parties (Helpman, 2006). Campa and
Goldberg (1997), Feenstra (1998), Hummels, Rapoport and Yi (1998), Hummels, Ishii and Yi (2001) present evidence
on the quantitative importance of material o¤shoring. Olsen (2006) and Crinò (2007a) provide updated surveys of the
literature on both types of o¤shoring.

2Author�s calculation based on trade data from WTO (2006). These �gures are comparable to those reported by
Lipsey (2006) for the U.S..

3This share ranges between 20% in Europe and 30% in the U.S. (Bardhan and Kroll, 2003; Garner, 2004; Jensen and
Kletzer, 2005; Kroll, 2005; Van Welsum and Vickery, 2005; Blinder, 2006, 2007; Kletzer, 2007).

4A summary of the debate can be found in Bhagwati et al. (2004), Tre�er (2005a,b), Blinder (2006) and Mankiw and
Swagel (2006).

5Theoretical models of service o¤shoring can be found in Bhagwati et al. (2004), Deardor¤ (2005), Markusen (2005),
Tre�er (2005a,b), Markusen and Strand (2007).
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Yet, these results cannot be easily extended to the European case, due to sharp di¤erences between

the two labor markets. Hence, assessing the e¤ects of service o¤shoring on the skill composition of

labor demand in Western Europe is ultimately an empirical issue to be tackled independently.

In this paper, I study this topic by focusing on a large and representative set of Western European

countries. I make use of comparable data on both o¤shoring and skills across these economies. Lack

of comparable data has insofar prevented researchers from performing Europe-wide studies; this paper

aims to �ll in this gap, by exploiting recently released databases that use similar de�nitions of skills

and allow computation of comparable proxies for service o¤shoring for a su¢ ciently large group of

countries.

Speci�cally, I use new Eurostat Import-Matrices for nine economies, that jointly account for almost

80% of EU population and trade in services (Eurostat, 2004; WTO, 2006). I compute an industry-

level proxy for service o¤shoring, de�ned as the share of imported commercial services on total input

purchases (Amiti and Wei, 2005a,b, 2006). I combine this information with data on wages and

employment for three skill groups of workers, as recently made available by the EUKLEMS database.
The resulting sample spans twenty manufacturing and service industries and covers the period 1990-

2004.

Following previous studies, I use a short-run translog cost function to derive labor demand equa-

tions for each skill category. I assume that �rms�optimization process is conditioned upon the level

of service o¤shoring and other trade and technology controls; in this way, service o¤shoring is allowed

to a¤ect the position of each demand equation.

I start by estimating the system of demand equations with Seemingly Unrelated Regressions (SUR).

One drawback of this approach is represented by the potential endogeneity of service o¤shoring.

Unobserved time-variant industry characteristics, like shocks to innovative and managerial capabilities,

may simultaneously a¤ect service o¤shoring and skill composition of labor demand; if this were the

case, service o¤shoring would be correlated with the error term in each demand equation. Moreover,

my proxy for service o¤shoring may be a¤ected by measurement error, and this raises additional

concerns about the consistency of SUR estimates.

I deal with these issues within an Instrumental Variable set-up. Some evidence suggests that

Western European �rms have recently o¤shored many service activities to Eastern Europe, particularly

towards those countries that have become Members of the EU in 2004. Before accession, these countries

have undertaken deep reforms that have brought them closer to well-functioning market economies;

these reforms have arguably opened up new business opportunities for foreign �rms. If these reforms

also proceeded exogenously from labor demand shocks in Western Europe, they could o¤er valuable

candidates to serve as instruments for service o¤shoring. I build on this argument and use synthetic

indicators of transition reform in Eastern Europe as instruments for service o¤shoring by Western

European �rms. Indexes of progress reform in transition countries can be retrieved from the European

Bank for Reconstruction and Development (EBRD). These variables measure reform achievements

along a broad range of economic and political areas. I mostly use the indicator that measures the

pace of reform in the telecommunication system. Liberalization of telecommunication modes and new

infrastructure building may in fact have eased the way information is elaborated and transmitted,

and lowered the costs of performing service activities in Eastern Europe. By doing so, reforms in the

telecommunication system may have stimulated service o¤shoring to the region, and may therefore
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exogenously explain some of the variability in my proxy.

Results provide robust evidence that service o¤shoring raises relative labor demand for high skilled

workers. Despite potential peculiarities of the European labor market, these �ndings are consistent

with previous empirical studies on the U.S.. Service o¤shoring, therefore, seems to act consistent

with the law of comparative advantages: relatively high skill abundant economies tend to specialize

in high skill intensive service activities and o¤shore those requiring lower levels of skills. Results also

suggest that the e¤ects of service o¤shoring are qualitatively similar to those of material o¤shoring

and technological progress. Service o¤shoring, therefore, is a novel form of international integration,

that produces however fairly standard e¤ects on the skill composition of labor demand.

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

some stylized facts. Section 3 introduces the empirical model and the main estimation issues. Section

4 reports preliminary results, while Section 5 contains Instrumental Variable estimates. Section 6

discusses the main �ndings and Section 7 concludes.

2. Data and stylized facts

The analysis is based on a country-industry-year panel that includes nine Western European economies

and 20 manufacturing and service industries, and spans the period 1990-2004. Table 1 reports the list

of countries and industries. In 2004, the nine economies accounted for 89% of EU15 population and

for 79% of its imports of commercial services (Eurostat, 2004; WTO, 2006)6. As Table 1 shows, during

the same year the twenty industries accounted for more than 70% of total private sector employment

in each country.

Following Amiti and Wei (2005a,b, 2006), I de�ne service o¤shoring as the share of imported com-

mercial services on total input purchases (SOSS). Service imports are unavailable for the European

economies at the industry-level. To construct SOSS, I therefore estimate industry-level service im-

ports by attributing to each industry a share in economy-wide service imports. I retrieve data on total

(a¢ liated and una¢ liated) imports of six categories of commercial services from Eurostat (Table 2).

I exploit Eurostat import matrices to compute the import share of each industry in these categories

in 1995 and 2000. I then apply these shares to the time series of total imports, retrieving time vary-

ing estimates of service imports at the industry-level. Finally, I obtain SOSS by summing up these

estimates across the six service categories and dividing throughout by total input purchases7.

De�ne with #95isc and #
00
isc the share of industry i in total imports of service s by country c in

1995 and 2000, respectively; de�ne with Msct economy-wide imports of service s by country c at time

t; �nally, de�ne with INPict total input purchases by industry i in country c at time t. SOSS is

constructed as

SOSSict = INP
�1
ict �

6X
s=1

#isc �Msct

I apply #95isc to imports between 1990 and 1999 and #
00
isc to those between 2000-2004. I will show

6The corresponding �gures for the EU25 are equal to 75 and 76%, respectively.
7Due to the adoption of a common industrial classi�cation based on the ESA95 System of Accounts, the import

matrices o¤er a high degree of comparability across countries. Import matrices are available for eleven Western European
countries; I exclude Belgium and Denmark due to lack of data on economy-wide service imports. For the U.K. and France,
these matrices are only available, respectively, for 1995 and 2000. I retrieve the missing matrices from OECD "Stan
Database for Industrial Analysis".
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robustness checks under two alternative assumptions, with #95isc applying, respectively, to 1990-1995

and 1990-1997. Results will prove to be robust.

Data on employment and wages by skill group come from the EUKLEMS database8. The latter

contains information on worked hours and total compensation for three categories of workers - high

skilled, medium skilled and low skilled - de�ned on the basis of educational attainment. High skilled

workers are those with at least a college degree, medium skilled workers those with either upper

secondary or vocational education, low skilled workers those with no formal quali�cation. Due to the

use of a similar classi�cation across countries, these data ensure a reasonable degree of comparability.

With the only exception of Sweden, data are available from 1980 to 2004; I will exploit pre-1990

observations to construct some of the instruments in the empirical analysis9.

The EUKLEMS database also contains information on gross output, quantity and price of in-

termediate inputs, total capital services, share of capital services accounted for by Information and

Communication Technology; these data are available since 1970 for all countries. I de�ate all nominal

�gures using industry- and variable-speci�c de�ators available in EUKLEMS. I convert data for Swe-

den and the UK in Euro, using exchange rates from IMF "International Financial Statistics". Finally,

I express all variables in PPP, using the EUKLEMS industry-speci�c indexes. I compute a proxy for

the capital stock from data on capital services, using a Perpetual Inventory Method with depreciation

rate equal to 7% and initial stock equal to capital services in 1970.

Table 3 reports descriptive statistics on service o¤shoring, material o¤shoring (MOSS) and a

proxy for technological progress (ICT ). MOSS is the share of imported material inputs on total in-

put purchases and is constructed like SOSS10. ICT is the share of total capital services accounted for

by Information and Communication Technology (Berman et al., 1994). The Table reports unweighted

averages for the whole sample and for each country separately. Service o¤shoring is still a limited phe-

nomenon in Western Europe: imported commercial services account for 2% of total input purchases;

the same �gure for imported material inputs is 20%. These values are slightly lower than those for the

U.S., where service o¤shoring is around 5% (Crinò, 2007b)11. Note, however, that service o¤shoring

has grown much faster than material o¤shoring during the 1990s: service o¤shoring has risen by 53%,

against only 11% for material o¤shoring. The growth in service o¤shoring has by far exceeded also

the pace of technological progress, as measured by ICT . Interestingly, the cross-country variance of

service o¤shoring is moderate: SOSS varies from 1% in the U.K. to 4% in the Netherlands. This

evidence con�icts with the corresponding one for material o¤shoring: MOSS ranges in fact from 13%

in France to 28% in Austria and the Netherlands. Equally interesting, the growth of service o¤shoring

has been extremely widespread in Western Europe: with the exception of Austria, SOSS has increased

in all countries. With the exception of Italy, moreover, growth rates have been extremely high, ranging

from 30% in France to 151% in Spain. Once again, growth rates of SOSS have generally exceeded

8See Falk and Wolfmayr-Schnitzer (2005) and Timmer et al. (2007) for a detailed description of the database.
9Skill data for Sweden are available since 1993. Data on service imports, instead, start in 1996. Hence, many of the

�gures reported in this section for Sweden refer to the period 1996-2004.
10MOSS includes intermediate inputs imported from all manufacturing industries. It therefore captures a broad

concept of o¤shoring (Feenstra and Hanson, 1999).
11SOSS is higher in the service sector, and especially so in such industries as "Post and telecommunication" and "Other

business activities", where it ranges around 8%. Not surprisingly, MOSS is higher in manufacturing, particularly in
"Electrical and optical equipment" (58%), "Transportation equipment" (46%) "Machinery" (38%) and "Textiles" (37%).
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those of MOSS and ICT 12,13.

Where are European countries o¤shoring service activities? Answering this question properly

would require import data disaggregated by trading partner and service category for each country in

the sample. Because these data are unavailable, I provide some suggestive evidence by using aggregate

data on service imports for the EU15 as a whole. Panel a) of Table 4 reports the share of selected

regions in total EU15 service imports in 2004; column 1 includes intra-EU trade, whereas column

2 excludes it; the third column reports percentage changes since 1995, the �rst available year. Not

surprisingly, the bulk of service imports come from other EU15 Members. The U.S. is the �rst external

trading partner, with 31% of total non-EU15 imports. The ten new Member States are the second

most important trading partner, with a 6% share. This �gure is much higher than the corresponding

ones for Japan and India. Most importantly, imports from the new Member States have risen at

dramatically high rates, that by far exceed those for all other regions. Panel b) repeats the analysis

using only the six categories of commercial services included in SOSS. The main evidence is virtually

unchanged: the new Member States are rapidly becoming an important source of service imports for

the EU15. Although service o¤shoring accounts for just a fraction of total service imports, these data

suggest that strong increases in o¤shoring by Western European countries may have occurred in the

new EU Member States.

Table 5 reports descriptive statistics on the shares of labor and materials in total (variable) costs;

labor is disaggregated into three skill groups. These variables will act as regressand in the econometric

model presented below. Labor accounts for 29% of total costs in the whole sample; materials represents

the remaining 71%. High skilled workers account for 5% of total costs, whereas medium skilled and

low skilled employees absorb 18 and 6% respectively. Between 1990 and 2004, the share of high skilled

workers in total costs has increased by 30%, whereas those of the remaining groups have declined: the

drop has been particularly strong for the low skilled (-42%) and more moderate for the medium skilled

(-10%). The share of materials has slightly increased (6%). Hence, in recent years the structure of

total costs has sharply changed in favor of high skilled workers and against medium and low skilled

workers. A very similar picture emerges for almost every country in the sample: �rst, materials

represents the lion�s share of total costs, followed by medium skilled workers; second, the share of high

skilled workers has soared at the expenses of those of medium and low skilled workers.

Summing up, the increase in service o¤shoring has been accompanied by non negligible changes

in the structure of �rms� costs; in particular, high skilled workers have gained importance at the

expenses of medium and low skilled workers. In the next sections, I look for the existence of a causal

relationship between the two phenomena.

12The low average growth rate of SOSS in Italy masks signi�cant heterogeneity across industries. In particular,
substantial declines in wholesale, retail and transportation (NACE: 50, 51, 52, 60-63) have driven down the average
rate. Cross-industry heterogeneity is more limited in the other countries, where service o¤shoring has generally grown
in almost all industries.
13Growth rates are even higher for Sweden (319%). As already mentioned, those �gures apply to the shorter time

period 1996-2004, due to data availability. This may suggest that the growth rate of service o¤shoring has accelerated
in the second half of the 1990s. Several explanations are possible. For instance, improvements in information and
communication technologies may have eased service trade especially in recent years; or, multinationals corporations may
have intensi�ed their service o¤shoring strategies, and this has been re�ected especially in those countries that, like
Sweden, heavily depend on the activities of these �rms. I will perform robustness checks to account for the acceleration
in the econometric analysis.
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3. Empirical Model and Estimation Strategy

In the �rst part of this section, I derive labor demand elasticities to service o¤shoring for the three

groups of workers. Comparing these elasticities across skill categories will provide evidence on the

e¤ects of service o¤shoring on the skill composition of labor demand in Western Europe. In the

second part of this section, I discuss the main issues involved in the estimation of these elasticities.

3.1. The Model

It has become common in the international trade literature to use �exible representations of the cost

function to derive demand equations and elasticities for multiple inputs14. I follow the same approach

in this paper. Assume that the representative �rm in each industry has variable cost function equal

to

V Cict = f(p
0
ict; Yict;Kict;Z

0
ict) (3.1)

where p =
h
wH wM wL pMat

i0
is a vector containing the wages of high skilled (H), medium

skilled (M) and low skilled (L) workers, together with the price of materials (pMat); Y is output,

K capital and Z a vector of shift-factors including SOSS, MOSS, ICT and time dummies. I use

a variable cost function approach because of lack of data on the price of capital, which is therefore

treated as a quasi-�xed input (Berman et al., 1994). The shift-factors are variables that are out of

�rm�s control during the optimization process, but nevertheless a¤ect the latter by determining the

exact position of the cost function. Firms choose optimal demands for the variable inputs for any

levels of the shift-factors. Changes in the latter, then, produce parallel shifts in the optimal demand

functions. Owing to this, demand elasticities with respect to the shift-factors can be computed for all

variable inputs in (3.1).

I assume that (3.1) has the following translog representation

lnV Cict = �+
X
r2R

�r ln p
r
ict + �Y lnYict + �K lnKict +

X
z2Z

�zzict +

+
1

2

X
r2R

X
s2R

�rs ln p
r
ict ln p

s
ict +

X
r2R

�rY ln p
r
ict lnYict +

X
r2R

�rK ln p
r
ict lnKict +

+
X
r2R

X
z2Z

�rz ln p
r
ictzict +

1

2
[�Y Y (lnYict)

2 + �KK(lnKict)
2] + �Y K lnYict lnKict +

+
X
z2Z

�Y z lnYictzict +
X
z2Z

�Kz lnKictzict +
X
z2Z

X
q2Z

�zqzictqict (3.2)

where R �
h
H M L Mat

i0
15. Applying Shepard�s lemma to (3.2) yields the following system of

cost-share equations:

Shrict = �r +
X
s2R

�rs ln p
s
ict + �rY lnYict + �rK lnKict +

X
z2Z

�rzzict 8r 2 R and 8i; c; t (3.3)

14See, among others, Morrison and Siegel (2001), Falk and Koebel (2002), Eckholm and Hakkala (2005), Hijzen et al.
(2005).
15Shift-factors are already in percentages and therefore are not transformed in logarithms.
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where Shr is the share of input r in variable costs. Linear homogeneity in prices and symmetry imply

the following restrictions on the parameters:X
r2R

�r = 1;
X
s2R

�rs =
X
r2R

�rs = 0;
X
r2R

�rY = 0;
X
r2R

�rK = 0;
X
r2R

�rz = 0;�rs = �sr

The own-price elasticity of demand for input r has the following expression:

"rr =
�rr
Shr

+ Shr � 1 (3.4)

These elasticities can be used to verify that the variable cost function satisfy the concavity property

required by economic theory. For this to be true, the Hessian matrix of (3.2) has to be negative

semide�nite. A necessary condition for negative semide�niteness is that all principal minors of the

Hessian (own-price elasticities) be negative.

Finally, the elasticity of demand for input r with respect to a change in shift-factor z equals:

"rz =
�rz
Shr

(3.5)

I will use (3.5) to evaluate the e¤ects of service o¤shoring on the skill composition of labor demand16.

3.2. Estimation

Let u �
h
uH uM uL uMat

i0
denote a vector of additive disturbances for the system in (3.3). I as-

sume that u � N(0;
), where 
 = block(�) and � = �ict � E(u0ictuict) 8i; c; t. Because the variable
cost shares in (3.3) add up to one at each observation, the covariance matrix 
 is singular and one

equation has to be dropped from the system to the purpose of estimation. Full Information Maximum

Likelihood (FIML) estimates would be invariant to the choice of the equation to drop. I instead use It-

erated Seemingly Unrelated Regressions (ISUR) [Zellner�s (1962)], which are asymptotically equivalent

to FIML, but computationally simpler.

After imposing symmetry and homogeneity restrictions and dropping the equation for materials,

I get the following estimating version of (3.3):

ShHict = �H + �HH ln

�
wHict
pMat
ict

�
+ �HM ln

�
wMict
pMat
ict

�
+ �HL ln

�
wLict
pMat
ict

�
+

+�HY lnYict + �HK lnKict +
X
z2Z

�Hzzict + u
H
ict

ShMict = �M + �HM ln

�
wHict
pMat
ict

�
+ �MM ln

�
wMict
pMat
ict

�
+ �ML ln

�
wLict
pMat
ict

�
+

+�MY lnYict + �MK lnKict +
X
z2Z

�Mzzict + u
M
ict

ShLict = �L + �HL ln

�
wHict
pMat
ict

�
+ �ML ln

�
wMict
pMat
ict

�
+ �LL ln

�
wLict
pMat
ict

�
+

+�LY lnYict + �LK lnKict +
X
z2Z

�Lzzict + u
L
ict (3.6)

16See Ekholm and Hakkala (2005) for the full derivation of (3.5).
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Each variable enters (3.6) in deviations from country-industry speci�c means, to wipe out unobserved

country-industry �xed-e¤ects (Cornwell et al., 1992).

ISUR estimates of (3.6) may be biased and inconsistent in an unpredictable manner. First, it is

highly unlikely that all the variability of SOSS be exogenously determined: if unobserved time-variant

industry characteristics simultaneously raised skill intensity and service o¤shoring in some industries,

SOSS would be correlated with the error term and its coe¢ cient would be upward biased17. Second,

SOSS may be a¤ected by measurement error, which would bias its coe¢ cient towards zero. There

are several potential sources of measurement error. First, economy-wide service imports are proxied

by debits to foreign residents. Although the bulk of debits in the six service categories is represented

by imports from foreign �rms (Bhagwati et al., 2004), these �gures also contain payments to foreign

citizens who physically move to Europe to provide their services; the de�nition of SOSS, however,

should exclude this type of transactions. Second, measurement error may result from the well know

di¢ culty of measuring quantity and value of service transactions properly (Heshmati, 2003). Finally,

data availability forces to construct SOSS by assuming that import matrix coe¢ cients stay constant

over �ve-year intervals; especially in the case of services, where improvements in communication

technologies are rapidly easing long distance exchanges, this assumption may be excessively restrictive.

To account for these issues, I also present Instrumental Variable estimates of (3.6), obtained with

Iterated Three-Stage Least Squares (I3SLS). My choice of instruments is presented in details in section

5.

4. Preliminary Results

Table 6 reports labor demand elasticities estimated with ISUR; all elasticities are evaluated at the

sample mean and asymptotic standard errors are computed through the delta method18. In the upper

part of the Table, I report results from a baseline model without time dummies (Model 1). The

generalized-R2 at the bottom of the Table suggests that the overall �t of the model is high19. Own-

price elasticities are negative (and signi�cant) for all variable inputs, as required by economic theory.

Labor demand elasticities suggest that service o¤shoring raises relative labor demand for high skilled

workers: imported commercial services, in fact, substitute for low skilled labor and complement with

high skilled labor. (The elasticity for medium skilled workers is imprecisely estimated.) As to the

remaining shift-factors, results are in line with expectations and with previous studies: workers with

no formal quali�cation are substituted for by imported material inputs and high-tech capital, while

high and medium skilled workers complement with both variables.

In the bottom part of Table 6, I report estimated elasticities from a model that includes a full set

of time dummies (Model 2). Accounting for year-speci�c e¤ects leaves results virtually unchanged.

The �t of the model improves, as the generalized-R2 increases from 0.71 to 0.78. All own-wage

elasticities are negative. Material o¤shoring and technological progress are negatively associated to

17Simultaneity bias may also plague MOSS and relative prices.
18Estimation is performed with Stata (Version 9.2). Parameter estimates are obtained with the sureg routine and are

reported in the Appendix. Asymptotic standard errors are computed with the lincom routine.
19 In system estimation, the R2 for each equation are no longer bounded between zero and one. Moreover, FIML and

ISUR minimize the determinant of the residual cross-product matrix, rather than the sum of squared residuals from each
equation; hence, they need not maximize the R2 for each equation. The generalized-R2 provides a more reliable measure
of goodness of �t (Berndt, 1991).
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labor demand for low skilled workers and positively associated to that for the other two skill groups.

More importantly, elasticities to service o¤shoring keep their sign and signi�cance: service o¤shoring

substitutes for low skilled labor and complements with high skilled labor.

Hence, ISUR estimates show a positive relationship between service o¤shoring and relative skilled

labor demand in Western Europe. Interestingly, service o¤shoring acts in as much the same way

as material o¤shoring and technological progress: all three phenomena seem to produce skill-biased

e¤ects.

5. Instrumental Variable Estimation

5.1. Choosing Instruments

Stylized facts in section 2 suggest that the new EU Members are becoming important o¤shoring

destinations for the countries in my sample. One explanation for this rests on the rapid transition

process undertaken since 1989 by the subset of eight new Members from Eastern Europe. By bringing

the latter closer to the standards of advanced market economies, transition may in fact have created

substantial o¤shoring opportunities in the region for Western European �rms.

Based on this argument, I use indexes of transition reform in these eight countries to construct

instruments for SOSS. Data come from the European Bank for Reconstruction and Development

(EBRD) and are available for the period 1990-2004. Four indicators are particularly likely to proxy

the ease of doing business in Eastern Europe and therefore to capture important determinants of

o¤shoring: reform in the telecommunication system, reform in the banking sector, enterprise restruc-

turing and price liberalization20. My preferred instrument for service o¤shoring is based on the index

of telecommunication reform. Improvements in the telecommunication system in Eastern Europe, in

fact, may have eased the elaboration and transmission of information and lowered the cost of per-

forming service activities in the region, thereby opening up new opportunities for service o¤shoring by

Western European �rms; under the assumption that these improvements occurred exogenously from

labor demand shocks in Western Europe, the index of telecommunication reform would be a suitable

candidate to instrument SOSS.

Using GDP shares as weights, I construct weighted averages of the index across the eight Eastern

European countries. Because the resulting variable varies only over time, I obtain country-industry

variation by interacting it with a proxy for service intensity during the 1980s, that is the decade

before both the beginning of transition in Eastern Europe and the �rst available year in my sample.

The underlying argument is that, the more an industry relied on services before transition started,

the more it may have bene�ted from it. I proxy service intensity at the country-industry level with

the average share of services on total expenditure in intermediate inputs between 1980 and 198921.

Therefore, the �nal instrument is constructed by interacting a technology variable, which is constant

over time but varies across industries and countries, with a measure of institutional quality in Eastern

Europe, which varies only over time.

20These indexes range from 1 to 4.33, depending on the progress achieved by the country in the corresponding area.
A full methodological note is available at http://www.ebrd.com/country/sector/econo/stats/index.htm.
21Amiti and Wei (2005b) use a similar approach to obtain industry variation for their instrument, which is based on

the number of internet hosts in the main source countries for U.S. service imports.

9



Good instruments satisfy two properties. First, they are valid, that is uncorrelated with the error

term. Second, they are relevant, that is su¢ ciently correlated with the endogenous variables. While

instrument relevance can be tested empirically, instrument validity cannot22. Despite its apparent

exogenous nature, the index of telecommunication reform could indeed be correlated with the error

terms in (3.6), if service o¤shoring contributed to boosting reforms in Eastern Europe23. Some indirect

evidence, however, suggests that this possibility is highly unlikely in practice. Reform progresses, in

fact, have been largely achieved independent of international integration, and this leaves little room

for service o¤shoring to explain the behavior of the indicator. Figure 2 shows the trend in the index

of telecommunication reform and in three measures of international integration (total exports, total

imports and net FDI in�ows) for each of the eight Eastern European countries. No clear evidence

emerges of a strong correlation between these variables and the pace of reform in the telecommunication

system. Table 7 provides additional evidence in that direction. The Table reports OLS estimates from

regressions of the index of telecommunication reform (and of the other indexes, as well) on the same

set of international integration variables and on a group of macroeconomic controls (GDP growth,

in�ation and unemployment); all regressions include country- and time-�xed e¤ects. For none of

the indicators does international integration play a role. Changes in macroeconomic conditions are

somewhat more important, although they cannot explain the whole reform progress. Note, in fact,

that coe¢ cients on time dummies are always highly signi�cant and steadily increasing. This suggests

that transition reform in the telecommunication system has been pursued according to predetermined

schedules that have de�ned intermediate steps to be achieved year-by-year, largely independent of

international integration.

5.2. Results

Table 8 reports labor demand elasticities estimated with I3SLS. In the �rst panel, I show results from

a model in which only SOSS is instrumented, using the index of telecommunication reform (Model 1).

In the second panel, I also instrument MOSS, by including the index of enterprise restructuring in

the instrument set (Model 2)24. Finally, in the third panel I account for the potential endogeneity of

the relative prices, by using the �fth lags of each of them as additional instruments (Model 3)25. For

each model, Table 9 reports �rst stage regressions. The index of telecommunication reform is highly

signi�cant in all regressions and has meaningful signs: higher values of the indicator are associated to

more service o¤shoring. The index of enterprise restructuring performs similarly well: higher values

of the indicator are associated with higher levels of both service and material o¤shoring, as should

be the case if enterprise restructuring were a proxy for an improved business environment in the

region. Lagged relative prices are strong predictors for current values, as expected. Most importantly,

F-statistics for excluded instruments are always very high, pointing in favor of instrument relevance.

Estimated elasticities reported in Table 8 strongly con�rm the main message emerged before:

22 If the model is overidenti�ed, one can use the Sargan test (or the heteroskedasticity-robust Hansen J test) to verify
the validity of the overidentifying restrictions.
23This could have happened if, for instance, foreign �rms called for better telecommunication infrastructures and for

faster liberalization of the telecommunication system.
24The index is interacted with the average share of materials in total purchases of intermediate inputs during the

1980s.
25 I do not report the generalized-R2 for I3SLS estimates. The generalized-R2 is maximized by FIML, which are

numerically di¤erent from I3SLS, although they share the same asymptotic properties.
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service o¤shoring raises relative skilled labor demand. Elasticities are in fact positive for high skilled

workers and negative for low skilled workers in all speci�cations. The elasticity for medium skilled

workers is also signi�cant and has a negative sign; it is however lower in absolute value than that for

low skilled workers, suggesting that service o¤shoring hurts medium skilled labor less than low skilled

labor26. Interestingly, I3SLS elasticities are larger than ISUR ones. This suggests that measurement

error may have dominated the simultaneity bias and forced ISUR coe¢ cients towards zero. By and

large, the remaining elasticities reproduce the same picture as before: material o¤shoring raises relative

skilled labor demand, mostly through negative e¤ects on the low skilled; technological progress is also

skill-biased, because generally raises demand for high skilled workers and lowers demand for low skilled

workers. Finally, estimated own-price elasticities are negative and signi�cant in all speci�cations.

5.3. Robustness Checks

I now test the robustness of these results along several dimensions. Panel 1 of Table 10 shows estimated

elasticities obtained with a di¤erent instrument set, which includes the index of banking system reform

and the index of price liberalization, together with �fth lags of the relative prices. The use of di¤erent

instruments do not make any qualitative change in the main results, in terms of either sign and

signi�cance of the estimated elasticities27.

In panel 2 and 3 I report estimates obtained with alternative measures of service and material

o¤shoring and with the same instrument set as in Table 8 (Model 3). The �rst alternative mea-

sure of o¤shoring is constructed by applying import matrix coe¢ cients to the periods 1990-1995 and

1996-2004, instead of 1990-1999 and 2000-2004. The second measure is obtained by applying these co-

e¢ cients to the periods 1990-1997 and 1998-2004. It is indeed reassuring to note that previous results

are independent of the assumptions made on the import matrix coe¢ cients. Elasticities maintain sign

and signi�cance. Unreported results show that this is generally the case for a large set of combinations

of di¤erent sub-periods.

The fourth panel tests the robustness of previous �ndings to the use of a di¤erent measure of cap-

ital. Previous results were based on a proxy for capital stock obtained through a perpetual inventory

method; the latter requires assumptions on the initial stock and on the depreciation rates. An alter-

native proxy can be obtained by using o¢ cial data on capital services; this proxy is less demanding in

terms of assumptions, but also much rougher than the one used before. This notwithstanding, results

are virtually una¤ected by the change in the proxy for capital28.

Finally, in Table 11 I report estimates from a di¤erent short run cost function that excludes

materials from the variable inputs. In this way, I can check whether previous results change after

excluding any relationships among materials and the three labor types. Note that I am now using

wage bill shares, instead of variable cost shares, as dependent variables. Excluding materials leaves

results almost una¤ected: service o¤shoring raises the wage bill share of high skilled workers and

26Crinò (2007b) �nds similar evidence for the U.S., focusing only on white-collar employees.
27 I have tried other combinations of indexes and obtained virtually the same results. These are available from the

author upon request.
28 I have also estimated the system in (3.6) on the sub-period 1996-2004, for which data on service o¤shoring and skills

are available for all countries. Unreported results con�rm previous �ndings. The labor demand elasticity for high skilled
workers equals 0.230, with a standard error of 0.119; the elasticity for medium skilled workers is equal to -0.135, with a
standard error of 0.081; the elasticity for low skilled workers equals -0.424, with a standard error of 0.218.
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lowers those of medium and low skilled workers.

6. Discussion

Previous sections have shown that service o¤shoring is skill-biased. On the one hand, this �nding

con�rms conclusions from recent theoretical models. On the other hand, it is in line with previous

empirical results on the U.S.. Theories of service o¤shoring based on factor proportion arguments

conclude that the relatively large abundance of high skilled labor in developed countries makes conve-

nient for national �rms to specialize in high skill-intensive service activities and o¤shore the remaining

ones; as a result, relative labor demand for high skilled workers tends to rise. Comparisons with the

U.S. interestingly show that such a pattern of e¤ects does occur on both sides of the Atlantic, despite

the large di¤erences between the two labor markets.

Overall, this evidence sheds new light on the debate about service o¤shoring and human capital

accumulation. As mentioned in the introduction, some commentators have argued that service o¤-

shoring could threat the incentives to invest in human capital, by exposing high-wage, skill-intensive

service jobs to the risk of relocation. This view, however, is not supported by the data: high skilled

workers bene�t from service o¤shoring, while negative e¤ects show up only at the low end of the skill

distribution.

This does not imply that service o¤shoring comes with no costs whatsoever for developed countries,

but only that these costs are di¤erent than commonly expected. Workers with low skill levels bear

a substantial fraction of the adjustment burden. In the short-run, this may translate into job and

wage losses; in the long-run, it may imply unfavorable re-employment outcomes. Policy makers should

develop appropriate interventions and build safety nets for these workers: retraining programs and

wage support schemes may represent a �rst step in that direction (Kletzer and Litan, 2001; Brainard

and Litan, 2004; Brainard et al., 2005; Blinder, 2006). The good news from the above results is that

service o¤shoring is not substantially di¤erent in its e¤ects from other better known phenomena, like

material o¤shoring and technological progress. Past o¤shoring episodes and the long history of skill-

biased technical change may therefore provide governments with the necessary experience to handle

its negative consequences.

7. Conclusion

In this paper, I studied the e¤ects of service o¤shoring on the skill composition of labor demand

in Western Europe, using comparable data for nine countries. I derived labor demand elasticities for

three groups of workers, de�ned on the basis of educational attainment. I took account of the potential

endogeneity of service o¤shoring, as well as of measurement error, by means of instrumental variable

estimation. The instrument I used was based on an index of reform in the telecommunication system

of the eight Eastern European countries that have become Members of the EU in 2004.

Results suggest that service o¤shoring is skill-biased. These �ndings are robust to the use of

di¤erent de�nitions of service o¤shoring, instruments and empirical speci�cations. Overall, they imply

that service o¤shoring is a novel type of international integration, which acts however in as much the

same way as previous o¤shoring episodes and technological progress, at least as far as the e¤ects on

the skill composition of labor demand are concerned.
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This paper leaves open several avenues for future research. One, in particular, decidedly deserves

investigation. Results obtained on aggregate groups of workers may hide signi�cant heterogeneity

in the response of speci�c occupations with similar levels of skills. Theoretical contributions have

indeed shown that occupations with di¤erent tradeable features may respond di¤erently to service

o¤shoring, holding �xed the skill level (Grossman and Rossi-Hansberg, 2006). Previous studies on the

U.S. have provided empirical support to this conclusion (Crinò, 2007b). For this reason, the e¤ects

of service o¤shoring may be much more complex than those emerging from aggregate data sources,

and the policy implications more subtle. Di¤erential e¤ects across occupations are likely to arise

also in Western Europe, but their understanding has insofar been impeded by data availability. New

databases with occupational and educational disaggregations of labor will make this line of research

practicable.
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Table 1 - Industries and Countries Included in the Sample 
        

INDUSTRIES 
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 
        
COUNTRIES % of total private sector  

employment in 2004 
Austria 0.75 
Finland 0.81 
France 0.79 
Germany 0.80 
Italy 0.77 
Netherlands 0.80 
Spain 0.70 
Sweden 0.82 
UK 0.77 
    
Note: Author's calculations based on EUKLEMS data.  
§ Measures the share of total private sector employment accounted for by the industries included in the sample. 
 
 
 
 
 
 

Table 2 - Categories of Commercial Services Included in the Proxy for Service Offshoring 
  
Communication services 
Insurance services 
Financial services 
Computer and information services 
Royalties and license fees 
Other business services 

 
 
 
 

 
 
 
 



Table 3 - Service Offshoring and Other Control Variables: Descriptive Statistics  
                    
  Obs. Mean SD. Change   Obs. Mean SD Change 
ALL COUNTRIES      Italy     
SOSS 2535 0.02 0.03 0.53 SOSS 300 0.02 0.02 0.06 
MOSS 2579 0.20 0.18 0.11 MOSS 300 0.15 0.13 0.10 
ICT 2636 0.14 0.16 0.15 ICT 300 0.15 0.11 0.00 
Austria      Netherlands     
SOSS 300 0.03 0.07 -0.21 SOSS 296 0.04 0.05 1.02 
MOSS 294 0.28 0.24 0.00 MOSS 296 0.28 0.22 -0.14 
ICT 300 0.10 0.16 0.18 ICT 300 0.14 0.14 0.41 
Finland      Spain     
SOSS 295 0.02 0.01 1.02 SOSS 300 0.02 0.02 1.51 
MOSS 295 0.20 0.18 0.44 MOSS 300 0.17 0.17 0.66 
ICT 300 0.14 0.15 -0.19 ICT 300 0.11 0.09 -0.21 
Germany      Sweden (1996-2004)     
SOSS 300 0.02 0.03 0.40 SOSS 147 0.03 0.02 3.19 
MOSS 300 0.15 0.12 0.14 MOSS 147 0.24 0.15 0.12 
ICT 300 0.16 0.15 -0.02 ICT 178 0.03 0.02 0.12 
France      UK     
SOSS 300 0.01 0.00 0.31 SOSS 297 0.01 0.01 0.65 
MOSS 300 0.13 0.09 -0.10 MOSS 298 0.21 0.17 0.01 
ICT 300 0.10 0.08 0.59 ICT 300 0.32 0.27 1.09 
          
Note: Author's calculations based on EUROSTAT and EUKLEMS. Unweighted averages between 1990 and 2004 unless otherwise 
indicated. Legend: SOSS = Service offshoring (share of imported commercial services in total input purchases); MOSS = Material 
offshoring (share of imported material inputs in total input purchases); ICT = proxy for technological progress (share of total capital 
services accounted for by Information and Communication Technologies). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4 - Share of Selected Trading Partners in EU15 Service Imports, 2004 
        

  Total Imp. Imports from non-EU15 Change 1995-2004 
Panel a) - Total services    
EU15 0.56 - 0.91 
New EU Members in 2004 0.03 0.06 - 
       Czech Republic 0.01 0.02 2.52 
       Estonia 0.00 0.00 1.81 
       Latvia 0.00 0.00 2.32 
       Hungary 0.01 0.01 - 
       Poland 0.01 0.02 - 
Russian Federation 0.01 0.02 0.77 
US 0.14 0.31 0.84 
Canada 0.01 0.02 0.79 
Japan 0.01 0.03 0.51 
India 0.01 0.01 1.69 
        
Panel b) - Commercial services only    
EU15 0.57 - 1.65 
New EU Members in 2004 0.00 0.05 - 
       Czech Republic 0.00 0.01 7.18 
       Estonia 0.00 0.00 - 
       Latvia 0.00 0.00 - 
       Hungary 0.00 0.01 7.53 
       Poland 0.00 0.01 6.88 
Russian Federation 0.00 0.01 5.52 
US 0.21 0.48 1.83 
Canada 0.01 0.02 6.57 
Japan 0.02 0.04 1.13 
India 0.00 0.01 7.72 
    
Note: Author's calculations based on EUROSTAT. Commercial services include the six categories used to compute the proxy for 
service offshoring (see Table 2). Empty cells in third column are due to lack of data for some countries in 1995. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Table 5 - Variable Cost Shares: Descriptive Statistics 
                    
  Obs. Mean SD. Change   Obs. Mean SD Change 
All countries     Italy     
H 2634 0.05 0.05 0.30 H 300 0.01 0.02 0.70 
M 2634 0.18 0.10 -0.10 M 300 0.20 0.07 -0.27 
L 2634 0.06 0.05 -0.42 L 300 0.00 0.00 -0.85 
Materials 2634 0.71 0.13 0.06 Materials 300 0.79 0.08 0.08 
Austria     Netherlands     
H 300 0.03 0.03 0.42 H 300 0.07 0.05 0.31 
M 300 0.23 0.09 -0.20 M 300 0.19 0.09 -0.12 
L 300 0.06 0.03 -0.43 L 300 0.03 0.01 -0.34 
Materials 300 0.69 0.13 0.11 Materials 300 0.72 0.12 0.02 
Finland     Spain     
H 300 0.10 0.06 0.14 H 300 0.05 0.05 0.55 
M 300 0.12 0.05 -0.02 M 300 0.08 0.04 0.27 
L 300 0.08 0.04 -0.53 L 300 0.13 0.06 -0.40 
Materials 300 0.71 0.13 0.07 Materials 300 0.74 0.11 0.03 
Germany     Sweden (1996-2004)     
H 298 0.04 0.02 0.26 H 178 0.04 0.03 0.36 
M 298 0.23 0.10 -0.11 M 178 0.20 0.11 0.01 
L 298 0.07 0.02 -0.18 L 178 0.07 0.04 -0.31 
Materials 298 0.67 0.13 0.05 Materials 178 0.70 0.16 0.02 
France     UK     
H 300 0.05 0.04 0.33 H 300 0.05 0.04 0.55 
M 300 0.19 0.09 -0.01 M 300 0.21 0.07 -0.14 
L 300 0.07 0.03 -0.41 L 300 0.05 0.03 -0.65 
Materials 300 0.70 0.13 0.04 Materials 300 0.68 0.10 0.11 
          
Note: Author's calculations based on EUKLEMS. Unweighted averages between 1990 and 2004 unless otherwise indicated. Legend: 
H = High skilled workers (tertiary education); M = Medium skilled workers (upper secondary or vocational education); L = Low 
skilled workers (no formal qualification); Materials = Material and service inputs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 6 - Estimated Demand Elasticities (ISUR) 
       
Elasticity H M L Materials 
Model 1: No time dummies 
SOSS 0.010*** 0.002 -0.010*** 0.000 
 [0.002] [0.002] [0.003] [0.001] 
MOSS 0.007*** 0.004*** -0.016*** 0.000 
 [0.001] [0.001] [0.001] [0.000] 
ICT 0.004*** 0.000 -0.003*** 0.000 
 [0.000] [0.000] [0.000] [0.000] 
Wage -0.278*** -0.706*** -0.836*** -0.245*** 
  [0.036] [0.024] [0.046] [0.005] 
          
Model 2: Adding time dummies 
SOSS 0.004** 0.002 -0.006*** 0.000 
 [0.002] [0.002] [0.003] [0.001] 
MOSS 0.003*** 0.005*** -0.008*** -0.001*** 
 [0.001] [0.001] [0.001] [0.000] 
ICT 0.002*** 0.000 -0.002*** -0.001*** 
 [0.000] [0.000] [0.001] [0.000] 
Wage -0.151*** -0.708*** -0.920*** -0.251*** 
  [0.034] [0.024] [0.044] [0.005] 
          
 Model 1 Model 2 
Obs. 2527 2527 
Gener.-R² 0.71 0.78 
     
Note: All elasticities are evaluated at the sample mean. Asymptotic standard errors computed with the delta method are reported in 
brackets. * significant at 10%; ** significant at 5%; *** significant at 1% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 7 - Determinants of Transition Reform in Eastern Europe 
 Telecommunication  Enterprise restructuring 
 (1) (2) (3) (4)  (1) (2) (3) (4) 
FDI 0.175   0.166  0.115*   0.108 
 [0.146]   [0.149]  [0.065]   [0.065] 
Exports  -0.069  -1.229   0.053  -0.122 
  [0.666]  [0.986]   [0.539]  [0.553] 
Imports   -0.071 0.170    -0.276 -0.622 
   [0.829] [1.249]    [0.625] [0.732] 
GDP growth 0.582 -0.036 -0.006 0.291  1.798*** 1.491** 1.641** 2.155*** 
 [1.317] [1.342] [1.330] [1.347]  [0.670] [0.719] [0.762] [0.684] 
Inflation 0.008 0.059 0.059 -0.021  -0.006 0.033 0.026 -0.027 
 [0.028] [0.058] [0.061] [0.043]  [0.028] [0.039] [0.045] [0.035] 
Unemployment 1.195 3.111* 3.099* 1.908  -0.254 0.496 0.427 -0.255 
 [1.931] [1.683] [1.696] [2.007]  [0.946] [1.014] [1.031] [1.042] 
1991 0.565 0.423 0.430 1.374***  1.184*** 0.627* 0.686* 1.365*** 
 [0.591] [0.536] [0.574] [0.426]  [0.141] [0.357] [0.400] [0.194] 
1995 1.108* 1.435*** 1.440** 2.186***  1.721*** 1.473*** 1.608*** 2.130*** 
 [0.577] [0.530] [0.592] [0.449]  [0.150] [0.418] [0.473] [0.326] 
2000 1.996*** 2.386*** 2.392*** 3.253***  1.914*** 1.693*** 1.886*** 2.452*** 
 [0.567] [0.601] [0.699] [0.545]  [0.149] [0.484] [0.557] [0.426] 
2004 2.193*** 2.671*** 2.676*** 3.805***  2.104*** 1.900*** 2.193*** 2.870*** 
 [0.572] [0.777] [0.917] [0.767]  [0.150] [0.628] [0.719] [0.599] 
Constant 1.265* 1.598 1.603 4.717  0.762*** 1.109 2.399 3.587 
 [0.656] [2.536] [3.184] [3.051]  [0.179] [2.058] [2.389] [2.303] 
Observations 106 109 109 104  106 109 109 104 
Country groups 8 8 8 8  8 8 8 8 
R-squared 0.89 0.88 0.88 0.90   0.88 0.86 0.86 0.87 
                    
 Price liberalization  Banking system reform 
 (1) (2) (3) (4)  (1) (2) (3) (4) 
FDI 0.020   0.021  0.021   0.010 
 [0.045]   [0.039]  [0.081]   [0.080] 
Exports  1.190  0.004   1.012*  -0.098 
  [0.771]  [0.260]   [0.536]  [0.800] 
Imports   1.114 0.084    1.083 0.748 
   [0.776] [0.351]    [0.706] [1.038] 
GDP growth -2.328*** -2.361*** -2.828*** -1.704***  2.896*** 2.622** 2.154** 2.594*** 
 [0.633] [0.710] [0.940] [0.453]  [0.870] [1.000] [1.068] [0.971] 
Inflation -0.148*** -0.075 -0.070 -0.145***  -0.025 0.042 0.050 -0.002 
 [0.018] [0.061] [0.069] [0.019]  [0.035] [0.048] [0.054] [0.042] 
Unemployment 1.928* 0.723 0.907 0.550  -0.855 -0.269 -0.081 -0.223 
 [1.157] [0.605] [0.602] [0.370]  [1.100] [1.111] [1.113] [1.161] 
1991 1.182 0.726 0.622 -0.045  1.410*** 0.570 0.455 1.271*** 
 [0.989] [0.758] [0.776] [0.138]  [0.249] [0.410] [0.471] [0.241] 
1995 1.506 0.799 0.752 0.240**  1.972*** 1.272*** 1.174** 1.855*** 
 [0.984] [0.706] [0.758] [0.102]  [0.221] [0.425] [0.515] [0.324] 
2000 1.610 0.723 0.684 0.329**  2.287*** 1.428*** 1.315** 2.057*** 
 [0.984] [0.684] [0.755] [0.149]  [0.227] [0.486] [0.607] [0.416] 
2004 1.722* 0.440 0.447 0.389*  2.552*** 1.384** 1.269 2.138*** 
 [0.983] [0.696] [0.791] [0.209]  [0.223] [0.620] [0.786] [0.589] 
Constant 2.485** -1.882 -1.559 3.441***  1.023*** -2.580 -2.836 -1.685 
 [0.983] [3.637] [3.615] [0.938]  [0.260] [2.064] [2.720] [2.445] 
Observations 106 109 109 104  106 109 109 104 
Country groups 8 8 8 8  8 8 8 8 
R-squared 0.74 0.63 0.61 0.86   0.87 0.85 0.85 0.85 
Note: All regressions include country and year fixed-effects. Robust standard errors in brackets. 
*** significant at 1%; ** significant at 5%;  * significant at 10%. 
Dependent variables: Selected EBRD transition indicators (Source: EBRD website). The indexes range from 1 (little or no reform progress) to 4.33 (reform 
completed and standards of a market economy matched). 
Independent variables: FDI (log of net FDI inflows); EXPORTS (log of total exports); IMPORTS (log of total imports); GDP growth (percentage change in 
real GDP); INFLATION (percentage change in consumer price index); Unemployment (percentage of unemployed people in total labor force)  
 
 
 
 
 
 
 



Table 8 - Estimated Demand Elasticities (I3SLS) 
          
Elasticity H M L Materials 
Model 1: Instrumenting SOSS 
SOSS 0.245*** -0.060*** -0.234*** 0.019*** 
 [0.045] [0.017] [0.047] [0.006] 
MOSS -0.004 0.007*** -0.002 -0.001*** 
 [0.003] [0.001] [0.003] [0.000] 
ICT 0.002* 0.000 -0.002* 0.000 
 [0.001] [0.000] [0.001] [0.000] 
Wage -0.482*** -0.639*** -0.297*** -0.229*** 
  [0.105] [0.031] [0.100] [0.007] 
          
Model 2: Instrumenting SOSS and MOSS 
SOSS 0.255*** -0.054*** -0.247*** 0.017*** 
 [0.044] [0.016] [0.048] [0.005] 
MOSS 0.005 0.015*** -0.031** -0.002 
 [0.011] [0.004] [0.012] [0.001] 
ICT 0.002*** 0.000 -0.001 0.000 
 [0.001] [0.000] [0.001] [0.000] 
Wage -0.485*** -0.710*** -0.315*** -0.231*** 
  [0.108] [0.038] [0.115] [0.007] 
          
Model 3: Instrumenting SOSS, MOSS and wages 
SOSS 0.241*** -0.120*** -0.236*** 0.034*** 
 [0.056] [0.032] [0.060] [0.009] 
MOSS 0.000 0.029*** -0.033** -0.005** 
 [0.013] [0.007] [0.014] [0.002] 
ICT 0.002** 0.000 -0.002* 0.000 
 [0.001] [0.001] [0.001] [0.000] 
Wage -1.554*** -1.120*** -1.522*** -0.252*** 
  [0.477] [0.110] [0.326] [0.024] 
          
Obs. Mod. 1: 2247 Mod. 2: 2247 Mod. 3: 2247   
     
    Note: All elasticities are evaluated at the sample mean. Asymptotic standard errors computed with the delta method are reported in brackets. * 
significant at 10%; ** significant at 5%; *** significant at 1%.  
Model 1 - Instrumented variable: SOSS. Instrument: EBRD telecommunication index interacted with average share of services in total input usage in the 
1980s. Model 2 - Instrumented variables: SOSS and MOSS. Instruments: as in 1) plus EBRD enterprise reform index interacted with average share of 
material inputs in total input usage in the 1980s. Model 3 - Instrumented variables: SOSS, MOSS and relative prices. Instruments: as in 2) plus 5th lag of 
each relative wage. 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table 9 – First-Stage Regressions 

 
  MODEL1  MODEL2  MODEL3 

Instrumented Variable SOSS  SOSS MOSS  SOSS MOSS WH/Pmat WM/Pmat WL/Pmat 
           
Excluded Instruments           
           
EBRD Telecom. Index * Serv. Share 1980s 0.793***  0.719*** -0.809**  0.614*** -1.016*** -0.149*** -0.153*** -0.105*** 
 [0.128]  [0.130] [0.378]  [0.157] [0.359] [0.023] [0.021] [0.023] 
EBRD Enterp. Reform Index * Mat. Share 1980s -  0.443*** 3.091***  0.418*** 3.248*** 0.023 0.056*** 0.043*** 
 -  [0.106] [0.375]  [0.102] [0.372] [0.017] [0.015] [0.016] 
WH/Pmat (5th lag) -  - -  0.136 -0.228 0.584*** 0.243*** 0.478*** 
 -  - -  [0.232] [1.027] [0.059] [0.045] [0.053] 
WM/Pmat (5th lag) -  - -  0.665* -1.651 -0.302*** 0.125** -0.375*** 
 -  - -  [0.363] [1.454] [0.073] [0.063] [0.077] 
WL/Pmat (5th lag) -  - -  -0.632* 2.069 -0.091 -0.175*** 0.133** 
 -  - -  [0.333] [1.368] [0.064] [0.057] [0.066] 
           
Included instruments           
           
ICT 0.001  0.002 0.02  0.004 0.030* 0.004*** 0.004*** 0.004*** 
 [0.005]  [0.005] [0.017]  [0.005] [0.018] [0.000] [0.000] [0.000] 
Y 0.136  -0.152 -4.836***  0.018 -4.593*** 0.201*** 0.164*** 0.154*** 
 [0.368]  [0.383] [0.842]  [0.388] [0.839] [0.037] [0.034] [0.036] 
K  -0.307***  -0.288*** 0.786***  -0.239** 0.842*** 0.045*** 0.052*** 0.052*** 
 [0.108]  [0.109] [0.281]  [0.093] [0.289] [0.016] [0.016] [0.017] 
MOSS 0.045***  - -  - - - - - 
 [0.009]  - -  - - - - - 
WH/Pmat  0.578  0.763** 0.183  - - - - - 
 [0.353]  [0.379] [1.179]  - - - - - 
WM/Pmat  -0.869  -1.028* 3.239**  - - - - - 
 [0.616]  [0.604] [1.521]  - - - - - 
WL/Pmat  1.192**  1.166** -2.101  - - - - - 
 [0.512]  [0.507] [1.348]  - - - - - 
Constant 0.153**  0.173** -0.391*  0.191** -0.416* 0.000 0.000 0.031*** 
 [0.078]  [0.082] [0.226]  [0.081] [0.222] [0.010] [0.009] [0.010] 
Time dummies YES  YES YES  YES YES YES YES YES 
Observations 2247  2247 2247  2247 2247 2247 2247 2247 
F Statistics (IV) 38.62  29.68 36.93  11.51 20.33 43.95 40.04 43.24 
Note: First-Stage regressions for models in Table 8. Robust standard errors in parenthesis. * significant at 10%; ** significant at 5%; *** significant at 1%. 
 
 
 



Table 10 - Robustness Checks (I3SLS) 
                  
Elasticity H M L Materials H M  L Materials 
  Robust 1: Altern. instruments for offshoring§ Robust 3: Altern. measures of offshoring 2++ 

SOSS 0.214*** -0.044*** -0.204*** 0.014*** 0.252*** -0.112*** -0.226*** 0.031*** 
 [0.042] [0.017] [0.046] [0.005] [0.060] [0.027] [0.057] [0.007] 
MOSS 0.001 0.017*** -0.036*** -0.001 0.011 0.023*** -0.044*** -0.003** 
 [0.010] [0.004] [0.010] [0.001] [0.013] [0.006] [0.013] [0.002] 
ICT 0.003** 0.000 -0.003** 0.000 0.002** 0.000 -0.002** 0.000 
 [0.001] [0.000] [0.001] [0.000] [0.001] [0.001] [0.001] [0.000] 
Wage -1.809*** -1.163*** -1.821*** -0.255*** -1.155** -1.081*** -1.103*** -0.243*** 
  [0.598] [0.086] [0.445] [0.017] [0.613] [0.103] [0.391] [0.020] 
                  
 Robust 2: Altern. measures of offshoring 1+ Robust 4: K services* 

SOSS 0.280*** -0.115*** -0.226*** 0.029*** 0.256*** -0.124*** -0.260*** 0.036*** 
 [0.095] [0.036] [0.076] [0.009] [0.065] [0.036] [0.070] [0.010] 
MOSS 0.019 0.020*** -0.048*** -0.002 0.001 0.028*** -0.032** -0.004** 
 [0.021] [0.008] [0.016] [0.002] [0.013] [0.007] [0.014] [0.002] 
ICT 0.001 0.001 -0.001 0.000 0.005*** -0.001 -0.006*** 0.000** 
 [0.002] [0.001] [0.002] [0.000] [0.001] [0.001] [0.001] [0.000] 
Wage -0.643 -1.134*** -0.574 -0.238*** -1.708*** -1.103*** -1.624*** -0.246*** 
  [0.914] [0.132] [0.513] [0.025] [0.493] [0.105] [0.335] [0.024] 
                  
F statistics Robustness 1 Robustness 2 Robustness 3 Robustness 4 
SOSS 6.5 5.6 9.1 10 
MOSS 28.3 19.6 17.7 20.3 
WH/Pmat  40.2 44.1 44.2 42.4 
WM/Pmat  35 40.2 40.2 38 
WL/Pmat  44.6 43.5 43.5 41.9 
Obs. 2247 2252 2253 2227 
Note: All elasticities are evaluated at the sample mean. Asymptotic standard errors computed with the delta method are reported in brackets. * significant 
at 10%; ** significant at 5%; *** significant at 1%.  
§ Instrumented variables: SOSS, MOSS and relative prices. Instruments: index of banking system reform interacted with average share of services in total 
input usage in the 1980s; index of price liberalization interacted with average share of material inputs in total input usage in the 1980s; 5th lag of each 
relative wage. + Service and material offshoring computed applying import matrix coefficients to the periods 1990-1995 and 1996-2004. Instrumented 
variables and instruments as in Table 8. ++ Service and material offshoring computed applying import matrix coefficients to the periods 1990-1997 and 
1998-2004. Instrumented variables and instruments as in Table 8. * Capital stock proxied with capital services. Instrumented variables and instruments as 
in Table 8. 



Table 11. Robustness Checks: Excluding Materials (I3SLS) 
        
Elasticity H M L 
SOSS 0.284*** -0.016* -0.179*** 
 [0.068] [0.009] [0.051] 
MOSS 0.002 0.014*** -0.042*** 
 [0.013] [0.002] [0.010] 
ICT 0.000 0.000 0.000 
 [0.001] [0.000] [0.001] 
Wage -0.72 -0.443*** -0.980* 
  [0.781] [0.050] [0.509] 
        
F Statistics   
SOSS 14.12   
MOSS 25.35   
WH/WL 16.15   
WM/WL 73.51   
Obs. 2247     
    
Note: Estimates obtained from a short-run cost function that excludes materials. Dependent variables are wage bill shares, rather than 
variable cost shares. Equation for low skilled workers is dropped to avoid singularity in the variance-covariance matrix of the error 
term. All elasticities are evaluated at the sample mean. Asymptotic standard errors computed with the delta method are reported in 
brackets. * significant at 10%; ** significant at 5%; *** significant at 1%. 
Instrumented variables: SOSS, MOSS and relative prices. Instruments: EBRD telecommunication index interacted with average share 
of services in total input usage in the 1980s; EBRD enterprise reform index interacted with average share of material inputs in total 
input usage in the 1980s; 5th lag of each relative wage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 1 - EU15 Imports of "Other Commercial Services" 
(Percentage of total imports) 
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Source: Author's calculations based on WTO trade data. Other Commercial Services include all private services but transportation and 
travel.  
  
 

Figure 2 - Determinants of Transition Reform in Eastern Europe 
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Note: Author's calculations based on EBRD data.  



Appendix Tables 
Table A1 – Estimated demand function parameters 

Coefficient ISUR ISUR I3SLS1 I3SLS2 I3SLS3 
βH 0.000 0.007*** -0.001 -0.001 -0.002* 
 [0.000] [0.001] [0.001] [0.001] [0.001] 
βM 0.000 -0.002 0.001 0.002 0.003 
 [0.000] [0.002] [0.001] [0.001] [0.002] 
βL 0.000 -0.009*** 0.004*** 0.002* 0.004** 
 [0.000] [0.001] [0.001] [0.001] [0.002] 
βmat 0.999*** 1.003*** 0.997*** 0.997*** 0.995*** 
 [0.001] [0.002] [0.002] [0.002] [0.003] 
βH,H 0.033*** 0.039*** 0.023*** 0.023*** -0.029 
 [0.002] [0.002] [0.005] [0.005] [0.023] 
βH,M -0.023*** -0.024*** -0.010*** -0.009** -0.001 
 [0.002] [0.002] [0.004] [0.004] [0.013] 
βH,L -0.009*** -0.011*** -0.018*** -0.020*** 0.022 
 [0.002] [0.001] [0.005] [0.005] [0.019] 
βH,mat -0.001 -0.004*** 0.005* 0.006* 0.008 
 [0.001] [0.001] [0.003] [0.003] [0.007] 
βM,M 0.021*** 0.020*** 0.033*** 0.020*** -0.054*** 
 [0.004] [0.004] [0.006] [0.007] [0.020] 
βM,L 0.018*** 0.019*** 0.002 0.009* 0.052*** 
 [0.003] [0.003] [0.005] [0.005] [0.014] 
βM,mat -0.016*** -0.015*** -0.025*** -0.020*** 0.003 
 [0.003] [0.003] [0.004] [0.004] [0.016] 
βL,L 0.006** 0.001 0.039*** 0.038*** -0.036* 
 [0.003] [0.003] [0.006] [0.007] [0.020] 
βL,mat -0.015*** -0.009*** -0.024*** -0.028*** -0.038*** 
 [0.002] [0.002] [0.004] [0.004] [0.010] 
βmat,mat 0.032*** 0.028*** 0.044*** 0.043*** 0.027 
 [0.003] [0.004] [0.005] [0.005] [0.017] 
βH,SOSS 0.000*** 0.000** 0.012*** 0.012*** 0.012*** 
 [0.000] [0.000] [0.002] [0.002] [0.003] 
βH,MOSS 0.000*** 0.000*** 0.000 0.000 0.000 
 [0.000] [0.000] [0.000] [0.001] [0.001] 
βH,ICT 0.000*** 0.000*** 0.000** 0.000* 0.000** 
 [0.000] [0.000] [0.000] [0.000] [0.000] 
βH,K 0.004*** 0.001*** 0.005*** 0.005*** 0.004*** 
 [0.000] [0.000] [0.001] [0.001] [0.001] 
βH,Y 0.010*** -0.003** -0.001 0.000 0.001 
 [0.001] [0.001] [0.003] [0.004] [0.005] 
βM,SOSS 0.000 0.000 -0.011*** -0.010*** -0.022*** 
 [0.000] [0.000] [0.003] [0.003] [0.006] 
βM,MOSS 0.001*** 0.001*** 0.001*** 0.003*** 0.005*** 
 [0.000] [0.000] [0.000] [0.001] [0.001] 
βM,ICT 0.000 0.000 0.000 0.000 0.000 
 [0.000] [0.000] [0.000] [0.000] [0.000] 
βM,K 0.002 0.002 0.001 0.000 -0.003 
 [0.001] [0.002] [0.002] [0.002] [0.003] 
βM,Y -0.081*** -0.079*** -0.060*** -0.054*** -0.034*** 
 [0.003] [0.004] [0.005] [0.006] [0.011] 
βL,SOSS -0.001*** -0.000** -0.014*** -0.015*** -0.015*** 
 [0.000] [0.000] [0.003] [0.003] [0.004] 
βL,MOSS -0.001*** -0.001*** 0.000 -0.002*** -0.002** 
 [0.000] [0.000] [0.000] [0.001] [0.001] 
βL,ICT -0.000*** -0.000*** -0.000* 0.000 -0.000* 
 [0.000] [0.000] [0.000] [0.000] [0.000] 
βL,K -0.004*** 0.000 -0.006*** -0.005** -0.004** 
 [0.001] [0.001] [0.002] [0.002] [0.002] 
βL,Y -0.055*** -0.033*** -0.042*** -0.049*** -0.052*** 
 [0.002] [0.002] [0.005] [0.006] [0.007] 
βmat,SOSS 0.000 0.000 0.013*** 0.012*** 0.024*** 
 [0.000] [0.000] [0.004] [0.004] [0.006] 
βmat,MOSS 0.000 0.000*** -0.001*** -0.001 -0.003** 
 [0.000] [0.000] [0.000] [0.001] [0.001] 
βmat,ICT 0.000 0.000 0.000*** 0.000 0.000 
 [0.000] [0.000] [0.000] [0.000] [0.000] 
βmat,K -0.001 -0.004** 0.000 0.000 0.003 
 [0.002] [0.002] [0.002] [0.003] [0.004] 
βmat,Y 0.126*** 0.115*** 0.103*** 0.103*** 0.085*** 
 [0.004] [0.005] [0.006] [0.007] [0.012] 
      
Time Dummies NO YES YES YES YES 
Obs. 2527 2527 2247 2247 2247 
Country-industry groups 180 180 180 180 180 
Generalized R2 0.71 0.78 - - - 
Note: Elasticities computed from these parameters are reported in Table 6 and Table 8 in the main text. In all regressions, variables are group-mean deviated to eliminate 
country-industry fixed-effects. Standard errors are reported in brackets. *** significant at 1%; ** significant at 5%; * significant at 10%. Legend: H = High skilled workers 
(tertiary education); M = Medium skilled workers (upper secondary or vocational education); L = Low skilled workers (no formal qualification); Mat. = Material and service 
inputs; SOSS = Service offshoring (share of imported commercial services in total input purchases); MOSS = Material offshoring (share of imported 
material inputs in total input purchases); ICT = proxy for technological progress (share of total capital services accounted for by Information and 
Communication Technologies); K = capital stock; Y = real output. 
1Instrumented variable: SOSS. Instrument: EBRD telecommunication index interacted with average share of services in total input use in the 1980s. 2Instrumented variables: 
SOSS and MOSS. Instruments: as in 1) plus EBRD enterprise reform index interacted with average share of material inputs in total input use in the 1980s. 3Instrumented 
variables: SOSS, MOSS and relative prices. Instruments: as in 2) plus 5th lag of each relative wage. 

 




