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Abstract:	  We	  study	  the	  relation	  between	  service	  off-‐shoring	  and	  productivity	  growth	  in	  
the	  manufacturing	  sector	  of	  a	  set	  of	  European	  economies	  in	  1995-‐2005.	  We	  document	  
that	   those	   countries	   resorting	  more	   to	   service	   off-‐shoring	   in	   1995	   experienced	   faster	  
productivity	   growth	   in	   ICT/R&D	   intensive	   industries	   over	   the	   next	   decade.	  Our	   results	  
show	  also	  that	  the	  productivity	  gap	  between	  more	  and	  less	  ICT/R&D	  intensive	  industries	  
was	   relatively	   higher	   in	   those	   countries	   experimenting	   higher	   increases	   in	   service	   off-‐
shoring	  intensity	  over	  the	  period.	  In	  both	  cases,	  ICT	  intensity	  is	  more	  relevant	  than	  R&D	  
to	  explain	  the	  mechanism	  through	  which	  service	  off-‐shoring	  affects	  productivity	  growth.	  
These	   findings	   are	   consistent	   with	   the	   enhancing	   productivity	   effects	   of	   the	  
complementary	  relation	  between	  service	  off-‐shoring	  and	  ICT.	  
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1 Introduction

In recent years, international outsourcing of production has expanded
considerably in most of Western economies. The increasing role of off-
shoring has been favoured by the interplay between three factors: advances
in technology, economic and competitive pressures to reduce costs and im-
prove productivity, and institutional developments favouring trade liber-
alisation. In particular, the progress in Information and Communication
Technologies (ICT) facilitated the tradability of services so that one of the
most significant changes in economic activity over recent years has been the
substantial growth of service off-shoring (Abramovsky and Griffith 2006;
2009). So far, most of existing empirical evidence on the economic im-
pact of international outsourcing has been primarily focused on its poten-
tially negative effects on domestic employment (Feenstra and Hanson 1996;
Olsen 2006; Blinder 2007). Conversely, much less attention has been de-
voted to the impacts on productivity growth. The limited available evidence
from OECD countries on the relation between off-shoring and productivity
growth shows that in the US industries the off-shoring of services has been
associated with productivity gains, while the evidence for intermediate off-
shoring is more mixed (Amiti and Wei 2009). As to European countries,
the evidence of a positive correlation between service off-shoring and pro-
ductivity is there for English-speaking countries, such as Ireland and the UK
(Görg et al. 2007) but not for Italy (Daveri and Jona Lasinio 2008). Again, the
evidence for intermediates is not unique; it is either insignificant or outright
negative depending on industries and countries.1 The aim of this paper is
to provide empirical evidence on the relation between service off-shoring
and productivity growth in a sample of European economies. We apply the
approach proposed by Rajan and Zingales (1998) to investigate the mech-
anism through which service off-shoring affects economic growth. To this
end, we look at the average effect of service off-shoring on productivity in
the manufacturing industry across countries. Our main assumption is that
service off-shoring is given for all manufacturing industries within a coun-
try but its impact could be different if industries differ as to the degree of
technological development. The literature on trade and growth provides
evidence of the productivity enhancing effect of trade specialization (Gross-
man and Helpman 1991) that is generally stronger in more technologically
advanced sectors. If this is the case, it is reasonable to assume that the pro-
ductivity benefits of service off-shoring are relatively higher in more inno-
vative sectors. Then the relevance of off-shoring for productivity growth
can be tested looking at whether more technological advanced industries
perform relatively better in countries with higher service off-shoring inten-
sity. ICT intensive industries are good candidates in this respect. As shown

1 See for example Görg and Hanley (2005) and Görg et al. (2008).
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in the empirical literature on ICT and growth, the firms that invest more
in ICT and make complementary changes to their internal organization, as
implied by the off-shoring of business activities previously performed in
house, are more productive (Brynjolfsson and Hitt 2000; Bresnahan et al.
2002; Bloom et al. 2007). Moreover, Abramovsky and Griffith (2006) found
that more ICT intensive firms purchased a greater amount of services in the
market and they were more likely to purchase off-shore than less ICT in-
tensive firms. Therefore ICT intensive firms should be better able to benefit
from service off-shoring because of the way in which ICT eases business in-
teractions (Brynjolfsson and Hitt 2000, 2003). The ICT adoption facilitates
the off-shoring of firm’s non-core business processes to specialized business
providers allowing them to improve their performance by concentrating on
their main production activities. Thus the complementarities between ICT
and business service off-shoring generate productivity gains in ICT inten-
sive industries (Abramovsky and Griffith 2009).

More generally, the main channels through which off-shoring may in-
fluence industry productivity involve compositional or structural effects.
It may entail a static effect on efficiency due to specialization, for the off-
shoring firm, by its decision to outsource, can relocate fragments of produc-
tion, less efficiently implemented in house, to a subsidiary located abroad.
This process may involve positive or negative productivity effects for the
plant located in the country of origin, depending on the type of activities be-
ing off-shored. This same process may also take place between rather than
within firms. The off-shoring of activities would thus entail some resource
reallocation with the related productivity effects for the industry rather than
for the firm itself. Finally, and perhaps more conjecturally, off-shoring may
also originate in dynamic efficiency effects. This may be due to “learning-
by-offshoring” effects if firms improve their methods of operation by im-
porting back the services produced by the off-shored inputs, or thanks to
the use of bigger or newer varieties of new materials or services (Amiti and
Wei 2009). However, with our industry-country data we will not be able
to single out which one of these channels is more relevant empirically. We
will focus instead on country capacity to trade services and on its effect on
productivity growth. To investigate this effect we use cross-country sector
data for a set of EU economies in the period 1995-2005. Our results indi-
cate that service off-shoring has a positive impact on productivity growth
in more technological intensive industries. We find that relatively to the
country and sector averages, the productivity growth differential between
low and high ICT intensive industries is higher in more than in less service
off-shoring oriented countries. The productivity growth differential can be
2.2 percent higher in those countries resorting relatively more to service off-
shoring over the period.

The paper is structured into five sections. The next section illustrates the
data and measurement issues whilst section 3 provides a picture of produc-
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tivity performances and service off-shoring propensity across EU countries.
Section 4 describes our empirical strategy and results. Section 5 concludes
indicating the next steps in our research.

2 Off-shoring measures and data

In this section, we describe the measurement issues related to the off-
shoring indicators and our database.

Measuring off-shoring intensity at the country/industry level

Definition “Outsourcing” is the purchase of intermediates and services
outside a manufacturing company which were previously performed by in-
house employees. In turn, outsourcing may take place in various guises,
within or outside the country. If the outsourced inputs or services are pro-
duced outside the country, this is labeled “off-shoring” (or “off-shore out-
sourcing”).

Measurement methods The measure of off-shoring intensity at the national
level is generally obtained aggregating over sectoral measures. Depend-
ing on data availability one can compute direct and indirect off-shoring in-
dexes.2 When information on imported inputs is not available, the standard
practice is to compute the Feenstra and Hanson (FH) indexes based on the
import proportionality assumption (FH 1996). The FH broad index is the
following:

FH =
∑
j

X i
j

Yi
× Mj

Cj

(1)

where X i
j is input purchases of good j by industry i, Yi is total non-energy

input used by industry i, Mj is import of good j, and Cj is the domestic
demand of good j. This is what Feenstra and Hanson (1996) call a broad
measure of foreign outsourcing, i.e. the share of imported intermediate in-
puts over total intermediate costs. Based on this measure they also define
a narrow measure of off-shoring by restricting the attention to those inputs
that are purchased from the same industry as the one in which the good
is being produced. The narrow index is obtained when i = j in equation
(1).3 If instead Input-Output tables are available, direct measures of off-
shoring intensities can be calculated following the broad and narrow defi-
nitions described above but, at variance with Feenstra and Hanson, aban-
doning the so called “proportionality” assumption that any manufacturing
industry would resort to intermediates or market services to the same ex-
tent. Instead, using the industry data on imported intermediates provided

2 As shown in Daveri and Jona Lasinio (2008), the choice of off-shoring measures (direct
vs indirect) may significantly affect the result of the analysis.

3 They also calculate a differential measure of outsourcing as the difference between their
broad and narrow off-shoring measures.
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by import matrices, it is possible to look directly at the value of imported in-
termediate inputs or services of each industry from and within each sector.
The direct measure of broad off-shoring is thus:

FH =
∑
j

Zi
j

Ni

(2)

where Zi
j is the import of intermediate inputs of service (good) j by industry

i,Ni is the amount of total non-energy intermediate inputs used by industry
i. This index measures the broad off-shoring of services as the share of im-
ported business and financial services over total non-energy intermediates.
The same index can be used to measure the broad off-shoring of interme-
diates. Country service off-shoring measures are then obtained aggregating
the above measures over the manufacturing industries. Thus our aggregate
service off-shoring index is referred to the manufacturing sector as a whole
in each country.

Data Our basic data source consists of EUROSTAT input-output tables
available for the following countries and time periods: Belgium (1995-2000),
Denmark (1995-2004), Germany (1995-2005), France (1995-2005), Italy (1995-
2005), Netherlands (1995-2004), Austria (1995-2000), Finland (1995-2005),
Sweden(1995-2000) and UK (1995-2000). Data on output and factor inputs
are taken from the EUKLEMS and OECD data sets providing very detailed
industry information for European countries and the US for the period 1995-
2005.

3 Service Off-shoring and Productivity Growth

3.1 The Cross-Country Cross-Industry Dimension of Interme-
diate Trade

The empirical literature has not provided, until now, a clear evidence of
a positive impact of off-shoring on productivity growth. A possible reason
is that the productivity enhancing effects of off-shoring depend on some
country and firm characteristics as well as market or institutional factors
(Liu et al. 2011). Further, most of the literature on intermediate trade fo-
cused on the determinants of off-shoring and on those factors influencing
the choice of the off-shoring location (Antràs and Helpman 2004); Grossman
and Helpman 2005). These studies model off-shoring as a contractual rela-
tionship between domestic outsourcing firms and foreign input providers.
Liu et al. (2011), for example, investigate the relevance of transaction costs
(Williamson 1979) in understanding the determinants of service off-shoring,
since factors that lower transaction costs are supposed to increase the amount
of off-shoring. They show that there are various country characteristics

http://www.rei.unipg.it/rei/article/view/185 5
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that can influence the off-shoring outsourcing relationship (Anderson and
Gatignon 1986) such as the quality of institution in the foreign country and
the cultural proximity. Better legal institutions are inclined to ensure the en-
forcement of contracts and encourage greater transparency in the business
environment (Nunn 2007). Then the better the quality of the institutional
environment, the lower the transaction costs involved in an off-shoring re-
lationship, the higher the off-shoring intensity in the country. Cultural prox-
imity, on the other hand, is expected to reduce asymmetric information
and luck of trust between the outsourcing company and the foreign service
provider (Leamer and Storper 2001). As a consequence, transaction costs
should be lower for off-shoring to countries with greater cultural proximity.
Liu et al. (2011) show that the propensity of service off-shoring is positively
correlated with both institutional quality and cultural proximity as well as
with other country characteristics such as education level, ICT infrastruc-
ture and the size of GDP.

In this paper, we document the existence of some differences of service
off-shoring intensities among EU countries and we do not focus on the de-
terminants of service off-shoring at the national level but we take it as given.
Instead, we analyse the impact of this predetermined service off-shoring
propensity on productivity growth.

Table 1 - Service Off-shoring as a Percentage of EU average
EU AU BE DE DK FI FR IT NL SWE IR PT SP

Construction 1.8 0.6 1.3 0.3 1.0 0.6 1.1 0.7 1.4 3.5 0.1 0.3 1.2
Wood and Products Of Wood and Cork 1.9 0.7 2.0 0.5 1.1 1.1 0.7 1.7 0.6 1.7 1.3 0.3 0.2
Basic Metals and Fabricated Metal Products 2.0 0.9 1.9 0.8 0.9 0.9 0.6 0.7 1.5 1.5 1.2 0.4 0.5
Food Products, Beverages and Tobacco 2.0 0.5 1.5 0.4 0.9 0.9 0.6 0.5 0.6 1.3 2.8 0.3 1.6
Transport Equipment 2.1 0.3 0.8 0.6 0.9 0.8 0.5 0.9 0.5 2.9 1.7 0.1 1.9
Other Non-Metallic Mineral Products 2.6 0.8 1.9 1.3 1.0 1.3 0.8 0.7 0.7 2.5 0.3 0.4 0.4
Textiles, Textile Products, Leather and Footwear 2.7 0.8 1.1 0.2 1.3 1.1 0.5 0.9 0.7 1.6 2.8 0.2 0.8
Machinery and Equipment, N.E.C. 2.9 0.8 1.4 0.5 1.0 1.5 0.5 1.0 0.8 1.6 1.4 0.3 1.2
Manufacturing Nec; Recycling 3.0 0.6 0.7 0.3 1.4 0.9 0.4 1.0 1.3 1.3 3.1 0.3 0.8
Electricity Gas and Water Supply 4.5 0.7 1.8 0.5 0.9 1.6 0.8 1.7 0.7 0.8 1.2 1.0 0.3
Electrical and Optical Equipment 5.6 0.2 1.0 0.3 0.3 1.0 0.2 1.0 2.3 1.6 3.5 0.1 0.5
Pulp, Paper, Printing and Publishing 8.8 0.1 0.6 0.2 0.3 0.4 0.2 0.2 0.4 0.5 8.7 0.1 0.2
Chemical, Rubber, Plastics and Fuel Products 9.1 0.2 0.5 0.5 0.5 0.4 0.2 0.3 0.3 1.1 7.2 0.1 0.7
Total 48.9 0.4 1.1 0.4 0.7 0.8 0.4 0.8 0.8 1.4 4.1 0.3 0.7

Table 1 compares the service off-shoring intensity distribution at the in-
dustry level for the twelve European countries selected. Our benchmark
is shown in the first column displaying the average service off-shoring in-
tensities for the EU aggregate. Industries are ranked in increasing order of
off-shoring intensity. The remaining columns report our index of service
off-shoring for each country as a ratio to the EU average. The data indi-
cate that, in 2000, the average manufacturing industry in Europe bought
imported business services for some 48.9 percent of its total non-energy in-
puts. The more service off-shoring oriented sectors are chemicals, pulp and
paper and electrical and optical equipment that are also the most techno-
logically intensive industries in the manufacturing sector. The difference

Copyright c© 2015 University of Perugia Electronic Press. All rights reserved 6
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between the more (chemical) and the less (construction) off-shoring inten-
sive sectors accounts for a factor of almost 7. Also, the dissimilarities among
countries are not small. Ireland has the largest mean size, four times higher
than the EU average, followed by Sweden about 40 per cent higher and Bel-
gium 10 percent higher. At the lower end, well below the EU average, there
is Portugal and at the same level, Germany and France, with an average
service off-shoring intensity equal respectively to 28 and 43 percent below
the benchmark. Differences in off-shoring propensity across countries could
be due to some national characteristics inducing such differences within a
sector. The row variation is quite high in Table 1, indicating that the same in-
dustry can be characterized by very different service off-shoring intensities
in different countries. The sectors characterized by the most dispersed ser-
vice off-shoring intensities are pulp and printing, chemical rubber and plas-
tic, and electrical and optical equipment. As stressed above, these industries
are also among the most technologically intensive sectors. The differences
are significant also at the country level. In Austria and Portugal all sectors
are below the EU average, in Germany and France all industries but one are
below the average, while the opposite is true for Sweden and Ireland. Thus
national characteristics, such as regulation in the factor markets, the quality
of institutions, technological infrastructure or the level of education may be
important determinants of service off-shoring propensity independently of
sectoral specialization (Liu et al. 2011). This evidence provides us a motiva-
tion for looking at the country-industry dimension of the relation between
service off-shoring and productivity growth.

3.2 Service Off-shoring and Productivity Growth in the Eu-
ropean Economies

Before going into the details of the empirical analysis we look at the pat-
terns of productivity and service off-shoring across the EU economies. In
the second half of the 1990s, labour productivity growth in the EU economies
(EU-15) slowed significantly from 2.7% in 1980-1995 to 1.4% in 1995-2005
(1.7 percent if measured for EU-25). But the data document a high degree
of heterogeneity of productivity performances across EU countries. During
the same period, most economies in the EU have been increasingly involved
in the process of globalization that lead to delocalize abroad many manufac-
turing and service activities previously carried out within the domestic bor-
ders. Figure 1 shows the yearly average rates of growth of productivity and
service off-shoring intensities in the manufacturing sectors across the EU
economies ranked according to service off-shoring increases. In 1995-2005,
the highest productivity growth rates were recorded in Ireland increasing at
an average rate of 4.4% per year, followed by Finland and Sweden increas-
ing on average 2.5% per year. Among the large EU economies, France and
Germany increased at 1.8% and 1.6% per year respectively (from 3.2% and

http://www.rei.unipg.it/rei/article/view/185 7
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Figure 1: Labor Productivity and Service Off-shoring Intensities 1995-2005
(compounded average rates of growth)
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2.8% in 1970-1995). At the lower end of productivity ranks are Italy (0.5%
vs 2.4% in 1970-1995) and Spain (0.5% vs 2.9% in 1970-1995) whose dismal
productivity performance impacts significantly on the average growth rate
of the Union (OECD 2007). The data in Figure 1 show also that the share
of imported intermediate services increased in all countries over the decade
even if at different pace across Europe. Service off-shoring increased at a
faster rate in Denmark (17.4% per year), Ireland (9.6% per year), Austria
(8% per year), Sweden and Finland (7.9% and 7.7% respectively); while it
increased at a slower pace in some of the Continental European economies
such as Germany (3.8% per year), France and Italy (3.1% per year) and Por-
tugal (1.9% per year).

Figure 2 shows service off-shoring intensities for the manufacturing sec-
tors in the selected EU economies in 1995 and in 2005. At the beginning of
the period, service off-shoring intensities varied from 0.7-0.9 per percent of
Portugal, Denmark and Germany, to 3.9 percent of Finland and 3.0 percent
of Sweden. Whilst in 1995 service off-shoring by manufacturing industries
in the EU was a rather small phenomenon, it increased at a fast pace during
the decade, even if in a differentiate manner across countries. In 2005, the
share of imported services accounted for 6.4 percent of non-energy interme-
diate inputs in Sweden, 5.7 percent in Finland, 5.3 percent in Netherlands,
1.8 percent in Germany and 1.7 percent in France. To sum up, all together
these data indicate that over 1995-2005, in most countries in the EU the slow-
down of labour productivity growth was paralleled by a rising tendency to
off-shore service activities. But the degree of the productivity slowdown
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Figure 2: Service Off-shoring intensities: 1995-2005 (percentage values)
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and the intensity of off-shoring varied considerably across them. More re-
cent evidence, however, shows that off-shoring increased considerably up
to 2009 when the financial crisis affected the strategies of internationaliza-
tion of the firms. Since then, there has been an increasing tendency of bring-
ing back home off-shored productive activities (re-shoring or back-shoring)4

with a consequent decline of offshoring propensity (Frattocchi et al. 2014).

4 Service Off-shoring and Productivity Growth:
Statistical Evidence

In this section we first describe our empirical strategy and then present
the main findings on the relation between service off-shoring and produc-
tivity growth in the EU manufacturing industries.

4.1 Empirical strategy

To analyze the relation between service off-shoring and productivity grow-
th we adopt the cross-industry cross-country approach of Rajan and Zin-
gales (1998) that has been widely implemented in growth empirics. It has
been applied mostly in finance (Braun and Larrain 2005; Cetorelli and Stra-

4 See Liu and Trefler (2008) for the analysis of the consequences of inshoring activities on
employment.
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han 2006; Aghion et al. 2007; Fisman and Love 2007; Beck et al. 2008;
Manova 2008); to analyze the effects of labor market institutions on com-
parative advantage and productivity (e.g. Cingano et al. 2010; Cuñat and
Melitz 2012), to investigate the relation between human capital and compar-
ative advantage (e.g. Romalis 2004; Ciccone and Papaioannou 2009); and to
examine the economic consequences of firm size, entry regulation, trans-
action costs, fiscal policy, risk sharing, and foreign aid (e.g. Pagano and
Schivardi 2003; Klapper et al. 2006; Acemoglu et al. 2009; Aghion et al. 2014;
Michelacci and Schivardi 2010; Rajan and Subramanian 2011). The main ad-
vantage of this approach is that it allows addressing directly the problem
of reverse causality and to reduce the omitted variable bias frequently af-
fecting cross country growth regressions5 (Ciccone and Papaioannu 2010).
To tackle the problem of reverse causality and omitted variables Rajan and
Zingales (1998) suggest to define some industry characteristics that allow to
rank sectors according to the relative importance of the variable of interest
(financial development, firm size, human capital, etc.) for growth. In our
analysis, this amount to identify those industries that should be affected
most/less by service off-shoring activity. A good candidate in this respect is
the ICT expenditure that displays a high degree of industry variability and,
it should potentially be a channel through which service off-shoring affects
productivity growth. The relationship between technology and off-shoring
has been extensively investigated by Grossman and Helpman (2002) and
(2005) and Antràs and Helpman (2004) in a model for off-shoring deci-
sions where technology affects the cost of international outsourcing. In this
framework, Abramovsky and Griffith (2009) found that more ICT intensive
firms are more likely to off-shore services than less ICT intensive firms. The
demand for off-shored services depends on the relative cost of producing
services in-house compared to outsourcing. Since information technolo-
gies substantially reduce transaction and search costs of importing services,
more ICT intensive firms will face lower relative cost of outsourced services
and a greater demand for them. Abramovsky and Griffith (2009), show that
investing in ICT increases the probability of off-shoring by 6%.

4.1.1 Empirical specification

Our empirical specification follows closely Rajan and Zingales (2008)
and subsequent literature (Ciccone and Papaioannou 2009). A common
characteristic is that because of limitations to available international industry-
level data we also resort to U.S. data to get a proxy of global industry charac-
teristic. But our aim is to exploit both cross-country and cross-industry vari-
ability to evaluate the effects of service off-shoring on productivity growth.

5 The main problem with growth regression is the difficulty to establish the direction of
causality. This can be due to the explanantory variable being simply a leading indica-
tor and not a causal factor of economic growth. Reverse causality and omitted variable
problems can originate from that producing biased OLS estimates.
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To this end, we run a regression of sectoral growth on an interaction of the
degree of country level service off-shoring and industry level technological
development, after controlling for a set of country and industry dummies.
Our growth regression is the following:

gYij = β0+β1Xij+β2 ln(Offj×ICTi)+β3 ln(∆Offj×ICTi)+δi+µj+εij (3)

where gYij is the average rate of growth of value added per worker in coun-
try j in sector i; Xij are control variables; Offj is the off-shoring intensity
of services in country j in a reference year; ICTi captures the differential
industry effect of service off-shoring on growth, that is the intensity, δi and
µj are a set of industry and country dummies, and εij is an error term. We
insert country dummies to ensure that our results are not driven by specific
country characteristics that might potentially be correlated with our service
off-shoring measure. Industry dummies should instead catch the possi-
ble correlation between specific industry characteristics and our measure
of technological intensity. Therefore, to identify our parameters of interest
we use within-country differences in industry growth rates. If our proxy
is correct, we should find that the coefficients β2 and β3 in equation (3) are
positive and significant indicating respectively that within each country in-
dustries that are more ICT intensive grow faster when the off-shoring inten-
sity is higher in the beginning of the period and when service off-shoring
increases over time. We first focus on the initial level effect of service off-
shoring so that the first set of our estimates refer to equation (3) without the
β3 ln(∆Offj ∗ ICTi) term. Then we check the initial level effect taking into
account also the improving effect of service off-shoring estimating equation
(3) with both interaction terms.

4.2 Industry Characteristics

As mentioned before, to implement this model we need a measure of
ICT intensity at the industry level external to our data set that should be a
good proxy of ICT intensity for a “global industry”. The relevant sectoral
characteristic should be referred to an undistorted economy, where the ICT
intensity of sectors is determined in an unconstrained environment. Most
of the literature following the approach of Rajan and Zingales used US data
to proxy global industry characteristics since they are less distorted com-
pared to other developed economies (Ciccone and Papaioannou 2010).6 In
our analysis, we use an indicator of ICT intensity at the industry level for
the US economy. The US is a natural benchmark to determine ICT intensity
in an unrestricted setting, given the low level of regulation in the American
economy. We rank industries according to the US measure of ICT intensity

6 Ciccone and Papaioannou (2010) show that the use of industry characteristics in a bench-
mark country as a proxy for the relevant industry characteristics may introduce measure-
ment error which can result in an attenuation bias and an amplification bias.
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and we consider whether the impact of service off-shoring varies system-
atically with it. The ICT intensity is measured as (ICT expenditure/Total
employment)i i = 1, .., 14 industries; we also test for R&D intensity using
the R&D expenditure over total employment as an alternative technological
intensity indicator (Table 2).

Table 2 - Technological intensities in the US: ICT vs R&D
ICT-FTE R&D-FTE

Food Products, Beverages and Tobacco 1.47 0.78
Textiles, Textile Products, Leather and Footwear 0.54 0.21
Wood and Products of Wood and Cork 0.51 4.80
Pulp, Paper, Paper Products, Printing and Publishing 2.44 1.26
Chemical, Rubber, Plastics and Fuel Products 4.00 10.61
Other Non-Metallic Mineral Products 1.67 1.42
Basic Metals and Fabricated Metal Products 1.31 0.25
Machinery and Equipment, N.E.C. 4.80 4.11
Electrical and Optical Equipment 5.72 25.62
Transport Equipment 3.30 13.76
Manufacturing Nec; Recycling 1.24 0.37
Electricity Gas and Water Supply 11.80 0.26
Construction 0.85 0.03
Wholesale and Retail Trade; Repairs 1.24 1.16
Hotels and Restaurants 0.18 0.00
Transport and Storage 6.71 0.37
Post and Telecommunications 30.67 1.39
Financial Intermediation 7.12 5.61
Real Estate Activities 1.69 9.88
Renting of M&Eq and Other Business Activities 4.44 0.68

4.3 Results

4.3.1 Service Off-shoring and Productivity Growth: The Initial Effect

Table 3 columns 1-3 report the estimates of the effect of initial service off-
shoring intensity on annual growth in more compared to less ICT intensive
industries. The coefficient on initial service off-shoring intensity interaction
is 0.0141 (col. 3) and statistically significant at the 1 percent level. It implies
an annual growth differential of 0.15 percent (Table 5) between an industry
at the 75th percentile (Electrical and Optical equipment) and an industry
at the 25th percentile (Textile) of the ICT intensity distribution in a country
with an initial service off-shoring intensity at the 75th percentile (Finland)
compared to a country at the 25th percentile (Germany). In columns 1 and
2 we test the robustness of our results to alternative determinants of sec-
toral productivity growth traditionally considered in the growth literature:
physical and human capital intensities. Both variables are statistically sig-
nificant and positive as expected. Colums 4-6 report the same estimates
as of columns 1-3 but using R&D instead of ICT intensity as an alternative
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measure of technological development in the interaction term.7 The growth
differential between an industry at the 75th percentile (Chemical) and an
industry at the 25th percentile (Textile) of the R&D intensity distribution in
a more (Finland) compared to a less (Germany) service off-shoring oriented
country at the beginning of the period is 0.05 percent (Table 5). This finding
confirms a positive initial effect of service off-shoring also in more as com-
pared to less R&D intensive industries. However, the differential effect of
R&D is lower than that of ICT.

Table 3 - Benchmark estimates - Level effects: Service Off-Shoring and Industry
Productivity Growth

Manufacturing sectors 1995-2005
OLS

VARIABLES 1 2 3 4 5 6
OFF × ICT 0.0134*** 0.0129*** 0.0141***

(0.00167) (0.00168) (0.00203)
OFF × R&D 0.00407*** 0.00338*** 0.00642***

(0.000947) (0.000963) (0.00117)
K/L 0.0657*** 0.0654*** 0.0638*** 0.0640***

(0.00520) (0.00537) (0.00528) (0.00546)
HK 0.00632*** 0.00664***

(0.00196) (0.00201)
Initial conditions -0.128*** -0.127*** -0.0741*** -0.125*** -0.124*** -0.0710***
(VA/L) (0.00968) (0.00997) (0.00956) (0.0101) (0.0105) (0.00964)

Observations 781 781 781 781 781 781
R-squared 0.751 0.747 0.645 0.737 0.733 0.638
Country fixed effects yes yes yes yes yes yes
Industry fixed effects yes yes yes yes yes yes

Note: OLS estimates, the dependent variable is the annual growth rate of value added per full time equivalent at
the country industry level for the period 1995-2005; OFF is service off-shoring intensity in 1995; ICT is the ratio of
ICT capital to full time equivalent employees in the US; R&D is the ratio of R&D expenditure to full time equivalent
employees in the US; K/L is the average capital per worker over the period; HK is an index of human capital; VA/L
is the real value added per worker at the beginning of the period. All the variables are in log.
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.

4.3.2 Service Off-shoring and Productivity Growth: The Improving Ef-
fect

The second set of our estimates accounts for the possibility that faster
growth in ICT intensive industries might be driven also by increases in
service off-shoring activity. Table (4) shows the results of the estimates of
equation (3) including both interaction terms. Colum 3 reveals that there
is a positive and statistically significant coefficient of β3 indicating that la-
bor productivity growth in ICT intensive industries was faster in countries
experimenting higher increases in service off-shoring intensity over the pe-
riod. To quantify this effect compare a country with an improvement of
7 Here we use the R&D intensity as an alternative measure of technological innovation. At

this stage, the aim is purely explorative simply to check for alternative channels through
which service off-shoring may affect industry productivity growth. In future research
work we will explore more deeply the role of a wider set of intangible assets.
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service off-shoring intensity at the 75th percentile (Denmark with an im-
provement of 75 percent) and a country at the 25th percentile (Finland with
an increase of 30 percent). Then the estimated coefficient on annual pro-
ductivity growth gap between more (Electrical and optical equipment) and
less (Textile) ICT intensive sectors is 2.2 percent higher in Denmark than
in Finland. The interaction between initial service off-shoring and ICT in-
tensity remains positive and statistically significant at the 1 percent level in
all specifications. Further, point estimates are bigger than in the previous
specification. The initial service off-shoring coefficient is now 0.0182 that is
about 30 percent higher than the corresponding estimated coefficient in Ta-
ble 3. As a result higher initial service off-shoring was coupled with faster
productivity growth in ICT intensive sectors, even when increases in service
off-shoring are accounted for.

Table 4 - Level and Growth Effects: Service Off-Shoring and Industry Productivity
Growth

Manufacturing sectors 1995-2005
OLS

VARIABLES 1 2 3 4 5 6

OFF x ICT 0.0157*** 0.0150*** 0.0182***
(0.00195) (0.00200) (0.00240)

DOFF x ICT 0.00863*** 0.00796*** 0.0159***
(0.00287) (0.00277) (0.00374)

OFF x R&D 0.00532*** 0.00478*** 0.00954***
(0.00109) (0.00113) (0.00140)

DOFF x R&D 0.00478** 0.00524*** 0.0124***
(0.00199) (0.00186) (0.00253)

K/L 0.0647*** 0.0646*** 0.0622*** 0.0622***
(0.00506) (0.00524) (0.00500) (0.00517)

HK 0.00651*** 0.00638***
(0.00193) (0.00202)

Initial conditions -0.125*** -0.124*** -0.0693*** -0.121*** -0.120*** -0.0650***
(VA/L) (0.00940) (0.00975) (0.00931) (0.00977) (0.0100) (0.00897)

Observations 781 781 781 781 781 781
R-squared 0.752 0.748 0.650 0.739 0.735 0.649
Country fixed effects yes yes yes yes yes yes
Industry fixed effects yes yes yes yes yes yes

Note: OLS estimates; the dependent variable is the annual growth rate of value added per full time equivalent
at the country industry level for the period 1995-2005; OFF is service off-shoring intensity in 1995; ÎOFF is the
increase of service off-shoring over the period; ICT is the ratio of ICT capital to full time equivalent employees
in the US; R&D is the ratio of R&D expenditure to full time equivalent employees in the US; K/L is the average
capital per worker over the period; HK is an index of human capital; VA/L is the real value added per worker at the
beginning of the period. All the variables are in log.
Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Columns 4 to 6 in Table 4 report the results for the same empirical model
but substituting ICT with R&D intensity. The positive and statistically sig-
nificant estimate of the interaction coefficient indicates that productivity
growth in R&D intensive sectors was faster in countries with greater in-
creases in service off-shoring over the period. The implied annual growth
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gap between an industry at the 75th percentile (Chemical) and an industry
at the 25th percentile (Textile) of the R&D intensity distribution is 1.1 per-
cent higher in more compared to less service off-shoring oriented countries.
These results confirm that the differential effect of R&D is lower than that
of ICT. It is relevant to note that this is just a within country and sector com-
parison that does not imply any conclusions on productivity growth differ-
entials between countries or industries.8 Our findings allow us to say that
relatively to the country and industry averages, the productivity growth
differential between high and low ICT/R&D intensive sectors was higher
in countries resorting more intensively to service off-shoring.

Table 5 - Differential effects - Service off-shoring Manufacturing industries

Initial effect Initial effect Improvement effect
ICT 0.15 0.20 2.20
R&D 0.05 0.10 1.10

Note: Initial level effect: the growth differential between more and less ICT intensive manufacturing industries is
0.1% higher in a country with service off-shoring at 25th percentile than in a country at 75th percentile in the initial
year.
Improvement effect: the growth differential between more and less ICT intensive industries is 2.2% higher in a
country with an increase of service off-shoring at 75th percentile than in a country at 25th percentile

5 Conclusions

This paper is an attempt to make some progress in our knowledge of
the relation between service off-shoring and productivity growth. We tested
whether higher initial service off-shoring intensity was associated with faster
productivity growth in ICT intensive sectors in 1995-2005 in a sample of
European economies. Then we analyzed the relation between increases in
service off-shoring and productivity growth in technological intensive in-
dustries. We find that productivity growth was relatively faster in countries
with higher service off-shoring at the beginning of the period. Our results
show also that those countries where service off-shoring grew faster over
the decade experienced faster productivity growth in ICT intensive sectors.
We checked also for the differential effect of R&D. We find a positive but
smaller effect of R&D compared to ICT. Consistently with the results by
Abramovsky and Griffith (2009), showing that service off-shoring and ICT
are strongly complementary, ICT plays a more relevant role than R&D in
explaining the mechanism through which service off-shoring affects pro-
ductivity growth. Accordingly, the productivity enhancing effect of service
off-shoring is relatively higher in more ICT intensive industries.

A lot of attention has been paid to the slowdown of productivity growth
in the European economies compared to the US. The empirical literature
shows that the main factor driving the divergence in productivity growth is
8 In our empirical model the growth differentials between countries are captured by the

country and industry dummies.
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the relatively slower adoption of ICT in some European countries. As our
results point out, also service off-shoring can be a key element in this re-
spect. Our data document that those countries resorting more intensively to
imports of intermediate services (Denmark, Sweden and Finland) are also
the countries whose manufacturing sector is relatively more technologically
developed and with the highest rates of productivity growth over the pe-
riod. Thus if the strong complementarities between service off-shoring and
ICT adoption are a fundamental element to stimulate productivity growth
we should wonder if Europe is failing to exploit the growth potential of
service off-shoring because of the relatively lower level of technological de-
velopment as compared to the US. Future research will be devoted to an-
alyze the role of other intangible assets in identifying alternative channels
through which service off-shoring may affect productivity growth.
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