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1. Introduction

Research and Development (R&D), together with other core business ac-
tivities, is usually centralized at the firms’ headquarters in the home country

(Patel_and Pavitd, [991; Narils, 2O0%; Belderhos of all, POI0), but the last

decades have documented an increase in the internationalization of R&D and

inventive activities (Guellec and van Pottelsberghe de Ta Potterid, 2001; Picei,

P010). This was at first mainly motivated by the need to better exploit existing
home-based advantages (i.e. by adapting existing products to foreign markets
needs), while more recently the need to source complementary assets, talents
and competences abroad has also become an important motive.!

The trend towards offshoring R&D activities? has raised concerns that the
knowledge base of advanced countries may be ‘hollowed out’, worsening their rel-
ative international competitiveness.? At the same time, economic research have
highlighted the potential benefits of offshoring R&D in terms of reverse technol-
ogy transfer and increased competitiveness at home. However, while there are
works investigating the impact of R&D offshoring both on the innovative and
productive performance at the level of the firm, evidence of the overall impact
of this phenomenon on the home economy is still scarce and inconclusive. This
lack of evidence is particularly unfortunate from the policy perspective, since an
informed policy intervention needs to evaluate both the firm-level effects, their
interactions at a more aggregate level.

This work contributes to filling this gap by assessing to what extent the pro-

1See for example, Cantwell (T995); Kuemmerld (I999); Patel and Vega ([999); kon Zedfwitz
And Gassmany (Z00%); e Ras and Siera (Z007); Narila and Zanfei (Z005); Manning et a
(PO0R); Dunning and Lunday (2009); Ambos and Ambos (200).

2[R&D] Offshoring is defined as the location or transfer of [R&D] activities abroad. It
can be done internally by moving services from a parent company to its foreign affiliates —
sometimes referred to as ‘captive’ or ‘in-house’ offshoring—, or to third (unrelated) parties
—referred to as international outsourcing— (IINCITATI, PO0R). The empirical analysis carried
out in this work will refer to ‘captive’ R&D offshoring only. This offshoring of R&D activities
is related to the emerging phenomenon of Global Innovation Networks (GINs)(Ernsf, PO0OZ,
P01l Chaminadd, 2ond).

3See, for example, Liehermad (Z004) for the US, and (p00H) or
(e0?7) for Europe.




ductivity growth of 262 regions in Europe is associated with offshoring of R&D
activities by domestic multinational enterprises (MNEs) based in the same re-
gions. The focus on regional productivity allows us to capture not only the
direct effect of R&D offshoring on firms’ competitiveness, but also the effect
through the growth in size of offshoring firms (i.e. through market shares real-
location) and the indirect effect via increase/decrease in local firms’ productivity

and propensity to enter/exit the market (‘spillover’ effect).*

The relationship
between R&D offshoring and regional productivity is particularly relevant in the
European Union (EU) where regional competitiveness and social and economic
cohesion have been crucial concerns for policy makers.®

In order to investigate to what extent offshoring of R&D is associated with re-
gional productivity growth, we gather data on international investment projects,
that we use to build unique measures of outward investments in R&D at the
regional level for the countries of the European Union. We then estimate regres-
sions of productivity growth as a function of the lagged number of international
R&D investments, controlling for a measure of incoming multinational activity,
as well as other regional characteristics and country fixed effects. We find that
offshoring regions have higher productivity growth, and a positive correlation
emerges between the extent of R&D offshoring and the home region productivity
growth.

The contribution of this work is threefold. First, to the best of our knowl-
edge, it is the first large sample empirical investigation into the role of R&D
offshoring on home region performance, and, thus is a first attempt to provide
a robust empirical evidence to the broad question of whether R&D offshoring is
ultimately positively or negatively associated with the growth prospects of ter-

ritories within advanced economies. Second, given the availability of measures

4Unfortunately, due to the lack of disaggregated data we cannot evaluate the relative
contribution of these different channels, but we can measure the overall net effect on the
aggregate productivity.

5As documented by Fiaschi et all (2009), 35% of the EU budget for the period 2007-2013
has been allocated to promote social and economic cohesion among the regions of its Member
States.



of outgoing and incoming international investments, we are able to look at the
effect of R&D offshoring taking into account the extent to which each region is
also attracting incoming multinational activity, thus overcoming another major
gap in the literature, which have mainly looked either at the outward or at the
inward internationalisation separately. Third, combining the information on the
sector and destination country in which the R&D offshoring has taken place,
we are able to uncover interesting insights on the possible mechanisms through
which R&D offshoring affects productivity at home.

The rest of the paper is organized as follows: Section B presents the theoretical
and empirical background of this paper; Section B provides details on the char-
acteristics of the data and focuses on how the main variables of interest have
been measured and built; Section B illustrates the econometric specification and

results. Section B concludes the paper.

2. R&D offshoring and regional productivity growth: theoretical and
empirical framework

The increasing propensity towards geographical fragmentation of firm activ-
ities, especially of high-value added tasks, raises concerns on the impact that
offshoring activities may have on competitiveness and employment at home.
Despite a widespread fear, especially among policy makers, that offshoring may
cause loss of jobs and ‘hollowing-out’ of local competences (Lieherman, P004),
economic research has not reached a consensus (Bardham, P06A). As a matter of
fact, several studies find a positive relationship between the internationalization
of high-value added activities and the degree of innovation and productivity at
home. For example, Criscuolo_ef all (2005) and Criscnold (P00Y), using data
on patent citations, show the existence of a reverse technology transfer to Eu-
ropean firms, whereas [Piscitello and Santangeld (20010) and [D"Agostimo et all
(2012) support the hypothesis that the patenting activity of OECD countries
and regions benefitted from offshored R&D activities in emerging economies
(BRICKST). Using firm-level data, from the Spanish Technological Innovation

Panel, Nieto and Rodriguez (20I1) find a positive relationship between off-



shoring and innovation, with a greater effect on product than process innova-
tions, and through captive offshoring than offshore outsourcing.b

Our study relates to these empirical works, and assesses the relationship be-
tween R&D offshoring of EU firms and the productivity growth of their home
region. But why (and how) does offshoring of R&D affect regional produc-
tivity? As noted (among others) by Barfelsman and Domsd (P000), aggregate
productivity dynamics can be decomposed into changes in productivity at the
level of the firm (the within-component of productivity growth) and realloca-
tion of resources across incumbents and through entry and exit (the between-
component). In this perspective, our theory should explain both the effect of
R&D offshoring on individual firms’ productivity, and on their relative size and
probability to entry/exit. This makes very difficult to make clear-cut predic-
tions, and even harder to test the precise underlying mechanisms, especially
given the lack of micro data on individual firm productivity and size within
each region. Nonetheless, it is important to lay out the various channels through
which R&D offshoring may contribute to the home regions’ productivity growth,
before assessing its net effect by means of an econometric exercise.

The economics and management literature on R&D offshoring has mainly
focused on the effects at the level of the firm (i.e., the within-component), high-
lighting the positive role that R&D offshoring may have on firms’ productivity
through different channels. On the one hand, R&D labs abroad are needed to
be able to quickly and effectively adapt products to the need and specificities of
new markets.” On the other hand, the need for enhancing innovation capability

leads firms to engage in competence-creating activities (Canfwell and Mudambi,

6Similar results can be found in the PTo Inno Europd (2007) report, which is based on a
survey conducted on a sample of 158 EU companies. According to the answers provided by
the R&D managers, the benefits from R&D offshoring were magnified by the co-occurrence of
other factors, such as the ability to choose successful R&D projects, the length of time it took
to commercialize the innovative idea, the cost efficiency of innovation processes and, finally,
the ability to learn from the R&D conducted by other firms.

"Eventually, innovation developed for the local markets may be decontextualized, becom-
ing part of the knowledge base of the multinational firms, subsequently exploited elsewhere
(Lanfel7 20nn; Castellani and Zanfel, Zl:lljlﬁ),



2005) and interaction with different and geographically dispersed actors (Hitf

bf~all, M997; Narula_and Zanfei, PO05). Moreover, R&D offshoring is necessary
to gain access to strategic complementary assets ([Leecd, [98AH), as well as highly
qualified and/or lower cost R&D personnel (Manning et all, 2008; Chung and
[Yeaplé, PO0R; Puga and Trefler, POI0).

However, R&D offshoring is not a sufficient condition for the increase of
knowledge and productivity at home. First, offshored labs need to be able
to extract knowledge from foreign locations, thus it may need time and in-

vestments to establish relationships with actors in the host innovation system

(Narnla“and Michel, 2009). Second, the firm must be able to manage reverse
knowledge transfers (from the offshored labs back to the headquarters and the
rest of the company), which may require the adoption of sophisticated mecha-

nisms for the dissemination and integration of both explicit and tacit knowledge

(Gupta and Govindarajamn, 2000). On this regard, the large-scale offshoring of

knowledge-intensive activities tends to be accompanied by an increasing special-
ization within the firm, which may reduce the ability to orchestrate the entire
value chain, exacerbating the risk of ‘hollowing out’ the competencies of the off-
shoring firm. For example, as the firm becomes more reliant on its independent

suppliers, it may not be able to keep pace with the evolving design and engineer-

ing technologies (Kofahd, MI9R; Kofabhe and Mudambi, P00Y). More generally,

Confractor_ef all (2010) posit that the benefits from disaggregation, reconfigu-
ration, and dispersion of the firm increase with corporate restructuring but at
a diminishing rate, as the overall costs of managing greater complexity, disag-
gregation, dispersion, relocation, and coordination may however escalate more
quickly after a certain point. Consistent with this theoretical prior,
And Kaised (2000), in a panel of innovating firms in Germany, find evidence
of an inverted U-shaped relationship between R&D outsourcing and innovation
performance.

One less explored channel through which R&D offshoring affects the aggre-
gate productivity of the home region is through the reallocation of market shares

(i.e. the between-component). In fact, offshoring, by allowing firms to sell more



into foreign markets (thanks to a quick adaptation of their products), will also

increase the need for services and activities concentrated in the home territory

(Grossman and Rossi-Hansberg, 2008; Barba Navareffief_all, 2000). Provided
that offshoring firms are relatively more productive than the purely domestic
ones (Helpman et all, P004), regional productivity would increase because off-
shoring firms increase their market share.

Finally, R&D offshoring may also have indirect effects on the productivity,
size and entry/exit of other firms in the home region. These ‘spillover’ ef-

fects have been analysed at length with reference to foreign-owned firms in host

economies (Barba Navareffi and Venables, 2006; Casfellani and Zanfei, 2006),

but they may well occur in the case of R&D offshoring. By opening R&D labs
abroad, multinational firms may close down activities in the home country, thus
disrupting linkages with local firms and institutions. This shrinks the activities
of local firms, which may ultimately be forced to exit. Alternatively, if R&D
offshoring enables some reverse knowledge transfer, domestic counterparts may
also benefit of some positive externalities, via labor mobility, imitation or inter-

firm linkages. For example, based on a case study of the Danish agro-processing

industry, Borras"and Haakonsson (20172) suggest that firms engaging in Global
Innovation Networks characterized by knowledge-augmenting activities might
have a positive ‘mobilization effect’ on the national innovation system in terms
of expanding the size, the types of organization, the content of the collabora-
tion, the concurrent internationalization and the degree of formalization in the
innovation networks within the national system.

In sum, R&D offshoring affects the home region productivity through a va-
riety of channels, and only some of them are observable at the level of the
individual firm: an aggregate perspective allows to evaluate the net effect of
such different transmission channels. Moreover, most of these effects are likely
to be relatively confined in space and, thus, the regional level would more ap-
propriate than the country level to capture them. First, the smaller the units of
observation, the easier it would be to appreciate the direct effects, which may be

more diluted in more aggregate data. Second, indirect effects may be enhanced



by the geographic proximity, which can be important for transmitting knowl-
edge as face-to-face communication (Audrefsch and Feldman, P004). Third, in
the presence of transport costs, vertical linkages (which foster pecuniary and
knowledge externalities) occur between closely-located suppliers and customers

(Menahles, T996).

3. Data and variables
3.1. Data sources

We exploit an original database, which has been compiled recovering data
from different sources. Data refer to European regions at the NUTS 2 level®.
This level of analysis has been chosen for three main reasons. First, it allows
to take into account the within-country heterogeneity (in terms of labor pro-
ductivity, R&D investments abroad and the other observed and unobserved
characteristics); second, it defines comparable units across different countries;
third, more information is available on regional characteristics at this level of

disaggregation.’
3.2. Labor Productivity

The dependent variable is labor productivity, which has been computed as
the ratio of the regional gross value added (at basic prices in millions of euro),
obtained from from the EU Regional Database by Eurostat'®, and employment
(thousands of employees) in the region, obtained from the European Regional
Database by Cambridge Econometrics (release 2006). Value added has been
deflated using nationwide indexes, available in the Growth and Productivity Ac-

counts database developed by EU KLEMS!! (releases 2008 and 2009). The last

8NUTS is an acronym for Nomenclature of Units for Territorial Statistics which indicates
a hierarchical classification of administrative areas used by the European statistical office
(Eurostat). NUTS levels (1-3) indicate different degrees of aggregation.

9See [Castellani and Pieri (2017) for the detailed list of regions that have been considered
in the econometric analysis.

10See the Eurostat web page
http://epp.eurostat.ec.europa.eu/portal/page/portal/region cities/.

1See the web page of the EU KLEMS project at http://wuw.euklems.net/



year for which information on value added are available in the Regio database
is 2006.

Figure 0 provides a graphical representation labor productivity in levels and
growth rates at the NUTS 2 level. Labor productivity levels are clearly higher
in the core regions of the EU-15, they decline in Southern European regions
and reach minimum values in the regions of EU-12 countries. As for the growth
rates, in most countries, we observe a rather country-specific pattern: growth
rates are higher for regions belonging to EU-12 countries, lower for France and
even lower for Italy and Spain. Nonetheless, in Germany and UK, productivity
growth displays a remarkable within-country variability. In order to account for
possible biases stemming from these country patterns in productivity growth,

country dummies are introduced in our estimated equation.

3.8. Measures of offshoring

Measures of offshoring have been recovered from fDi Markets, an online
database maintained by fDi Intelligence —a specialist division of the Financial
Times Ltd—, which monitors crossborder greenfield investments covering all
sectors and countries worldwide.'? From this source tracked we had access to
60,301 worldwide greenfield investments projects appeared on publicly available
information sources in the period 2003-2008. For each project, fDi Markets re-
ports information on the investment, such as the industry and main business
activity involved in the project!'?, the location where the investment takes place

(host country, regions and cities), as well as the name and location of the invest-

12A team of in-house analysts search daily for investment projects from various publicly
available information sources, including, Financial Times newswires, nearly 9,000 media,
over 1,000 industry organizations and investment agencies, data purchased from market re-
search and publication companies. Each project identified is cross-referenced against multiple
sources, and over 90% of projects are validated with company sources. More information at
http://fdimarkets.com/. Unfortunately, no information is provided on mergers and acquisi-
tions.

13fDi Markets assigns each project into one of 18 business activities, spanning from
sales/marketing (the largest category), to business services, manufacturing, logistics, testing
and extraction, research and development (R&D), design, development and testing (DDT),
headquarters and other activities. We focus on projects in R&D, but we compare results
with investment projects in other value added activities. In particular, we use projects in
manufacturing activities as our main benchmark.



Figure 1: Regional patterns of labor-productivity level and growth, 2003-2006 (average)
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(b) Labor productivity (growth), % change
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ing company (home). The database is used as the data source in UNCTAD’s
World Investment Report and in publications by the Economist Intelligence
Unit.

One of the limitations of the fDi Markets database is that it collects planned
future greenfield investments. Some of these projects may not actually be real-
ized or may be realized in a different form from the one originally announced.
However, the database is regularly updated and projects which have not been
completed are deleted from the database. In this regards, data on the projects
for the early years of the series should be more reliable than data regarding
the last years of the series. We tackle this issue by dropping the last two years
of data, so we use information from 2003 to 2006. Our measures of offshoring
is then built as the number of outward investment projects from each region
in each year of the period 2003-2006. We have also built measures of inward
investments at the regional level, to control for the fact that regions engaged in
outward internationalization may also be those attracting more foreign multi-
nationals. We are aware that the count of investments projects may not be
an accurate proxy of offshoring activity, since it does not weight investments
for the value of the capital involved. In order to check the reliability of this
proxy, we have calculated the correlation coefficients between the distribution
of investments projects by EU countries and the actual distribution of FDI
flows, as reported by UNCTAD, and the remarkably high correlations reassure
us that data on investment projects are actually a good proxy for FDI flows.
We cross-refer the reader to the Data Appendix B2 for further details on this
check.

Exploiting the information on the main business activity involved in each
of the international projects in the fDi Markets database, Figure reports
the share of R&D offshoring projects over the 2003-2006 period!4, and Figure

14T clarify what is intended for R&D investments, here are two examples that fDi Markets
reports with specific reference to IBM as an investor. Example 1: a nanotech research centre
in Egypt is intended to be a world-class facility for both local engineers and scientists, and
IBM’s own researchers, to develop nanotechnology programs. The centre will work in co-
ordination with other IBM Research efforts in the field in Switzerland and the US. Example

11



shows, for the purpose of comparison, the share of outward investments
in manufacturing activities. In line with the idea that R&D offshoring is still
a limited, although increasing phenomenon, only a relatively small number of
regions show some R&D offshoring activity, while manufacturing offshoring is
much more pervasive and accounts for a larger share of total outward invest-
ments in each region.

Table @ provides some basic statistics for the variables later used in the econo-
metric analysis (we cross-refer the reader to Table B2 in the Data Appendix
A for more descriptive statistics). With regard to offshoring, on average, from
each region about 12.75 offshoring and 9.28 incoming projects per year have
been recorded. However, the distribution of the number of projects is highly
skewed: more than 25% of regions had no offshoring and more than 10% did
not attract any inward investment. This skewness is even more evident in the
case of R&D offshoring, which is carried out by slightly more than 10% of the

regions (the 90" percentile is equal to 1).

Table 1: Descriptive statistics, 2003-2005

Variable Mean pl0 p25 p50 p90 p95 p99 Max
OFF 12.75 0 0 2 30 55 129 404

OFF™ .04 0 0 0 1 2 12 29
OFFmanuf 314 0 0 1 3 13 33 90
INW 9.28 0 1 4 23 35 7 209

4. Econometric analysis

In the first part of the empirical analysis, we investigate the effect of off-
shoring on the home region productivity growth regardless of the type of busi-

ness activities carried out abroad, while in the second part we focus on the

2: a business solution center to promote new technologies that help save energy used to run
computer equipment and reduce hardware management costs. Teaming up with automakers
and electronics manufacturers, the center will study how to make the best use of advanced
technologies. IBM Japan intends to use the results of these efforts to win system development
projects

12



Figure 2: Regional distribution of R&D and manufacturing offshoring projects, 2003-2006

(a) Share of R&D projects, % of offshored investments
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role of R&D offshoring. In all the econometric specifications, we control for
incoming multinational activity, the growth of capital-labor ratio, country-fixed
effects and other regional characteristics. The skewness of the offshoring and
inward investments variables has been taken into account, modeling their effect
as a combination of two dummy taking value equal to ‘0’ for those observa-
tions (region/year) where no outward or inward investments have taken place,
respectively OF F(d) and INW (d), and two continuous variable, OF F(n) and
INW (n), taking the value equal to the number of investments in the case of
non-zero investments, and ‘0’ otherwise.

This specification allows distinguishing the effect of a region being generally
involved in offshoring, which is captured by the dummy variable, from the effect
of the extent of offshoring, which is captured by the continuous variable. The

estimated equation becomes

Ayij,t =a+ BAk‘li]‘)t + 5AXij,t+
+OFF(d)ijt—1 - (Ya +vOFF(n)iji-1)+
+ INW(d)ij,tfl . (Ad + )xnINW(n)ijﬁt,l)—i-

+n0j+ 7t (1)

where y;; ; refers to the (log of the) labor productivity of the i¢th region, located
in the jth country and observed in the ¢th period of time; kl;;, indicates the
(log of the) capital-labor ratio in region i (of country j) at time ¢, and x;; ¢ is
a vector of other regional characteristics, including the level of human capital,
the stock of technological capital, the regional industrial composition and the
degree of industrial concentration/diversification of the regional economy.'® We
also include a vector of time effects, 7, to control for factors affecting all regions
in the same way in a given year, and a vector of country dummies, 7;, in order
to capture the country-specific trends in labor productivity, as highlighted by

Figure M. Our working hypothesis is that foreign investments affect productivity

15We cross refer the reader to the Data Appendix B3 and B4 for further details on the
measure of capital-labor ratio and the other control variables.

14



with one-year lag, but since there is no theoretical prior suggesting this time
lag, we will bring it to the data and test it against both a contemporaneous
effect and a two-years lag. Unfortunately, due the relatively short time series,

it is not possibile to test for longer time lags.

Table 2: The effect of offshoring on EU regional productivity growth

Dependent variable Ayijt Ayijt Ayije Ayije
Variable Coeflicient (1) (2) (3) (2.1)
(OLS) (OLS) (OLS) (IV-GMM)
OFF(d)—1 Yo 0.0067** 0.0061** 0.0075%* 0.0003
(0.0026) (0.0025) (0.0034) (0.0045)
OFF(n)i—1 Y -0.0001*** -0.0001 -0.0002
(0.0000) (0.0001) (0.0001)
OFF(d);_» yleg? -0.0025
(0.0033)
OFF(n)i—2 lag? 0.0000
(0.0001)
INW(d)¢—1 Aa -0.0053*%*  -0.0055**  -0.0055** -0.0029
(0.0024) (0.0024) (0.0027) (0.0025)
INW (n)i—1 An 0.0003** 0.0003** 0.0004*
(0.0001) (0.0001) (0.0002)
Akl B 0.2230%F*F  0.2386*** 0.1429* 0.2377%*
(0.0845) (0.0837) (0.0778) (0.0971)
Regional controls § Yes Yes Yes Yes
Country dummies n; Yes Yes Yes Yes
Year dummies Tt Yes Yes Yes Yes
Log-likelihood 1707 1710 1235 1684
Observations 760 760 498 749
Regions 262 262 262 259

Significance levels: * 10%, ** 5%,*** 1%; cluster robust SE in parentheses
0, n; and 7; estimates omitted to save space
Test on IV estimates (robust to heteroskedasticity and autocorrelation)

Underidentification; Kleibergen-Paap rk LM statistic (P-value, 1-stage) 0.0000
Weak identification; Kleibergen-Paap Wald rk F' statistic 7.302
Hansen J test on overidentifying restrictions (P-value) 0.8126
Exogeneity test (OLS vs. IV)(P-value) 0.2636

Complete table available from authors upon request

We estimate Equation 0 by means of OLS'6, over three pooled cross-sections
of one-year growth rates: 2003-2004, 2004-2005 and 2005-2006. Results are re-
ported in columns (1) and (2) of Table B. In specification (1) we estimate the

161n this and the following regressions robust standard errors clustered by regions have
been computed and reported, in order to control for the lack of independence of observations
referring to the same region over time.

15



coefficients associated with the two dummies taking value 1 if a region has at
least one outgoing or incoming investment project (respectively) on regional pro-
ductivity growth: results support that offshoring regions have a 0.67 percentage
points higher productivity growth, while regions receiving inward investments
show lower performance. The numbers of both outgoing and incoming invest-
ments are introduced in specification (2). This helps qualifying the previous
result: while the positive effect of offshoring is slightly decreasing in the num-
ber of investments, a higher number of incoming multinationals is associated
with higher productivity growth. From Equation 0, it is possible to compute
the threshold number of offshoring investments above which the overall effect
is negative. In particular, taking the partial derivative of labor productivity
growth with respect to OFF(d), we obtain:

0Ay

m =4+ mOFF(n), (2)

so the effect of offshoring will be positive as long as

OFF(n) > 2. (3)

Tn
Taking specification (2) as a reference, with 73 = 0.0061 and 7, = -0.0001,

the marginal effect of offshoring would be positive for a number of outgoing

—0.0061
0.0001

project smaller or equal to =61. From Table 0 we can appreciate that
this is above the 95" percentile, meaning that less than 5% of the regions actu-
ally experience a negative productivity growth as a result of their involvement
in offshoring. This is consitent with previous theoretical and empirical results
discussed in section B suggesting that there may be an inverted-U relationship
between offthsoring and innovation (see Grimpe and Kaiser, 2010; Confractor
ef_all, POT0, among others) due to the increasing difficulties in orchestrating
the value chain (Kofabe and NMudambi, PI09). The value of the coefficients of

the inward investments variables is also worth commenting: the threshold for

inward investments is %952 =18.3, which is between the 75" and 90" per-

centile, suggesting that about one-quarter of EU regions benefit from incoming

multinationals.
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In column (3) and (2.1) we report two robustness checks. First, we test
the assumption about the one-year lag in the effect of offshoring on regional
productivity. The specification of Equation (@) is motivated by the idea that
some time is needed for the effect of offshoring to take place, but we do not have
a specific prior on how long this time lag should be. In order to check if a longer
lag should be allowed in order to appreciate the effects of offshoring, we include
the second lag of both OF F(d) and OF F(n) in Equation (). Results, reported
in column (3) show that offshoring at ¢ — 2 is not significantly correlated with
regional productivity growth, whereas the one-year lag maintain its sign and
significance!”. Due to data limitation, we cannot test for longer time lags, but
results from column (3) are consistent with the idea that the offshoring effects
do not take a long time span to manifest. Second, despite the fact that we
use lagged values and control for a number of confounding factors, one may be
concerned that past offshoring may still be endogenous with respect to future
productivity growth, so we test whether an instrumental variable estimation
(IV-GMM) should be preferred to OLS. Using the size of the region (log of total
population), a dummy taking value 1 for regions hosting the country capital, the
share of employment with tertiary education and the share of active population
as instruments for OF F(d) and OFF(n), in column (2.1) we: (i) obtain a low
P value of of Kleibergen-Paap rk LM test and a fairly satisfactory value for the
Kleibergen-Paap F test, which, respectively, ensure us about the identification
of the model and the non-negligible relationship between the instruments and
the potentially endogenous regressors'®; (ii) cannot reject the hypotheisis of no
overidentifying restrictions (i.e. the validity of the instruments), as illustrated
by the low value of the Hansen J statistic; and, more importantly, (iii) cannot

reject the null hypothesis of OF F(d) and OF F(n) being exogenous, as from the

17 Actually, the 4 parameter increase in magnitude and and 7, becomes non-significantly
different from zero, thus reinforcing our conclusions. To avoid the risk of overestimating
positive effects from offshoring, we prefer to rely on the more conservative estimates in column
(2).
18The F-tests for the excluded instruments in the first-stage have been not reported to save
space, but available from the authors upon request.
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C-test of exogeneity in the last row of Table B. This latter result implies that
the OLS estimates are more efficient and should be preferred to the IV-GMM
ones.

We also performed a number of other robustness checks, which we do not report
here to save space. In particular, (i) we tested (and rejected) that offshoring
may have contemporaneous effects on productivity growth; (ii) we included
controls for spatial dependence, as well as regional characteristics (in levels) —
including population, a dummy for regions hosting the country capitals, the level
of education, employment density, patenting activity— none of which change the
results significantly 9.

Exploiting the information on the type of investment made abroad, it is
possible to investigate the relationship between R&D offshoring (as opposed
to offshoring of manufacturing) and regional productivity, by augmenting the
specification (M) with the number of outward investment in R&D. Thus, the

estimated equation now takes the following form:

Ay = o + BAKLj 1 + 0AX 5,4+
+ OFF(d)iji—1 - (Ya + 1OFF(n)ij—1 +OFF(n)ij 1)
+ INW(d)ij,t—l . ()\d + )\nINW(TL)Z‘j7t_1> +

+nj+ T+ (4)

where y;; ¢, klij i, Xij¢, OFF(d), OFF(n), INW(d), INW (n) are defined as
above, and ba denotes the business activity in which investments abroad have
been made (i.e. R&D or manufacturing).

Results reported in column (4) and (5) of Table B, show that R&D offshoring
is associated with significantly higher productivity growth, while offshoring in
manufacturing activities is not. In the case of R&D offshoring there seems to

be no inverted-U relation with productivity growth. We submit that this may

19The reader can refer to Castellani and Pieri (2011) for further details on these robustness
checks.
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be related to the fact that the level of the internationationalization of R&D

of European regions is still relatively low, and have not reached the threshold

where the ‘hollowing-out’ effects may (eventually) kick-in.

Table 3: Offshoring of R&D and manufacturing activity and the growth of value added and

employment in EU regions

Dependent variable Ayijt AV Aijs ALjjt Ayijt AV Aijs ALjjt
Variable Coefficient (4) (4.1) (4.2) (5) (5.1) (5.2)
(OLS) (OLS) (OLS) (OLS) (OLS) (OLS)
OFF(d);—1 Yd 0.0063**  0.0085***  (0.0022***  0.0059%*  0.0080***  0.0021***
(0.0025) (0.0025) (0.0007) (0.0025) (0.0025) (0.0007)
OFF(n)i—1 Yn -0.0002%F*  -0.0002*** 0.0000  -0.0002**  -0.0002** 0.0000
(0.0001) (0.0001) (0.0000) (0.0001) (0.0001) (0.0000)
OFF(n)i?, yrd 0.0013**  0.0016*** 0.0003
(0.0005) (0.0006) (0.0002)
OFF (n)ar ~man 0.0002 0.0003* 0.0001
(0.0002) (0.0002) (0.0001)
INW(d)y—1 Aa -0.0055%*  -0.0073*** -0.0018%  -0.0057*F  -0.0075*** -0.0019%
(0.0024) (0.0022) (0.0010) (0.0024) (0.0023) (0.0010)
INW (n)e—1 An o 0.0003%** 0.0003** -0.0000  0.0003** 0.0003** -0.0000
(0.0001) (0.0001) (0.0000) (0.0001) (0.0001) (0.0000)
Akl B 0.2393%** 0.0078 -0.2315%**  (0.2392%** 0.0079  -0.2313%**
(0.0838) (0.0551) (0.0614) (0.0837) (0.0552) (0.0615)
Regional controls d Yes Yes Yes Yes Yes Yes
Country dummies h Yes Yes Yes Yes Yes Yes
Year dummies I Yes Yes Yes Yes Yes Yes
Log-likelihood 1711 1717 2627 1710 1716 2627
Observations 760 760 760 760 760 760
Regions 262 262 262 262 262 262

Significance levels: * 10%, ** 5%,*** 1%; cluster robust SE in parentheses

0, n; and 7 estimates omitted to save space
Complete table available from authors upon request

While an increase in labor productivity is a desirable outcome for the long

term growth of a region, if it was achieved by shedding labor (the denominator
of the labor productivity measure), the policy maker would be worried about
its short term consequences. We test for this eventuality by estimating sep-
arate regressions of the growth of (deflated) value added and employment in
columns (4.1), (4.2), (5.1) and (5.2). Results do not show any negative effect
of offshoring on employment. On the contrary, offshoring regions exhibit higher
growth both in value added and employment than the non offshoring ones, but
the growth in output is larger than the one of employment, thus determining
positive productivity effects.

In order to have more insights on the relationship between R&D offshoring

and the home region productivity growth, we can distinguish R&D offshoring

19



towards countries outside Europe, as opposed to offshoring within the Euro-
pean area. Table B presents some descriptive statistics of R&D offshoring both
intra and extra Europe. Rather interestingly, less than one-third of R&D off-
shoring projects are directed towards other European countries, so the bulk of
investments is actually directed to non-European countries. As already stressed
in two reports for the EU (Pro Inno Europd, P?; [NNO Grips, PIT3) the
main non-European recipients of R&D offshoring are China and India, then the
developed countries and the other South-East-Asian countries follow. Other
developing countries, which include important destinations such as Brazil and

Russia, attract also a considerable number of projects.

Table 4: Descriptive statistics on R&D offshoring, 2003-2006

Variable Mean p50 p90 p9 p99 Max
OFF"™ 549 0 1 2 12 29
OFFrd- Intra EU 171 0 0 1 4 9
OFFrd- Extra EU 377 0 1 2 10 20
QF Frd - Developed 071 0 0 0 2 5
OFFrd- China 104 0 0 1 3 6
OFFrd- India 074 0 0 0 2 6
OFFrd - South East Asia 047 0 0 0 9 5
QF Frd - Others 079 0 0 0 2 7

In column (6) of Table B we assess the effect of offshoring R&D within Eu-
rope versus offshoring towards non-European countries. Results suggest that
offshoring R&D within Europe does not bring significantly different productiv-
ity gains than offshoring R&D outside Europe: both the coefficients are similar
in magnitude, but they are rather imprecisely estimated. This is not surprising,
given that the number of destination countries is relatively small but rather het-
erogeneous in terms of the characteristics of the destination countries. When
we consider R&D offshoring towards specific (and more homogeneous) areas
(column 7), we find differences across destinations. The effect on productiv-
ity growth is mostly positive, including the case of China, but it is often im-

precisely estimated. The effect is larger and significant in the case of R&D
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offshoring toward South-East-Asian countries. Conversely, regions which are
offshoring R&D intensively towards India experience significantly lower produc-

tivity growth rates.

Table 5: R&D offshoring by areas of destination and the productivity growth of EU regions

Dependent variable Ayt Ayije
Variable Coeflicient (6) (7)
(OLS) (OLS)
OFF(d)i—1 Yd 0.0063** 0.0061**
(0.0025) (0.0025)
OFF(n)i-1 Yo -0.0002%F* -0.00027%**
(0.0001) (0.0001)
OF F(n)yd nireBU Ard-IntraBU 0.0011 0.0019
(0.0019) (0.0020)
OFF(n)fiIEztraEU ,y;d—EJ;truEU 0.0014
(0.0010)
OFF(n):‘iIDB’UClUPCd ,Y;d—Dcvelopcd 0.0022
(0.0026)
OFF(”)giIChina 72d—0hinu 0.0027
(0.0019)
OFF(TL):iIhLdm ,.Y”rld—lndia _00067***
(0.0026)
OFF(TL)IEISOUf’hEGStASiu' A/:ld—Som‘,h,]_?a,.cn‘,Asi,a, 0.0051%**
(0.0015)
OFF(n)yd Others Ard—Others 0.0008
(0.0020)
INW(d)-1 Aa -0.0055%* -0.0059**
(0.0024) (0.0024)
INW(n)i—1 An 0.0003%** 0.0003***
(0.0001) (0.0001)
Akl B 0.2393%** 0.2447%%*
(0.0839) (0.0846)
Regional controls é Yes Yes
Country dummies n; Yes Yes
Year dummies Tt Yes Yes
Log-likelihood 1711 1713
Observations 760 760
Regions 262 262

Significance levels: * 10%, ** 5%,*** 1%; cluster robust SE in parentheses
0, n; and 7, estimates omitted to save space
Complete table available from authors upon request

This may be related to a combination of country and sector specific charac-
teristics. As a matter of fact, Table B shows that the patterns of R&D offshoring
towards South-East Asia and India have quite peculiar profiles. Whereas the
former is disproportionally concentrated in high-tech manufacturing (43% of all
R&D projects in the area are in these industries), the latter is much more con-

centrated in knowledge-intensive services (52%). Mudambi and Venzin (PIII0)
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provide interesting insights for interpreting these results. Using illustrations
from the mobile handset and financial services industries, they provide a novel
perspective on the disintegration, mobility, and reintegration of value chain ac-
tivities in a global context. One of their findings is consistent with the idea that
orchestrating the value-chain in knowledge-intensive services, such as the finan-
cial industry, is more complex than in the case of the manufacturing industry
(mobile handsets). This implies that offshoring and international outsourcing
are less pronouced in the service industries, and when they are developed, like
in the case of India, the risk of ‘hollowing out’, due to difficulties in orches-
trating the value chain are greater (Kofabe and NVhidambi, P009). Conversely,
in the case of high-tech manufacturing the organizational problems are lower,
and the ‘gains’ of R&D offshoring may be larger than the ‘pains’. The case
of South-East Asia fits well in this interpretative framework: the last decade
has witnessed the rapid growth of electronics firms such as Samsung and LG
from South Korea, or HTC from Taiwan and virtually all multinationals have
R&D centers producing cutting-edge technologies in these countries. In this
respect, by offshoring R&D to South-East Asian countries European firms can
tap-into these sources of advanced knowledge, which foster the introduction of

new product and boost productivity growth at home.

Table 6: R&D offshoring areas of destination and sectors

Macro areas Non-European destinations

Sectors Europe Non-European Developed India China SOUth_iz?;

Manufacturing 60% 54% 63% 45% 61% 73%
High-tech manufacturing 33% 27% 3% 23% 20% 43%
Medium-tech manufacturing 20% 19% 18%  21% 28% 11%
Low-tech manufacturing 7% 8% 8% 1% 13% 19%
Services 39% 45% 35% 53% 39% 27%
Knowledge-intensive services 39% 44% 3%  52% 39% 24%
Less knowledge-intensive services 0% 1% 2% 1% 0% 3%
Other industries 1% 1% 2% 1% 0% 0%
Total 100% 100% 100% 100%  100% 100%
Number of investments 148 293 51 75 71 37

Before heading towards the concluding remarks, it is worth laying out a few
caveats of our analysis. First, while we did our best to exclude reverse causality

from productivity growth to offshoring (using lagged regressors and IV), the
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relatively short time series and the difficulty in finding suitable external instru-
ments suggest caution in interpreting our results as the causal effect offshoring
on the home region productivity growth. Second, our empirical analysis sug-
gests that offshoring would affect productivity growth with one-year lag. One
may argue that this is a relatively short period of time for reverse technology
transfer to occur. As a matter of fact, our dependent variable is the aggregate
productivity growth in the home regions, which increases both as the result
of within-firm productivity dynamics (in the MNC and in other local firms),
but also through firm entry and exit and reallocation effects. We believe the
latter may play a role in the short run and contribute to explain our results.
In the short run, R&D offshoring may have a positive impact on firms’ market
access, thus boosting their foreign sales and increasing their size and market
share. Therefore R&D offshoring may reallocate market shares towards the
more productive firms in the regions (which are more likely to be engaged in
R&D offshoring), and contribute to aggregate productivity growth. Third, as
it often happens with studies using a comprehensive quantitative approach, we
are able to provide a much needed assessment of the statistical relationship be-
tween R&D offshoring and productivity for all NUTS 2 regions of the EU over
a 4 years period, but we cannot provide precise evidence on the mechanisms
underlying this relationship, which is more easily gathered through qualitative
and granular studies. Fourth, our data allow to build a fairly reliable measure
greenfield investments in R&D, in the form of international investment projects
aimed at the creation of some R&D facility, but we are not be able to directly
assess neither whether these investments are relocation of activities nor whether
firms engage in international R&D outsourcing through non-equity alliances and
global networking. While the former should not be an issue, since the reloca-
tion of R&D would most likely reduce value-added in the home country, and
would thus be picked-up by our dependent variable (the labor productivity of

the home region)?", the latter causes greater concerns. In particular, lacking in-

20Thus, we would be more likely to find a negative effect of offshoring on productivity at
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formation on offshore outsourcing we may underestimate the negative effects of
international R&D if ‘hollowing out’ is more likely to occur through outsourc-
ing than through ‘captive’ offshoring (Nieto and RodrigueZ, 2011). However,
internal and external networks are often complementary and inter-firm linkages
are fostered by the presence of a local subsidiary which acts as a bridgehead for
cooperation (Zanfei, PO00; Castellani and Zanfei, PO07). In this perspective, we
believe that by focussin on ‘captive’ R&D offshoring we are addressing a major
component of this process. Finally, one may want to distinguish the different ef-
fect of competence-creating vs. competence-exploiting R&D offshoring projects
on home productivity. As a matter of fact, our data are probably best suited
to identify the former type of projects so, to the extent that these may be more
conducive of positive effects for the national innovation system, this may yield
some overly optmistic conclusions about the effects of R&D offshoring on the

home region productivity.

5. Concluding remarks

In recent years, multinational firms have increasingly resorted to offshoring of
R&D activities, in order to cope with the need to integrate differentiated sources
of knowledge and implement a faster and cheaper innovative process. This have
raised fears of ‘hollowing out’ the knowledge base in the home countries of such
multinationals. But, at the same time, economic research has emphasized that
R&D offshoring may actually strengthen the home economies, by allowing some
form of reverse technology transfer, firm growth and spillovers. This paper
investigates a part of this story, focusing on ‘captive’ offshoring of R&D and
analysing to what extent productivity growth in 262 EU regions is related with
the propensity (and extent) to set up facilities abroad (by firms based in the
same regions), with special reference to the creation of R&D labs.

This paper brings novel econometric evidence, based on a comprehensive

cross-regional and longitudinal sample, on the relationship between R&D off-

home.
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shoring and EU regional competitiveness. In the light of both the high policy
relevance of offshoring and regional competitiveness in the EU, and the lack
of large sample empirical analyses, we believe this paper provides a significant
contribution to the extant literature and to the policy debate. Furthermore,
in our econometric exercise, we are able to look at the effect of outward R&D
investments taking into account the extent to which each European region is
also attracting multinational activity, thus overcoming another major gap in the
existing literature which has mainly focused either on the outward or the inward
dimensions. Finally, combining information on the sectors and the destination
countries in which EU firms offshore R&D, we able to provide a tentative inter-
pretation of the mechanisms through which the effects on the home economies
manifest.

Our results suggest that regions experience a higher productivity growth
when firms based in the region initiate some offshoring activity, but this pos-
itive association fades down with the number of investment projects carried
out abroad. These results are consistent with theoretical arguments suggesting
that, whereas increasing use of offshoring and outsourcing allows to adapt ex-
isting products to new markets and to access new or complementary forms of
knowledge, it may also determine a dilution of firm-specific resources, deteriora-
tion of integrative capabilities and the need of greater supervision by managers
(Kofabe and Mudambi, 2009; Grimpe and Kaiser, 2010). However, these ‘de-
creasing returns’ to offshoring do not seem to occur in the case of R&D. In fact,
our estimates suggest that one additional R&D offshoring project is associated
with a significantly higher regional productivity growth the next year. This is
to be expected given that offshoring of European R&D is still relatively low, so
that the tipping point where the ‘pains’ outweigh the ‘gains’ may have not been
reached yet.

Exploiting the information on the area of destination and the sector in which
the R&D investments abroad are made, we are able to better qualify our re-
sults. In particular, offshoring is positively associated with the home region

productivity growth, regardless of whether offshoring occurs within Europe or
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towards other emerging or advanced countries. This positive association is par-
ticularly strong in the case of R&D offshoring toward the South East Asian
countries. The only exception is the case of R&D offshoring towards India,
which is negatively associated with productivity growth in the home regions.
We submit that the results for South East Asian countries and India may be
explained by a combination of destination country characteristics and sectoral
composition of the offshored R&D activities. As a matter of fact, one should
note that while in the former case the largest share of investments concentrates
in high-tech manufacturing sectors, in the latter, they are heavily concentrated
into knowledge-intensive services, such as software, business, financial and bank
services. As Mudambi and Venzin (2010) underline, orchestrating the value-
chain in such knowledge-intensive services may be more complex than in the
case of the manufacturing industry. This increases the risk of ‘hollowing out’
for offshoring firms (and the regions in which they are based), due to the greater
difficulties in orchestrating the global value chain. On the contrary, the rela-
tively lower organizational problems in high-tech manufacturing and the con-
centration of cutting edge technologies developed in South-East Asian countries,
contribute to a soundly positive association of offshoring R&D in this area with
the productivity growth of EU regions.

Although more research is needed to understand and separate the chan-
nels underlying the positive relation between R&D offshoring and productivity
growth at home, our study sends a reassuring message to EU policymakers, since
it supports the idea that carrying out R&D abroad —on average— is associated
with strengthening rather than ‘hollowing out’ of European sources of compet-
itiveness. In this perspective, governments should not discourage offshoring (of
R&D in particular) and, to the contrary, they should implement policies that
allow firms to engage in global R&D projects, gaining access to complementary
assets, technologies which are not available in their home economies, as well as

to qualified research staff.

26



A. Appendix
A.1. Labor productivity

Some remarks on the labor-productivity measure should be made. First,
data on the regional employment are drawn from the European Regional Database.
We chose to use this source, since the employment series of the Regio database
has a higher number of missing values which would have decreased the set of
regions in our sample. The downside of this choice is that in the version of
the European Regional Database available to us, values for 2005 and 2006 were
forecast. However, we checked that correlation with the actual (non missing)
values, reported by the more updated Regio dataset was very high (0.95). Sec-
ond, in order to build deflators for regions in Cyprus, Estonia, Latvia, Lithuania
and Malta we have used the series of price index in the 2008 release of the EU
KLEMS database, given that they were not available in the last release yet.
Third, for Bulgaria and Romania we have used the ‘Eurozone’ series of price

index, given that the national series were not available.

A.2. Offshoring

Relying on media sources and company data, fDi Markets collects detailed
information on cross-border greenfield investments (available since 2003).

The database is used as the data source for FDI project information in
UNCTAD’s World Investment Report and in publications by the Economist
Intelligence Unit. This source tracked 60,301 worldwide investments projects
appeared on publicily available information sources from 2003 onwards. For the
purpose of this paper, we were able access data until 2008, but due to contraints
on the dependent variable, we actually use data for the 2003-2006 period.

The high correlation coefficients (0.82 and 0.83), reported in Table B,
between the distribution of investments projects provided by fDi Markets and
the actual distribution of FDI flows in EU countries, as reported by UNCTAD,
reassures us that data on investment projects are actually a good proxy for FDI
flows. As expected, almost 90% of EU outward investments are made from EU-

15 countries, while inward investments are split more evenly among EU-15 and
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EU-12 countries: United Kingdom, Germany and France result to be the leading
countries both in terms of inward and outward FDIs in the period which goes
from 2003 to 2006. Poland, Romania, Hungary, Czech Republic and Bulgaria

achieved a remarkably good performance in attracting inward investments?!.

Table A.1: fDi Markets projects vs. UNCTAD Flows, 2003-2006

Outward Inward

Country # proj. flows Country # proj. flows
Germany 22.2 11.7 United Kingdom 16.0 25.8
United Kingdom 20.3 16.3 France 9.2 15.2
France 13.8 17.6 Germany 8.3 8.1
Ttaly 6.3 5.7 Poland 6.5 3.0
Netherlands 5.9 13.7 Spain 6.2 7.2
Sweden 5.9 4.7 Romania 5.9 1.7
Austria 5.1 2.0 Hungary 5.4 14
Spain 4.6 11.7 Czech Republic 4.1 1.5
Finland 3.1 0.3 Bulgaria 4.1 1.1
Belgium 2.5 7.9 Ireland 4.1 -1.6
Denmark 1.9 1.4 Ttaly 3.9 5.9
Ireland 14 2.7 Sweden 3.2 3.4
Slovenia 1.1 0.1 Netherlands 3.1 5.1
Greece 0.9 0.4 Belgium 2.9 10.8
Latvia 0.9 0.0 Slovakia 2.6 0.8
Estonia 0.6 0.1 Lithuania 2.4 0.2
Portugal 0.5 1.2 Austria 2.2 1.9
Luxembourg 0.5 1.0 Denmark 1.9 1.2
Poland 0.5 0.7 Latvia 1.7 0.2
Czech Republic 0.5 0.1 Estonia 1.5 0.4
Hungary 0.4 0.4 Portugal 1.3 1.5
Lithuania 0.4 0.0 Greece 1.1 0.6
Cyprus 0.2 0.1 Finland 0.9 1.2
Romania 0.2 0.0 Slovenia 0.8 0.2
Slovakia 0.1 0.0 Luxembourg 0.4 2.7
Bulgaria 0.1 0.0 Cyprus 0.3 0.3
Malta 0 0.0 Malta 0.2 0.2
Total 100 100 100 100
Pearson corr. coefficient 0.82 0.83

Unfortunately, official statistics on inward and outward investments at the

21 A careful inspection reveals that the number of projects overestimates inward FDIs to
some New Member States, such as Poland, Romania, Bulgaria, Hungary and Czech Republic,
probably due to the fact that these countries received a large number of relatively small-scale
investments projects.
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regional level are not available, so we cannot benchmark fDi Markets data as
this finer geographical level. However, a casual inspection based on Figure B
highlight some expected patterns. In particular, offshoring projects and in-
vestments appear highly concentrated in a limited number of clustered regions

within each country, including the regions around the major cities.

A.3. Capital-labor ratio

We have included the capital-labor ratio (KL;j;) in our regressions, in or-
der to control for the regional factor share. The variable has been computed
as the ratio of the regional capital stock (Kj;;;) to employment (thousands of
employed workers) in the region (L;;;). The capital stock at the regional level,
has been obtained applying the perpetual inventory method (PIM) to the series
of capital investments in the region (at 1995 prices in millions of euro)?? taken
from the European Regional Database. As for the employment series, capital
investments’ information for 2005 and 2006 are forecast.

We followed Hall'and Mairessd ([995), and the capital stock at the beginning

of the first year has been defined as below:

Lij =1
K.:q = 717’ 5
ig,t=1 gij +5 ( )

where I;;—1 is the amount of capital investments taken by the region ¢ in the
first year of the series®®, g;; is the rate of growth of capital investments observed
in the region in a given span of time (in this case is from 1995-200224), and §
is depreciation rate which has been set equal to 7.5%2°. Capital stock from the

second year onward has been computed using the following formula:

22The series comprehend aggregate investments by the following sectors: agriculture, total
energy and manufacturing, construction, market and non-market services.

23We start computing the capital stock series at 1995 up to 2006, even if in the econometric
analysis we use the values from 2002 to 2006. The main motivation relates to the possibility
to rest on a more reliable capital stock at the left hand side of Equation B for the years under
analysis.

24For Romanian regions the investments’ growth rate has been computed for the period
1998-2002, given the lack of data for the years 1995, 1996 and 1997.

25 As robustness checks we also computed the capital stock assuming depreciation rate of
5% and 10%, and we did not register significantly different results.
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Figure 3: Regional distribution of offshoring projects and inward investments, 2003-2006
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The variable has been included in logs in the econometric analysis, kl;;;.

A.4. Other regional characteristics

In this Section, we provides details on the additional regional controls intro-
duced in out regressions: the level of human capital, the technological capital

and the regional industrial mix.

e Human capital (HCAP;;;) has been proxied by the (log of the) share
of population aged 25 or more (thousands) with tertiary-type education
degree (ISCED 5-6) in each region. Information on this variabls is derived

from the EU Regional Database, maintained by Eurostat.

e The regional technological capital (TTECH,j;) has been proxied by the ra-
tio of the stock of patents applications (/N NOV;;;) to the total population
(thousands) in the region (POP;;;). The stock has been recovered using
information on the number of patent applications to the European Patent
Office (EPO) coming from each European region, which are available in
the database maintained by Eurostat?S. Data on total population comes
from the database developed by Cambridge Econometrics. The stock for
the years t = (2003,2004,2005,2006) has been computed as the sum of the
patent applications in all sectors in the previous five years (PAT APP;;;):

t
INNOV;y = Y PATAPP,. (7)
t=t—>5

The ratio has been included in logs in the econometric analysis, tech;;;.

e We have taken into account the regional industrial mix (SHuj¢), by in-
troducing the share of employment in six broad sectors s* of the regional
economy: Agriculture, hunting, forestry and fishing (AC), Electricity,
gas, water supply and Constructions (EF), High-tech manufacturing &

Medium high-tech manufacturing (HD), Medium low-tech manufacturing

26Data on patent applications are regionalised on the basis of the investors’ residence: in
the case of multiple investors proportional quotas have been attributed to each region.
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& Low-tech Manufacturing (LD), Knowledge-intensive services (KI) and
Less knowledge-intensive (LKI) services. Each share has been computed

in the following way:
Ls*ijt
Lijy

SHs*ijt =

where L;;; and Lg.;j; denote, respectively, total employment in the region
¢ which belongs to country j (thousands), and employees belonging to the
sector sx. To avoid multicollinearity we introduced five coefficients in the
regressions. The excluded sectoral share is the AC sector (Agriculture,
hunting, forestry, fishing, mining and quarrying). Data regarding employ-

ees in each sector are derived from the database maintained by Eurostat.

Data on employment by sectors are missing for a number of (region/year)
observations; in order not to loose those observations, we have used linear
interpolation to fill the gaps for all the observations that were ‘missing’,
but which had ‘non-missing’ observations the year before and the year
after the missing ones. We further filled in a small amount of missing
observations in the High-tech manufacturing sector (which showed the
highest number of missing observations) as the difference between total
regional employment and the sum of employees in all the others sectors
(AC, EF, Medium-high tech manufacturing, Medium-low tech manufac-
turing, Low-tech manufacturing, KI, LKI).

We have controlled for the degree of concentration/diversification of the re-
gional industrial mix. Following the literature (see Cingano and Schivardi,
P00d; Bracalente and Perugini, 2008, among others), we have used the
Herfindahl-Hirschman index as a proxy for concentration/diversification

computed as follows:

L\’
o 2 o sijt
HHI;; = 58 SH ;= ES ( List ) ) (8)
where SH,;j; are a more detailed disaggregation of the employment shares

defined above. In fact, as elements of the H HI we take into account 8 ag-

32



gregated sectors, s: Agriculture, hunting, forestry and fishing (AC), Elec-
tricity, gas, water supply and Constructions (EF), High-tech manufactur-
ing (HTD), Medium high-tech manufacturing(MHTD), Medium low-tech
manufacturing (MLTD), Low-tech Manufacturing (LTD), Knowledge-intensive
services (KI) and Less knowledge-intensive (LKI) services. In particular,
we consider the HTD and the MHTD as two separate sectors here, and
the same holds for the LTD and the MLTD which are considered separate
elements of the HHI. This taxonomy has been taken from Eurostat’s
EU Regional Database. We cross-refer the reader to Castellani and Pieri
(2ai2) for further details on this taxonomy. The HHI index, which is
equal to ‘1’ for regions with all employees in one sector and which tends
to ‘0’ for more diversified regional structures, allows us to control for
the sectoral concentration/variety of the region, while by introducing the
S H~;¢ ratios, we account for the different ‘quality’ of the industrial mix.
For any given level of HH I we expect regional productivity to be higher in
regions where the share of high-value added activities (such as High-tech

Manufacturing and Knowledge-intensive services) is higher?”.

The HHI enters in logs in the econometric analysis, hhi.

27Tt is worth mentioning that when computing the HHI we use a lower level of sectoral
aggregation than in the shares of employment introduce separately in the regressions. This is
motivated both by the need to achieve greater precision of the Herfindahl-Hirschman index,
which aims at capturing the variability in the regional industrial mix, but also by the attempt
to minimize the risk of over-specification in the estimation of the sectoral employment shares
coefficients.
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