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ABSTRACT

Offshoring high-skilled jobs:
EU multinationals and domestic employment of inventors*

The research activities of multinational firms is increasingly mobile raising
concerns about displacement of high-skilled employment in headquarter
countries. We estimate of the impact offshoring inventors has on firms' use of
inventors at home using within firm variation across industries. We use a
instrumental variables to tackle possible endogeneity and identify robust
bounds on the estimate. We cannot rule out the possibility that foreign
inventors displace home inventors, but our main result suggests that a 10%
increase in the number of inventors abroad results in a 1.9% increase in the

number of inventors at home.
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1 Introduction

There has been an expansion in the amount of high-tech investment and innovative activities
carried out by US and European multinationals offshore.’ Innovative activities in foreign
research and development (R&D) centres are not only concerned with local product
adaptation, but also with developing state-of-the-art technology (see, inter alia, Cantwell and
Odile (1999), Zedtwitz and Gassman (2002), Branstetter (2006), Griffith and Miller (2011)
and the references therein). Examples abound. For instance, in 2001 the UK-based
GlaxoSmithkline opened its first R&D facility in Spain to develop new drugs specifically
designed for illnesses prevalent in developing countries.? Concern has been expressed by
policy makers and in the media that as firms employ more high-skilled foreign workers the

employment opportunities for high-skilled workers at home will be reduced.?

Our contribution in this paper is to provide empirical estimates of the impact that increasing
the use of inventors (high-skilled researchers) abroad has on a firm's use of inventors at
home. Our identification strategy uses within firm variation across industries, allowing us to
control for many confounding firm-level factors. In order to control for possible firm-industry
level shocks that are correlated across locations we take a commonly used instrumenting
approach. We are concerned that such instruments may be imperfect, in the sense that they
are not independent from the error term; to allow for this possibility we adopt the empirical
approach of Nevo and Rosen (2011), which enables us to identify bounds on the true
estimate. While we cannot rule out the possibility that foreign inventors displace home
inventors, our main result suggests that a 10% increase in the number of inventors abroad

results in a 1.9% increase in the number of inventors at home.

There is a substantial body of evidence that foreign competition from low-wage economies
can displace low-skills workers in developed countries (see, inter alia, Braconier and Ekholm
(2000), Antras et al (2006), Harrison and McMillan (2011), and Simpson (2011)). However,
there is little evidence on whether overseas employment of high-skill workers displaces the

domestic employment of high-skilled workers. There are important reasons to believe that the

! See UNCTAD (2005) and OECD (2008). For example, business sector R&D expenditure by affiliates abroad
as a percentage of domestic R&D increased in many OECD countries in the ten years to 2005 (OECD 2008,
Figure 1.5). e.g. in Germany it went from around 18% to about 25%.

2 http://www.globalhealthprogress.org/programs/ProgramDetail. php?id=774&parent=programs, last accessed
29" November 2011.

® See, for instance, Freeman (2006, 2009) and OECD (2007). Such concerns have also been widely publicised in
the media. For two examples see: “Nightmare Scenarios”, The Economist, 5 October 2006; “How to Keep Your
Job Onshore”, BusinessWeek, 20 August 2007.
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relationship between high-skilled workers in different locations may be different to that of
low-skilled workers. Researchers in foreign locations may have expertise or knowledge that
increases the research capacity or marginal product of home researchers. The recent literature
has emphasised the increase in collaboration (e.g. Jones (2009)) and the importance of
international research networks that combine researchers from a number of countries
(Wuchty et al (2007)).* If foreign and domestic researchers are sufficiently complementary in
the production of knowledge, then an increase in the employment of foreign researchers may

increase the employment of domestic researchers.

We use data on the patenting activity of large European multinational firms to investigate this
relationship. The raw correlation between the growth in the number of inventors located
abroad (foreign inventors) and growth in the number of inventors based in the home country
at the firm-industry level is positive, see Figure 1 (details of the data used are given in section
3). Of course, there are many potentially confounding factors that may explain this raw
correlation; it could arise simply because firms that have experienced positive demand shocks

are increasing activity in all locations.

Figure 1. Growth of Domestic and Foreign Inventors of EU Multinational Firms
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Growth in foreign inventors

Note: The vertical and horizontal axes of the figure show normalised growth in domestic and foreign inventors
respectively. Foreign inventors are defined as those located outside of a firm’s home country. Each observation
is the growth, defined as the log change, in inventors between two consecutive periods (1991-1995, 1996-2000,
2001-2005) for a parent firm in a specific industry. Inventors can be classified in at least one of six industries:
Chemicals, Chemical Materials, Communications and Computing, Electrical and Electronics, Engineering and
Pharmaceuticals. The number of observations is 3117. The number of parent firms is 736.

Source: Authors’ calculation using PATSTAT matched to Amadeus and Derwent.

* See also Economist Intelligence Unit (2007) “Sharing the idea. The emergence of global innovation networks.”



Our main empirical strategy relies on the identifying assumption that shocks to demand are
common across industries within a firm-period. We rely on unobserved (exogenous) changes
in the industry-location specific relative cost of employing foreign inventors to shift the
optimal number of foreign inventors that a firm wants to employ. We observe firms operating
in multiple industries and, within industry, operating in multiple countries. We use

differential changes in the pattern of location of inventors within firms across industries.

A key concern with this approach is that it does not control for firm-industry specific shocks
that are correlated across locations. To address this we take an instrumental variables
approach akin to Card (2001), which exploits differential exposure to foreign cost shocks
proxied by the extent of a firm's activities in a location in previous periods. Specifically, we
instrument growth abroad with a measure of growth in foreign GDP per capita, weighted by
firm-industry-specific measures of the location of activities in the previous period. A similar
approach is used by Desai, Foley and Hines (2009) to investigate the impact of foreign
manufacturing activity on home activity. The resulting IV estimate is implausibly high. We
postulate that this is because the instrument is imperfect, in the sense that it has power but is
not strictly exogenous. Drawing on recent work by Nevo and Rosen (2011), and under what
we believe to be more palatable assumptions, we are able to show that the standard IV
estimates are substantially upward biased and to estimate a bound on the true parameter. The
bound does not rule out the possibility that the expansion in the use of foreign inventors has a
modest positive impact on the use of inventors at home within multinational firms, but nor

does it rule out the possibility that it displaces them.

Our paper contributes to the growing empirical literature on the impact of multinationals’
offshore activity on their home economy. This empirical literature has generally considered
multinational firms from a single home country operating in manufacturing industries;
although there is considerable variation in the methodologies and data used. We summarise
the most relevant examples when discussing our results in the section 5. Most closely related
is Desai, Foley and Hines (2009), which considers the effect of expansions of activity abroad
on home activity of US multinationals operating in manufacturing industries (that is, the

intensive margin, conditional on location). They find evidence that foreign investment



stimulates domestic activity.” Another closely related paper is Harrison and McMillan (2011),
which finds no effect on overall domestic labour demand of US manufacturing multinationals
of changes in the wages that their affiliates pay in high-income countries. They do, however,
find a positive association between R&D expenditure in low- and high-income countries as a

percentage of parent’s sales and domestic labour demand.

The rest of the paper is organised as follows. Section 2 discusses the theoretical background
and predictions. Section 3 describes the data. Section 4 describes our empirical strategy and
identification issues. Section 5 presents our empirical results, and a final section summarises

and discusses our findings.

2 Theoretical motivation

The impact of a multinational firm expanding its research activity offshore on research
activity at home will depend on the degree of complementarity between these activities.
Consider a firm that has operations in just two locations, home and abroad, and consider the
effect of a decrease in the relative cost of inventors abroad on the number of inventors
employed at home conditional on location. There will be two offsetting effects: a substitution
and a scale effect. The substitution effect will be non-positive, as the firm substitutes towards
the relatively cheaper foreign inventors. If the total amount of worldwide research activity
(knowledge creation) of the firm were fixed then an increase in the use of offshore
researchers would necessarily reduce the number at home. However, the decreased cost of
producing knowledge will increase the firm’s optimal knowledge output, and so produce a
non-negative effect on the number of inventors employed at home, as the firm increases the
scale of technology investment. Combining the substitution and scale effects, an overall
positive impact of a change in the number of inventors abroad on the number at home
requires that the scale effect outweighs the substitution effect. This in turn requires that
inventors at home and abroad are sufficiently complementary in the production of knowledge
— the substitution effect is smaller and the scale effect larger the greater the interaction in

production.

To see this more clearly, and to understand the economic mechanisms underlying our

empirical strategy, we draw on Desai et al (2009) and consider the following simple model. A

® In another context, Bresnahan et al (2002) also look at the relationship between two inputs (information
communication technologies and high-skilled workers) and interpret a positive relationship as evidence of
complementarities in production.



multinational firm, i, generates an industry, j, specific knowledge output, K(Il-hj,lf’]-), by
employing inventors, I, located in the home country, h, and abroad, a. We assume that the
production of knowledge is separable across industries and from the production of final
output. We allow the revenue, R, that a firm derives from its knowledge output in an industry
to be affected by firm specific factors, F;, such as changes in the worldwide demand for their

final product, and industry specific factors, T; such as a worldwide increase in the
applicability of technologies used in an industry. Firms face a cost, C(Ii’},ll?‘j- , of using

inventors, which differs across firms, industries and countries. The firm's problem is therefore

to choose the number of inventors at home and abroad to maximise profits:

maxl[‘,-lfl,-R (K(I{‘jlliaj),Fi, T;) — C(I[},Ifj‘- (1)

The first-order conditions for the choice of inventors are:
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From equations (2) and (3) we see that a change in the marginal cost of employing a foreign
inventors, CI'a directly affects the number of inventors abroad and indirectly affects the

number at home by affecting the optimal knowledge output, K To see the relationship
between growth in inventors at home (dli’}) and abroad (dIj}), we totally differentiate (3),

setting the change in the marginal cost of employing inventors at home to zero to obtain:
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(4)

The first term in the numerator reflects the impact of an exogenous change in foreign
inventors on domestic inventors. The second term reflects the effect of firm specific factors,
and the third term the impact of industry specific factors that can drive demand for

knowledge at the firm-industry level.



Equation (4) shows that the sign of the relationship between dlih]- and dIj; is ambiguous.

Under the assumption that revenue is increasing with knowledge (dR/0K > 0), but at a

diminishing rate (92R/dK * < 0) and that there are diminishing marginal returns in the
production of knowledge (92K /az{;z < 0) the denominator of (4) is positive. The sign of

the affect of dIjj on dIi"j, is therefore determined by the first bracket in the numerator. Given
the assumptions above, the first term in that bracket will be positive only if
0%K /dIl-hde{j- > 0. That is, if inventors at home and abroad are complementary in the
production of knowledge. The second term in the bracket will be non-positive, because
d2R/0K * < 0. Combined, the first bracket will have a positive sign if and only if the first
term outweighs the second, which in turn requires that inventors at home and abroad are
sufficiently complementary in the production of knowledge. Whether this is the case is an
empirical question. Furthermore, equation (4) suggests that industry (T;) and firm (F;) level
variables, such as a positive firm level demand or industry level shock, could lead to an
expansion of both inputs even if they are unrelated in production (i.e. if the first bracket in the

numerator is zero).

We investigate the relationship between growth in inventors at home and abroad by
estimating the empirical relationship suggested by (4). We discuss the empirical

implementation of this specification further below, after introducing the data.

3 Data

3.1 Firm-level data

We use information on the inventors employed by large European multinational firms. We
observe firms that have innovative activities in multiple industries and, within industries, both
in their home country and in at least one foreign country (abroad). Our analysis is conditional
on location choice. We use within firm variation in the change in inventors at home and
abroad across different industries. Our identifying assumption is that the differential rates of
within-firm changes (above the trends that are common across industries) represent changes
that are not driven by firm-level shocks (that simultaneously determine employment of

inventors at home and abroad).



Inventors are measured as those listed on European Patent Office (EPO) patent applications
filed over the period 1991-2005.° These data provide information on all of the inventors that
created the technology underlying a patent application, including where they were located
(their residential address). We start with all patent applications made by corporate entities in
European countries or the US. We match these firms, which may be subsidiaries of larger
firms, to their ultimate parent firm using information from accounts data and a range of out
sources.” The result is information on the inventors, located anywhere in the world, listed on
the patent applications filed directly or indirectly (via an associated US or European
subsidiary) by European firms located in any of ten European countries.® Column (1) of
Table 1 shows the total number of parent firms (many of which are associated with multiple
subsidiaries) that file at least one patent application in the period 1991-2005 and have been
matched to accounts data. Column (2) shows how the 32,590 firms are distributed across
countries. We define inventors as being located abroad (at home) if they are in a different (the

same) country as the headquarters of the parent firm.

Patent applications are an attractive measure of research activity because they provide a
consistent measure of the location of inventors at the firm level across all countries. Patents

have been used for this purpose in a number of applications.®

We classify patent applications (and therefore inventors) into industry groups using the
Derwent Innovation Index, which is compiled by Thompson for commercial purposes and
classifies patent applications according to the industries in which the invention has an
application.’® We use six broad industry groups: Chemicals, Chemical Materials,
Communications and Computing, Electrical and Electronics, Engineering and

Pharmaceuticals. An individual patent application can be classified into multiple industries,

® Data are recorded in the EPO's Worldwide Patent Statistical Database (PATSTAT). We use patent applications
(not only granted patents) and the application priority date, which is the date closest to the point of invention.

"' We have matched the corporate applicants (i.e. excluding individuals, universities and research institutions) of
EPO patent applications from a number of European countries and the US to firms listed in Bureau van Dijk’s
Amadeus and Icarus databases. In analysis, we use those firms that we have successfully matched to accounts
data; matching rates vary by country. See Abramovsky et al (2008) for discussion of the matching process and
resulting data.

® Firms are headquartered in one of the following ten countries: Belgium, Denmark, Finland, France, Germany,
Italy, Netherlands, Norway, Sweden and UK.

% See, for instance, Griliches et al. (1984) and Griliches (1990). Breschi and Lissoni (2009) and Nicholas (2009)
provide recent application of this type of data to look at the mobility of high-skilled workers and co-invention
networks and the role of spatial diversity in invention.

19 5ee Abramovsky et al (2008), section 5, for more details on this industry classification. Note that this is
distinct from firm level industry classifications (such as NACE codes) which provide a broad measure of the
primary industry in which a firm operates and from classifications attached to patent applications by patent
offices (IPC codes) which document the embodied technology.



recognising that some technologies will have more than one possible application. In such
cases, we allow the associated inventors to enter the measures of firm-industry growth for

each relevant industry group.

Our interest in this paper is to consider the impact of firms expanding offshore activities on
activities at home. We consider this at the intensive margin. That is, we look at changes in
inventors for firms that are already operating at home and abroad, thereby abstracting from
the initial decision over whether to put any inventors offshore or over which foreign location
they choose to operate in. Across the period 1991-2005, we see that 81% of firms conduct no
innovative activity offshore — for these firms all inventors are based in the firm’s home
country. On average these tend to be smaller firms in terms of the total number of patent
applications filed across 1991-2005; at the median, firms with no inventors offshore file 5

patent applications while those with at least one inventor offshore file 1,397.

Column (3) of Table 1 shows the number of firms that are associated with a change in
inventors both at home and in at least one foreign location between 2 consecutive 5-year
periods (1991-1995, 1996-2000, 2001-2005). There are 1,241 such firms, distributed across
countries as shown in column (4). For these firms we observe variation in the growth in
inventors at home and abroad across firms and, in some cases, across two periods within a

firm.

The variation in our data that allows us to identify the relationship between inventors at home
and abroad comes from large multinationals that operate in multiple industries. It is widely
known that innovative activities generally, and patenting specifically, is highly concentrated
in large multinational firms."* We focus our attention on those firms that change their
employment of inventors both at home and abroad in at least two different industries, in at
least one period. Our main estimation sample therefore comprises 736 large European
multinational firms, see column (5) of Table 1. Although these firms represent only a small
proportion of total firms (2.3%) they account for the majority of patenting activities: 60.7%
of inventors located in firms’ home countries and 79.7% of the inventors located offshore.
We observe variation in the growth in inventors at home and abroad across firms and, across

industries within firms. In some cases we also observe firms in two periods.

1 UNCTAD (2005) figures show that more two-thirds of world business R&D is carried out by multinational
firms. See also Bloom and Van Reenen (2002) and Criscuolo, Haskel, and Slaughter (2010).



Table 1: Number of firms, by country of parent firm, 1991-2005

. _Flrms with growth in Main estimation sample: Firms that innovate at home and abroad in two or
All firms inventors at home and : L . .
abroad more industries in each of two consecutive periods
Distribution Distribution Distribution % of all % of all % of all
Number of Number of Number of . .

Parent . across . across . across parent firms home foreign
firms : firms . firms . " . g

country countries countries countries = (5)/(1) activity activity
1) 2 ®) (4) (%) (6) @) (8 9)
Belgium 787 2.4 57 4.6 39 53 5.0 70.5 74.9
Denmark 1,024 3.1 59 4.8 36 4.89 35 59.7 47.6
Finland 939 2.9 39 3.1 24 3.26 2.6 61.9 75.0
France 3,330 10.2 128 10.3 79 10.73 2.4 66.4 85.4
Germany 10,710 32.9 475 38.3 262 35.6 2.4 63.6 78.8
Italy 5,062 15.5 84 6.8 50 6.79 1.0 22.8 43.6
Netherlands 2,026 6.2 71 5.7 44 5.98 2.2 79.0 65.2
Norway 686 2.1 21 1.7 10 1.36 15 32.4 47.3
Sweden 1,932 5.9 92 7.4 55 1.47 2.8 55.7 70.6
UK 6,094 18.7 215 17.3 137 18.61 2.2 46.7 75.4
Total 32,590 100 1,241 100 736 100 2.3 60.7 79.7

Notes: Column (1) shows the total number of parent firms that have filed at least one patent application across 1991-2005 and have been matched to firm accounts data.
Column (3) shows those firms that are associated a change in inventors in both the parent firm’s home country and at least one other country between 2 consecutive periods.
These firms underlie Figure 1. Column (5) shows those firms that change their employment of inventors both at home and abroad in at least two different industries. This is
our main estimation sample. Columns (2), (4) and (6) show the distribution of firms across parent countries. Column (7) shows the proportion of all firms that are included in
the main sample. Column (8) shows the inventors located in firms’ home countries (home inventors) and included in our sample (i.e. listed on the patent applications of firms
in column (5)) as a proportion of the total home inventors associated the full sample (column (1)). Column (9) produces the equivalent proportion for inventors located
outside of firms’ home countries (foreign inventors).

Sources: Authors’ calculation using matched data from Amadeus, Icarus, PATSTAT and Derwent Innovation Index.
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This selection of firms is a restriction. We assume that whether a firm innovates at home and
abroad in two or more industries in each of two consecutive periods is not systematically
related to the relationship between foreign and home inventors. In the results section, we
report results for the larger sample of firms as a robustness check (column (3) in Table 1),

showing that we find comparable results.

Table 2 shows the distribution of the foreign inventors in our sample across countries, by
country of the parent firm.'? Each inventor is counted once per patent (independently of the
number of industries in which inventors has been classified).13 The first row, for example,
shows the proportion of the inventors located outside of Belgium but listed on the patent
applications of Belgium firms that are located in each of the countries or country groups
displayed in the columns. We see that the majority of foreign inventors in our sample were
located in Western Europe (47%) or the US (46%). Very few were located in emerging
economies. While emerging economies have become a more important location for western
multinationals innovative activities over time they still represent a small proportion of total
activity (Griffith and Miller (2011), OECD (2008)).

Table 2: Distribution of location of foreign inventors, by country of parent firm, 1991-
2005

Location of foreign inventors

2 c g— E’g &

s £ 52 8 53 g8 292 5 5
Parent S 5 ¥ £25 o £33 25 8 = o
country L O 5 O0=2m O OO0 Wom WL < —
Belgium 6.8 33.4 15.3 22.4 19.7 1. 04 0.7 04 100
Denmark 15 114 5.0 27.5 46.7 4.3 2.7 0.8 0.2 100
Finland 1.0 16.7 17.1 21.0 32.0 5.1 2.4 3.8 0.9 100
France - 35.3 4.6 19.2 34.3 3.1 14 2.0 0.3 100
Germany 9.5 - 8.3 30.9 39.9 6.1 1.7 1.9 1.7 100
Italy 22.6 20.6 10.0 17.6 21.4 3.6 2.0 13 0.9 100
Netherlands 12.3 26.1 14.9 10.5 29.9 3.3 0.5 2.1 04 100
Norway 153 396 7.2 27.1 8.8 0.9 0.4 0.6 0.2 100
Sweden 5.1 26.4 7.3 26.4 26.9 5.3 14 0.8 0.5 100
UK 2.1 41 - 12.1 75.5 3.4 0.8 13 0.6 100
Total 5.3 16.0 6.5 19.2 45.5 4.0 1.2 1.7 0.7 100

Notes: Each row shows the percentage of foreign inventors listed on patent applications filed by firms in the
parent country indicated by the row and located in each country/country group. Included inventors are those in

12 Across the period 1991-2005, for all firms in our main sample, 67% of inventors were located in firms’ home
countries. This figure represents a fall from 70% in 1991-1995 to 65% in 2001-2005. There are substantial
differences across the country of the parent firm in the extent to which activity is conducted at home.

3'In the main sample, inventors are counted as many times as there are industries associated with the patent
application on which they are listed. The patterns in Table 2 are not changed by counting inventors in that way.
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the main estimation sample. ‘Other Western Europe’ includes Austria, Belgium, Denmark, Finland, Greece,
Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain and Sweden. ‘Other Developed’
includes Australia, Canada, Israel and Japan. ‘Eastern Europe’ includes Belarus, Bulgaria, Czech Republic,
Hungary, Latvia, Lithuania, Poland, Republic of Moldova, Romania, Russia, Slovakia, Ukraine Estonia.
‘Emerging Economies’ includes South Africa, Brazil, China, India, Singapore, Taiwan and Korea.

Sources: Authors’ calculation using matched data from Amadeus, Icarus and PATSTAT.

3.2 Country level data

We also use country level data to proxy for the foreign costs of employing inventors. As

discussed below, we use this as an instrument for changes in inventors abroad.

We use GDP per capita measured in US $ at constant prices and using constant PPPs and a
2005 base year. Data are from http://stats.oecd.org (measure: GDP, US $, constant prices,
constant PPPs, OECD base year). We calculate growth as the log change across two periods
in the mean of GDP per capita across the 5 years within a period. For the countries for which
we do not have GDP data (which make up only a small fraction of inventors locations) we
use the value for the EU27.

4 Empirical approach and identification strategy

4.1 Main empirical specification

Our interest is in estimating how the growth in the number of inventors a firm employs at
home changes in response to an exogenous increase in the number of foreign inventors
employed. Equation (4) suggested that there are two potentially confounding factors that may
drive a positive association other than complementary in production: firm specific and
industry specific factors that will potentially affect the employment of inventors in all
countries. As a result simple OLS regression of the change in inventors at home on the

change in inventors abroad will be biased. We estimate the following empirical counterpart of

h

equation (4), which relates changes in inventors at home (Al;,) to changes in foreign

inventors (AI%,), controlling for these confounding factors.
AIif;'t = :BAIiajt + Vie + 5j + @+ Ut (6)
Firm-period effects are captured by y;., industry effects by &§;, and common macro shocks by

@:. We introduce a time, t, subscript here to indicate that some firms are observed in more
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than one period. Identification comes from variation in growth in inventors within individual
firms (across industries and time), within industries (across firms) and over time. Using this
approach we are able to control for many potentially confounding factors that may generate
an association due to factors other than complementary in production, for example, shocks to

firm demand or industry level demand or cost shocks.

Within a firm, at the industry level, the optimal number of foreign inventors relative to home
inventors will be affected by exogenous changes in the cost of using foreign inventors (e.g.
the wages Glaxo Smithkline pays to inventors working in pharmaceuticals in Spain) or in the
return of using these inventors (say, for example, because a new public lab is established near
a firm’s R&D facility). We expect differential trends in the exogenous changes that drive the
relative attractiveness of inventors across locations within industries. We compare trends in
the use of inventors at home and abroad across industries within firms in order to isolate the
effect of such exogenous variation. Put another way, we are able to control (using firm-time
effects) for any firm-level shocks (that simultaneously determine the employment of
inventors at home and abroad) that are common across different industries within a firm, and

industry level effects to control for industry level shocks.

We define changes in inventors (Al;;.) as the log difference in the number of inventors,

ijt
because the distribution of percentage changes is skewed (so better approximated by a log
normal than a normal distribution), and because these have been shown to have nicer

properties than the ordinary percentage to measure relative changes (Torngvist et al (1985)).

The coefficient of interest, S, reflects the change in growth of domestic inventors for a one
percentage point increase in the growth of foreign inventors.** A positive £ would suggest
that foreign activity does not displace home activity and be consistent with inventors at home
and abroad being sufficiently complementary in the production of knowledge that, in
response to an exogenous change in the costs of employing foreign inventors, the number of

domestic inventors increases.

We assume that the idiosyncratic error term, w;;;, which will capture firm-industry-year

specific shocks, is heteroskedastic, thereby allowing for arbitrary correlation of shocks within

4 Growth in the number of inventors (ALj, for x=h,a) is defined as the log changes in the number of inventors

sail, stn((ifte/ifse—1))
sarfy — ain((%/i%_p)
of home inventors across two periods (i?jt/i{ljt_l) for a one percent change in the ratio of foreign inventors
across two periods (ifs/ifi¢—1)-

(iije): AL = ln(if‘jt) — In(ifj¢—,). Therefore g = is the percentage change in the ratio
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a firm, and across industries and periods; we adjust standard errors accordingly by clustering

them at the firm level.

4.2 Instrumental variables

A potential concern with our main empirical specification is that it does not account for firm-
industry specific shocks that may lead to growth in inventors both at home and abroad. To
address this we use an instrumental variable (IV) strategy, akin to the approach taken in Card
(2001) and also used in Desai, Foley and Hines (2009), which exploits differential expose to
changes in costs associated with employing foreign inventors.™

As in Desai, Foley and Hines (2009), we posit that changes in foreign countries’ economic
activity reflect changes in the productivity of workers in these locations, and hence changes
in the real cost of employing them, that can be treated as exogenous to a multinational firm.
Firms will have different exposure to these shocks. We proxy this exposure using the
geographic distribution of a firm’s inventors in the previous period. This yields a firm-
industry specific instrument for the growth in foreign inventors that combines country-
specific measures of GDP per capita with firm-industry-specific country weights. The

resulting instrument, Z;;;, is :

L]t Zceut UCt - AGDPct (5)

l]t 1

These weighted averages of foreign GDP per capita growth will be used as instruments to
capture exogenous changes of foreign employment of inventors. The location of foreign
activity differs significantly across firms and within firms across industries. We assume that
the distribution of activity in the previous period captures the firm exposure to cost shocks in
that country, and that it is exogenous to any subsequent changes in domestic research activity.

We expect those firms that had inventors in countries that later experienced high growth are
more likely to experience a decrease in their cost of doing research in that location and
therefore to increase their investment in knowledge. Since the distribution of inventors across
countries differs across firms and, within firms, across industries, we expect different rates of

growth of foreign activities, and correspondingly different outcomes from home inventors.

> To empirically identify the effect of changes in the use of foreign inventors we would like ideally to measure
exogenous changes in the cost of or return to using foreign inventors at the firm-location-technology level that
would directly affect the number of foreign inventors, but not the number of home inventors. We have not been
able to obtain such data.
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A concern we have is that this instrument is imperfect, in the sense that it has power to
explain independent variation in inventors employed abroad, but that lagged inventor shares
may not be independent of the error term. For example, this could be true if foreign economic
growth directly stimulates demand for firms’ knowledge output and, as a consequence,
inventor demand in all locations or if firms that were planning rapid expansion abroad were
more likely to choose to locate in foreign countries that were growing - i.e. the initial
distribution of inventors across foreign countries is endogenous to current domestic activities.
To the extent that these factors are firm or industry specific and not firm-industry specific,

they will be controlled for with firm and industry fixed effects.

We allow for the possibility of our instrument being imperfect. Nevo and Rosen (2011) set
out a method for indentifying analytical bounds on parameters in the presence of imperfect

instruments.

The standard 1V assumptions require that the correlation between the instrument and the

endogenous variable, corr(AI{‘]‘-t,zUt), is significant and that the instrument is strictly

exogenous, corr(zijt, ul-jt) = 0. It is the second (untestable) condition that raises concerns.
Nevo and Rosen show (Lemma 2) that when an instrument and the endogenous variable are
positively correlated, 2SLS using an imperfect instrument (i.e. where corr(zl-jt,uijt) + 0)
will not even necessarily reveal the direction of the bias in an OLS estimator. However, it is
possible to relax the strict exogeneity assumption and under alternative, and we believe more
palatable in this setting, assumptions we are able to use information contained in the
instrument to identify bounds on the true estimate. There are two key assumptions:*®

1) corr(AI{‘;-t,uijt) * Corr(zijtfuijt) =0

i.e. the correlation between the instrument and the error has the same sign as the correlation
between the endogenous regressor and the error (assumption A3 in Nevo and Rosen). We
assume both correlations are positive. We think that it is plausible that any firm-industry
shocks in w;;, will be positively correlated with growth in inventors abroad. For example, a
firm-industry demand shock could trigger an increase in demand for inventors in that industry
in all locations. Likewise we think it plausible that if GDP growth in foreign locations is

correlated with the error term, the correlation will be positive, as discussed before.

16 As with a standard IV estimator, we have to also assume that all variables are identically and independently
distributed and that all variables except the changes in foreign inventors are exogenous (Assumptions Al and
A2 in Nevo and Rosen).
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2) |COTT(AI%t,uijt)| > |corr(zije, wije)|

i.e. the instrument is less endogenous than the regressor (assumption A4 in Nevo and Rosen).
We think this is a reasonable assumption — the correlation between the instrument and the
error terms should be not as high as the correlation between the endogenous variable and the
error term, given that there might be other firm-industry specific omitted factors affecting
AISt-

Under these assumptions Nevo and Rosen show that the true £ lies in the region B*, where
B* = (—oo, min{B", B;\1y}] and By} is the probability limit of the traditional 2SLS estimator
for B when V(1) = 0,AI* — 0,az is used as an instrument for AI®. That is, B lies in an

open bound that has a 2SLS estimate as the upper bound.
5 Results

Table 2 provide summary statistics for the dependent and explanatory variables and
instrument we use. We see that at both the mean and median, growth in inventors abroad is
similar to growth in inventors at home. There is substantial variation in the growth of
inventors at home and abroad at the parent firm-industry level (the standard deviation is more
than double the mean). Not surprisingly, the average growth in the firm-weighted measures
of foreign GDP per capita, used in our IV specifications, is considerably lower than the

variable it is used to instrument for, growth in foreign inventors.

Table 2. Descriptive statistics

c =S

£ g 2 3 EE

> 2 = < 3

? A

Change in Domestic Inventors AIt, ~ -4.29 0.27 0.29 4.43 1.12
Change in Foreign Inventors Al -4.58 0.28 0.29 5.03 1.16
Firm weighted change in foreign -0.01 0.07 0.07 036 0.05

GDP per capita
Notes: Notes: Number of observations (firm-industry-period) is 3117.
Sources: Authors’ calculation using matched data from Amadeus, Icarus and PATSTAT, and OECD’s Main
Science and Technology Indicators.

Table 3 shows the results from estimating equation 5. Column 1 includes industry and time

effects. Column 2 adds firm effects and column 3 adds firm-time effects. In all cases we find
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a positive estimate of 5. The point estimate of § is reduced — and is statistically lower at the
5% level - with the addition of firm effects. There are no statistical differences between the
results with firm and firm-time effects. Overall, this is in line with our expectations — the firm
and firm-time effects are operating to net out unobservable factors such as demand shocks or
productivity shocks that drive a positive correlation between changes in inventors at home
and abroad. This suggests that foreign activity does not displace home activity, and can be
interpreted as evidence that inventors at home and abroad are sufficiently complementary in
the production of knowledge. Using the results of column (3) as our main point of reference,
this means that an increase in 10% in inventors abroad there will be a 1.9% in inventors at

home.

We believe that the estimate in column (3) already nets out many of the most important
confounding factors and therefore reflects the exogenous effect of changes in the use of
foreign inventors on domestic inventors. However, the coefficient reported in column (3)
would still be positively biased in the presence of significant firm-industry specific shocks

that simultaneously affect growth in inventors at home and abroad.

In columns (4)-(6) we instrument changes in inventors abroad using firm-industry-time
specific measures of foreign GDP growth. We repeat the pattern of effects across the three
columns. The associated first stages are shown in columns (1)-(3) of Table 4. We see that the
instrument has significant explanatory power; the growth in the GDP per capita of countries
in which firms previously employed inventors is positively associated with growth in the

number of inventors employed in foreign locations.

The 1V results in Table 3 suggest a substantial increase in the estimate of . Although we
note that the IV estimates are much less precise, so not statistically different from the OLS
estimates, the point estimates are much higher relative to those in columns (1)-(3), e.g. the
point estimate is around 75% higher when comparing column (6) to (3). We find this result
puzzling: we expect a positive correlation between the endogenous variable and the error
term and therefore upward bias in the OLS coefficient. This pattern was also observed in
Desai et al (2009).

Our explanation of this result is that the instrument is imperfect, in which case 2SLS does not

necessarily reveal even the sign of the bias in the OLS estimate.*’

7 Another reason why the IV point estimate might be higher than the OLS estimate is if the relationship
between inventors at home and abroad is heterogeneous across firms and industries. The standard 1V estimate

17



Following Nevo and Rosen (2011) we calculate bounds, based on assumptions 1 and 2
discussed above. For each category of effects, we calculate the 2SLS estimator using

V(1) = 0,AI* — 0,2z as an instrument for AI®. Recall that the true g lies in the region B*,

where B* = (—oo, min{B"", B;%;)}] . We find that in each case By < g'", therefore B}

determines the upper bound. The associated bounds are reported in columns (7) and (9) of
Table 3. Considering column (9) we can conclude that f < 0.164. The confidence interval of
the bound includes the estimate in column (3) (our main estimate) but not the IV estimate in

column (6).

This is an important result. It shows that (under the relevant assumptions) the OLS estimator,

accounting for firm level effects, performs better than the 2SLS estimator.

If one believes that there are significant firm-industry specific shocks (in addition to firm-
time shocks), our results suggest that we cannot reject a positive relationship, but given that
we are only able to identify an open bound, it does not rule out a zero or negative

relationship.

The results in tables 3 and 4 are based in a sample of multinational patenting firms that
operate in multiple industries. One may be concerned that selecting this sample of firms is
problematic. As a robustness check, Table 5 presents results using a larger sample of firms
that display growth at home and abroad in at least one industry (those in column (3) of Table
1). We calculate growth in inventors at the firm level (rather than at the firm-industry level)
and exploit variation in growth across firms and across time. The drawback of using this

sample is that we cannot control for firm fixed effects.

Column (1) of Table 5 presents the OLS result, which is similar to the OLS result without
firm effects using our more restrictive sample. The same is true when IV and Nevo and
Rosen methods are applied in columns (2) and (3) respectively. The results are similar to
columns (4) and (7) of Table 3.

will capture the impact for those firm for which we observe variation in the instrument (the so-called “local
average treatment effect”). This could lead to IV estimates that are higher than OLS ones.
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Table 3: Effects of growth in foreign inventors on growth in domestic inventors; main sample
Dependent variable: @ 2 3 (@) (5) (6) @) (8) 9
growth in  home OoLS OoLS OoLS v v v IV bounds IV bounds IV bounds

inventors, Ali’}t

Growth in foreign 0.33 0.211 0.19 0.651 0.34 0.329 (-0,0.269] (-0, 0.184] (o0, 0.164]
inventors, Alj, [0.025]**  [0.033]**  [0.027]**  [0.155]**  [0.11]** [0.149]*
(0.281 - (0.146 - (0.136 - (0.347 - (0.124 - (0.038 -

0.379)**  0.276)**  0.244)**  0.955)**  0.556)** 0.621) (2 0.342) (-0, 0.257) (-0, 0.230)

Industry and time

effects, 6, g, yes yes yes yes yes yes yes yes yes
Firm effects, y; no yes yes no yes yes no yes yes
Firm-time effects,
Ve no no yes no no yes no no yes
L
R-squared 0.191 0.655 0.82 0.092 0.183 0.042
Joint significance of
instruments
F statistic 39.33 33.44 16.03
P value 0.00 0.00 0.00

Notes: The number of observations (firm-industry-period) is 3117. There are 736 firms (i) and 1,035 firm-time (it) effects. Robust standard errors clustered at the firm level
are displayed in squared brackets. 95% confidence intervals are displayed in brackets. Columns (7)-(9) report confidence intervals for the bound results. The upper bound of
the confidence interval is the upper bound of the confidence interval on the BlY estimate. In columns (4)-(6) the instrument is a firm-industry- period weighted measure of
foreign GDP per capita. * significant at 5%; ** significant at 1%.
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Table 4: Growth in foreign inventors and changes in foreign costs: first stages

1) (2) ©)
Dependent variable: growth in IV: GDP IV: GDP, FE Firm  IV: GDP, FE Firm-
foreign inventors Period
Firm-weighted growth in foreign
GDP 3.913 6.468 4.138
(0.624)** (1.118)** (1.033)**

Industry and time effects yes yes yes
Firm effects no yes yes
Firm-time effects no no yes
Observations 3117 3117 3117
R-squared 0.11 0.56 0.77
Joint significance of instruments

F statistic 39.33 33.44 16.03

P value 0.00 0.00 0.00

Notes: See notes to Table 3. Columns (1)-(3) correspond to the first stages of the 2SLS estimates reported in
columns (4)-(6) respectively in Table 3.

Table 5: Effects of growth in foreign inventors on growth in domestic inventors

Dependent variable: growth in (D) (2 )

home inventors, AIl: OLS v IV bounds

Growth in foreign inventors, Al 0.337 0.458 (-00, 0.32]
[0.024]** [0.195]* (-0, 0.393)

(0.289 - 0.385)**  (0.076 - 0.840)*

Industry and time effects, J;, ¢, yes Yes yes
R-squared 0.22 0.21
Joint significance of instruments

F statistic

P value

Notes: Growth in inventors is calculated at the firm-period level. Number of observations (firm-period) is 1,732. There are
1,241 firms (i). Robust standard errors clustered at the firm level are displayed in squared brackets. 95% confidence intervals
are displayed in brackets. * significant at 5%; ** significant at 1%. Columns 3 reports confidence intervals for the bound
results.

How do these results compare to other results in the literature that look at the within-firm
effects of using foreign inputs on the demand for domestic inputs? There is no clear evidence
on whether overseas employment of high-skill workers displaces the domestic employment
of this type of workers within multinational firms. To date much of the empirical literature
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has considered the impact of multinationals’ decisions to use foreign capital or employees in
the production of manufactured goods. There are important differences in the methods used,
data and time periods covered. A key difference is whether studies use data on foreign wages
to produce estimates of cross-price elasticities or estimates of the constant output elasticity of
substitution, or use data on growth in activities at home and abroad to look at the impact of
using foreign inputs on the demand for domestic inputs. Another key difference is the type of
foreign investment being considered (i.e. whether foreign investment is of a horizontal or

vertical nature).

Harrison and McMillan (2011) estimate the marginal effect of changes in foreign wages on
home employment using micro data on US multinationals for the period 1982-1999,
conditional on investment abroad and using a standard labour demand equation. They find
that home employment in the US is increased when foreign wages decrease in low-wage
countries for firms that engage in vertical foreign investment (VFDI), which is consistent
with the idea of complementarities between inputs abroad and at home. They find no effect of
foreign wages in high-wage countries on US employment of these multinationals, but they do
not distinguish employment at home by skill level. Muendler and Becker (2010) estimate
constant output elasticities of substitutions in a system of share equations derived from a
translog cost function. They consider labour at home and in different foreign regions for
German multinationals and find that, conditional on investment abroad, distant regions
(potentially those with low wages and lower skills relative to Germany) do not substitute for
labour at home, which is consistent with the findings of Harrison and McMillan (2011).
Borga (2005) looks at the correlation between employment of US multinationals at home and
abroad, but does not control for common shocks or characteristics that may drive both trends
simultaneously. Desai et al (2009) look at the impact of expansions of activity abroad on
home activity of US multinationals. They use an instrument variable approach to isolate
exogenous Vvariation in expansion in foreign activities, using firm specific weighted growth
rates in foreign gross domestic product per capita as an instrument. Similar to our findings,

they find that firms that expand abroad also simultaneously expand their domestic activities.
6 Summary and discussion

Our contribution in this paper has been to provide empirical estimates of the relationship

between European multinational’s employment of inventors (high skilled researchers) at

21



home and abroad. It is motivated by concerns that, as firms employ more high skilled

workers abroad, there will be detrimental effects on the employment of inventors at home.

Identification of the effect of growth in foreign inventors on growth in home inventors comes
from the fact that we observe the same firm operating in multiple industries and multiple time
periods. This allows us to control for common firm-level shocks. However, this strategy
relies on the assumption that there are not shocks at the firm-industry level that are correlated
within a firm across locations. To address this concern we use a standard instrumental
variables approach that relies on variation in the intensity of exposure to shocks to foreign
costs. Our results raise concerns that this instrument is imperfect — that is, it is a significant
predictor of growth in foreign inventors but is not strictly exogenous. We allow for this
possibility by estimating a bound for our coefficient of interest under a set of assumptions
that we find more plausible.

Our main result suggests that a 10% increase in the number of inventors abroad results in a
1.9% increase in the number of inventors at home. The bounds we estimate do not rule out
this estimate, but we also cannot reject the proposition that increasing the use of foreign

inventors will displace domestic inventors.

A positive relationship is consistent with complementarities in the production knowledge and
suggests that growth in foreign inventors stimulates the growth of inventors at home. Because
we estimate the reduced form relationship between inventors at home and abroad we do not
identify the direct mechanism by which they are related. We cannot rule out that a positive
relationship between the employment of high-skilled workers abroad and at home is due to

other factors than complementarities.

We also note two other important caveats that we have not addressed. First, we do not
consider the decision of firms to start offshoring high skilled researchers — our analysis
identifies the relationship between growth in inventors at home and aboard for large firms
which already operate in multiple countries (see Harrison an McMillan (2011)). Second, we
do not consider the effect of multinational firms’ expansions abroad on other domestic
activities within firms, including other innovative activities such as development, or on other
firms (see Braconier and Ekholm (2000)).

Our results speak to a number of policy related concerns. We speak directly to concerns that
Western European multinationals will substitute away from high skilled researchers in home

countries towards those located abroad. Similar concerns have been raised (and studied) in

22



relation to other groups of workers. The key difference in this context is that high skilled
researchers are associated with the innovations and technological advances that underpin
growth in developed economies. They are also intrinsically linked to the important spillovers
that arise in the creation of new ideas — inventors embody tacit knowledge that others, often
those in close geographical proximity, benefit from. For these reason, governments are keen

to encourage firms to undertake innovative activities in their countries.

There are also long running concerns over the relatively low investment in R&D in Western
European countries compared to the US and, more recently China.’® There are a number of
possible reasons for this.’® Our results suggest that, over the previous two decades, this trend
has not necessarily been the direct result of European multinational’s moving innovative

activities offshore.

References

Abramovsky, L., R. Griffith, G. Macartney, and H. Miller (2008), “The location of innovative
activity in Europe”, IFS Working Paper W08/10

Acemoglu, D. (2008), Introduction to Modern Economic Growth, Princeton University Press

Antras, P., L. Garicano and E. Rossi-Hansberg (2006), “Offshoring in a knowledge
economy”, Quarterly Journal of Economics, MIT Press, vol. 121(1), pages 31-77, 02

Bloom, N. And J. Van Reenen (2002), “Patents, real options and firm performance”, The
Economic Journal, 112 (March), C97+C116

Borga, Maria, ‘‘Trends in Employment at US Multinational Companies: Evidence from Firm
Level Data’ (pp. 135-164), in Lael Brainard and Susan Collins (Eds.), Brookings
Trade Forum (Washington, DC: Brookings Institution, 2005)

Braconier, H. and K. Ekholm (2000), “Swedish Multinationals and Competition from High-
and Low-Wage Locations”. Review of International Economics, 8(3), 448-461, 2000.

Branstetter, L (2006) "Is Foreign Direct Investment a Channel of Knowledge Spillovers?
Evidence from Japan's FDI in the United States.” Journal of International Economics,
vol. 68, February 2006, pp. 325-344

Breschi, S. And F. Lissoni (2009), “Mobility of skilled workers and co-invention networks:
an anatomy of localized knowledge flows”, Journal of Economic Geography, 9
(2009) pp. 439-468

Bresnahan, T, Brynjolfsson, E. and Hitt, L. (2002), ‘Information Technology, Workplace
organization, and the demand for skilled labor: firm-level evidence’. The Quarterly
Journal of Economics, Vol. 117 pp. 339-376.

Business Week (2007), “How to keep your job onshore”, 20 August 2007

'8 In 2000 the Lisbon Agenda set an explicit target to increase R&D undertaken in the EU to 3 per cent of GDP
by 2010. This target has been missed: the latest figures (2007) show that business expenditure on R&D in the
EU-15 amounts to 1.2% of GDP, compared with 1.9% in the US and 1.1% in China. As emphasized before, this
is @ major concern in Western European countries, since investment in technology is a key factor in cross-
country differences in economic growth and income (see Acemoglu 2008).

19 Eor example, supply side factors such as a shortage in the supply of workers with the right type of skills or
demand side factors that may result in lower demand-driven innovations (see, for example, Soete (2010)).

23



http://www.businessweek.com/magazine/content/07_34/b4047417.htm (last accessed 29
November 2011)

Cantwell, J. and Odile, E.M.J. (1999), “Technological globalization and innovative centres:
the role of corporate technological leadership and locational hierarchy”, Research
Policy, 28, 2-3, pp. 119-144.

Card, D. (2001) "Immigrant inflows, native outflows and the local labor market impacts of
higher immigration™ Journal of Labor Economics,

Criscuolo, C., J. Haskel and M. Slaughter (2010), “Global engagement and the innovation
activities of firms”. International Journal of Industrial Organization, Volume 28,
Issue 2, March 2010, Pages 191-202

Desai, M. A., C. Fritz Foley, and J. R. Hines (2009), “Domestic Effects of the Foreign
Activities of US Multinationals”. American Economic Review: Economic Policy,
February 2009, 1 (1), 181-203.

Economist Intelligence Unit (2007), “Sharing the idea. The emergence of global innovation
networks”.
http://a330.g.akamai.net/7/330/25828/20070323150740/graphics.eiu.com/ebf/PDFs/ei
u_IDA_INNOVATION_NETWORKS_WP.pdf

Freeman, R. (2006), “Does Globalization of the Scientific/Engineering Workforce Threaten
US Economic Leadership” in Jaffe, Lerner and Stern (eds) Innovation Policy and the
Economy, Vol 6, MIT Press

Freeman, R. (2009), “What does global expansion of higher education mean for the us?”
NBER Working Paper 14962

Griffith, R., Harrison, R. and Van Reenen, J. (2006) “How Special is the Special
Relationship? Using the Impact of US R&D Spillovers on UK Firms as a Test of
Technology Sourcing” American Economic Review, Vol. 96, No. 5, pp. 1859-1875.

Griffith, R., Lee, S. and J. Van Reenen (2010), “Is Distance Dying at Last? Falling Home
Bias in Fixed Effects Models of Patent Citations”, Quantitative Economics, Volume
1, Issue 2 (November 2010)

Griffith, R. And H. Miller (2011), “Innovation in China: the rise of Chinese inventors in the
production of knowledge”. IFS working paper, September 2011,W11/15

Griliches, Z. (1990) “Patent Statistics as Economic Indicators: A Survey” Journal of
Economic Literature, 28:4 (December), 1661-1707

Griliches, Z., Hausman, J., Hall, B., (1984) “Econometric models for count data and an
application to the patents-R&D relationship” Econometrica 52, 909-938.

Harrison, A.E. and M.S McMillan (2011), “Offshoring Jobs? Multinationals and US
Manufacturing Employment”, Review of Economics and Statistics, August 2011,
93(3): 857-875

Jones, B. (2009) "The Burden of Knowledge and the "Death of the Renaissance Man'": Is
Innovation Getting Harder?" Review of Economic Studies, 76, 283-317

Muendler, MA. and S.O. Becker (2010), “Margins of Multinational Labor Substitution”,
American Economic Review

Nevo, A. and A. Rosen (2011), “Identification with Imperfect Instruments”, Review of
Economics and Statistics

Nicholas, T. (2009), “Spatial diversity in invention: evidence from the early R&D labs”,
Journal of Economic Geography, 9 (2009) pp. 1-31

OECD (2007), " Offshoring and Employment: Trends and Impacts”

http://www.oecd.org/document/22/0,3746,en_2649 34443 38743126 1 1 1 1,00.html (last
accessed 14 November 2011)

OECD (2008), “The Internationalisation of Business R&D. Evidence, Impacts and
Implications,” OECD Publishing, ISBN-978-92-64-04404-3

24


http://www.businessweek.com/magazine/content/07_34/b4047417.htm
http://www.oecd.org/document/22/0,3746,en_2649_34443_38743126_1_1_1_1,00.html

Simpson, H. (2011), “Investment abroad and labour adjustment at home: evidence from UK
multinational firms,” Canadian Journal of Economic

Soete, L. (2010), “The costs of a non-innovative Europe: the challenges ahead”, UNU-
MERIT, 30 August 2010

The Economist, “Nightmare scenarios”, 5 October 2006

http://www.economist.com/node/7961926 (last accessed 29 November 2011)

Tornqvist, L., P. Vartia, Y.O. Vartia (1985), “How Should Relative Changes Be Measured?”,
The American Statistician, Vol. 39, No. 1 (Feb., 1985), pp. 43-46

UNCTAD (2005), World Investment Report. Transnational Corporations and the
Internationalization of R&D, United Nations.

Wuchty, S., B. Jones and B. Uzzi (2007) "The increasing dominance of teams in production
of knowledge" Science May 18 2007

Zedtwitz, M. von and Gassman, O. (2002), “Market versus technology drive in R&D
internationalization: four different patterns of managing research and development.”
Research Policy, 2002, 31 (4), pp. 569-588

25


http://www.economist.com/node/7961926

	DP8837prelims
	OFFSHORING HIGH-SKILLED JOBS: EU MULTINATIONALS AND DOMESTIC EMPLOYMENT OF INVENTORS

	AbramovskyGriffithMiller

