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The rising internationalisation of R&D has causeshaern among policy makers of both net
recipient and net source countries. Governmentsebfrecipient countrie®n the one hand actively
compete to attract foreign firms, but at the saime fear that foreign-owned firms may act as ‘Troja
horses’ since they may drain the national technokogd production base while keeping the core of
their innovative activities in their home countri€dountries that areet sourcesof foreign R&D
investment are worried that the internationalisatid R&D may relocate (“hollow out”) the domestic
knowledge base to abroad.

Although the internationalisation of R&D is gendyafelt to have a major impact on economic
development and public policy, and some of its etspare well discussed, the processes are complex.
The existence of the phenomenon is generally aedeput its importance, the trends, and its impact
not yet clearly understood. Most countries at@pgling with the challenges of globalisation. In
order to address the policy implications of inteioraalization of R&D from an evidence based
perspective (section 1), this note first lookisthe prevailing trends in the internationalisatioin
R&D (section 1), and also reviews the evidenceropact of internationalization of R&D on host and
home economies (section II).

A few ex ante caveats. This note largely focuseddEs in order to identify trends and analyse
drivers behind the internationalisation of R&D. Muhtionals are the leading players in the global
R&D landscape as they are the largest R&D invesfaras account for almost 70% of total R&D
expenditure in the OECD area and most is carrieédplarge firms. The focus on business should not
detract from other important aspects that compléteninternationalisation of business R&D such as
the internationalisation of science and the intéonal mobility of researchers. Successful innoxati
firms are typically part of a system of formal ammfiormal links with other firms, public research
institutions, universities and other knowledge-tirepbodies.

Although the note will focus mostly on MNEs' intationalisation of R&D strategies through R&D-
FDI, we will also take into account the wider persiive on international knowledge transfers, since
in practice they are often complementary and hémeie impact for actors and policy makers difficult
to disentangle Furthermore the internationalisation of R&D thgbuR&D-FDI is embedded and
cannot be understood without considering the olvpratess of globalisation of production.

|. Internationalisation of R& D: characterizing the phenomenon

In view of the importance of Multinational Firms @sving forces in R&D-internationalisation, a
key indicator is the internationalisation of R&Dtiaities by these firms® We first review the

! The OECD has ongoing activities monitoring the in&tionalisation of R&D, see eg OECD, Science, Teduol
Industry Outlook 2006. Also EC, DG Research with European Report on S&T indicators and the Keyiresy
EUROSTAT, Statistics in Focus 7/2005 and ECFIN, Ream Economy Annual Review 2005;

2 The internationalisation of R&D by establishing R&(ilates abroad (R&D-FDI) is an important mechanion
international know-how diffusion. But from a poligerspective, it is important to remember that tetbgy is also
transferred internationally through other chanrtéisn subsidiaries of MNEs. When considering a beogukerspective,
encompassing the whole spectrum of internationalkhow diffusion, other mechanisms need to be cmmsd as well,
such as licensing, purchase of equipment, intemnatimovement of personnel, the reverse engineafingported goods
and other, more informal, channels. There is a grgvemphasis on the importance of networking aredftrmation of
alliances in order to access and transfer techgatdagrnationally.



indicators based on the latest available data terriationally comparable R&D expenditures and

patent data (section 1.1). The section will fartdiscuss in section 1.2. the evidence on location
factors and motives for R&D internationalisatiomc® data still tend to be incomplete and not fully

comparable across time and countries, robust trereldifficult to identify.

1.1. Trendsin Internationalisation of R&D
Internationalisation of R&D on the rise

Since 1995, R&D expenditure by foreign-controlldfiliates has grown faster than their turnover or
total imports in the OECD area. These results stiavR&D is one of the most dynamic elements in
the globalisation process.

Evolution of the main driving forces of globalisation of goods and services
in the OECD" area
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Source: OECD, AFA, International investment, International trade databases, June 2006.

High-tech sectors are the most internationalize®&D

The sector with the most internationalized R&D lwpmaceuticals, while manufacturing ICT is
the high-tech sector with the lowest internatidR&D (data on services not being available). Anothe
important trend is the shift towards the servicet@s. During the FDI boom of the late 90s the
service sectors saw their share in FDI increasevaathirds of total OECD inflows, mostly accounted
for by the knowledge intensive services. In 20@2yises accounted for more the 75% of FDI inflows
in the OECD area. But also the service share infles to developing countries’ increased (OECD
(2004)).



Share of R&D under foreign control by industrial sector, total OECDl, 2001
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R&D internationalisation still is mainly an intrafiad phenomenon: EU firms most internationalized
in R&D

The EU business sector is the most internatiordaliee R&D spending: more than 13% of its total
R&D is spent outside the EU, while for the US tisi¥% and for Japan only 4%. Japan is the least
open area, also in terms of attracting inward R&DI;Fwhich accounts for 4.5% of total R&D in
Japan. Most of the EU outward R&D-FDI is destirfed the US and vica versa. Investment by
American multinationals in the European Union eBa#yi concerns three sectors: automobiles (33%),
the pharmaceutical industry (26%) and computersedectronics (14%). European R&D investments
in the United States mainly concern the chemicdl gmarmaceutical industry (50%), computers and
electronics (13%) and petroleum distribution (10%).

R&D flows between the EU-15, US and Japan, 2002

Millions of PPP dollars

1452
17 554 720
USA < EU < Japan
Total business sector Total business sector Total business sector
193 868 127 802 80 582
12 941 2239
1541

Source: OECD, AFA database and OECD estimates, June 2006.

The US remains the major destination country foeith R&D



The growth of R&D located abroad holds across ajamdestination areas. Nevertheless in relative
terms, the shares of Germany, Japan and the UMitegdom increased, while those of the United
States, France and Canada declined. Despitedbimé, the United States continued to attract%1.9
of total R&D expenditure by foreign affiliates ihe OECD area, although in terms of turnover, the
share of the same affiliates was only 38.5%. Thiss that, for foreign affiliates, the United Staig

a more attractive country for research than fodpobion. The opposite holds for France: in 2088, t
turnover of foreign affiliates there was 14.4% loé total turnover of foreign affiliates in the OECD
area, but the R&D expenditure of those same afffiaccounted for only 7.8% of the area total.

Trends in the share of R&D expenditure under foreign control in the business sector in selected OECD
countries between 1995 and 2003
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Outside Triad R&D-FDI flows are the rise;

In contrast to the Triadisation documented suprattend has increasingly become more truly global.
If the EU has long been the major host for US fymeresearch, the emerging markets and most
notably China, are currently attracting also ameasing share of overseas outlays by MNEs.



Geographical distribution of overseas R&D expenditure by US-owned subsidiaries, 1995 and 2003
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Survey evidence on intentions for R&D investmentsiftms the increasing importance of

emerging markets:

A survey of investor intensions more generally (restricted to R&D) (UNCTAD2004), found that more
the 70% of the largest MNEs expect FDI to increase,unequally distributed among host countries. On
the whole, developing and transition countries apge figure more prominently in investment plans.
Within the Central and Eastern European countRetand figures prominently, while within Asia, Chin

is expected to receive (even) higher FDI flows ttaday.

A survey of the largest R&D investors, undertakgnUNCTAD from November 2004 to March 2005,
suggests that the pace of internationalising R&y tma accelerating (UNCTAD, 2005): as many as 69%
of responding firms stated that their share ofifprdR&D is set to increase (only 2% indicated alidec
and the remaining 29% expected the level of int@nalisation to remain unchanged). Momentum
appears to be particularly strong among compame3apan and Korea, which have so far been less
aggressive in terms of internationalisation of R&ne out of ten Japanese firms in the sample hodta
80% of the Korean firms planned to increase theieifjn R&D, while 61% of the European firms
indicated similar intentions. In the UNCTAD survey the largest R&D spenders worldwide, China
(3rd) and India (6th) were among the top ranks eslbping countries for current locations for R&D.
Other developing countries, including SingaporeazZi and some eastern European countries, also
appeared in the ranking. It is expected that thit sowards emerging countries will continue tarso
extent, as demonstrated by the findings on futl&® fhvestments in the same UNCTAD survey. China
was the R&D location mentioned most often, followsdthe United States. India was in third placel an
Russia was also among the top ten target locatiotiseer emerging economies named were Singapore,
Chinese Taipei and Thailand.

E&Y’s European Attractiveness Survey 2005 puts initthe EU, the UK still in the lead of destination
for FDI in general. While the UK continues the dhtthe leading posting as FDI destination with thé E

its market share has fallen slightly between 20@d 2003. This decline is attributed to fewer e)giam
projects and fewer US companies investing in the \Eith US companies a traditional strong investor i
the UK. With respect to R&D, the most preferre@ sdinked on R&D quality and capacity within the EU
nevertheless remains Germany: 32% (up from 262004). While in 2004 the UK had a similar score
than Germany (26%), this has dropped to 20% in 2005



. A global survey conducted by The Economist Intelige Unit in 2004 showed that top companies’
favorite location for planned R&D investment wadi@hfollowed by the US and India.

This corresponds to an increasing share of countike China and South Korea in patenting
activities. Although this rise holds in all broadchnologies areas, China and Hong Kong are
particularly strengthening their knowledge baskan technologies such as material sciences.

Some R& D statisticsfor China (2003)

. R&D as % of GDP: 1.31% (0.7 in 1998)

. Real Annual Growth of R&D (1998-2003): 15%

. Government funding of R&D as % of GDP: 0.8%

. S&E in R&D per 10.000 labour force: 11.3 (6.7 ir089

. China ranks 6th for scientific publications (ISI)

. China ranks 12th in patents (WIPO)

. Share of High-Tech Products in Exports: 25% (11%968)

Increasing importance of foreign controlled R&Dtotal country R&D

The share of foreign affiliates in local industrR&D varies widely across countries, ranging
from less than 5% in Japan to over 70% in Hungad leeland. These differences primarily reflect
the contribution of foreign affiliates to industrectivity. Nevertheless, in many OECD countrite
share of foreign affiliates in R&D is smaller théreir share in manufacturing production, like ie th
US, France and the UK. Hence R&D activities ar# k&ss internationalised than production. This
suggests that most research still remains at catpdeadquarters.

3 |t should also be mentioned that Hungary and Ieelaere the only countries where R&D intensities. fatio of R&D
expenditure to turnover) were higher than for daioaBy-controlled firms. This may reflect the réiee lack of investment
in R&D by domestically-controlled enterprises in ¢botwo countries. It can also be observed that botHungary and
Ireland, technology payments (licences, patentsykhow, technical assistance, studies, R&D, ete.pf@eeded the R&D
expenditure of enterprises in general. This was Hige case in Poland and Portugal. There is a pigtson that firms in
general in these countries tend to buy the butketechnology they need abroad rather than dewejdpat home.



Share of R&D expenditure and turnover of affiliates under foreign control in total business sector R&D
and turnover, 2003
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Although the home market remains the major locat@rR&D, the share of R&D activities located
abroad is on the rise, resulting in an importarfc®m@ign controlled R&D for recipient countriesn

all countries except Spain, foreign-controlled irincreased their R&D expenditure by between half
and three times as much as firms under nationaralprincreasing their importance in total R&D
expenditures. In the United Kingdom, only forepntrolled affiliates showed strong growth, while
the R&D expenditure of domestically-controlled fgnshowed a decline. It is thanks to R&D
investment by foreign affiliates that overall grovef business-sector R&D in these two countries was
not negative.



Growth of R&D expenditures of affiliates under foreign control and firms controlled by the compiling
country between 1995 and 2003 in selected OECD countries

In constant PPP (2000)
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The importance of foreign R&D by sector

In Sweden, virtually all of the R&D in the pharmateal sector is performed by foreign affiliates,
whereas in Ireland, Belgium and Canada the praporanges between 80% and 90%. Even in the
United States, 45% of pharmaceutical R&D is pertxuirby foreign-controlled affiliates — a ratio that
is higher than in any other industry.

As a rule, foreign pharmaceutical affiliates’ shafeR&D tends to correspond to their share of the
industry’s turnover. In some countries, howeveer¢hare substantial differences. In the United
Kingdom, for example, 85% of the pharmaceuticaustdy’s turnover is under foreign control, but

only 42% of its R&D. Similarly, in France over 5286 the industry’s turnover is foreign-controlled

but only 28% of its R&D.



Share of R&D expenditure under foreign control in the pharmaceutical sector, 2003
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In small countries, like Ireland and Belgium, #tare of ICT-R&D than is under foreign control
exceeds 70%. For Ireland this is mostly US colgdplwhile for Belgium this is EU control. Among
the large countries, France and the UK have forBigb shares greater than or equal to 40%.

Share of R&D expenditure under foreign control in the ICT sector, 2003
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Internationalisation of Technology Development gdfatent Data

Next to R&D expenditures, the trend of R&D intefoatlisation can also be analysed using data
on patenting by firms. Two main indicators of rm&tionalisation can be constructed with paterd dat
information. The first one is the share for a giveuntry of patents with a domestic inventor and a
foreign (owned) applicant in the country’s totalntlestic inventions. It reflects the extent to which
foreign firms control domestic inventions\yard). The second one is the share for a given cowftry
patents with a foreign inventor and a domesticiappt in the country’s total domestic applicatiolts.
reflects the extent to which domestic firms confiarkign inventions qutward. In general patent
data indicators indicate the same trends as the B§i2nditures data.

2002 Share of EPO patents owned|8hare of EPO patents with
foreign residentsifward) inventions abroadoutwarg
Japan 3.4% 3.7%
us 12.2% 17.2%
EU-25 11.1% 7.4%
EU-15 11.1% 7.7%
UK 36.9% 18.6%
GER 13.8% 12.4%
FRA 23.4% 20.3%
FI 8.9% 25.4%
BEL 43.1% 30.5%

Source: Eurostat; Statistics in Focus 2005 orb#sis of OECD

Similar patterns as the ones described for R&D datarge. During the 1990s, there has also been a
considerable increase in the share of domestic ®hipeof inventions made abroad (outward R&D-
FDI). This share increased from 10.8% of all EP@pis in 1990-92 to 15.8% in 2000-2002. At the
same time, 15.8% of all patented inventions in ERDe owned or co-owned by a foreign resident in
2000 (inward R&D-FDI). This compares to 10.8% in929 a modestly increasing trend. This
increasing trend holds for most countries, butghgmn important cross-country difference in teais
levels. Foreign ownership of domestic inventionsigh in small open countries like Belgium, but
also the UK stands out. Japan is much less irtierradised in terms of cross-border ownership of
inventions with few local inventions owned by fayeérs and few owned inventions made abtoad

These patent indicators provide an incomplete hsigto internationalisation of R&D as they
ignore the ownership of patented inventions. Qigreid as ‘domestic’ the assignees which are based
in the reporting country, they ignore the influenaf subsidiaries controlled by foreign MNE's.
Especially in view of the pervasiveness of MNEshia technological landscape, correctly taking into
account foreign ownership may lead to a more peregsattern of R&D internationalisation than has
been documented in the previous section. The EUS&@ indicator report (2003) identifies foreign
ownership of patents including foreign owned suibsies.

In relative terms, when one looks at the percentddeuropean patents invented in a country by
affiliates of foreign multinationals, Belgium ando&@n stand out with the highest presence of
technological activity by foreign companies (EC 3R Especially in these countries, taking into
account foreign ownership of patents rather thamigm applicants, considerably increases the

4 Guellec and van Pottelsberghe (2001, 2004) furtrelyse econometrically the country differencesfareign
ownership of domestic patents. The authors shotithieacountries that are larger and the counthiasdre more intensive in
R&D are less “internationalized” at least in relatiterms. Two countries are more likely to be linkgdcross-ownership if
they are geographically close to each other, if theve a similar technological specialization anthéy share a common
language.
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internationalisation dimension, as compared to pghevious section. Four out of five European
patents invented in Belgium are controlled by fgnedwned firms. (Cincera et al (2005)).

Criscuolo and Patel (2003) analyse the patentitigites of the largest American, Japanese, and
European MNEs between 1996-2000, repeating theysinadf Patel and Pavitt (1992) for 1969-86.
Also these studies use a consolidated firm apprtaessign foreign ownership. Although European
companies show on average a higher tendency toateltheir R&D activities abroad with respect to
their Japanese and American counterparts, the elegve which European companies have
internationalised their activities varies consitiégaacross countries. MNEs from small countrieshsu
as Belgium, the Netherlands, Sweden and Switzerlaralthe most internationalised in their R&D
operations, while MNEs from large European coustiiihe exception being the UK) are less so.
There has been a modest increase in the last 18 iyeiaternationalisation of technological aciieg.
Most of the growth has occurred for MNEs from sntallropean countries. Despite the growing
internationalisation of R&D activities, especially EU MNEs, the results obtained in this study
suggest that home-based technological activitidargé firms from large countries continue to have
big influence on the activities of their home caigs.

Summary of main findings |

. The trend towards more internationalisation of R&@radually increasing.

. R&D internationalisation is still mainly an intrad@dd phenomenon with the EU but even
more the US, as major locations for foreign R&D hiS and especially EU firms have th
largest shares of foreign R&D.

. MNEs, especially from small European countries ghiaereased their foreign R&D activities
in the last decade.

. More recently the trend toward internationalisati@s increasingly become more truly glohal.
The emerging markets are currently attracting afsocreasing share of overseas R&D
outlays by MNEs.

. The high-tech sectors and especially the pharmizedutdustry tops in terms of having the
most internationalized R&D.

D

1.2. Changing innovative strategies of transnational companies

While traditionally most R&D abroad was associatgth market-related motives (integration
with foreign production, responsiveness to locahded and regulations), the increase in foreign R&D
activities that emerged from the early 90s, cowtsolely be explained by demand related motives.
The new evidence gathered during this period shotivatl MNEs were establishing foreign R&D
facilities, driven increasingly more by supply teld motives; in an attempt to tap into knowledge an
technology sources in centres of scientific exoedelocated worldwide. Location decisions for this
type of R&D facility are based not only on the teclogical infrastructure of the host country, but
also on the presence of other firms and institgtiovhich may create externalities that investingndi
could absorb. Such externalities may result frontiosfers of information from other R&D units,
access to trained personnel, established links wrikersities or government institutions, and the
existence of an appropriate infrastructure for Hjgekinds of researcR. This section presents the
evidence documenting the changing drivers for imggonalisation of R&D for multinational firms.

1.2.1. Analysis of destination patterns in foreR&D expenditures and patents;

® One could argue that to access local sourcesaamdrtsfer know-how, firms need not necessarilptgsent through
affiliates in the local market. International ctitaiation or presence in local markets through espean be an alternative to
access globally dispersed know-hoef gupra). Nevertheless, if networks are mainly imfar and tacit, then embeddedness
is important, spillovers will be localized and bgipresent close to the source will be importantaecessing know-how.
Jaffe, Trajtenberg and Henderson (1993) using patata show that proximity matters and that beiloges to an external
information source increases the impact of spiltefeom that source on own know-how.
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A number of studies have analysed the R&D experahtwr patents by foreign affiliates of
Japanese MNEs to look for which countries are ntikety to attract foreign R&D expenditures.
(Kumar (2001), Odagiri and Yasuda (1996) and Bélder(2001, 2003)). Country characteristics most
favourable for location of R&D resources by MNEs &rger local markets and markets with high per
capita income, reflecting the demand related mstiBait also the abundance of R&D manpower and
the technological specialisation of the host couimtithe industry explain the location choice of B&
reflecting the technology sourcing motive.

1.2.2. Patent Citation Analysis

More recently the empirical literature has turnedusing patent citation information to trace
technology transfers from local sources to foregubsidiaries A higher than expected level of
citations in patents by foreign subsidiaries torses in the host market are suggestive of techgolog
sourcing motives for foreign R&D.

Almeida (1996) analyses the citations containec isample of major patents granted by the
USPTO to foreign MNEs in the US semiconductor irduand finds that foreign subsidiaries build
upon localised sources of knowledge. The patems diy foreign affiliates are more likely to have
originated in the U.S. or in the same U.S. Statera/lthey operate. Similarly Branstetter (2000)
analyses USPTO patent and citation data on Jap&idsato the US. He finds that the likelihood of
patent citations by the investing Japanese firnisdal US sources is higher than expected, suggesti
of a technology sourcing motive for Japanese Fd the US. Frost (1998, 2001) builds upon and
extends the work by Almeida and Branstetter ingasing both the geographic sources of foreign
subsidiaries’ innovation activities across a muabader sample of MNEs operating in the US and the
determinants of local technology sourcing. Resslitsw that both the characteristics of the subsidiar
such as the amount and type of innovation actrgtyied out, and the technological specializatibn o
the home and host country are important in detengithe geographic sources of innovation. Less
innovative affiliates are more likely to build ohet knowledge base of the parent company, while
more innovative subsidiaries, being more embeddethé local context, tend to draw upon local
sources of knowledge.

1.2.3. Survey evidence on location factors andvestior R&D internationalisation

Recent surveys find substantial support for theeiasing importance of ‘supply-side’ factors,
with access to human capital and technological miggebecoming a major force. Florida (1997)
surveys a sample of 207 R&D facilities in the USaar technology sectors (electronics, automotive,
chemicals and materials, and biotechnology) withard to the relative importance of their
technology-oriented activities and market orieraetlvities. The findings of this study suggest that
both types of activities play an important roletie overall activities of the sampled laboratories.
However technology-oriented activities are reldyivenore significant, especially in R&D units
operating in the biotechnology and pharmaceutieatass, while R&D sites in the chemical and
automotive sectors seem to concentrate on taski®deio the support of manufacturing activities and
the adaptation of products to local market condgiol' he results for electronics are more mixedh bot
supply and demand considerations are consideredrieng. The innovating performance of the
laboratories in the sample confirms that theses site not mere ‘listening posts’ but are dedicated
the creation of new scientific and technologicabiedge. The survey indicates also that one of most
implemented strategies for gaining access to Isedlknowledge is the recruitment of high-quality
scientists.

Kuemmerle (1999) analyses the activities of 23&itpr R&D facilities from 32 American,
Japanese and European pharmaceuticals and elestrmminpanies in different host countries over
time and investigates the motives, location charatics, and mode of entry for R&D facilities
abroad. He finds that technology sourcing has asirgly become a motivation for setting-up foreign
R&D laboratories. When the purpose of R&D is toanyd gain access to localised knowledge, firms
will establish centers in proximity to universities national laboratories. When instead they are
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supporting manufacturing and marketing activiti&DRsites they will be located near a lead market
or in a cluster of competitors.

A more recent survey by Thursby & Thursby (2006)229 US and EU multinationals across
different sectors, identified as factors importentnaintaining R&D activity in the country of oriyi
quality of R&D personnel as first, foloowed closdly IP protection and presence and proximity of
universities. When developing or relocating R&D dther developed countries, the same factors
showed up, complemented by potential for growth suabort that R&D can give to sales to foreign
customers, confirming the close link between dememdi supply drivers. As regards the location of
R&D activities in developing or emerging countri¢ise factor judged to be the most important is
potential for growth, followed by the quality ofsearch personnel. The most significant difference
involves the assessment of IP projection: despéeecognition of the importance of IP protection
emerging markets, this does not seem to be a mufficeason not to set up there.

All these studies confirm that both demand and upgdated motives are important, but that
technology sourcing motives are on the rise. Imrsary, the literature suggests a shift towards
subsidiaries that are R&D active, not just in imeeatal, adaptive innovations, based on development
activities, but also in searching and generatirgidogeneric know-how.

Il. Impact of the R& D inter nationalisation process on host and home economies

Despite core technology development remaining lgngeted in the parent operations of MNEs,
there is ever more evidence, provided in the previgections, that foreign subsidiaries increasingly
tap into the knowledge generated in centers oflexme around the world. This new phenomenon
has caused concern among policy makers of botrengtient and net source countries.

This section examines in more detail the impadhtdrnational R&D by MNEs on the national
and regional STI-systems and ultimate economic traf both host countries and home countries.
Although the central focus of this section is oa timpact of R&D-FDI through technology diffusion,
in practice, this impact is difficult to disentaagrom the effects of FDI in general on the hosi an
home economies, that can go beyond technologysiifh.

2.1. Theimpact of international R& D on the host economy

Foreign subsidiaries, through their share in egmlknt, investment, trade balances and growth
contributedirectly to the host economy. But there is alsoitttirect effectof FDI affecting the host
economy, through the impact from FDI, particuld®§D-FDI, on domestic firms. Caves (1974) in
one of the early contributions, distinguishes betwéhree benefits of the presence of multinational
firms for the firms located in the host countryrsEj the increase in market competition due to the
entry of a foreign subsidiary increases allocastfficiency and decreases the excess profits rehlize
by the domestic firms. Second, domestic firms imopmlistic markets will increase their level of
technical efficiency or X-efficiency. This benefibws from either the competitive effect of the
multinational entry or through a demonstration effeFinally, the entry of the subsidiary of a
multinational can speed up the transfer and diffusif technology in the local market and hence
increase the rate of innovation in the host counityhile the focus of the discussion here will e o
the technology diffusion effect from R&D-FDI, thé&st two effects have to be born in mind as
interacting forces determining the overall impact.

Transfers of technology occur through interactiafith local suppliers and customers. These are
the backward and forward linkages. However, intéonally transferred know-how may also spill
over to local firms, including competitors, througtany informal channels such as imitation and
reverse engineering, movement of personnel, camfese and meetings, patent applications among
others. Especially the movement of personnel hasn bidentified as an important source of
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technological spillovers (Veugelers and Cassimd@®4®). When workers previously employed and
trained by MNEs move to a local firm or set up thein business, the knowledge embodied in these
workers are transferred from the foreign subsidgto the local economy.

2.1.1. Conditions for international spilloversttee host economy

While the affiliate might have access to the bddamow-how present at corporate level, this dods no
automatically imply that this know-how will be trsferred to the local market. Technology spillovers
from the MNE to the local economy will not alwaysterialize, depending on (i) whether the MNE
is able and willing tgprevent know-how leakage to the external local remvnent?and (i) whether
the host country firms are able to absorb know-flows from R&D-FDI and transfer them into firm
growth. This depends on thmst country’s absorptive capacity and the techgglgap between the
host country and the MNE

Spillovers are partly exogeneous to the firm, wdfiey the effectiveness of the IPR regime in
appropriating the returns to innovation. A host rdoyis IPR is an important policy variable in
determining not only the amount of R&D-FDI undesdak but also the technology content of the
activities undertaken by the MNE (eg Mansfield &t(E82)). But spillovers are also partly
influenced by firms. MNEs may engage in strategieprevent know-how from leaking out. While
MNEs may have an incentive to improve the prodiigtiof their local suppliers or customers in case
of vertical spillovers, MNEs will try tominimize (the effects of)technology leakagdo local
competitors in case of horizontal spillovers. Rmstance, beyond building in secrecy, complexity or
lead time, they can minimize the mobility of pemsehthrough paying higher wages, select an entry
mode or activity profile abroad that minimizes (tmnsequences of ) spillovers.

Rather than inhibit informal flows of know-how, ffis are nevertheless often found to actively
nurture these flows, as the growing emphasis oninmgortance of networking suggests. The
motivation for the sender lies in the reciprocatess to know-how (von Hippel (1988)). Firms
transfer know-how to be able to acquire technoliogseturn in a quid-pro-quo type of arrangement.
This is particularly more likely to hold when MNEse locating R&D abroad for technology sourcing
motives. Alliances can be a particularly effectimechanism for technology sourcing MNES to link to
external technology sources. Technological alliaraiow firms to actively and voluntarily manage
transfers of know-how between partners. Therefoveperative agreements between local firms and
subsidiaries can include an important technologydfer component, at least if the technologies
available in exchange are valuable to the partrigns implies an attractive host economy, with a
strong technological know-how base.

The trend toward technology sourcing motives fdenmationalizing R&D would predict more
potential danger to the host economy from loss alenestic innovative capacity. But at the same
time, it also creates more scope for potential fiesngince more technology transfers to the host
locations are likely to occur, first because thethocations being selected by a MNE in a technplog
sourcing strategy, will have a stronger technologpability and thus are more likely to have the
capacity to absorb international technology. Initaid, they are interesting clusters for exchanfe o
know-how in quid-pro-quo networking arrangemeftslowever, if strong competitors are located in
these local clusters, MNEs will be more concerreegrbtect their core know-how to safeguard their
competitive position.

Note that in the preceding section we did noteobxs a significant increase in international R&D
collaboration, but the networking indicated hemaa@ local, between subsidiaries and local firms;
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2.1.2. Empirical evidence on the impact of inteloraal R&D on the host economy: which recipient
countries are benefiting?

We first discuss the firm level studies that exasndirectly whether FDI is associated with
technology transfers to the local economy. Nexigeuss the studies that examine the impact on the
local productivity from the presence of MNEs in thest economy. These studies assess technology
transfers through FDI indirectly, by inferring thérom their effect on local productivity.

(i) Do transfers of technology from subsidiarieddoal firms occur?

When assessing technology transfers through Fetty, scholars have used giatent citations
to foreign subsidiaries by local firnas well as (ii) survey results on technology tfarss

Almeida (1996), using SPTOpatent citations by local US firms to foreign sulisiies located
in the USin the semiconductor industry, finds that patdr®nging to foreign firms located in the US
are cited by local US firms more than expectedpsting positive technology transfers through FDI.
Branstetter (2000) also uspatent citationdo Japanese foreign subsidiaries by local US firfrem
analyzing US Patent Office data on the impact ainges in Japanese firm-level FDI on USPTO
patent citation counts, he finds that Japaneseif@he US is a significant channel of knowledge
spillovers,i.e. increasing the likelihood of patent citationstbg indigenous US firms to the investing
Japanese firm. Almeida and Branstetter demonstittéide same time the importance of the reverse
stream of spillovers from the local economy to teehnology sourcing foreign subsidiaries, as
reported supra. In a recent study based on USPT&htsagranted to 4400 MNEs from six countries
(US, Japan, Germany, France, UK and Canada) beth@®6:1995, Singh (2004) finds that foreign
subsidiaries cite host-country patents more ofteantthey are cited by host country inventors,
suggesting that foreign subsidiaries gain morelims of local knowledge than they contribute.

Patent citations are only a partial measure fohrielogy transfers if only because not all
innovations are patente@urvey level evidengerovides more direct, be it subjective, evidente o
technology transfers arising through affiliatesfafeign firms. Using Belgian company survey data
from the EUROSTAT Community Innovation Survey, Velggs and Cassiman (2004) examine
econometrically the likelihood of technology traersf whether foreign subsidiaries acquire
technology internationally and whether they trangfehnology to the host economy. A few important
results emerge. First, foreign affiliates are mideely to source technology internationally, tydiga
from their parent company. Second, firms sourciechihology internationally are more active in
transferring technological know-how to local firm§hird, having controlled for their size and
acquisition of technology internationally, foreignbsidiaries have a significantly lower probabitify
transferring know-how locally, as compared to Idgahs. This negative direct effect can be related
a higher appropriation of know-how within multir@tal firms. They especially minimize spillovers
by having a low personnel exit rate. Fourth, thgnificant positive indirect effect for foreign
subsidiaries through their higher internationahteslogy sourcing is not strong enough to compensate
for the negative direct effect. This leaves a taféct for the Belgian sample, which is negative,
although not significant. This suggests that MNEs ot obvious channels of transfer of technology
to the local economy. It would be interesting tamine other CIS-samples to see whether these
negative effects are specific to the Belgian samptecan be generalized to other EU countries.
Finally, cooperative R&D agreements between foreighsidiaries and local firms are an important
channel for the host country to benefit from tedbgy transfers, confirming the typical two-way
flows of know-how between foreign subsidiaries #mllocal economy.

(ii) The effect of MNEs on local firms’ productivit

Most industry level studies focus on the issue bétlier the presence of MNEs affects domestic
firms’ productivity. These studies, generally inwdlregressing the domestic firms’ productivity on a
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variable capturing the MNEs presence in the samtise.g the share of employment in foreign-
owned firms or the share of output produced byifpresubsidiaries, and a number of other variables
controlling for host markets characteristics sustthe level of host market competition, technology
gap, absorptive capacity. These studies test éomtipact on domestic firms’ productivity in the sam
sector and hence for the presence of horizonthbegis.

Earlier studies based on industry level cross-geati data find a statistically significant
horizontal spillovers effect both in host developsdintries (Caves 1974, in Australia and Canada,
Globerman 1979, in Canada) and developing coun{B&mstrom and Persson 1983, Blomstrom
1986, Kokko 1994 in Mexico). But cross-sectionaidses typically overestimate the spillover effects
of MNEs because they are not able to control fon for sector specific fixed effects. In a recent
survey of studies using panel data sets, Gérg amegr@way (2003) find that only six studies for
industrialized countries and none for developingntdes report positive within-industry spillover
effects. However, Keller and Yeaple (2003), estingainternational technology spillovers via FDI to
US manufacturing firms’ productivity growth betwe®r and 96, finds a significant productivity gain
for US§ firms. They also discuss why their resulte fkely to generalize to other countries and
periods.

One explanation for the difficulty to find evidenoé positive spillovers is that spillovers from
FDI are more likely to be vertical rather than Rorital in nature, since the latter have to accfamt
the negative competitive effetéMarkusen and Venables (1999). But even if contipetieffects
would be mute, as in vertical spillovers, the pt&rbenefits from FDI may not materialize, since a
critical factor to exploit spillovers is the techagical capability of indigeneous firms (Blomstrénd
Kokko (1998)). Also Cantwell (1989) stresses thedhfor a high level of local competence to be able
to absorb spillovers from multinational presenceosMof the empirical studies on developing
countries have failed to find robust evidence o$ifpee knowledge spillovers from multinational
investment, accounted for by the lack of absorptiapacity in these host countriesg Aitken and
Harrison (1999)). Haskel et al. (2002) find a siigaint positive correlation, using firm level ddtam
the UK, but this correlation is smaller for lagginigmestic plants, again underscoring even for
developed countries the need for absorptive capdsitma (2003) on a UK sample for the period 89-
99, finds an inverted U-shaped relationship betwadmorptive capacity and foreign presence.

Girma (2003) finds evidence suggesting that asgab#ing FDI is more conducive to positive
effects on local firm's productivity growth thansat-augmenting activities, an important finding in
light of the trend towards more technology sourdk&PD-FDI documented above.

When multinational firms are technology leaders affdiates are located in countries with an
insufficiently developed intellectual property rtghprotection regime, maintaining control over core
technologies is a key issue, discouraging firmsnfiocalizing R&D abroad or inciting MNEs to
prevent know-how leakage to the local environménstudy by Branstetter et al (2003) provides
evidence that R&D by US firms is very responsiveptsitive reforms in intellectual property rights
protection regimes in host markets, but this agpgbemarily to technology leaders in the industrait
are most active in patent applications. Zhao (2G04)instance, shows how foreign R&D labs in
China mostly engage in R&D for technologies whehe fparent maintains control over key
complementary technologies. Other studies havefalsad that multinational firms adapt the type of
activities located abroad in response to intell@gtwoperty rights concerns, with knowledge inteasi

The main reason for the difference from previagsk is the classification of foreign affiliates the
industries in which they operate in the US, ratfhemn according to the main activity of the parent
firm.

Veugelers and Vanden Houte (1990) provide eviddocBelgium that the presence of foreign MNEs
reduce innovative investment for local firms wheorefgn and domestic products are more
homogeneous and the competitive pressure outwaighgpositive impact from technology spillovers.
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and higher value added activities reserved for tmswith stronger IPR regimes (Lee and Mansfield,
1996; Smarzynska, 2004).

In general, it is fair to conclude that the reswoitspositive spillovers on host economies are not
strong and robust, partly because of poor contoolabsorptive capacity, the technological positbn
the host economy, the technological activities utadken by the MNE, as well as the motives for
locating R&D abroad, all of which are important ddgions for the emergence of positive spillovers.
In addition the recent studies that have examihedpbtential for vertical (inter-industry) spillage
find evidence suggesting that these types of ealities may be more important than intra-industry
spillovers.

2.2. Theimpact of international R&D on the home economy

When MNEs use increasingly more their affiliatesténhnology sourcing strategies, the home
countries of the multinational firms experience éfés and costs of international technology diftursi
from their MNEs investing R&D abroad. The impactoatward R&D-FDI on the home country is an
aspect of the R&D internationalisation process Wwhias been treated less in the FDI literature
(Criscuola (2005)) but continues to receive considie policy attention. Countries that are net
sources of foreign R&D investment are worried tthet internationalisation of R&D may substitute
for R&D undertaken at home. But at the same timegign R&D activities of MNEs may provide
access to foreign technologies and they can thereépresent a channel for transferring knowledge
back to the home country.

2.2.1. Conditions for international spilloverstttee home economy

There are thalirect (private) effectsof outward R&D-FDI, that is, the effect that theR&D
investment activities have on the home part ofntludtinational. But associated to these direct éffec
of outward FDI, there may be also importardirect effectsi.e. effects on other home country firms,
such as suppliers or customers.

The expansion abroad of locally based MNEs may awgithe productivity of the home-country
suppliers to these MNEs through economies of sdefeving from horizontal outward FDI. To the
extent that these activities are characterized dpn@emies of scale, the increase in foreign sales
stimulates a raise in R&D expenditure by the pacemipany providing in turn a source of potential
spillover effects for other home country firms (8éoman 1994, Blomstrom and Kokko 1998).

But more specifically for R&D-FDI motivated by taablogy sourcing, positive externalities may
derive frominter-firm reverse technology transfere. from R&D activities performed abroad aiming
at tapping into foreign centres of excellence anghting new technological assets that build on
localised sources of knowledge. The knowledge aotated abroad AND transferred within the
multinational organization from the subsidiary backthe parent, may leak outside the MNE's
boundaries to other home country firms and instingt. Most of these spillover channels work better
if the MNEs involved are locally embedded in theime market, and if home country firms have the
necessary absorptive capacity.

There are also negative externality effects degivirom relocating production and R&D
activities outside the home country. First, oneseguence of outward FDI could be the reduction of
knowledge intensive activities in the home couritrWINEs decide to relocate advanced production
stages from home to countries with a higher-skilladour supply or with a better knowledge
infrastructure. Second, a potential adverse effeat the relocation of R&D activities abroad may b
the successful imitation of MNES’ technologies awmfdhome country developed innovations by
foreign competitors. As a result of these poteridakage effects arising from the presence of home
country affiliates in foreign markets, MNEs mayfsufa decrease in demand for their products, which
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in turn may result in a decrease in demand for yetsd made by other home country firms.
Furthermore the home country as a whole may losgraoover a key technology and with it a
strategic position in the international market. ccérding to the Anchor Tenant hypothesis, R&D
capacities above a certain size are powerful ineggimg externalities in the form of thickening
markets for innovation that will benefit the whalgstem. Delocalisation therefore deprives the home
country of these externalities (Foray (2006)).

2.2.2. Empirical evidence on the impact of intelorzl R&D on the home economy: which source
countries are benefiting?

() Evidence on effects from R&D FDI on the parkiNE

Reddaway et al (1968) surveyed UK MNEs in the cleaimand food, drink and tobacco sectors
on whether they benefited from the knowledge predua their foreign subsidiaries. In particular in
the chemical sector these benefits derive from &bnmsearch activities carried out in foreign units
while in food, drink and tobacco companies the w®acontribution comes from informal know-how
feedback. Across all sectors, subsidiaries locatetie US appear to be the source of most of these
knowledge flows and companies seem to value extyehighly the informal ‘know-how’ from these
subsidiaries.

Mansfieldet al (1982) finds that foreign affiliates’ sales andkrseas investment contribute to
generating higher returns from R&D. In particulaey estimate that if firms were not allowed to use
new technologies in foreign units, R&D expenditweuld fall by between 12 percent and 15 percent.
If foreign rent could not be earned at all, R&D sgi@g would fall by an average of 16 to 26 percent.

Mansfield and Romeo (1984) carried out a surveyaafindom sample of 29 US MNEs in
chemicals and pharmaceuticals, petroleum, machireegtrical equipment, instruments, and glass
and rubber industries in order to obtain data @netkient of technology transfer from R&D facilities
located abroad (mainly in Europe and Canada). Nieldsind Romeo find that about 47 per cent of
foreign R&D expenditure in 1979 resulted in teclugiés that were transferred back to the US parent
company. The technology being transferred is introases embodied in new products and, based on a
‘rough’ estimate, the authors calculate that theral contribution of this technological feedback
during the 1970-1979 period amounted to 4 per oérbtal profits of US manufacturing firms in
1980. In addition the results show that the lagvbenh when the transferred technology was first
applied overseas and when it was subsequentlyeappli the US is on average less than one year.
This reflects the importance of the US market lherse firms.

Combining patent and account data for the largésfikins, Griffith, Harrison and van Reenen
(2004) estimate the effects of domestic and for&&D spillovers on firm productivity. As channel
to access the stock of industry R&D located inW&through foreign R&D, they use the location of
the inventor in the patents of the UK firms. Totlar identify the technology sourcing motive from
R&D labs located in the US, they single out theepts that cite other firms located in the US, as
proxy for technology sourcing. In general, theydfimo evidence on international knowledge spillovers
in general, but when taking into account whether tK firms have US inventors on their patents,
they do find a positive and significant effect bitstock of US sectoral R&D on the firms TFP
growth, suggesting that having established R&D kh®ad is a channel for accessing US technology
spillovers. When further refining their measurectzeck for the technology sourcing motive, the
effects are even larger. Furthermore, since tlesiilts also hold even if the UK firms have no fgrei
production, the technology transfer is relatecheoR&D activities abroad and not (only) to prodoti
activities abroad. From these results, the autltorsclude that the UK benefits from R&D labs
established in the US, since they act as listepoxis for new ideas which are transferred bachkeo t
UK and lead to productivity gains.
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(i) Empirical evidence on effects from R&D-FDI other home country firms

Very few studies examine spillovers from R&D-FDIdther firms located in the home country
of the MNE undertaking the investment. The use atept citations to proxy for knowledge flows
associated with outward FDI has been proposed lmp&bian, Kokko and Sjoholm (2000) who
analyse 220 patents applied for by Swedish MNEs&iés. They find, not only for the sample of
MNE patents but also for SMEs, that higher outwaid is associated with more patent citations to
the partner countries. If these results confirmhipgothesis of intra-firm reverse technology trensf
they also support the existence of inter-firm tfarsi.e. ‘that knowledge is systematically diffused
from the headquarters of Swedish MNEs to smallermaltinational firms’'.

To conclude, firm level studies show mixed evidenen MNESs generating positive
spillovers on the home economy. The type of agtigiarried out by foreign subsidiaries matters
significantly for the incidence of spillovers. P& findings on intra-firm reverse technology
transfers are only found for R&D-FDI driven by taechogy motives.

1. POLICIESVIS-A-VISINTERNATIONALISATION OF R&D

The new forms of internationalisation of R&D, bassuglobal sourcing and integration of complex
knowledge bases, present challenges to nationajoa@pes.  When innovation networks span
national boundaries, how should national innovasigstems relate to the global division of labour in
knowledge production?

3.1. Some principlesfor policiestowards internationalisation of R&D

It is clear that policy should not attempt to riestthe internationalisation of R&D phenomenon.sit
essential for firms to be able to access internationarkets, exploit efficiency advantages and sgce
the best S&T assets worldwide in order to stay agitipe. Rather, policymakers should aim at
putting in place framework conditions that enableng and countries to benefit fully from
internationalisation.

If countries want to attract foreign R&D, it is essial to look at the economic fundamentals. Since
R&D investments are still strongly associated withduction and sales infrastructure, inward R&D
investment is not independent of policies thatiefice the attractiveness for foreign direct invesitm

in general. Fundamental factors like political #igh public infrastructure, market size and
development, tax rates, labour market conditiores laghly decisive for R&D location decisions.
Policy should therefore in the first place provadal secure a “healthy business environment”

Stimulating the development aéxcellence in own Science & Technology capacites
providingan innovation friendly environmerst key to any policy towards R&D internationalisat

» Developing domestic clusters of S&T excellence ameimportant attractor for innovative
companies, R&D institutes and R&D workers from aato A strong and vibrant academic
and industrial research base, efficient protectibnntellectual property rights and a well-
trained workforce are major determinants for MNieistiment in R&D, but will also promote
the growth of domestic enterprises. Hence, theskcyp measures should be aimed
simultaneously at domestic and foreign-owned ddedoénterprises.

* At the same time, in order to benefit from the intgionalisation of R&D, economies should
build up their absorptive capacity and networkinghwmultinational firms. Among the
factors to improve absorptive capacity, two stant] wiz. a high educational level of the local
labor force and a well-developed technological ciapaf domestic firms.
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3.2. Actual Policies used towards internationalisation of R&D

Which policies do countriegse in practiceito maximise the benefits of the globalisation of
R&D? Screening the relevant literature as well @lgcies adopted by OECD countries resulted in the
identification of policy measures in three impottéialds of R&D internationalisation (policies to
attracting R&D units from abroad, (ii) measureditét domestic firms to knowledge from abroad and
(i) policies towards the mobility of human resources.

3.2.1. Instruments to attract industrial R&D capliti#s from abroad

While incentives to attract foreign direct investmh (FDI) in general are quite common, special
incentives for FDI in R&D play only a minor role.hig is in line with theoretical and empirical
findings that show that R&D investment by multioatal enterprises (MNES) is to a high degree
driven byfundamental economic factofmarket size, labour market conditiomt¢.), the scientific
and technological specialisation and capabilitieghe country and the political environment (stépil
and endowment with an appropriate public infragtie).

. An important determinant of a country’s attractiess is thequality and specialisation of
the domestic knowledge bad¢ence, all measures to improve the scientific saahnological
capabilities of an economy will also increase thentry’s attractiveness for R&D investment by
MNEs. At the same time, an indigeneous strong seiemd technology base will improve the
country’s ability to efficiently absorb spillovefiiom FDI-R&D. In the EU R&D and innovation
is boosted through a variety of policy instrumenthjch will enhance the national capacity of
attraction (see EC and National Member States R&D Bnovation Action Plans). Direct
support mechanisms have lost in importance, whitréct mechanisms (providing framework
conditions) gained in importance.

. In this context, the most import measures relatbuiman resource development,
intellectual property protection, a first-classrastructure, excellent universities and
research organisations and linking partners irbtrginess enterprise sector.

. Both direct financial support and fiscal incentivee not extensively used by
OECD countries aspecificmeasures of attracting new R&D activities of fgreMNEs.

Of course, this does not imply that the existerma generosity of these measures is of no
importance in locational decisions of firms. Butrirany countries these measures face
tight budgetary constraints.

. Non-discriminationof foreign firms vis-a-vis domestienterprises and free access to
national funding and public procurement for (doteid) foreign-owned enterprises is the guiding
principle concerning the treatment of foreign &fiés in most countries of the OECD. National
technology programmes should work as platformsfdmalitate a flexible integration of different
kinds of operators. For this purposaterconnectiorshould be as easy and efficient as possible,
regardless of its location. As for instance in &imd, where Tekes has opened its technology
programmes in order to gather big enough clustecsrmpetence attracting international interest.

3.2.2. Linking the domestic economy to foreign sesiof research and innovation

The mere incidence of internationalisation onlyréases theopportunities for knowledge
spillovers but appropriation of new knowledge by thost economy is not straightforward and
requires a high level of absorptive capacity. Tfeeee prior building of technological capabilities
within a country’s firms is crucial for their aliyito interact and absorb knowledge made availaple
inward and outward R&D-FDI. Promoting internaiid collaboration in science and technology and
helping to link domestic enterprises to foreignrses of knowledge, located abroad or at home, is on
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the policy agenda in many countries. Policies diyetiming at new and deepening linkages between
domestic R&D and foreign actors commonly involverieas elements, including support for
networking, the provision of information and mateamg activities.

Most countries are highly aware of the importance ihternational networking. An
obvious approach to the internationalisation of R&llowed by all countries is to
participate in existing international R&D networ&s international promotion schemes
(such as the Framework Programmes within Europeyebler, some countries provide
additional funding for participating in internat@norganizations and the Framework
Programmes to domestic enterprises, especially ShbiEnter into specific bilateral co-
operation agreements to help domestic enterprisasdess foreign knowledge.

Another basic line of policy initiatives to help mdestic firms link up with foreign
sources of excellence involves assistance in ilyamyi appropriate partners and projects.
At a more general level, available instrumentsudel all kinds of information services
such as the organization of respective seminargvassions, holdingf or participation

in international fairs and exhibitions, the provismfrelectronic databases...

Some governments follow a more proactive stratdgyatchmaking and have founded
own agencies that offer benchmarking services teiga affiliates to identify and select
suitable suppliers. Tekes, the government’s R&Dnagen Finland, eg has established
such offices overseas (in Japan, China and thg.U.S.

An effective way to link foreign to domestic firnas home is to support the building of
clusters,i.e. networks of companies, universities, educaticsmad other institutions,
mixing local and foreign actors. The government nilaglp to) set up internationally
connected science parks and could offer incentiwdsoth, foreign and domestic firms
for engaging in co-operation with other firms osearch institutes where particular
emphasis is laid on technology transfers, trairdngd learning effects of the local staff.
Likewise governments may give incentives to uniiies and public research institutes
to cooperate with both domestic and foreign firms.

3.2.3. Policies towards foreign talent

Policies towards attracting and retaining foreigghly-skilled labour are an important field for
governments with respect to the internationalisatib R&D. Policy and legislation do not drive the
mobility of highly skilled labour but can faciligtor hinder it. Specific policy instruments foaus
grants, immigration legislation and tax issues.t Bie critical mass present in excellent research
centres remains a vital condition to attract exgered researchers.

Immigration legislation can be instrumental in diréve to attract, retain, and develop
human resources. In recent years, the focus of gnation policy in most OECD
countries has shifted from “immigration stop“ to mfart immigration“. Smart
immigration entails a shift towards highly skillggbrsons and an increased use of
temporary skilled immigrant workers.

Significant differences in compensation and rewaad be major pull and push factors
for mobility among highly skilled workers. Tax damts are now provided by many
countries to lure foreign skilled workers to lodabour markets. For instance, in
Denmark, foreign experts receivaax reductionfor their first three years of residence.
In the Netherlands, foreign highly skilled worké€irscluding EEA workers) benefit from

a 30 per cent discount on income tax for a perfotiOoyears. In the UK, non-domiciled
residents get tax refunds upon filing for relocatio
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» Increasingly governments are competing for talgneacting S&T legislation. This is
most notable in science legislation related tocstlflife sciences), safety (food science),
and intellectual property. The variations betwedre tvarious national legislation
governing emerging S&T areas with potential strazwntroversial application are
increasingly being cited as drivers of attractimgasing important talent (eg stem cell
research).

* In order to facilitate the inflow of foreign talerg@specially that of engineers and medical
personnel, and assure its quality, many countnieeasingly adopt accreditation regimes
for qualifications obtained from foreign educatibaad training systems.

* Cultural/structural barriers often result from timernal structures and local traditions
that characterize the innovation systems of certeduntries. For instance, UK
universities are known for enjoying high degreesutbnomy in their hiring policies and
tend to make larger use of temporary academic 8tafi abroad than their continental
counterparts. This allows for greater temporaripiné and circulation of talent.

3.3. Overall assessment of policies towards internationalisation of R&D: the need for an
integrated policy approach

Although many of the instruments needed are alréadylace in most countries, they need to be
mobilized better to fit into a coherent, systemioliqy approach to face the challenges of
internationalisation of R&D. The analysis suggesie need for an integrated policy approach
towards internationalisation of R&D. Policy ingtmants should not be considered in isolation. Rather
they should be part of a coherent and consistdidypapproach. A balanced policy mix will benefit
from cross-policy synergies among the differentqydlevers. An integrated policy approach regalire
horizontal coordinationacross the different policy areas (education, Rafd innovation) but also
linking to other policy areas like macro, tradempetition, taxation, employment...

Only few countries have so far developed an integrpolicy strategy to address issues enhancing the
inward R&D activities for foreign companies. Imathprovides an example for such an integrated
approach (see Box 1). Nevertheless, this doesnean that other countries were less successful in
devising specific measures. The USA and the UKcawuntries that are attractive for inward FDI in
R&D. In these countries the overarching, stratemientation of policy is to support world-class
excellence in science based on the perceptiondgbaérates sufficient attractiveness for FDI by
MNEs. Also the emergence of China on the glol8al Scene is backed by elements of an integrated
policy strategy (see Box 2).

Box1: Ireland
In contrast to other European countries, Irelarmdisid economic development has been strongly based
industrial policy and substantial investments inawation measures. Although business expenditur®&D
remains low, 80% are accounted for by foreign-owMMEs. Therefore, Ireland is commonly regarded as a
success story in terms of inward investment potfiat due to its proactive stance, headed by theaskndl
Development Authority (IDA), gained internationalputation, mainly for its emphasising policy indegence,
continuity and consistency (Tekes 2004).

In order to attract new investments, from the ehthe 1990s on, Ireland has used a very bold apérsive set

of instruments, upgrading the physical infrastruetof the universities and making massive investmém
strategic research in biotechnology and ICT. Thier®e Foundation Ireland (SFI), an agency of tlthistry
ministry, offers very large grants to foreign-basedearchers willing to move to Ireland and esshbiesearch
groups, followed by smaller grants, open to nat®@es well as those abroad. Other incentives ircindvard
mobility schemes for individual researchers andséhaith key skill, and reduced fees for non-EU fpatuate
students. Furthermore, there is an innovation sdppoogramme aimed especially at strengthening the
capabilities of Irish plants, and corporation tases still low.
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Box 2: China

China’s plan to become a major innovation economy2620 resulted in a launch a series of reforms and
strategic projects to make research and innovdtienmotor of its new economic development strate@ihe
current build up of Chinese S&T capacity is suppaiby a targete8&T policy increasing and focusing public
R&D funding to a limited number of excellence cestand specific areas where the contribution ofpiielic
R&D to private R&D and growth can be most assurB&D spending by all sources is targeted to ris2.&%
of GDP by 2020. By 2010 it should have reached 2%BP, 40% of which is coming from central govermne
R&D. Increased funding for basic research and atiic at universities and research institutes ampanied
by a program of reforms to increase the efficientyts spending. A persistent legacy of the prfema S&T
systems in China is that links between the R&Ditngbns and universities, on the one hand, andnless and
industry, on the other, remain underdeveloped. £hiss adopted new strategies to promote strondastiry-
science relationships. A major challenge remairsweak level of investments in private R&D andowattion.
China uses a range of measures to support R&Drarmavation ranging from matching funds, tax incessiand
procurement policy as well as measures to impraoellectual property protection. Although Chiees
leadership is increasingly emphasizing the impaaaf developing indigeneous innovative capacithijin@
equally recognizes the importance of opening ugringtionally to reach its ambituous goals. Thenopgeup of
the Chinese economy was accompanied by a seriesea$ures and policies which contributes highlyhi t
internationalisation of China’s S&T base. Firstligies allowed for a growing share of business R&ianced
by abroad (mostly Hong Kong, Macao and Taiwan).sT&tcompanied a growing establishment of R&D-
facilities of multinational companies. Most of tkdabs were active in ICT. Second, policies weFsighed to
foster mobility of human resources in science auwthmology. The number of Chinese students abraachesl
24,000 persons in 1999 and boomed to 84,000 in.2Z@4 number of students returning to China grevi®y
% during the same period.

3.4. The EU Dimension

An integrated policy approach also requivertical coordinationbetween policy levels
(EU/Member States (national and regional)). Mdsthe instruments are in the hands of the
Member States. A decentralized policy approacHieapnore possibilities of adaptation to local
specific needs in order to better align the varicamplementary local actors. Nevertheless,
decentralized RTD policy can be more effectiveaftpof an internationally coordinated policy
design. The challenge of the EU members is tosdea policy that does not weigh upon their
neighbours (eg avoiding competition in providingcéntives to lure foreign investors), but
internalizes positive spillovers from national/mual policies (see also Foray (2006)).

The EU therefore has a role enordinatingand facilitating Member State policy, in S&T pglic
in general but also more specifically for interoatilisation of R&D, particularly in areas like
taxation, subsidies, immigration legislation, S&gikslation, accreditation. But apart from this
indirect coordinating role, the EU also hdisectly a number of instruments at its disposal to
improve the attractiveness of the EU for locatirgRnvestments.

Since closeness-to-markets remains an importaatitocfactor for R&D investments, providing
firms access to a large and dynamic market is itapor For this theSingle Marketand
Competition Policyare pivotal instruments. To support environmeraisducive to innovation,
EU funding through R&DFramework program®r regional/structural fundscan be mobilized.
But also national funding can be influenced throstgite aid and internal market regulation
control, guarding non-discrimination in funding and procueem Finally, the EU can help to
ensure that the opportunities from openness are jemparidised by practices distorting
international trade. Multilaterial/bilatertdade negotiationshould defend open markets and an
improved enforcement of intellectual property rggptotection, norms and standards.

"In sum, there is an urgent need to mobilize alstixg elements of the future European research and
technology area (FP, TP)... as mutually and reciplpaaerdependent forces, so that they may exhibit
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cross-catalytic reinforcement toward consistenicyobbjectives, such as creating more critical mass
and competition in the European Research Area..otaF(2006), p 5)

Summary

Increasing cross-border flows of R&D are a majentt and feature of the world economy. Gross
flows are rising, and in many economies significahires of domestic R&D are performed by
affiliates of foreign firms. Likewise, firms are fferming increasing amounts of R&D outside their
home base. An important emerging dimension of them@ds is a change in extra Triad relations.
R&D and innovation activity are moving to a numloérapidly developing economies where R&D,

and particularly FDI-related R&D, is growing rapidIThe transition is not just in the changing scale
of the internationalisation of R&D and its destinas, but also in its drivers. In the past, firms
undertaking FDI tended to keep their major techgwloreation activities in or close to their home

bases. Firms appear to be relocating R&D to befreiih knowledge capabilities that are distributed
across countries, either in partner companies pubiic sector knowledge infrastructures.

This development raises complex policy issues. Eauntries have fully recognised the implications
of the current internationalisation of R&D. In pdhis is because the full implications are not yet
clear, and this is certainly an area in which farthesearch and analysis is required. The incrgasin
mobility of R&D is accompanied by the increasinghitity of highly skilled scientists and engineers.
This has implications not only for education pa@gi but also for a wide range of policy arenasx— ta
policies, regulatory frameworks and standards rggttamong others. Although many of the
instruments needed are already in place in moginatand supra national policy levels, they naed t
be mobilized better to fit into a coherent, systemplicy approach to face the challenges of
internationalisation of R&D. Only few countriesveaso far developed an integrated policy strategy.
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ThelBM Case

The IBM group employs 3 000 people in its eighbiatories throughout the world. Over half of them
now work in the oldest laboratory, which was opeiretlew York in 1961. A variety of disciplines
have been developed there with regard to semi-aiaiibut also mathematics, computer sciences
and physics. Ten years later, another laboratorg weeated in Israel in 1972, reserved for
fundamental research in applied mathematics, canmaiences and engineering. The laboratory set
up in Zurich, Switzerland became known thanks td@&l@rizes in two fields: superconductivity and
scanning tunnelling microscopy. The laboratoryregaein Beijing employs more than 70 persons and
was set up to create technologies and systemarferging e-business markets, including e-business
mobiles, and also to create technologies to enh#imeevalue of ITs in China. The most recent
laboratory was created in Delhi, India in the spriof 1998. Its purpose is to explore weather
forecasting, electronic commerce and distance diduca

The R&D structure of the IBM group is fairly cerlisgd. IBM’s R&D projects are managed and
financed very substantially by the parent companthe United States. In addition, with regard ® th
ownership and management of intellectual propestylBM affiliates, IBM itself owns the patent

portfolio of all its affiliates and administerscéntrally.

IBM: R&D network at the world level, 2006

Country and region of location Year of inauguration R&D staff

1. United States —

New York 1961 1700
2. United States — Almaden Lab. (California) 1986 480
3. United States — Austin Lab. (Texas) 1995 40
4. Switzerland (Zurich) - 180
5. Japan (Tokyo) 1982 170
6. Israel (Haifa) 1972 280
7. China (Beijing) 1995 70
8. India (Dehli) 1997 -

Adapted from OECD (2006)

28



