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Abstract

This paper explores the effects of intra-regiormglameration and interregional networking on theduorctivity
of R&D across EU regions. The paper is based orsplagial econometric modelling framework preserited
Varga (2000), and further develops a methodologyeftimating the dynamic effects of agglomeration a
interregional networks on R&D productivity in regal knowledge creation (measured by patent apjoitat
and publications) at the level of EU regions. Tampirical modelling framework is applied to clagsEU
regions into different tiers according to the stitis of their agglomeration effects. These efferts then
compared to the network effects of interregionalrextedness as reflected in regional participdtioime EU
Framework Programme for Research. The estimateclh®dsed then for an assessment of the impadiJof
Framework Programme expenditures on technologi@leldpment and for carrying out policy impact
simulations.
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Agglomeration and interregional network effects onEuropean
R&D productivity

1 Introduction

A point of departure for this paper is a seemirgraolox’ which has repeatedly
drawn the attention of economists and economic iggbggrs: On the one hand,
regional economies tend to become increasinglydateected and integrated
in the global production of scientific and techrgpéal knowledge, as reflected
in the increasing volumes of interregional collatmn in scientific
publications, co-patenting, R&D joint ventures, atder forms of inter-firm or
academia-industry R&D collaboration, as well as the intensified
internationalisation of R&D activities (Luukkonest al, 1992; Caloghirouet
al.,, 2004; EC, 2009). On the other hand, the prodnctd scientific and
technological knowledge is unevenly distributedgeographical space, as it
tends to concentrate in a relatively small numideegional clusters which form
the core of the centre-periphery structure of tlhda knowledge economy (e.g.
Varga, 1999).

Generic studies of regional economies exhibiting tbcal-global duality are
abundant in the economic geography literature;oreieconomies of this type
have been described, among others, as ‘sticky platea slippery space’
(Markusen, 1996), or ‘Neo-Marshallian nodes of glohetworks’ (Amin &
Thrift, 1992). Empirical studies in this directionith a specific focus on
scientific and technological knowledge are stiiwever, relatively scarce.

This paper aims to contribute to this strand @réiture by examining from an
empirical point of view the economic effects ofstHocal-global duality of
regions, and more specifically, the co-existenc®acdlised and geographically
mediated effects of agglomeration on the one haadgd of global,
geographically non-embedded effects of networking tbe other, on the
knowledge economy.

The main contributions of this paper are in théof@ing three aspects: First, it
develops an integrated empirical model within whiagglomeration and
network effects on R&D productivity in the creatiaf technological and
scientific knowledge are tested empirically usingrdpean regional data.
Second, the model considers both static and dynaggtomeration effects; i.e.
the cumulative impacts on regional knowledge préidacare also examined.
Third, the results of the empirical model are usegerform a policy-impact
analysis.



The second section of the paper briefly presergstitboretical context of the
main issues the paper touches upon and the rdisgeature; the third section
introduces the empirical model; the fourth explailasa and methodology; the
fifth presents the empirical results; a policy siation follows in the sixth
section; and the paper concludes with a summarysante reflections on the
policy implications of the analysis.

2 The theoretical context
2.1 Agglomeration effects

Agglomeration economies are external economiescafeswhich emerge in
geographical space. Alfred Marshall (1920) firsstidiguished between the
traditional ‘internal’ economies of scale, comimgrh the expansion of the scale
of operation of a firm, and ‘external’ economiesluned by spatial proximity,
which arise from the expansion of whole industriggra-industry, spatially
concentrated, ‘Marshallian’ externalities are knoae‘localisation economies’;
inter-industry externalities, also mediated by gapgical space, are known as
‘urbanisation economies’. Glaessral. (1992) distinguish between a ‘Marshall-
Arrow-Romer’ (MAR) type of externalities caused bytra-industry, usually
vertical knowledge spillovers within the same vatimain, and a ‘Jacobs’ type
of externalities (Jacobs, 1969), caused by intéusiry, horizontal knowledge
spillovers between parallel value chains; the faornsea dynamic form of
localisation while the latter of urbanisation ecomnes.

Agglomeration externalities are thought to be irtludy labour pooling, or
more generally the localised accumulation of hurcapital, the emergence of
‘untraded interdependencies’, informational extitiea (Dosi, 1988; Storper,
1997), and trust, or more generally the accumutatibsocial capital, and the
density of markets for intermediate products andputs. Agglomeration
economies are widely recognised as being capablanatasing firms’
productivity via several different routes; empiticiudies have demonstrated
both the direct causal effects of agglomeratiorfion productivity, as well as
its indirect effects through wages, firm birth am@oyment (Rosenthal &
Strange, 2004).

Innovation and, consequently, R&D investment arenroonly considered as
key factors for increasing the productivity of fsmas well as of regional and
national economic systems. The effect of agglon@raeconomies on the
innovative capacities of firms or of entire economystems and, in particular,
on the regional knowledge production process,factor which has been taken
into account — albeit tangentially — in several e&moal studies (examples



include Jaffe, 1989; Audretsch & Feldman, 1994; éinset al, 1997,
Crescenzet al, 2007). However, an explicit analysis of the ratgglomeration
plays in the efficient deployment of R&D in regidre@onomies still remains an
underexplored topic. Among the exceptions is Va2fz00; 2001), who tests
econometrically in a knowledge production functigéPF) setting the role of
agglomeration in the R&D productivity of the unisgies using data on US
metropolitan statistical areas. The study findsdkistence of a ‘critical mass’
of advanced technology firms, private research labd business services
directly associated with a sizable labour pool e wrban high-technology
sector as being a prerequisite for a significarpaat of university R&D on
regional innovation. Further studies in this strandude Koo (2005), who
developed an endogenous approach, Acs & Varga J2605the roles of
agglomeration and entrepreneurship in Europe, arldstin & Drucker (2006)
on the impact of city size on regional economiesobf US universities. It is
also worth mentioning here Feldman (1994), who ghb@attention from a more
gualitative and case-specific point of view to then suboptimal regional role
of John Hopkins University in transferring knowled the local economy. The
study points to the relatively underdeveloped tetbmy sector in the region as
perhaps the main reason of this anomaly. This caggests that even a
university with outstanding research activity ist rempable of transferring
substantial knowledge to the local economy with@utconcentration of
Innovative firms and private research labs readwlisorb that knowledge or
business services participating in the variousestag the innovation process.

2.2 Network effects

The properties and effects of social networks hiagen studied extensively
from various perspectives. This emerging sub-fi#ldhe social sciences was
explored by sociologists and anthropologists (&ganovetter, 1973; White,
1992), as well as mathematicians and physicists Barabasi & Albert, 1999;
Newman, 2000), long before the important effects redtworking on
fundamental economic processes drew the attentieaamomists and economic
geographers. More recently the realisation of theemetial role of networks in
the learning process of economic agents, and iticpkr of the firms; in the
formation of inter-firm strategic alliances and #eumulation of social capital,
and finally — and probably most importantly — ire tHiffusion of knowledge
spillovers, the generation of scientific and tedbgwal knowledge and,
consequently, the innovation process, has led pwoéiferation of papers in
economics and economic geography on theoretical eanplirical aspects of
knowledge networks.

A strand of this literature approaches specificeagpof knowledge, innovation
and R&D networks from a theoretical perspectiveargles include various



theoretical models of inter-firm network formatidhrough strategic R&D
collaboration and search for knowledge spillové&syal & Moraga-Gonzalez,
2001; Cowan, 2004; Andergasseinal, 2005; Cowan & Jonard, 2006). Other
papers examine theoretically inter-firm networksd atheir innovative
performance from the perspective of strategic memegt (Hite & Hesterly,
2001; Stuart & Sorenson, 2007). A different strahdetwork literature focuses
from an empirical perspective on the structure piagherties a specific types of
knowledge networks, notably research collaboratimtworks such as co-
patenting (Balconiet al, 2004; Carayol & Roux, 2007); co-authorship
(Newman, 2001; Wagner & Leydesdorff, 2005; Fafchasetml, 2006); and EU
Framework Programme (FP) collaboration networksri{Baet al, 2006;
Billand et al, 2008). Some papers specifically focus on the obleetworks in
the transmission of scientific and technologicabwledge from academia to
industry; Varga & Parag (2009), for example, examihe impact of the co-
publication network structure on university pategti

Finally, an increasing number of studies approdeh issue from a spatial
perspective, where ‘spatial’ should be interpretemth in the context of
geographical and ‘relational’ space, focusing ore tdistinct effects of
geographical and relational proximity. JohanssorQéigley (2004) compare
from a theoretical perspective the parallel devalepts in the economics of
agglomeration and of networks, arguing for the #tulability of
agglomerations by networks. Gastner & Newman (2006¢lel geographically
embedded networks and examine their costs and iteenBfeschi & Lissoni
(2005) test the existence and magnitude of lodhliggwledge spillovers by
using patent data to control for the mobility obtemtors across companies and
space, to conclude that access to local pools ofvladge is not ensured by
mere geographical proximity but requires activetipg@ation in knowledge
exchange networks. Ponds al. (2007; 2009) analyse the role of geographical
proximity for collaborative scientific research Wwetn universities, firms and
public research institutes using co-publicationadaand demonstrate that
collaboration between different kinds of organasi is more geographically
localised than collaboration between organisatitimst are similar due to
institutional proximity. Maggionet al (2007) examine the relative significance
of geographical and relational spillovers amongogean regions for their
Innovative capacities by econometrically comparipgrticipation in two
research networks, namely those of FP5 and of ERR@atent applications; the
main idea of the paper is that knowledge is creafeeh crucial actors co-locate
in geographical space, thus giving birth to regiamasters, industrial districts,
excellence centres, etc., and is subsequently séiffueither due to spatial
contiguity or through a-spatial networks. Autantedet al. (2007) examine
empirically using FP6 participation data to whatteex network and
geographical effects are determinants of collabmratalong with other



microeconomic factors, to conclude that the prdiigbof collaboration is
influenced by the individual's position in the netlk and that social (i.e.
relational) distance matters probably more thanggmmhical distance. The
present paper belongs to this last strand of tileea

The causal link between the degree of connectedagedsinnovativeness,
productivity and competitiveness of firms and regiois relatively well
documented. This causal relation makes possibleaat in theory, that even
regional economies which exhibit weak agglomerateffects but are well
embedded in global knowledge production networksilgaly productive; this
means that increasing interregional connectedneagben an alternative
explanation of regional R&D productivity to traditial agglomeration
economies. The causal relationship between intggomnal connectedness and
regional R&D productivity, however, has not beelyfexplored and measured.
This paper hopes to fill part of this gap.

Furthermore, from a network perspective, even tgcaneration phenomena
can be interpreted as a particular type of locdlrsgtwork effects, in which case
locally agglomerated knowledge production systerosld have a network

representation, and the issue under question warikhifted from the nature of
the agglomeration effect to the architecture of tie¢éwork. It can be further

argued that the underlying network architectureach case is determined by
the type of knowledge that is critical for the partar economic system.

2.3 Types of knowledge and types of research

Much of the knowledge required in the productiomefv technologies is tacit,
that is, knowledge obtained by experience, embedsid individuals and

diffusing primarily by way of interpersonal contatt a technological setting,
proximity to places with high concentrations of pko possessing such
knowledge becomes crucial. Contrarily, the diffasaf codified knowledge is
generally not conditional on proximity. Modern ICTeilitate its diffusion, and

arguably the intensity of its use in knowledge maithn, to a greater extent
than ever before. Indeed, the importance of locabigtained knowledge in the
formation of geographical clusters is well docuneenf(Audretsch & Feldman
1996). As demonstrated by patent citations, fotagertypes of technological
knowledge, diffusion is highly concentrated geogreglly (Jaffe et al. 1993).

Importantly, different types of research imposdedént requirements on scale
and place a different emphasis on tacit knowledgd, by extension, proximity

(Malmberg & Maskell, 1997). Taking into account tstearp differences in the
worlds of scientific and technological research aming the terminology

introduced by Stokes (1997), we consider two distiypes of research:



(a) Edisontype: research the products of which have cleaon@mic
applications, pursuing market-oriented innovatiokometimes dubbed
“competitive research” among EU policy analysts.

(b) Pasteur (and implicitly Boht-) type: science-oriented research, mediated by
the distinct rules and incentives of the modernergdic establishment.
Sometimes dubbed ‘pre-competitive research’ amodgp&licy analysts (and
referred as such in relevant EU treaties).

Given the different spatial diffusion dynamics atit and codified knowledge

and the relative importance of tacit knowledge Edison-type research, a
preliminary hypothesis can be sketched: The precal®f agglomeration over

network effects (and vice versa) may corresporguditative differences in the

type of research involved and its respective kndgéeinputs requirements. To
investigate such differences, our empirical analgsiamines agglomeration and
network effects for Edison- and Pasteur-type reseseparately.

2.4 Policy relevance

Besides its independent analytical value, the aéqgtrestion posed by this paper
Is of high relevance to ongoing discussions on ftitare directions of EU
research and innovation policy. A recurrent delmatEU policy discussions is
concerned with the optimal geographical and sekcsti@cation of resources for
research (see contributions to Pontikakis et &092 especially by Foray and
Cooke; for earlier accounts see Geroski, 1989a ¥fbb, Matthews. and
McGowan, 1992). This stems from a concern that &¢arch funds are spread
too thinly across Europe without achieving econemeé scale that would
strengthen the overall competitiveness of the EJwvis its main technological
and economic rivals, and without attaining the iotp&n growth and
employment that is expected from them. A policydogdd geographical and
sectoral concentration of R&D resources on thesbasiexisting patterns of
technological specialisation, coined ‘smart spesadibn’, is put forward as one
possible solution to the perceived problem (Foraywah Ark, 2007; Foray,
2009).

! Following Mokyr (2002), we narrow down Stokes' 979 three types to just two: As our
concern is with economically useful knowledge, thstinction of importance is between
R&D motivated primarily by a quest for fundamentatderstanding versus knowledge
primarily motivated by profit (c.f. ‘propositionalersus 'prescriptive’ knowledge, in Mokyr
(2002)).



An alternative policy prescription to increased @amtration of R&D resources
IS to promote cross-regional research networks donect complementary
research capabilities not available within own oegi A policy of sustaining or
even increasing the degree of connectedness inds®arch, or ‘networked
specialisation’ is therefore suggested as a p@ssliernative policy option
(Georghiouet al, 2008).

So far this debate rests on scattered sources pifieah evidence and lacks a
comprehensive approach. By developing and testm@nmapirical model that
considers the effects of both agglomeration andworking on R&D
productivity this paper provides a framework withwmich alternative policy
suggestions can be weighted against each other.

3 The empirical modelling framework?

Our starting point is the KPF initially specifiedy bRomer (1990) and
parameterised by Jones (1995). In the interpretatidhe parameters we follow
Varga (2006).

¢

Eq. 1: dA/dt=8Ha A’
where dA/dt is the temporal change in technologkredwledge, H, refers to

research inputs (e.g. number of researchers ocangds@expenditures), A is the
total stock of already existing scientific and teclogical knowledge
(knowledge codified into publications, patents)etmd i stands for the spatial
unit. Thus technological change is associated watiitemporary R&D efforts
and previously accumulated knowledge. The same aumbresearchers can
have a varying impact on technological change ddipgnon the stock of
already existing knowledge. Two parameters in Egrelparticularly important
for this paper. The size ajp reflects the impact of the transfer of codified
knowledge. Since codification makes learning pdssiver large distances this
parameter reflects knowledge flows with unlimitegpatsal accessibility.
Regarding the paramet&rthe larger its size the stronger the impact theesa
number of researchers plays in technological chatigevalue reflects the
transfer of (codified and tacit) knowledge withihet research sector and
between the research sector and the rest of tlogation system. The literature
on innovation systems highlights the importanceiraéractions among the
various actors (e.g. Nelson 1993; Edquist, 199 HusTknowledge transfer
depends on the intensity of interactions amongarebers (H), the size and

% This section draws significantly from Varga (2006)



quality of public research and the extent to whichl private research sector
interacts with it (especially with universities) byrmal and informal linkages
and also the development level of supporting/cor@kemdustries and business
services and the integration of innovating firm®ithe system via links to them
(Andersen, 1992; Cooke, 2001). Therefore, the ctanatics of the broader
innovation system play a key role in the produtgivof research efforts, as
reflected in the size 0.

Some of the interactions of researchers are l@zhkspecially those that require
tacit knowledge transfers or frequent connectiomscollaboration whereas

others can be maintained over larger distance$oviaxample formal research

network linkages. The size of is positively related to the concentration of
innovation system actors in the proximity of resbdabs on the one hand and
to the intensity of interactions through interrewibresearch networks on the
other. Thus we assume that both agglomeration atetregional research

networking strengthen regional research produgtivit

Theoretical and empirical literature on economiogyaphy has highlighted the
cumulative, self-reinforcing nature of agglomerati@.g, Fujita, Krugman and
Venables 1999, Fujita and Thisse 2003). In our rnogléramework we assume
that agglomeration of innovation system actors @sburces also occurs in a
cumulative, dynamic fashion. Research productiViitgsulting either from
agglomeration or from interregional research nekimgy or from both) can be a
revealing summary measure of a regional innovatsystem's qualities.
Therefore regions with high research productivity as centres of gravity for
further research resources and footloose innovafiotors; private R&D
resources are attracted by expectations of higln&tas are greater portions of
competitive public research funding. Thus we hypsife that a gradual self-
reinforcing process shapes the geographical steicfunnovation.

The extent to which the processes described abavk & not yet known. To
the best of our knowledge this paper representdir$teattempt to empirically
investigate the role of static and dynamic aggl@anen and interregional
networking on research productivity. We test oupdtheses with a four-
equation empirical model. This model is the extemsdf the static analysis
developed and applied in Varga (2000, 2001).

In order to test empirically the hypothesised refeghips we use the following
econometric specifications. Using subscript@and N to denote individual



regions and nations (in our case EU member stedgppctively, the empirical
counterpart of the Romer (KPH} specified as:

Eq. 2: Log(K) =0 + a;Log(RD)+ a,Log(KSTCKY) + &;,

where K stands for new scientific-technological Wiexge, RD is expenditure
in research and development and KSTOCK represehitsady existing
technological knowledge at the national level. Vge the national patent stock
as a proxy for codified technological knowledgecteble with unlimited spatial
accessibility within the country.

Eq. 3 relates research productivity measured;hyhe parameter of the research
variable in Eq 2 to agglomeration and interregioretivorking.

Eq. 3: o01,i= Po+ PiLOg(AGGL;, 1) + BLOg(NET; 1)

where AGGL. measures the agglomeration of innovation systeiorsadn the
region and NET is for interregional research neksor

Substituting Eq. 3 to Eq. 2 results in the follogrequation to be estimated:
Eqg. 4:Log(K; ) = ag + BoLOg(RD; tk)+ B1LOg(AGGL)*Log(RD;, k) +
B2ANET;, t-k)*LOg(RD;, k) *+ 02L0g(KSTCKy;, tx) + &i

Following on, to test also the cumulative nature amglomeration the
determinants of the location of R&D expenditure®{Rand further actors of

innovation may be empirically modelled by:

Eq. 5: d(RD )=24g +v109j t-k + 2121 j 1k Hj

Eq. 6: d(AGGL;)=&, + & 1RD; tx+ & 225 1k HH

where variable Zand Z stands for additional control variables.

This framework allows for testing various altermathypotheses.

First, by substituting agglomeration proxies fortwmk proxies the same
modelling framework can be used to compare thetivelamportance of
agglomeration and network effects.

3 This functional form is common in empirical spézitions of Romer-type KPFs (see Porter
and Stern, 2000; Furman et al., 2002; Varsakeli86® Taking logarithms also has the added
advantage of lessening the influence of outlierd allowing for direct comparisons of
coefficients for variables expressed in differemtsiof measurement.



Second, following the terminology concerning th&edent types of scientific
and technological research presented in the inttamhy we observe that
Edison-type research frequently results in patevitde the findings of Pasteur-
type research are commonly documented in scienpdiblications. We use
patents and publications in separate KPFs to deave@mparisons.

4 Data and estimation issues

Our empirical analysis is based on a sample ofELl@®pean regions (a mixture
of NUTS2 and NUTS1 regions) where information wasiplete enough for the
purposes of our study (see Appendix 2 for a ligiegions). We use a mixture of
panel (for the KPFs i.e. equation 4) and crossaeat analysis (for the

temporal change of R&D and employment equationsegeiations 5 and 6)
depending on the nature of the underlying questrmhdata availability.

Table 1 - Variables used in the study

Variable name Description Source

Number of patent applications to the Europedfurostat NewCronos
PAT 1 Patents Office (EPO) by region of inventorgdatabase

sorted by date of application (priority year).

Fractional counts.

Number of publications in scientific journals inRKF database (data

PUB; , the Thomson ISI database (search criteria: articlgrocessed by CWTS, Leiden
' letter, review) University)

GRD; ; Gross regional expenditures on R&D, in million&€urostat NewCronos
of Purchasing Power Standard (PPS) Euros. 1984tabase
prices.

KSTCK ;¢ National patent stocks for the five previous yearguthors’ elaboration of
depreciated by 13% (PIM). Eurostat NewCronos

EMPKI ; ¢ Employment in technology and knowledgeEurostat NewCronos
intensive sectors. Measured in thousands déatabase
people.

dit Index of agglomeration. Size-adjusted locatioAuthors’ elaboration of

quotient of employment in technology andEurostat NewCronos
knowledge-intensive sectors.

NETGRD, 1« Total of the (log of) R&D expenditures inAuthors’ elaboration of FP5
network partner regions for each region as aministrative database, DG
proxy for interregional network effects. RTD, Dir A

PUBCORE; Dummies taking a value of 1 for regions with &urostat NewCronos

/ number of publications (PUBCORE) / grosslatabase

R&D expenditures (RDCORE) greater than one
RDCORE; standard deviation from the sample mean, zero
otherwise.

10



PATHCORE Dummies taking a value of 1 for regions with &urostat NewCronos
i number of patents (PATHCORE) / R&Ddatabase
/ expenditures (RDHCORE) greater than two
standard deviations from the sample mean, zero
RDHCORE, otherwise.

BETAPAT1998, R&D productivity estimates for Edison-typeAuthors' estimates
knowledge (patents) across European regions
controlling for other factors. 1998 values.

BETAPUB1998 R&D productivity estimates for Pasteur-typeAuthors' estimates
knowledge (publications) across European
regions controlling for other factors. 1998 values.

Temporal change in R&D expenditures over thEurostat NewCronos
period 1998-2001. database

DGRDO01-98
(= GRD 2001~ GRDj 1909-

DEMPKI01-98 Temporal change in employment in technologiurostat NewCronos
and knowledge-intensive sectors over the periathtabase
1998-2001.

( = EMPHTi,ZOOl' EMPHTinggQ.

The time period under examination is determinedii®y duration of EU 5th
Framework Programme (FP) spanning the years 1908;28s our measure of
interregional networking draws on administrativetaddrom this particular
instrument. To reflect the interval between thefqrenance of R&D and its
translation into measurable outputs, the independmmables are lagged. There
IS no agreement in literature as to the ideal dwradf a lag and attempts to
estimate it empirically have been inconclusive (H&riliches and Hausman,
1986). In practice, aggregate studies of KPFs watents commonly employ
two or three year lags (Furman, Porter and Steb22Furman and Hayes,
2004). Our own experimentation with lags of varythgation showed that they
produce very similar resuftsTemporally lagged dependent variables have the
added advantage of lessening the potential for gemmty problems. We
therefore opted for the theoretically plausible tyear lag. The combination of
the boundaries set by duration of FP5 and the ®ar-lag mean that our panel
runs for the three-year period 2000-2002 (1998-2@80 the independent
variables). A summative description of the variahlsed in the study and the
data sources can be found in Table 1(descriptates8ts in Appendix 1).

Further to this concise description a few additiomerds of clarification
regarding the choice, construction and limitatiohghe variables are in order.

* This result repeats what is experienced with U da a similar KPF context (Varga,
Anselin and Acs 2005).
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We use patent applications to the EPO (RATRNnd scientific publications in IS
journals (PUB; ) as proxies for Edison- and Pasteur-type knowleftiges
respectively. Although patent counts are far fropegect proxy of innovation
(e.g., among other things, not all innovations a&entable or patented, for a
comprehensive assessment see Griliches, 1990patkat examination process
and the cost it implies for applicants, presentaaenor less objective yardstick
of substantial novelty. Moreover, patents are thly measure that is available
for a large number of European regions and ovemaber of years. Théaw of
large numbers(Griliches, 1990) provides a justification foethuse, especially,
we may add, for large spatial unit€omfortingly, previous research has shown
that at the level of regions, patent counts cateebzell with innovation counts
(Acs, Anselin and Varga, 2002) and both measuresig very similar results
in the KPF context. Likewise, the number of jourpablications is a commonly
used indicator of scientific output (van Raan, 20®ublications are, arguably,
a somewhat stronger proxy (as compared to patemt#he ‘true’ amount of (in
their case Pasteur-type) knowledge flows, given dbefactorequirement to
publish the results of scientific R&D. Such biblietric indicators though are
not without problems themselves, including the oy of bias in journal
coverage and the distorting effects of evaluati@emanisms. In any case, while
the possibility of such sources of bias could bkevent to inter-regional
comparisons, in relation to our central questiogréhare no strong reasons to
think that it could affect pan-European trends.

Following Romer (1990), the importance of knowledgmcks (or a 'standing on
the shoulders of giants' effect) for knowledge piitbn has been verified
empirically (Furman, Porter and Stern, 2002; Zuckeéral. 2007). Three
different types of national patent stocks were troieted and tested empirically:
Patent stocks with no depreciation (Porter andnS@&000; Furman, Porter and
Stern, 2002), and, using the perpetual inventoryhate (PIM), patent stocks
with a 13 per cent (Park and Park, 2006) and aet=ent annual depreciation
rate (Hall, 1993) respectively. Non-depreciatedlstcare simply the cumulative
number of patent applications from 1992 on, whiléM Pestimates of
contemporary patent stocks are based on the folpfarmula:

PSTDy, = PSTDy, t1* (1 -d) + PATy ¢

® Invoking this assumption of course implies sidelinthe important issue of patent quality,

or the common observation that the economic valymatents is highly skewed: Insofar as we
are concerned with the knowledge-generating sectdrare not drawing inferences about the
economy at large, this issue lies outside the sobpee present paper.
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Whered is the depreciation rate (13 or 15 per cent).idhitocks take into
account compound annual growth in the five preaggiears. After testing all
three variants and observing that results do ritgrdour final estimates use the
PIM stocks with a 13 per cent depreciation rateTER y o).

The region’s level of agglomeratiod is proxied by a novel index of
agglomeration of knowledge intensive employment. Asst measures of
absolute concentration of economic activity introelunulticollinearity, they are
likely to be problematic in a regression contexhvimteraction terms. Our index
IS a size-adjusted (in the spirit of the index deped by Elison and Glaeser
(1997)) variation of the popular location quotiefitQ) measure and is
calculated as:

8 = [(EMPKI; / EMPKIgy) / (EMP / EMPy)] / [1 - ¥ ; (EMPKI; /
EMPKI;e0)][1 — (EMP; / EMPL)],

where EMPK|] and EMPKI are employment in knowledge intensivenetnic
sector j and the total of knowledge intensive ssGt&MP is total employment
and the subscripisandEU stand for region and EU aggregate respectiveblt. Ju
like the LQ,5 has the interesting property of taking a valué &br regions with
a level of agglomeration close to the EU averagevéver, unlike the LQ, id
the denominator is designed in such a way as talisensmall regions, by
yielding higher values for regions with a highevdeof employment. A
captures economic activity that is heavily involvaat only in the production
but also in the diffusion, assimilation and prodeetdeployment of knowledge,
we consider it an appropriate indicator for the lagngration of innovation
system actors .

With respect to our measure of interregional nekwgy, we derive a measure
from a database of collaborations in FP5. Theregaoel reasons to expect that
participations to the FP can be an appropriateypodthe relational structure of

® Initial stock equals flows for first year dividdsy the sum of compound growth for the

preceding five year period and the depreciatioa.rAhnual compound growth rates for the

PIM variables were calculated for the 5 year perd®®2-1997. Exceptions are Malta and

Lithuania, where due to lack of data in the timeesedimension, the preceding 4 year period
(1993-1997) was used instead. For the non-depeecitbcks, a value of 1 was assumed in
the case of Lithuania for 1992 (which is closehie average for that country in the following

two years), while the 1998 value was estimatethasverage of 1997 and 1999.

’ The classification of knowledge intensive econosgctors (devised by Eurostat) includes:
high and medium high technology manufacturing, htgbhhnology services, knowledge
intensive market services (NACE 1.1 sectors 6176271, 74), financial services (NACE 1.1
sectors 65, 66, 67), amenity services — healthgatohn, recreation (NACE 1.1 sectors 80, 85,
92).
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interregional knowledge diffusion across Europee THPs were designed to
support ‘pre-competitive’, collaborative researcdithwio national bias as to the
types of technologies promoted and the distributmin funds. The pre-
competitive character of supported research enstivadCommunity funding
did not clash with the competition principles oé tGommon Market and did not
function as a form of industrial subsidy; the cdleative character of research
and the cost-sharing provisions were seen to gtewathe diffusion of
technologies and the involvement of various typesaors from the whole
technological knowledge creation spectrum, suchaage and small firms,
universities and public research institutes. Onterg@al drawback of the FP as a
data source is the fact that it is artificial; icellaborating teams will not always
coincide with naturally occurring networks of res#eers. However, at as an
aggregate level as that of a region and given Big éverall gravity in European
researcf) differences between the two are arguably nedégib

Using the FP5 database we have constructedlbgm matrix (wheren=number
of NUTS 2 regions in the sample) where a matrixnelet with a value 1 means
a common FP project of two regions and zero otlsswihis matrix is used to
calculate the total of the (log of) R&D expenditiia network partner regions
for each region as a proxy for interregional netnaffects (NETGRD..).

Tests on panel pooling, multicollinearity, heteredsticity, spatial dependence
and endogeneity are run and, where appropriatesi@agnts are made in the
estimations.

5 Empirical results

Following the equations specified in section 2,fw& estimate the KPF using
patents as a proxy of Edison-type knowledge adeagepean regions over the
three year period 2000-2002 (Table 2). Regressi@ne estimated in Spacestat.
To begin with, regression diagnostics indicate naoblems with
multicollinearity, as the multicollinearity condtn number for all models is
below the rule-of-thumb threshold of3@he first baseline model (1) confirms
that, on average, lagged gross regional R&D exparedi (GRD) have a

8 According to EC (2009: 103), European funding acted for 12-15% of total R&D
expenditures in Europe over the period 1996-2006;hich about half is channelled through
the FP.

® The multicollinearity condition number is the stei@oot of the ratio of the largest to the
smallest eigenvalue of the matrix X’'X after startilzation. As a rule of thumb values of the
condition number exceeding 30 signals serious oullinearity (Belsley, Kuh and Welsch,
1980)

14



Table 2 - Regression Results for Log (Patents) fdi89 EU regions, 2000-2002 (n=567)

Model () 2 3 4 ®) (6)
Estimation OoLS OoLS oLS oLS OoLS 2SLS- Spat

Lag (INV2)
Constant -1.6421%** -0.3107 -0.5391* -1.7864% | -1.7227%* -2.3006***

(0.1776) (0.2316) (0.2806) (0.2381) (0.2372) (0.2743)
W_Log(PAT) 0.2455%**
(0.0631)
Log(GRDy.,) 1.0822%* 0.8453*** 0.9585*** 0.7142%* 0.6879*** 0.7088***
(0.0308) (0.0407) (0.0886) (0.0377) (0.0384) (0.0377)
Log(GRDy.2)*Log(5 +.5) 0.3242%* 0.3222%** 0.2443** 0.2136*** 0.1439%**
(0.0389) (0.0389) (0.0351) (0.0363) (0.0396)
Log(GRD.2)* NETGRDy., -8.675E-05
(6.03E-05)
Log(KSTCK») 0.2502%** 0.2536*** 0.1804***
(0.0203) (0.0202) (0.0272)
PAHTCORE 0.4814** 0.4614**
(0.1568) (0.1526)

R*-adj 0.69 0.72 0.72 0.78 0.78
Log Likelihood -885.30 -852.36 -851.32 -784.69 -779.98
Sq. Corr. 0.80
Multicollinearity Condition
Number 7 10 24 13 13
F on pooling (time) 0.9071 0.6777 0.5644 0.8143 0.6425
F on slope homogeneity 0.4815 0.7613 0.5836 0.6485 0.4645
White test for heteroscedasticity 0.7529 1.0462 12.8409 3.6634 12.1852
LM-Err
Neighb 111.78%* 69.36%** 66.85%** 26.95%** 23.46%**
INV1 252.17%* 129.64** 117.26** 29.87%** 26.13***
INV2 215.12%* 121.59*** 114.45%* 32.40%** 29.24x*x
LM-Lag
Neighb 142 .53%* 100.88*** 99.03*** 24.99%** 25.89%**
INV1 247.03%** 159.07*** 153.47%* 28.16%** 27.96%*
INV2 237.99%** 148.93*** 145.48*** 31.42%** 30.95%**

Notes: Estimated standard errors are in parenthesegial weights matrices are row-
standardized: Neigh is neighborhood contiguity matiNV1 is inverse distance matrix;
INV2 is inverse distance squared matrix; W_Log(PA3)the spatially lagged dependent
variable where W stands for the weights matrix IN¥2 indicates significance at p < 0.01;
** indicates significance at p < 0.05; * indicatps< 0.1. In model (6) the Durbin-Wu-
Hausman test for Log(GRB) and Log(GRR)*Log(d:2) does not reject exogeneity. The
instruments were selected following the 3-group hoét For the spatial lag term the
instruments are the spatially lagged explanatoriaites.

significant relationship with contemporary pateriowls. Moreover, the

proximity of the estimated coefficient to unity g@gts that innovation flows
throughout European regions are on average abopbgionate to R&D inputs.

Model 2 includes the product of lagged R&D expamdis ands. Model 2
suggests that agglomeration has a positive, staligt significant and
guantitatively distinct effect on R&D productivitgonfirming the significance
of agglomeration effects. Interpreted from an irat@n systems perspective,
this finding reflects the importance of knowledgeeractions between different
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Table 3 - Regression Results for Log (Publicationgpr 189 EU regions, 2000-2002 (n=567)

Model 1) (2 ®3) 4) (5) (6)
Estimation OoLS oLS OoLS oLS oLS 2SLS
Heteroscedasticityj
Robust
Constant 1.4026** | 2.3886*** 2.196*** 2.3395%** 2.4568%** 2.6137**
(0.1298) (0.1645) (0.202) (0.1711) (0.1697) (0.3199)
Log(GRDy.,) 0.942%** 0.445*** 0.480*** 0.4158*** 0.4523*** 0.4317%**
(0.0225) (0.0597) (0.633) (0.066) (0.0602) (0.1262)
Log(GRDy.)*Log(5 +.2) -0.0462
(0.0282)
Log(GRDy,)* NETGRD,., 0.0004** | 0.0004*=* [ 0.0004*** 0.0004*** 0.0003***
(4.40E-05)| (4.40E-05) | (4.56E-05)| (4.68E-05) (9.26E-05)
Log(KSTCK{.») 0.01758
(0.01689)
PUBCORE 0.2247* 0.3293***
(0.1032) (0.0977)
R%adj 0.76 0.79 0.79 0.79 0.79
Log Likelihood -707.30 -670.05 -668.70 -669.51 -667.89
Sqg. Corr. 0.79
Multicollinearity Condition
Number 7 22 23 27 24
F on pooling (time) 0.6694 0.9269 0.6712 0.7141 0.7055
F on slope homogeneity 0.2059 0.357 0.2752 0.2683 0.2501
White test for heteroscedasticity 44 575%* | 77.378** | 84.013** | 092.231** 86.884**
LM-Err
Neighb 0.7199 0.7727 0.7518 0.9808 0.5749
INV1 3.3586* 2.5407 1.8767 3.4006* 2.6595
INV2 0.3687 0.9367 0.8782 1.2604 1.020
LM-Lag
Neighb 12.214%* 3.0067* 2.4689 4.2311** 3.7861*
INV1 1.6479 0.0642 0.4640 0.061 0.0069
INV2 5.2928** 0.6649 0.1242 1.9522 1.1352

Notes: Estimated standard errors are in parenthesestial weights matrices are row-
standardized: Neigh is neighborhood contiguity matNV1 is inverse distance matrix; INV2
is inverse distance squared matrix; *** indicatagndgicance at p < 0.01; ** indicates
significance at p < 0.05; * indicates p < 0.1. Irodél 5 the Durbin-Wu-Hausman test for
Log(GRD.2) and Log(GRD:2)* NETGRD ., rejects exogeneity at the level of p < 0.1. In
Model 6 the instruments were selected following3kgroup method.

institutional actors engaged in knowledge-intenseo®nomic activities (e.g.
users versus producers, academic institutions, rgovent actors etc) for
innovation (Andersen, 1992; Nelson, 1993; EdquiS97; Cooke, 2001). The
iImportance of co-location is also suggestive of #gnificance of tacit
knowledge (Malmberg and Maskell, 1997).

Model 3 tests the significance of network effettg,including the product of
gross R&D expenditure of regiartimes the (logarithm of the) value of the sum
of R&D expenditures of those regions with whichioeg had at least one joint
research project in FP5 (Log(GRD)* NETGRI The product term is
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statistically insignificant. This result suggestsatt R&D expenditures of
collaborating regions do not affect R&D productiit the regiof’.

Model 4 introduces national patent stocks (PST@kJicating that historically
accumulated technological knowledge has a posuiatistically significant and
guantitatively distinct effect on regional pategtirinterestingly, the coefficient
of Log(GRD)*Log@) drops from around 0.32 in models 2 and 4 to albdzd,
suggesting that codified knowledge spillovers ceptat least some of the
effects attributed to agglomeration in the previauzdels. In models (1-5) the
LM-tests confirm the presence of a strong spatiegpetidence even after
controlling for model variables. Spatial lag depemck captured by the square
inverse distance matrix is the most significantsthtiis used in the final
estimated model. Though the explanatory variakdgstivo years behind the
dependent variable and as such no endogenousonslaifp is expected in the
equation, stability in the spatial structure of R&Da medium term might be the
source of correlation between the explanatory &g and the error term.
However the D-W-H test does not reject exogenatytifie regional left hand
side variables.

Given that error terms are not distributed norm#ily appropriate regression is
the spatial lag model estimated with the instrumlenariables methodology
(2SLS). In model (6), controlling for spatial degence, the substantive results
remain unaffected, although the value of the coeffit for the agglomeration
interaction term is smaller. The dummy variable PICORE (with 1 for
regions with more than two standard deviations abine EU average patent
applications and O otherwise) enters the equatitim significant coefficients in
models 5 and 6 suggesting remarkable differencéwele@ high and low
patenting regions in Europe. It is worth notingttafh models explain 70 per
cent or more of the variation in regional patenting

Table 3 estimates the KPF with scientific publiocas as the dependent variable.
In all models, regression diagnostics indicate mblems with multicollinearity
and, as with patents, the KPFs explain more thaper@ent of variation in the
data. Gross regional R&D expenditures explain nodsthe variation, with a
coefficient in model 1 (0.94) suggestive of almoshstant returns to scale.
Strikingly, agglomeration effects appear to have statistically significant
influence on scientific R&D productivity (includegither with or without the

19 Of course, this does not conclusively disproveekistence of interregional network effects
(possibly by other means) not captured by our eoprsxy.

1 The 3-group method suggested by Kennedy (1998)felmsved in instrument selection.
For each variable the instrument takes the valu@,-tr 1 according to whether the value of
the instrumented variable is in the lower, middieipper third of its ranking.

17



cross product variable Log(GRD)* NETGRD , as it is in Model 3), while
network effects (Models 2 to 6) exert a statishjcaignificant and quantitatively
distinct influence on scientific R&D productivity.

Therefore, in the case of Pasteur-type researtdrr@gional networking is more
important than local agglomeration. In other wordsgions can perform
research efficiently even in the absence of locgjlaneration. The fact that
none of the spatial dependence measures is gtalligsignificant, confirms the
importance of codified (as opposed to tacit) knalgke for scientific research.
No significant spatial dependence is found but rostedasticity remains
persistently present throughout the models. Gitah éxogeneity is not rejected
by the D-W-H test for the variables Log(GRP and Log(GRIR,)
*WFP5_Log(R0D.) the final model (6) is run with 2SLS with heteredasticity
robust error terms. The dummy variable PUBCORE h\itfor regions with
more than one standard deviations above the EUag®&egpublications output
and O otherwise) enters the equation with sigmificzoefficients in models 5
and 6 suggesting remarkable differences betweeh haigd low publishing
regions in Europe. All the substantive relationstape confirmed.

In Table 4 we now move on to test the effect of R@ductivity on the

temporal change of regional R&D expenditures (EQ. The equation with

changes in R&D expenditures from 1998 to 2001 shineshighest fit thus we
report the results for this setup here. The resadisfirm that the spatial
allocation of R&D expenditures is conditioned by B&oroductivity, both

technological (BETAPAT) and scientific (BETAPUB).hiE supports our
hypothesised cumulative agglomeration effect belinedtemporal changes in
regional R&D expenditures.

The dummy variable RDHCORE (with 1 for regions wittore than two
standard deviations above the EU average R&D expgad and 0 otherwise)
enters the equation with significant coefficientsmodels 3 and 4 suggesting
remarkable differences between high and low R&Dfquering regions in
Europe. Thus we could take this result as an itidicaof a “spatial regime
effect” favouring high R&D activity regions in themporal distribution of
additional research expenditures. It is notewottiat spatial dependence is not
an issue in any of the models in Table 3, sugggdtwat the relationship is
localised within the boundaries of the region.
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Table 4 - Regression Results for (GRD2001-GRD199%)y EU regions (n=189)

Model (1) (2) 3)
(4)
Estimation OoLS OoLS OoLS OLS-Heteroscedasticity
Robust (White)
Constant -604.429*** | -735.41*** | -299.107*** -299.107***
(90.8252) | (101.405) (78.3494) (68.7176)
BETAPAT1998 1145.6*** | 910.258*** | 351.824*** 351.824***
(147.511) | (167.819) (125.294) (118.165)
BETAPUB1998 364.853*** 190.322** 190.322%**
(131.181) (93.4943) (69.8948)
RDHCORE 360.98*** 360.98***
(26.3212) (47.4151)
R°-ad] 0.24 0.27 0.63 0.63
White test for
heteroscedasticity | 52.3206*** | 57.8899*** | 42.2263***
LM-Err
Neighb 0.1133 0.0231 0.0674
INV1 0.0092 0.1976 1.1476
INV2 0.0895 1.8205 0.9415
LM-Lag
Neighb 0.0960 0.0434 0.1026
INV1 2.6971 0.9635 1.9972
INV2 0.5956 0.5309 1.9896

Notes: Estimated standard errors are in parenthegmstial weights matrices are row-
standardized: Neighb reeighborhood contiguity matrix; INV1 is inversetdisce matrix; INV2
is inverse distance squared matrix. *** indicategngicance at p < 0.01; ** indicates
significance at p < 0.05; * indicates p < 0.1.

In Table 5 we present our estimated model for temlpchange in the

agglomeration of innovation actors measured by HKedge intensive

employment (Eq. 6). It is clear that strong patpetwlence is at work in the
dynamic distribution of knowledge intensive empl@nt) however besides this
path dependency the size of regional R&D is algsletarmining factor as to the
direction where knowledge intensive employment aggrates. Similar to the
results in Table 5 regions with above average R&Peaditures (RDCORE)
follow a different pattern in attracting knowledggensive employment. Both
spatial dependence and heteroscedasticity arenpresasistently throughout
models 1 to 3, which are corrected in the finaltigpa@rror heteroscedasticity
robust estimation of model 4.
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Table 5 - Regression Results for (EMPKI2001-EMPKI98) for EU regions (n=189)

Model (1) (2) (3) (4)
Estimation oLS oLs oLSs ML — Spatial Error (INV2)
with
Heteroscedasticity weights
Constant 5399.78* | 8821.36*** 9955.96*** 11168.3*+*
(3032.61) (3314.62) (3267.78) (2879.48)
EMPKI1998 0.071%* 0.054*** 0.032%** 0.0262**
(0.006) (0.009) (0.012) (0.012)
EMPKI1998*GRD1998 3.788E-06** 5.043E-06*** 5.624E-06***
(1.582E-06) (1.604E-06) (1.604E-06)
RDCORE 19896.5*+* 21321.1%**
(6614.64) (6366.96)
LAMBDA -0.0181**
(0.009)
R’-adj 0.41 0.42 0.45 0.45
Multicollinearity Condition
Number 2 4 6
White test for
heteroscedasticity 27.37%** 28.182*** 34.522***
LM-Err
Neighb 0.922 0.164 0.042
INV1 0.052 0.023 0.28
INV2 1.008 3.263* 5.878**
LM-Lag
Neighb 2.181 1.846 1.916
INV1 0.479 0.043 0.645
INV2 4.000* 4.574** 4.316**

Notes: Estimated standard errors are in parenthesesial weights matrices are row-
standardized: LAMBDA is the spatial autoregressoaefficient; Neighb is neighborhood
contiguity matrix; INV1 is inverse distance matriyV2 is inverse distance squared matrix;
*** indicates significance at p < 0.01; ** indicaesignificance at p < 0.05; * indicates p < 0.1.

6 Simulation analysis: Static and dynamic agglomeratin and
interregional network effects on R&D productivity

The empirical findings so far suggest that regigmralductivity in Edison-type

research (patenting) is influenced by agglomerabah not by interregional

networking, whereas regional productivity in Pastigpe research is influenced
by interregional networking but not by agglomenatidHow strong are the
agglomeration and network effects in each individegion in Europe? Which

regions are leading and which ones are laggingidéhi
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On the basis of the above models, we estimatedaineial average regional
productivity of research in innovation and scigatdutput for each region using
the following formulas:

BETAPAT, = 1.164*[(0.7088 + 0.1439 * L0g(, .o))]**

BETAPUB = [0.4317 + 0.0003 * WFP5_Log(RR.]

Our estimates are depicted in the two maps, exguless standard deviations
from the European mean (Figure 1 and 2). R&D prodig in Edison-type
research is more concentrated spatially with cargions in South-West
Germany, North-Western Europe (including the Sooththe UK) and the
capital city regions. R&D productivity in Pasteypé research spreads more
evenly with less clear spatial concentration pa#terindicating that
connectedness into interregional scientific networknicreases research
efficiency in publications even if agglomerationinhovative activities is at a
low level. Importantly, capital cities in East-Ceaitand South Europe are also
among the above average R&D productivity regionth bo patenting and in
publication.

Figure 1: Regional productivity in Edison-type resarch (patenting)
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12 The estimated parameters in Table 2 are multipligd 1.164. This term is called “spatial
multiplier” (Anselin 2003). It reflects the intendendence among regions in patenting.
Interdependence decreases with distance as refgdsby the squared inverse distance
weights matrix in Table 2. Thus patenting activigyinfluenced not only by R&D in the
region but also by R&D carried out in other regiamshe sample following a distance decay
pattern.
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Figure 2: Regional productivity in Pasteur-type regarch (publications)
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Equations 2 to 6 with estimated parameters in Bablw 5 reflect the dynamic
nature of the impacts of R&D support policies. Inedatively short run this

support affects patenting directly while in the den run it also strengthens
concentration of research and knowledge intensmapl@&ment in the region

which further impacts knowledge production indihg¢via additional R&D and

increased values of the parameters BETAPAT and BEIB). This dynamic

feature is represented by Figure 3 where the firsime periods are shown
(without continuing the impacts throughout addiébperiods).

The econometric estimates allow us to explore @tattual scenarios and

characterise the effects of policy interventionse Woduce a simulation of the

likely impact of FP6 (2002-2009 funding on patent applications of European
regions using the empirically verified relationshignd estimated coefficients.

We split European regions into four tiers accordingtheir scores on the

agglomeration indexdj. Regions with values of the agglomeration indéx o
more than one standard deviation above the meandp&d the first tier. Second

tier regions exhibit agglomeration values betwdenrmean and the mean plus
one standard deviation. Third tier regions are Ilsédindard deviation value

below the mean whereas the rest of the regionsgetothe fourth tier.

13 This is lagged by one year (i.e. 2003-2007) indimeulations, better reflecting the period
during which the bulk of the funds was spent.
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How effective are European regions in utilising R&Dbsidies awarded from
the EU Framework Programs in patenting? Are thdferdnces across regions?
How persistent are the impacts over time? The astidhsystem of equations
allows us to calculate a measure of the produgtoitFP6 research support in
patent applications for each tier and for each yéantervention (2003-2007)

and beyond. Simulation results are depicted inréigu Regional productivity

of FP6 in patenting is measured by the elastiditgatents with respect to FP6
R&D subsidies"

Figure 3: The dynamic impacts of R&D promotion
(followed only for the first seven periods)
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It is clear from Figure 4 that there are differeh@eross EU regions in the
effectiveness of utilizing FP6 R&D subsidies in graing. Though these
differences are relatively minor in the period ottervention (2003-2007)
differences in the persistency of the effects atber significant. Whereas in
Tier2 to Tier4 regions the impact of FP6 R&D subesdon patenting fades

14 Regional productivity of FP6 R&D support in paiegt= [(Estimated number of regional
patent applications with FP6 — Estimated numberegfional patent applications without
FP6)/Estimated number of regional patent applicatizithout FP6] / [(Estimated value of
regional R&D expenditures with FP6 — Estimated gabf regional R&D expenditures
without FP6)/Estimated number of regional R&D exgitures without FP6]

23



away slowly after 2008, Tierl regions exhibit a gient (even slightly

increasing) impact on patenting. It is the diffexes in the strengths of the
dynamic agglomeration forces that explain the daifiees in the effectiveness of
absorbing R&D subsidies. Whereas Tierl regionsstm@ng enough to attract
additional R&D and human capital that allows themricrease the impact of
subsidies on patenting agglomeration forces inrds¢ of the regions are not
sufficient enough to maintain even the initial irofsaover time.

Figure 4: Dynamic agglomeration effects: Regionalnoductivity of FP6 R&D
support in Edison-type research (patenting)
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7 Summary and policy discussion

This paper has examined empirically the comparativéluence of
agglomeration and networking on regional R&D prddity in the European
Union. The typical data constraints have been &ackby developing and
calculating original indices of regional agglomeratof knowledge-producing
capabilities using employment data, and of inteorg networking in R&D
using data on R&D collaborations under FP5. The ieoah estimation of a
system of equations first proposed in Varga (20(26) shed light on three major
areas of interest: The relationship between regjicagglomeration and
interregional networking on the one hand and R&Ddpictivity on the other;
the relationship between R&D productivity and temgpachanges in regional
R&D expenditures; the relationship between R&D expeires and the
generation of knowledge-intensive employment. Mepecifically, we have
estimated KPFs across a number of European regasisthree years testing
the influence of agglomeration and networking aaghoduction of Edison- and
Pasteur-type knowledge. We found that agglomerasi@m important predictor
of R&D productivity in the case of Edison-type rassh while interregional
networking is an important determinant of R&D protiity in the case of
Pasteur-type research. Importantly, the two detaanis were nevejointly
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significant (i.e. interregional networking and amgkeration were not

statistically significant for Edison- and Pasteype research respectively) — a
finding that is robust to numerous equation spegiions and the choice of
stepwise inclusion. This finding indicates that an knowledge production

context, and contrary to what may happen in otlheasaof economic activity

(Johansson and Quigley, 2004), agglomeration artdonkeing are neither

substitutes nor complements but operate at dispacts of the knowledge

production process.

The sharp contrast between the worlds of Pastedif=aiison raises additional
guestions that cannot be fully explored here. Oray rapeculate that the
distinction is due to a ‘'hard' constraint on thaliftability of knowledge
(Roberts, 2000) and a 'soft' constraint on theinvgiless of R&D-performing
actors to codify knowledge, given the differentésuof the game' prevalent in
the worlds of Pasteur and Edison. Of course, thmoirtance of co-location for
knowledge production activities that are heavilpe®dent on tacit knowledge is
recognised in the literature (Malmberg and Mask&¥97). In the world of
Edison, appropriability concerns and a strategeléctive secrecy may also
provide part of the explanation. To contrast withe world of Pasteur,
characterised by fuller disclosume factocodifiability and the importance of
reputation dynamics, access to (not necessarilgllosetworks makes an
important difference.

Our findings with respect to the importance of mpatlependence are in
agreement with the above picture: In common witteostudies (Paci and Usali,
2000; Maggioni et al., 2007), we find evidence wbisg spatial dependence in
the production of Edison-type knowledge. As faitles production of Pasteur-
type knowledge is concerned though, spatial depeedés either absent or
plays a much weaker role.

Moreover, using the same sample of regions, we asted empirically the
influence of R&D productivity on the temporal changf R&D expenditures.
Our findings indicate that the spatial allocatidrfurther R&D expenditures is
explained by manifested technological and scient®&&D productivity and a
spatial regime effect whereby regions with levdl®R&D expenditure that are
significantly higher than the sample average getemimnds. We find no
evidence of spatial dependence, perhaps a refheafithe high concentration of
R&D inputs.

Finally, our empirical test of the relationshipween R&D expenditures and the
generation of knowledge intensive employment hastiled a strongly path-
dependent process at work. Past levels of knowlaedgmsive employment
explain most of the regional variation over timé&Rexpenditures though play
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an important, albeit minor, role in that relatioipshas evidenced by the
statistically significant interaction between empient and R&D. A spatial

regime is also present, whereby regions with legeR&D expenditure that are
significantly higher than the sample average egpee greater increases in
knowledge intensive employment.

Taken together, the above findings uncover thecgraht components of regional
knowledge production processes across Europeaoneg a dynamic setting.
They therefore allow us to explore counterfacteaingrios and characterise the
effects of policy interventions. A simulation ofettikely impacts of FP6 funds
on R&D productivity demonstrates that the dynanffeat is greater in regions
with high agglomeration.

A first direct policy conclusion is that the geognacal concentration of
resources for pre-competitive, Pasteur-type rebearat best irrelevant for the
generation of new scientific knowledge: In the ctawpEuropean knowledge
production landscape regions potentially contrilbotéhe creation of scientific
knowledge irrespective of their degree of agglotiena On the other hand,
direct funding for competitive, Edison-type reséarawhich from a different

perspective can be seen as an indirect form ofstnidil subsidy not particularly
favoured by the EU competition rules, will ineviblabcome mostly from

national sources. It would make more sense, andidwprobably be more
efficient, if this type of funding is directed in way that favours highly
agglomerated knowledge hubs.

A second policy conclusion is drawn from the resolt the simulations, which
show that the positive effects of collaborativeduny instruments, such as the
FP, are sustained longer in regions with alreadi hevels of human capital:
This indicates that additional attention shouldplaél to less-advanced regions
with the provision of ‘structural’ funding complemtary to the FP, which will
be intended to increase the accumulation of hunagitad and the knowledge
capacities of the regions.
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Appendix 1:

Descriptive Statistics

Variable Mean S.D. S.D. S.D. Min Max n
(overall) (between) (within)

PAT 318.4363 536.1444 535.7374 38.08507 0.01 3%60.8 567
PUB 1921.995 2531.388 2528.203 196.7256 1 22022 567
GRD 693.127 1169.854 1170.091 65.43073 1 11436 567
PSTCK 27429.94  33173.6 33045.87 3509.518 6 98481 7 56
EMPKI 346197.6 364772.9 365110.3 14992.06 2696 2352 567

5 0.968575 0.293157 0.291911 0.032097 0.275 1982 7 56
NET 781.1124 229.4251  229.724 7.015673 55.167 9845. 567
PATCORE 0.275132 0.446975 0 1 567
RDCORE 0.291005 0.454627 0 1 567
PUBCORE 0.349206 0.47714 0 1 567
PATHCORE 0.10582 0.307879 0 1 567
RDHCORE 0.10582 0.307879 0 1 567
PUBHCORE 0.10582 0.307879 0 1 567
BPAT98 0.649286 0.034698 0.52492  0.72627 189
BPUB98 0.754445 0.090864 0.46707 0.85308 189

34



Appendix 2: List of regions

NUTS NUTS

Code Region Code Region

AT11 Burgenland DE26 Unterfranken
AT12 Niederdsterreich DE27 Schwaben

AT13 Wien DE30 Berlin

AT21 Kéarnten DE4 Brandenburg
AT22 Steiermark DES50 Bremen

AT31 Oberdsterreich DE60 Hamburg

AT32 Salzburg DE71 Darmstadt

AT33 Tirol DE72 GielRen

AT34 Vorarlberg DE73 Kassel

BE1 Région de Bruxelles-Capitale DES8O Mecklenbugrpbmmern
BE2 Prov. Antwerpen DE91 Braunschweig
BE3 Prov. Brabant Wallon DE92 Hannover

CYO00 Kypros / Kibris DE93 Lineburg

Cz01 Praha DE94 Weser-Ems

CZz02 StedniCechy DEA1  Dusseldorf

Cz03 Jihozapad DEA2 Kdln

Cz04 Severozapad DEA3 Miinster

CZz05 Severovychod DEA4 Detmold

Cz06 Jihovychod DEA5 Arnsberg

Cczo7 Stedni Morava DEB1 Koblenz

Cz08 Moravskoslezsko DEB2 Trier

DE11 Stuttgart DEB3 Rheinhessen-Pfalz
DE12 Karlsruhe DECO Saarland

DE13 Freiburg DED1 Chemnitz

DE14 Tlbingen DED2 Dresden

DE21 Oberbayern DED3 Leipzig

DE22 Niederbayern DEE Sachsen-Anhalt
DE23 Oberpfalz DEFO Schleswig-Holstein
DE24 Oberfranken DEGO Thiringen

DE25 Mittelfranken DKOO0 Danmark

EEOQO Eesti FR41 Lorraine

ES11 Galicia FR42 Alsace

ES12 Principado de Asturias FR43 Franche-Comté
ES13 Cantabria FR51 Pays de la Loire
ES21 Pais Vasco FR52 Bretagne

ES22 Comunidad Foral de Navarra FR53 Poitou-Chesent
ES23 La Rioja FR61 Aquitaine
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ES24
ES30
ES41
ES42
ES43
ES51
ES52
ES53
ES61
ES62
FI13

FI18

FI19

FI1A

FI20

FR10
FR21
FR22
FR23
FR24
FR25
FR26
FR30

HU32
HU33

ITC1
ITC2
ITC3
ITC4
ITD1
ITD2
ITD3
ITD4
ITDS
ITE1
ITE2
ITE3
ITE4
ITF1
ITF2

Aragén

Comunidad de Madrid
Castilla y Ledn
Castilla-La Mancha
Extremadura
Catalufia

Comunidad Valenciana
llles Balears
Andalucia

Regién de Murcia
[t&-Suomi
Etela-Suomi
Lansi-Suomi
Pohjois-Suomi

Aland

Tle de France
Champagne-Ardenne
Picardie
Haute-Normandie
Centre
Basse-Normandie
Bourgogne

Nord - Pas-de-Calais

Eszak-Alf6ld

Dél-Alfold

Ireland

Piemonte

Valle d'Aosta/Vallée d'Aoste
Liguria

Lombardia

Provincia Autonoma Bolzano/Bozen

Provincia Autonoma Trento
Veneto

Friuli-Venezia Giulia
Emilia-Romagna

Toscana

Umbria

Marche

Lazio

Abruzzo

Molise

FR62
FR63
FR71
FR72
FR81
FR82
FR83
GR11
GR12
GR13
GR14
GR21
GR23
GR24
GR25
GR30
GR42
GRA43
HU10
HU21
HU22
HU23
HU31

NL13
NL21
NL22
NL23
NL31
NL32
NL33
NL34
NL41
NL42
PT11
PT15
PT16
PT17
PT18
SEO1
SEO02
SE04

Midi-Pyrénées
Limousin
Rhéne-Alpes
Auvergne
Languedoc-Roussillon
Provence-Alpes-Cote d'Azur
Corse
Anatoliki Makedonia, Thraki
Kentriki Makedonia
Dytiki Makedonia
Thessalia
Ipeiros
Dytiki Ellada
Sterea Ellada
Peloponnisos
Attiki
Notio Aigaio
Kriti
Kdzép-Magyarorszag
Kdzép-Dunantul
Nyugat-Dunantul
Dél-Dunéantul

Eszak-Magyarorszag

Drenthe
Overijssel
Gelderland
Flevoland
Utrecht
Noord-Holland
Zuid-Holland
Zeeland
Noord-Brabant
Limburg (NL)
Norte
Algarve
Centro (P)
Lisboa
Alentejo
Stockholm
Ostra Mellansverige
Sydsverige




ITF3
ITF4
ITFS
ITF6
ITG1
ITG2
LTOO
LUOO
LVOO

MTOO
NL11
NL12

UKF
UKG
UKH
UKI

UKJ

UKK
UKL
UKM
UKN

Campania

Puglia

Basilicata

Calabria

Sicilia

Sardegna

Lietuva

Luxembourg (Grand-Duché)

Latvija

Malta
Groningen

Friesland

Lincolnshire

Shropshire and Staffordshire
East Anglia

Inner London

Surrey, East and West Sussex

Cornwall and Isles of Scilly
West Wales and The Valleys
Eastern Scotland

Northern Ireland

SEO06
SEO7
SEO08
SE09
SEOA
SKO1
SKO02
SK03
SK04

UKC
UKD
UKE

Norra Mellansverige
Mellersta Norrland
Ovre Norrland
Smaland med 6arna
Vastsverige
Bratislavsky kraj
Zapadné Slovensko
Stredné Slovensk
Vychodné Slovensko

Northumberland and
and Wear

Cumbria
West Yorkshire

Tyne
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