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R&D, spillovers, innovation systems and the genesisf regional

growth in Europe

Abstract: Research on the impact of innovation on regionahemic performance in

Europe has fundamentally followed three approachgsthe analysis of the link

between investment in R&D, patents, and economawtyr; b) the study of the

existence and efficiency of regional innovationtegss; and c) the examination of
geographical diffusion of regional knowledge spios. These complementary
approaches have, however, rarely been combined.ortang operational and

methodological barriers have thwarted any potemtiass-fertilization. In this paper,

we try to fill this gap in the literature by combig in one model R&D, spillovers,

and innovation systems approaches. A multiple s=sgoe analysis is conducted for
all regions of the EU-25, including measures of R&lestment, proxies for regional
innovation systems, and knowledge and socio-econa@npillovers. This approach
allows us to discriminate between the influenceirgérnal factors and external
knowledge and institutional flows on regional ecomogrowth. The empirical results
highlight how the interaction between local andeexal research with local and
external socio-economic and institutional condsialetermines the potential of every
region in order to maximise its innovation capacitiiey also indicate the importance
of proximity for the transmission of economicallgoductive knowledge, as spillovers
show strong distance decay effects. In the EU-28ect, only the innovative efforts

pursued within a 180 minute travel radius have sitpe and significant impact on

regional growth performance.
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1. Introduction

The capacity to innovate and to assimilate innavabiave regularly been considered
as two of the key factors behind the economic dysamof any territory (Feldman
and Florida, 1994; Audretsch and Feldman, 1996;t@lhand lammarino, 1998;
Furman, Porter and Stern, 2002). Yet, despite #geement on the essentials,
different researchers have tried to untangle thie bietween research, innovation, and
economic growth in very different ways. Three diiet approaches to this
relationship predominate. The first is the so-chlienear model (Bush, 1945;
Maclaurin, 1953), whereby basic research leadppiied research and to inventions,
that are then transformed into innovations, whichiurn, lead to greater growth.
Empirically, this type of analysis focuses fundaimaéiy on the link between R&D
and patents, in the first instance, followed byt thetween patents and growth. Such
analyses are fundamentally conducted by ‘mainstremonomists’ and, despite
criticisms (e.g. Rosenberg, 1994), the approachamsnpopular with academics and
policy makers. A second group can be classifieceutite appellations of ‘systems of
innovation’ (Lundvall, 1992) or ‘learning regionMprgan, 1997) approaches. These
approaches, associated with evolutionary econorfidcsi et al, 1988; Freeman,
1994), concentrate on the study of territoriallybemded institutional networks that
favour or deter the generation of innovation. Tapazity of these networks to act as
catalysts for innovation depends, in turn, on tbmlgination of social and structural
conditions in every territory, the so-called ‘sdcfdter’ (Rodriguez-Pose, 1999).
These approaches tend to be fundamentally queétaind mainly conducted by
geographers, evolutionary economists, and someoetcrsociologists. Finally, there

is a large group of scholars who has mainly comated on the diffusion and



assimilation of innovation (Jaffe, 1986; Audretsuid Feldman, 1996; Cantwell and
lammarino 2003; Sonn and Storper 2005). This kndgdespillovers approach has
been generally adopted by economists and geogsplging both quantitative and

gualitative methods.

Although such a wide variety of approaches contabusignificantly to improve our
understanding of the process of innovation andheflinkages between innovation
and economic development, the theoretical mechanemnployed by these different,
but nevertheless, complementary strands of litezahave rarely been combined.
There has been little cross-fertilisation. Majoergiional and methodological barriers
have hitherto kept any potential interaction tcaaebminimum. The main reasons for
this lack of interaction are related to the differelisciplinary backgrounds of the
researchers working on innovation, to the differem¢thods used in the various
approaches, and to the difficulties in operatisgiafj some of the concepts employed

by the diverse scholarly strands.

This paper represents an attempt to try to bridge gap in the literature by
combining in one model linear, innovation systewsgd spillover approaches. The
aim is to show how factors which have been at #mre of these research strands
interact and account for a significant part of eliéntial regional growth performance
of the regions of the enlarged EU after 1995. Aditamhal objective is to shed new
light on the role of geographical distance in thecpss of innovation, by focusing on
the “continuing tension between two opposing ford@&torper and Venables 2004
p.367): the increasingly homogeneous availabilitystandard ‘codified’ knowledge

and the spatial boundedness of ‘tacit’ knowledge @mntextual factors. Such tension



is an important determinant of the present econa@eagraphy of European regions,

which is further accentuated by the underlying sasionomic differences.

In order to achieve this aim, we ground our appnoan a series of fundamental
theoretical mechanisms which make knowledge andratssmission an important
explanation for differential growth performancersEi that, as highlighted by the
linear model of innovation, local innovative actigs are crucial for the ‘production’
of new knowledge and the economic exploitation xasteng knowledge, given the
presence of a minimum threshold of local innovatapabilities (as put forward by
evolutionary economics and neo-Schumpeterian sthar@uch activities are not
geographically evenly distributed and thus beconhgcalised source of competitive
advantage for some areas rather than others. Sedbat information is not
automatically equivalent to economically-useful ¥edge (Sonn and Storper, 2005).
A successful process of innovation depends on lilemé structural and institutional
factors that shape the innovative capacity of dpgeajeographical contexts”
(lammarino 2005, p.499), as indicated by the systefrinnovation (Lundvall 2001),
regional systems of innovation (Cooke et al. 198}l learning regions (Morgan
2004; Gregersen and Johnson 1996) approaches. Wmd] that technological
improvements in ‘communication infrastructures’ &awxot affected all kinds of
information in the same way. While ‘codified infoation’ can be transmitted over
increasingly large distances, ‘tacit’ knowledge g@ggographically bound thus
determining the increasing concentration of innmratand the geographical
boundedness of knowledge spillovers (Audretsch Beldman 2004; Cantwell and

lammarino 2003; Sonn and Storper 2005; Charlotlunénton, 2006).



The paper is organised into four further sectidnsthe first section the theoretical
framework of the analysis is outlined. The secoad mtroduces the empirical model
and provides its theoretical justification. In térd section the empirical results are

discussed. The final section concludes with sons@@uic policy implications.

2. R&D, innovation systems and knowledge spillovers

From a pure neoclassical perspective, factors aaahe percentage of investment in
research and development (R&D) or where the acesdarch is conducted matter
little. The traditional neoclassical view of knowte as a truly public good (non

rivalrous and non excludable) available everywtseré to everybody simultaneously
implies that innovation flows frictionless from hacers to a full set of intended and
unintended beneficiaries (as ‘manna from heavewitributing to generate a long-
term process of convergence between countriesegidns (Solow 1957, Borts and
Stein 1964). However, this view of innovation a®etor that could be overlooked in

the genesis of economic development is now firnmytlee retreat. It is not just that
innovation is considered as one of the key sountgsogress (Fagerberg 1994), but
also that technology and innovation have becomardegl as essential instruments in
any development policy (Trajtenberg 1990). Differes in innovation capacity and

potential become thus, from an ‘endogenous gropgh$pective (e.g. Grossman and
Helpman 1991), one of the basic explanations fosigeent differences in wealth and
economic performance. By bringing innovation to fbee, it is often assumed that
greater investment in basic R&D will lead to grea#gplied research and to an
increase in the number of inventions, that wheroduced in the production chain
become growth-enhancing innovations. This linearcg@ion of the innovation

process places localised R&D investment as the feetor behind technological
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progress and, eventually, economic growth. In essethe implications of this
approach are that the higher the investment in R&i2 higher the innovative
capacity, and the higher the economic growth. Despeing much derided (e.g.
Fagerberg 1988; Verspagen 1991; Rosenberg, 199ap1997), the linear model
remains popular with academics and policy makersalge of its simplicity and
powerful explanatory capacity: nations and regidhat invest more in R&D,
generally tend to innovate more, and often growtefasBut by focusing on local
R&D, the linear model completely overlooks key tast about how innovation is
actually generated. These factors are relateda@adhntext in which innovation takes
place and to the potential for territories to adisite innovation being produced

elsewhere.

Yet it is now widely become accepted that the iratmn potential of any territory is
embedded in the conditions of that territory. Inatban is considered a territorially-
embedded process and cannot be fully understoogpémlently of the social and
institutional conditions of every space (Lundvall992; Asheim, 1999). The
‘territorially-embedded’ factors influencing theqgaess of innovation have thus
become the focus for differentiated theoreticakpectives: from innovative milieus
(Camagni, 1995) and industrial districts (Becattid®87) to learning regions
(Morgan, 1997) and systems of innovation (Cookalet1997; Cooke, 1998). These
approaches are characterised by powerful insights telp us improve our
understanding of how and under which conditions ghecess of innovation takes
place. Some of the most relevant findings relatedthiese approaches are the
relevance of proximity, local synergies, and intdcan (Camagni, 1995, p.317) and
the importance of ‘inter-organization networks, aficial and legal institutions,

technical agencies and research infrastructuregaca¢éidn and training systems,



governance structures, innovation policies’ (lamn@r 2005, p.499) in shaping
innovation. The explanatory capacity of such apghea is, however, somewhat
constrained by the problems of operationalisingaimelatively homogenous way
across territories the territorially-embedded nekspsocial economic structures, and
institutions that are at their heart. By nature, flystemic interactions among (local)
actors are intrinsically unique and thus hard t@snee and compare across different
systems. A potential solution to this problem is tavolutionary integrated view of
the regional systems of innovation’ (lammarino, 200By comparing national
(macro-level) and regional (micro-level) systemsnofovation, a meso-level emerges
characterised by “local structural regularitiesnfirpast knowledge accumulation and
learning” (lammarino, 2005, p. 503). This implidsetexistence of a series of
“external conditions in which externalised learniagd innovation occur” (Cooke
1997, p.485) which can be identified across innowatsystems and on which
innovation strategies can be based. These factorasa‘conditions that render some
courses of action easier than others” (Morgan 2@d4s ‘social filters’, that is, the
unique combination “of innovative and conservat[ve] elements that favour or
deter the development of successful regional intiowaystems” (Rodriguez-Pose,

1999, p. 82) in every space.

Finally territories rely not just on their internghpacity to produce innovation either
through direct inputs in the research process wutih the creation of innovation
prone systems in the local environment, but alsoth@ir capacity to attract and
assimilate innovation produced elsewheethe micro-level, innovative units (R&D
departments within firms, universities, researchntes etc.), as well as local
institutions and individuals, interact with eachhext and with their external

environment through the networks described aboweh Snteractions produce the



transmission of knowledge in the form of ‘knowledgmllovers’ (Jaffe, 1986; Acs,
Audretsch and Feldman 1992) that are reaped byl lactors. The origin of
knowledge spillovers can be local, but they cao &ls generated outside the borders
of the locality or region object of the analysis,“there is no reason that knowledge
should stop spilling over just because of bordsugh as a city limit, state line or
national boundary” (Audretsch and Feldman, 2008).pAs there are internal and
external sources of spillovers, important questamse. The first relate to the balance
between internally generated innovation and extgriransmitted knowledge and the
extent to which a territory can rely on externajlgnerated knowledge for innovation.
The second group of questions concern the local extérnal conditions that
maximise the diffusion of knowledge. While the figaoup deals with the capacity of
knowledge spillovers to travel and the potentialdstance decay effects. In order to
address these questions we have to resort to #wmretical distinction between
codifiable information and tacit knowledge. Accanglito Leamer and Storper (2001,
p. 650) codifiable information “is cheap to transhecause its underlying symbol
systems can be widely disseminated through infaomatnfrastructure”. Hence
codifiable information can be disseminated reldyivastlessly over large distances
and does not suffer from strong distance decayctstfédowever, all information is
not completely codifiable. The presence of somecifipefeatures make, in some
cases, codification impossible or too expensivetié information is not codifiable,
merely acquiring the symbol system or having thesmal infrastructure is not
enough for the successful transmission of a mesg&gerper and Venables, 2004,
p.354). Thus, in this latter case there is a neatdigseminate this tacit knowledge by
an intrinsically ‘spatial’ communication technolggamong which face-to-face
interaction is key. Face-to-face contacts, as dised in Storper and Venables (2004)

or in Charlot and Duranton (2006), do not only asta communication technology



but also pursue other functions (such as generafiegter trust and incentives in
relationship, screening and socialising, rush andtivation) which  make
communication not only possible but also more ¢ffec and ultimately ease the

innovation process.

However, and in contrast with codifiable informatidhe process of transmission of
tacit knowledge is costly and suffers from strongjathce decay effects. Face-to-face
contacts are maximised within relatively small iterres, due to a combination of
proximity and the presence of common socio-ingthal infrastructures and
networks. The potential to reap knowledge spilleweill thus be maximised within
the region. Some of this knowledge will neverthglsgill over beyond the borders of
the region or locality flowing into neighbouringears, as a consequence of the
existence of different forms of inter-regional cacts. Flows of interregional
knowledge are thus important as agents of innonabat their influence is likely to
wane with distance (Anselin et al. 1997; Adams aaifle 2002; Adams 2002), as the

potential for face-to-face and other forms of iat#ion decay.

3. The Model: putting different strands together

The three strands of literature presented abowearlthree crucial factors: internal
innovative efforts, socially and territorially endsked factors, and more or less
spatially-bound knowledge spillovers. Although testhree factors are
complementary, disciplinary and methodological ieasr have frequently prevented
researchers working on these fields from intergctiith one another. The difficulties
of operationalising some of the factors in systeraied knowledge spillover

approaches, given existing statistical informatiprgvides an additional barrier for
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cross-fertilisation. In this section we proposdampte model which tries to combine
the key factors from these three approaches inrotestudy how they affect
innovation and how innovation influences econonmawgh. The model is aimed at
understanding — and, to a certain extent, discatmg among — the role of the
different innovation factors proposed by differestrands in order to generate
economic dynamism in the regions of the EU-25 &f@95. As presented in Table 1,
the model combines inputs in the innovation prodgs&D expenditure) with the
socio-economic local factors that make the preseh&vourable regional systems of
innovation more likely and controls for the weaitthEuropean regions. These factors
are considered locally, i.e. the R&D and the locahditions in the region being
considered, and externally, i.e. the conditions@ghbouring regions. Finally we
control for the influence of national factors, suahthe presence of national systems

of innovation, by the introduction of a set of oatl dummies.

Table 1 — Structure of the empirical model

Internal factors External factors (Spillovers)
Investment in R&D Investment in R&D

R&D : . : ! . .
in the region in neighbouring regions

Conditions conducive to

th(f establishment of a regiona
Na ; .

system of innovation

in neighbouring regions

Conditions conducive to
the establishment of a regio
system of innovation

Regional system
of innovation

As a proxy for initial Initial conditions in neighbourir

GDP per capita | ditions and potential ~ regions

National effect Controlled for by a set of national dummies

By developing the framework above, we obtain tHi®¥ang model:

Y,
jln( & Jz a+pIn(y,,) +B,RD,; + B;SocFiltey,_, + B,Spilloy,_; + BExtSocFikr,_, + B,ExtGDPcap_; + B,D +¢&
it=J

where:
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1 ( Y, J is the usual logarithmic transformation of the oadf regional per
capita GDP in region at the two extremes of the period of

analysis (t-J,t);

a IS a constant;

IN(Y; ;) is the log of the GDP per capita of regiorat the beginning of

the period of analysis (t-J);

RD,_ is expenditure in R&D as a % of GDP in regioat time (t-J);

SockFiltey,_, is a proxy for the socio-economic conditions of ioeg i
representing its ‘social filter’;

Spilloy,_; is a measure of accessibility to extra-regional rees of
innovation;

ExtSocFiler,_, is a measure of the ‘social filter’ of neighbouriregions;

ExtGDPcap, is a measure of the GDP per capita in neighbougg@ns

D is a set of national dummy variables;

£ is the error term.

Initial level of GDP per capita -As customary in the literature on the relationship
between innovation and growth, the initial levetlod GDP per capita is introduced in
the model in order to account for the region’s ktot existing knowledge and of its

distance to the technological frontier (Fagerbe3§8).

R&D expenditure -As highlighted earlier, the percentage of regidBBIP devoted to
R&D is the main measure of the economic input ideorto generate innovation in
each region used by proponents of the linear madflehnovation. Local R&D

expenditure is also frequently used as a proxytter local capability to adapt to

innovation produced elsewhere (Cohen and Levintt890; Maurseth and
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Verspagen, 1999). There are, however, measuremebtems associated to this
variable that must be borne in mind, as they mayigllg hide the contribution of
R&D towards economic performance. First, the ratdévame lag structure for the
effect of R&D activities on productivity and growtis unknown and may vary
significantly across sectors (Griliches 1979). $el@s pointed out by Bilbao-Osorio
and Rodriguez-Pose (2004) in the case of Europegions, the returns from public
and private R&D investments may vary significanfiurthermore, the fact that not
all innovative activities pursued at the firm lexsek classified as formal ‘Research
and Development’ may be a source of further biasthe estimations. Having
acknowledged these points, we assume R&D expeerditsira proxy for “the
allocation of resources to research and other nmition-generating activities in
response to perceived profit opportunities” (Gragsnand Helpman 1991, p.6) in
order to capture the existence of a system omitives (in the public and the private

sector) towards intentional innovative activities.

Social Filter —The multifaceted concept of ‘social filter’ is intuced in the analysis
by means of a composite index, which combines aokefariables describing the
socio-economic realm of the region. In particuldwe variables which seem to be
more relevant for shaping the social filter of giomal space are those related to three
main domains: educational achievements (Lundva®2i Malecki 1997), productive
employmentof human resources and demographic structure (Bagget al. 1997;
Rodriguez-Pose, 1999). For the first domain, thecational attainment (measured by
the percentage of the population and of the labdotge having completed higher
education) and patrticipation in lifelong learningpgrammes are used as a measure
for the accumulation of skills at the local levedr the second area, the percentage of
labour force employed in agriculture and long-tenmemployment are included in the

analysis. The reasons for choosing these two asadre related to the traditionally
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low productivity of agricultural employment in rélanship to that of other sectors
and to the use of agricultural employment, in jpaiér in the new members of the
EU, as virtually synonymous to ‘hidden unemploymeiitie role of long term
unemployment as an indicator of both the rigidifytiee labour market and of the
presence of individuals whose possibilities of gemvolved in productive work are
persistently hampered by inadequate skills (Gor@®®1) is the reason behind the
inclusion of this variable. The percentage of papah aged between 15 and 24 was
used as our measure of the demographic structuepresents a proxy for the flow of
new resources entering the labour force and thukeofenewal of the existing stock

of knowledge and skills.

Problems of multicollinearity prevent the simultane inclusion of all these variables
in our model. Principal Component Analysis is there applied to the set of
variables discussed above, in order to merge timonain individual indicator able to
preserve as much as possible of the variabilityefinitial information. The output of

the Principal Component Analysis is shown in T&dtde

[Insert Tables 2A and 2B around here]

The eigenanalysis of the correlation matrix shola the first principal component

alone is able to account for around 43% of thel tetmiance with an eigenvalue

significantly larger than 1.

Consequently, the first principal component's sso@e computed from the

standardisetvalue of the original variables by using the ciméghts listed under PC1

! Standardised in order to range from zero to 1
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in Table 2b. These coefficients emphasize the &l dimension of the social
filter by assigning a large weight to the educadloachievements of the population
(0.576) and of the labour force (0.554) and to pghdicipation in life long learning

programmes (0.395). A negative weight is, as exgagcssigned to the agricultural
labour force (-0.430) and, with a smaller coefintjeto long term unemployment (-
0.140). The weight of the population between 15 24ds much smaller (0.019) in
this first principal component. This procedure pdes us with a ‘joint measure’ for

each region’s social filter.

Spillovers— In models based on knowledge production functissllovers are

assessed in terms of their contribution towardsctieation of new local knowledge.
In our framework, the spillovers’ capability to lménce regional economic
performance, on top of internally-generated innmwvatis also considered. For this
purpose we develop a measure of the ‘accessibildyextra-regional innovative
activities which we introduce in the analysis byame of a standardised ‘index of
accessibility to innovation’. The index is a pdtahmeasure of the ‘innovative
activities’ (in terms of nationally weighted milhs of Euros invested in R&D
activities) that can be ‘reached’ from each regatra ‘cost’ which increases with

distance.

Our index is based on the customary formula foesasibility indices:
A :Zg(rj)f(cij)
i

Where A is the accessibility of region i,is the activity R to be reached in region |,
cj is the generalised cost of reaching region j fregion | and g and f¢) are the
‘activity’ function (i.e. the activities/resourcés be reached) and the ‘impedance’

function (i.e the effort, cost/opportunity to reable specific activity) respectively. In

15



our index the ‘activity’ to be reached is R&D expgéare and the ‘impedance’ is the
bilateral trip-time distance between regicand regiorj:

1
f(Cij )= Wi =———

Zi

T d
whered; is the average trip-length (in minutes) betweeiarei andj.
We base our analysis on the travel time calculétedhe IRPUD (2000) for the
computation of peripherality indicators and madeailable by the European
CommissioA. We chose road distance, rather than straight diistance, as (in
particular on a smaller scale) it gives a moreisgalrepresentation of the real ‘cost’
of interaction and contacts across space. In anhditie use of trip-length rather than
kilometres allows us to take account of “differeaad types, national speed limits,
speed constraints in urban and mountainous areagosrneys, border delays (...) as
also congestion in urban areas” (IRPUD 2000, p.2Rjch significantly affect real-

world interactions.

The amount of knowledge flowing from outside thgioa is thus proxied by the
average magnitude of all other regions’ R&D expaurdi weighted by the inverse of
the bilateral time-distance. The resulting variaisléhen standardised by making it
range from zero to one, in order to make it pelyembmparable with the social filter

index.

2 As the time distance-matrix is calculated eititetha NUTS1 or at the NUTS?2 level, in order to make
it coherent with our data which combine differenttdllevels we relied on the NUTS distance matrix
using the NUTS 2 regions with the highest popatatiensity in order to represent the corresponding

NUTS1 level for Belgium, Germany, and the UK.

16



Extra regional social filter #Following a similar procedure we calculate, for lkeac
region, the distance-weighed average of the satted index of all the other regions

in the EU. The aim of including this variable isassess whether proximity to regions
with favourable social conditions and dynamic inatien systems matters, i.e.
whether socio-economic and institutional spilloviease a similar role to knowledge

spillovers.

GDP in neighbouring regions Again the same weighing procedure is pursued in
order to introduce the initial economic conditidi@&DP per capita) of neighbouring
regions. This variable accounts for the advantdgeraximity to relatively well-off

regions.

4. Results of the analysis

4.1 Estimation issues and data availability

In this section we estimate the model outlined ablby mean of heteroskedasticity-
consistent OLS (Ordinary Least Square). In ordemtnimize the effect of spatial
autocorrelation (i.e the lack of independence antbwegerror terms of neighbouring
observations) we include in the analysis a sebnatidummy variables, accounting
for the ‘national fixed effect’ which, in turn, tak into consideration a consistent part
of the similarities between neighbouring regionsirtikermore, by introducing
spatially lagged variables in our analysis, we b} aim at modelling the
interactions between neighbouring regions and tmisimize their effect on the

residuals. Another major problem concerns endoggn&hich we address by
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including® in the model the value of the explanatory variatds a mean over the
period (t-J-5) — (t-J), while the average growtterevas calculated over the period
from t-J to t. In addition, in order to resolve {@blem of different accounting units,
explanatory variables are expressed, for eachmegm®a percentage of the respective

GDP or population.

The empirical model was estimated for the perio@85:2003, allowing us to include
all the EU-25 members for which regional data available. Because of data
constraints, but also for reasons of homogeneity @herence in terms of relevant
institutional level, the analysis uses NUTS1 regidbor Germany, Belgium, and the
UK and NUTS2 for all other countries (Spain, Frantay, the Netherlands, Greece,
Austria, Portugal, Finland, Czech Republic, HungaBoland, and Slovakia).
Countries without a relevant regional articulatiienmark, Ireland, Luxemburg,
Estonia, Latvia, Lithuania, Slovenia, Malta, andp€iys) were necessarily excluded
from the analysfs In addition, regional data on R&D expenditure aot available in

the Eurostat databank for Sweden.

In our analysis EUROSTAT Regio data have been cemehted with Cambridge
Econometrics (CAMECON) data for GDP. Table A-1 ire tappendix provides a

detailed definition of the variables included i @#nalysis.

% In the case of the New Member States data avijabas prevented us from calculating the mean of
the explanatory variables over the five year pe(teti-5) forcing us to use a shorter time span. For
some EU 15 countries slightly different time sphase been used, as a consequence of differences in
data availability for each variable.

* As far as specific regions are concerned, no detaavailable for the French Départments d’Outre-
Mer (Fr9). Uusimaa (Fil16) and Etela-Suomi (Fil7) were exaluftem the analysis due to the lack of

data on socio-economic variables. Trentino-Altoigkd (IT31) was also excluded as it has no
correspondent in the NUTS2003 classification. Doehte nature of the analysis, the islands (PT2
Acores, PT3 Madeira, FR9 Departments d’Outre-M&7 Eanarias) and Ceuta y Melilla (ES 63) were
not considered, as time-distance information, resmysfor the computation of spatially lagged

variables, is not available.
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4.2 Innovation, spillovers and social filter

The estimation results for the empirical model ioetl in the previous section are
presented in Table 3. The results of different@sgions are reported. In Regressions
1-3 the variables for ‘social filter’ and ‘accesstl to external sources of innovation’
are progressively introduced. In Regressions 4€itlividual components of the
social filter are introduced separately in order discriminate among them. In
Regressions 10-12 the effect of the endowment ifhbeuring regions in terms of

social filter and economic wealth is assessed.

The R confirms the overall goodness-of-fit of all thgressions presented and in all
cases the probability of the F-statistics letsajeat the null hypothesis that all of the
regression coefficients are zero. V.I.F tests hasnbconducted for the variables
included in all the specifications of the model leging the presence of

multicollinearity. There was no spatial autocaatin in the residuals detected using

Moran’s | statistic.

[Insert Table 3 around here]

Several implications can be extracted from theltesaf the empirical analysis. First
is that the initial level of GDP per capita is sfgrant in a few cases only, thus
suggesting that for the period under analysis,heeitregional convergence, nor
divergence can be recorded. Only when social comditare explicitly controlled for
(regressions 3, 10, 11 and 12) there is evidencea efeak degree of regional

convergence.
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Second, local R&D expenditure generally shows aitipes and significant
relationship with economic growth in all regressipin line with earlier research
(Fagerberg et al. 1997; Rodriguez-Pose, 1999, 2CGb&shire and Magrini, 2000;
Bilbao-Osorio and Rodriguez-Pose, 2004; Cresc@005). For the European regions
considered, investing in R&D seems to be a moreomapt source of economic
growth than relying of knowledge spillovers fromigigouring regions. When
considering both factors together (Regression ¥ tbefficient of local R&D
expenditure is positive and significant, while e&scéo innovation generated outside
the region is insignificant. Relying exclusively mtal R&D inputs is, however, not a
guarantee for achieving greater growth, as sudctioelship proves to be not always
robust when controlling for social conditions (th&ocial filter’ variable). As
highlighted in Regression 2, the local socio-ecoraronditions are a better predictor
of economic growth than investment in R&D. The abdilter variable is always
positively associated with economic growth and istiaally significant. The
relevance of the ‘social filter’ is enhanced whe&[Rinvestment and access to
knowledge spillovers are considered in conjunctiatt local conditions (Regression
3). The results point out that having a good sofiie@r increases the potential of
European regions to assimilate spillovers, makowgll R&D expenditure irrelevant.
These results highlight that while investing in Ré&lbBcally enhances economic
growth, relying of knowledge spillovers is a viabddternative for regions with
adequate socio-economic structures that would gteea the reception and
assimilation of those spillovers. This does noam#hat local innovative efforts are
unimportant for regional economic performance. Hasveas far as knowledge may
flow also from outside the region (both in the fowh codified knowledge and

spillovers), local socio-economic conditions maypvya to be the true differential
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competitive factor by enabling the translation d&f sources of knowledge into

successful innovation and economic growth.

Introducing the individual sub-components of theiabfilter uncovers the specific
importance of the educational endowment of bothpthygulation and the labour force
for economic growth (regressions 4 and 5J.he role of life-long learning, the
percentage of the labour force working in agriadiuthe level of long term
unemployment, and the demographic structure ofpthyulation, is, in contrast, not
significant. Agricultural employment and long-tetmemployment, in addition, limit
the capacity of regions to assimilate knowledgdosers (Regressions 6 and 7). In
these cases, relying on knowledge spillovers isulostitute of local investment in

R&D.

The results underscore that accessibility to esdgaenal innovation, our proxy for
knowledge spillovers, is related in a positive astdtistically significant way to
regional growth performance, in particular wheroasgted to an appropriate measure
for socio-economic conditions. This confirms thahowledge spillovers, by
increasing the ‘amount of knowledge’ available he tegion, reinforce the effect of
local innovative activities, and, to a certain exfenay even compensate for a weak
contribution of the innovative activities pursueatdlly. Thus, other things being
equal, a region within an innovative neighbourhaanore advantaged than one in
the vicinity of less innovative areas. In contrésith the socio-economic endowment
(Regression 11) and the level of wealth (Regress®)rof neighbouring regions have
no significant effect on local economic performariee extra-regional social filter is

significant only when considered jointly with inted features, as in Regression 10
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where the total accessibility to innovation propace is considered by including in a

single variable both the region’s features and ¢fas neighbourhood.

On the basis of these results, the potential ofegion in terms of economic
performance is maximized when an appropriate ssboial conditions is combined
with local investment in R&D. The reception of R&pillovers from neighbouring
regions is an important additional source of adagetwhich, in any case, requires an
appropriate social infrastructure in order to bedpictively translated into innovation
and economic growth. In this framework the analydighe spatial scope of such
spillovers, which we will discuss in the next sutis®n, becomes particularly
important for the understanding of the role of gepyy in a knowledge-based

economy.

4.3 The spatial extent of innovative spillovers

The understanding of the spatial scope of knowlesigovers is extremely relevant
from both a theoretical and a political point oéwi. Even if, as discussed in section 2,
a variety of contributions provides significant @snce in support of the role of
proximity as a relevant factor for the transmissablknowledge, in a recent review of
the research on geographical knowledge spillo\i2ésing and Schnellenbach (2006)
highlight that “no consensus is reached about pagia range that can be attributed to
knowledge spillovers, and in fact the majority tidies refuse to quantify the range
at all” (p.384). Since the seminal work by Ansadiral. (1997) on the influence of the
location of universities and private R&D facilities local innovative productivity,
the spatial extent of knowledge flows in the US haen extensively analysed. Acs
(2002 ch.3) compares the results of a number dieeatudies based on different

estimation techniques and concludes that universggarch spills over a range of 50
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miles from the innovative Metropolitan Statistidaleas (MSAs), while the spillovers
from private R&D tend to be contained within the M8self. Even if such results
adjust downward the 75 mile radius previously mezsiy Varga (2000), the range
50-75 miles provides a ‘consolidated’ measure foe tgeographical extent of
knowledge spillovers in the US case. At the EU llethee scarcity (and heterogeneity)
of research efforts in this direction have prevdritee formation of any consensus.
Greunz (2003) finds a positive and significant efffen local patenting activity of
innovative efforts pursued in the first and theas®torder neighbouring regions (190
miles or 306 Km on average). The magnitude of #fisct sharply decreases at the
third order neighbourhood (274 miles or 441 Km orerage) and is no longer
significant thereafter. Bottazzi and Peri (2008gfevidence of spillover effects, with
a positive impact of neighbouring regions’ R&D etfoon local productivity, only
within a 200-300 km limit. In the same vein, Moregioal. (2005) estimate a similar
spatial scope of regional spillovers: “innovativetiaty in a region is positively
related to the level of innovative activity in regs located within 250 kilometres of
distance, but no further” (p.7). Our analysis heling the existing gap in the
empirical literature on the measure of the spatidént of regional spillovers in the
EU by including the regions of the entire EU25.alidition, our empirical analysis,
while delivering comparable results, differs froneyious studies in that:

a) it is not based on a Knowledge Production Foncbut on a regional growth
model thus capturing the effects of neighbouringices’ innovative efforts on the
overall productivity of the regional economy rathétran on the production of
innovative output only;

b) distance is introduced into the model by meaha dtime-based) trip-length
measure which capture more accurately the diffeerguality of connections

between regions;
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c) the model explicitly accounts for the underlysagio-economic conditions.

In what follows, we focus in more details upon teéevant ‘spatial scale’ for the
transmission of growth-enhancing knowledge spilisyeby attempting to quantify

the concept of ‘proximity’ for the regions of th&JE25.

[Insert Table 4 around here]

In Table 4 we present various estimations of oupigoal model in which regional
spillovers’ proxies are calculated by means ofedéht ‘spatial weights’. As in the
case of the regressions presented in Table 3 @l ukagnostic statistics confirm the

robustness of our results.

Regression 1, which we use as a benchmark, showssiimation results when
regional spillovers are proxied by the index of esstbility to extra-regional
innovation as in all regressions in the previoletaThe regression not only confirms
that knowledge flowing from neighbouring regions proves regional growth
performance, as was underlined before, but alsowshthat spillovers are
geographically bounded and that they decay wittadee. The weighing mechanism
on which the variable is based makes the importaricether regions’ innovative
activities decrease with distance thus emphasittiageffect of innovative activities
pursued in neighbouring regions. More precisadgions can rely upon the research
strength of regions within a three hour drive (68 ms) as shown by the increase in
significance of the spillover variable once a 18Mute cut off is introduced in the
weighing matrix (Regression 2). When more remotgiores are taken into

consideration, by fixing the cut off trip lengthZ20 and 600 minutes (Regressions 3
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and 4 respectively), the variable is no longer ificent thus showing that beyond a
180 minute trip-time the returns to extra-regiomalovative activities are inexistent.
Such measure for the spatial extent of regiondlospers is, as discussed above, in
line with the empirical evidence produced so faowdver, trip-length distance has
allowed a more accurate measure of distance agiarta human interactions across
geographical space. These results are confirmeal \ateen total accessibility to
innovative activities is considered by introduciagrariable capturing both internal
and distance-weighed R&D expenditure (Regressioh2)5In this second case the
‘institutional’ borders of the region are overcotfmg focusing upon a ‘continuous’
space which results from the aggregation, in aividdal variable, of the total R&D
expenditure that can be reached from a certairtitocteegardless of regional borders.
In doing this, we aim to measure the total impatt B&D agglomeration on

economic performance.

Our results show once again that only the variatdesbining the strength of internal
efforts with those pursued in more proximate (withihe 180 minutes limit) areas
produce a positive and significant effect on reglogrowth performance. The 180
minutes limit for interregional knowledge flows cemto reinforce the idea of a
‘human-embodied’ transmission technology sincdlavwes the maximization of face-

to-face contacts between agents. Agents withinrdyidistance one from another can
exchange their information face-to-face potentiallya daily basis, at a much lower
marginal cost in comparison to those where an agktrstay is necessary (Sonn and

Storper 2005).
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5. Conclusions

The objective of this paper has been to analyseEld regions, the role played by the
different combinations of factors identified by fdilent approaches to the study of
innovation, and to discriminate among them. Theiltesof the empirical analysis
uncover the importance not only of the traditioinaar model local R&D innovative
efforts, but also of the local socio-economic ctiods for the genesis and
assimilation of innovation and its transformatiomtoi economic growth across
European regions. In addition, it shows the impuréa of proximity for the
transmission of economically productive knowled@ae results highlight that not
only knowledge flowing from neighbouring regions praves regional growth
performance, but also that spillovers are geograbllyi bounded and that there is a
strong distance decay effect, which in the Europemse expands to more or less a
200 km radius. These outcomes shed additional 6ghthe role of geography in the
process of innovation, by supporting the idea ofeaisting tension between two
forces: the increasingly homogeneous availabdftgtandard ‘codified” knowledge
and the spatial boundedness of ‘tacit’ knowledge @mntextual factors. Such tension
is an important force behind the present economagpphy of European regions and

its role is further accentuated by the underlyiog@economic differences.

The analysis also has important regional policy licapions. When innovation is
recognized as the key source of sustained econgroieth, the mechanics of its
contribution to economic performance becomes cltufba an effective policy

targeting. In this respect our analysis has shawat] in terms of innovation, a region
can rely upon both internal and external sourceswdvation, but that the socio-

economic conditions in order to maximize the inrt@rapotential of each region are
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necessarily internal, as socio-economic conditiong:eighbouring regions do not

have any substantial impact on local economic perdnce.

Consequently, policies based on innovation mayegliat a regional level in Europe,
very different results, according to the possipibf every region of benefiting from

knowledge spillovers (location advantage) and faable underlying socioeconomic
conditions (internal conditions). R&D investmentdore regions, which benefits from
both a location and social filter advantage, isralfemore conducive to economic
growth due to its impact on both local and neighlmau regions’ performance.

Conversely, in peripheral regions investment in R&y not yield the expected
returns. The limited R&D investment capacity of i in the periphery, their

inadequate social filters, and their lower exposbezause of their location, to R&D
spillovers are likely to undermine the R&D efforvrmlucted within the borders of
these regions. Does this mean that it is not wortesting in innovation in the

periphery? Our results indicate that very diffenealicies to those of the core may be
needed in order to render peripheral societies urofie more innovative. These
policies will need to rely less of R&D investmemdamuch more on tackling the
local social and economic barriers that prevent rdxeption and assimilation of
external innovation. Any incentive for local inndiva activities would have to be

complemented by the reinforcement of the local @mdent in terms of education and
skills in order to guarantee the greatest retummsnfinnovation policies. The

emphasis on skills is also likely to set the fourates for a future transformation of
these regions into innovation prone societies, lmctv the returns of any investment

in R&D will yield substantially higher results tham present.
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Overall, our analysis supports the idea that witnéeneo-Schumpeterian threshold of
expenditure is an important factor in determinihg teturns of investment in R&D,
for most regions in the EU the capacity of the Igugpulation to assimilate whatever
research is being generated locally or in neighibhgutegions and to transform it into
innovation and economic activity may be a bettesrisiterm solution in order to

generate greater economic growth.
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Table 2a - Principal Component Analysis: Eigenanalysiof the Correlation Matrix

PC1 PC2 PC3 PC4 PC5 PC6
Eigenvalue 2.5886 1.2723 0.9083 0.6418 0.5661 0.022
Proportion 0.431 0.212 0.151 0.107 0.094 0.004
Cumulative 0.431 0.643 0.795 0.902 0.996 1

Table 2b - Principal Component Analysis: PrincipalComponents' Coefficients

Variable PC1 PC2
Education Population 0.576-0.224
Education Labour Force 0.5540.313
Life-Long Learning 0.395 0.26
Agricultural Labour Force -0.43 -0.285
Long Term Unemployment -0.14 -0.459
Young People 0.019 0.701
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Table 3 - H-C OLS estimation of the empirical modelR&D, social filter and knowledge spillovers

1 2 3 4 5 6 7 8 9 10 11 12
Constant 0.09406*** 0.12284** (0.12182*** 0.1126**  0.10707*** 0.09655*** 0.08491*** 0.08989*** 0.10777** 0.12054*** 0.12187** (.12059***
(0.02572) (0.02814) (0.02796) (0.02563) (0.02561) 0.02671) (0.03019) (0.0292) (0.02709) (0.02802) 02805) (0.02809)
Log GDP 95 -0.003098 -0.005756 -0.00663* -0.00574*-0.005112 -0.003359 -0.00196 -0.002733 -0.004345.008577* -0.006349* -0.007705*
(0.003255) (0.00353) (0.003543) (0.003267) (0.08326(0.003346) (0.003803) (0.003478) (0.003339) (B5¥1) (0.003668) (0.003929)
R&D expenditure 0.2682** 0.1424 0.1791 0.1366 0.166 0.2556**  0.2664*  0.2653**  0.2548** 0.1883 0.177 .1®09
(0.1174) (0.1207) (0.1218) (0.1212) (0.1208) 0922 (0.1177) (0.1182) (0.1172) (0.1213) (0.1223) 1234)
Social Filter Index 0.01052** 0.010787** 0.010538** 0.011422**
(0.004626) (0.004598) (0.004682) (0.004713)
Accessibility to ExtraRegional Innovation 0.013236 0.01387*  0.013157*  0.013733* 0.012717* 0.012262 018353 0.013807* 0.014184* 0.013936* 0.014229*
(0.008148) (0.008031) (0.007908)  (0.007975) (03)08 (0.008336) (0.008182) (0.008119) (0.008052) @(BO®9) (0.008067)
National Dummies X X X X X X X X X X X X
Social Filter Individual Components:
Education Population 0.017003***
(0.005341)
Education Labour Force 0.019224***
(0.006986)
Life-Long Learning 0.00385
(0.01076)
Agricultural Labour Force 0.003802
(0.006528)
Long Term Unemployment 0.001892
(0.006205)
Young People -0.009089
(0.005882)
Extra-Regional Social Filter
Total accessibility to innovation prone space 0.012617***
(0.005656)
Accessibility to Innovation Prone Extra-Regionaas -0.00808
(0.0261)
Accessibility to wealth neighbouring
regions 8.8E-07
(0.00000138)
R-Sq 0.659 0.665 0.672 0.681 0.676 0.66 0.66 0.659 0.665 0.67 0.672 0.672
R-Sq (ad)) 0.62 0.626 0.631 0.642 0.636 0.618 0.618 0.618 0.624 0.63 0.629 0.63
F 16.84 17.27 16.7 17.45 17.03 15.82 15.85 15.81 916.1 16.61 15.72 15.77
Moran's | -0.0193012-0.0185667 -0.0189041 -0.0194612 -0.0198153 -0.0193265).0198503 -0.0195195 -0.0199182 -0.0188243 -0.0188376 -0.0189403

* ** and *** denote significance at a 10%,5% ah®o level respectively. SE in parentheses
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Table 4 - H-C OLS estimation of the empirical modk accessibility to innovation

1 2 3 4 5 6 7 8 9 10 11 12

Constant 0.12182*** 0.134**  (0,12317** 0.12551** (.12107*** 0.12176** 0.1216*** 0.12116*** 0.09082*** 0.09202*** (0.08063*** 0.09103***

(0.02796) (0.02838) (0.02822) (0.02844) (0.028) 02099) (0.02799) (0.028) (0.02532) (0.02533) (015 (0.02533)
Log GDP 95 -0.00663 -0.007635**-0.006016* -0.005813 -0.005554 -0.005661 -0.005642 -0.005570.004745 -0.001913 -0.000093 -0.001779

(0.003543) (0.003612) (0.003571) (0.003537) (0.0835  (0.003506) (0.003505) (0.003506) (0.003166)  0QB168) (0.003078) (0.003168)
R&D expenditure 0.1791 0.1486 0.1458 0.1475

(0.1218) (0.1194) (0.1211) (0.1211)
Social Filter Index 0.010787*  0.01074** 0.01101**0.010379** 0.01081** 0.010656** 0.010685** 0.010782**

(0.004598) (0.004579) (0.004724) (0.004638) (0.8045  (0.004538) (0.004538) (0.00455)
Accessibility to ExtraRegional Innovation
Continuous Space 0.01387*

(0.008031)
180 minutes cutoff 0.00983**

(0.00481)
300 minutes cutoff 0.002556
(0.004712)
600 minutes cutoff -0.005154
(0.007263)
Total accessibility to Innovation (Extra+Intra remial)
Continuous Space 0.005349 0.008264*
(0.004505) (0.004401)
180 minutes cutoff 0.006191 0.009091**
(0.004619) (0.004518)
300 minutes cutoff 0.006103 -0.000643
(0.004628) (0.004707)
600 minutes cutoff 0.005447 0.00836*
(0.004506) (0.004402)

National Dummies X X X X X X X X X X X X
R-Sq 0.672 0.674 0.666 0.666 0.665 0.666 0.666 50.66 0.652 0.653 0.644 0.652
R-Sq (adj) 0.631 0.634 0.625 0.625 0.626 0.627 0.62 0.627 0.615 0.616 0.606 0.615
F 16.7 16.89 16.25 16.28 17.27 17.34 17.33 17.28 4617 17.55 16.84 17.47
Moran's | -0.0189041  -0.0196286 -0.0186123 -0.059050.0189909 -0.0192397-0.0191901 -0.0189931 -0.0188665 -0.0191502 -0.0165446 -0.0188604

* ** and *** denote significance at a 10%,5% ah®o level respectively. SE in parentheses
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Appendix

Table A-1 — Description of the variables

Variable | Definition
Innovation
R&D | Expenditure on R&D (all sectors) as a % of GDP
Social Filter
Life-Long Rate of involvement in Life-long learning - % of &tk (25-64 years)
Learning involved in education and training
Education % of employed persons with tertiary education (lete6 ISCED 1997)
Labour Force '
Educaﬂ_on % of total population with tertiary education (Iév&-6 ISCED 1997).
Population
Iﬁa %r(')%urlij(;?ée Agricultural employment as % of total employment
Long Term

Unemployment

People aged 15-24 as % of total population

Young People

Long term unemployed as % of totampieyment.
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