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ABSTRACT. By drawing on the Schumpeterian distinction between invention (i.e., new ideas and
knowledge creation) and commercialization of new ideas (i.e., innovation), this paper shows that
knowledge and innovation are both important drivers of economic growth, but have heterogeneous
spatial impacts. In particular, the growth benefits accruing from knowledge seem rather selective and
concentrated across space whereas the growth benefits generated by innovation seem more diffusive,
and regions innovating in the absence of a strong local knowledge base can be as successful as more
knowledge-intensive regions in turning innovation into a higher growth rate, possibly by exploiting
local informal knowledge and/or knowledge spillovers. These results are of great importance for the
design of research and innovation policies within the frame of the Europe 2020 strategy.

1. INTRODUCTION

This paper studies the role played by knowledge and innovation in regional economic
growth. Much has already been written in the literature on this relationship, and opinions
largely converge on the importance of these elements for regional performance.!

This paper therefore belongs within a well-documented literature tradition and aims
to contribute to it by providing new evidence on spatial heterogeneity in the interplay be-
tween knowledge and innovation, and by assessing their (spatially differentiated) impacts
on regional growth.

In particular, this paper claims that the capacity of regions to exploit (and mix) knowl-
edge and innovation successfully in order to achieve higher paces of economic growth may
differ substantially among regions, and that less knowledge-intensive innovative regions
can succeed just as much as more knowledge-intensive regions in exploiting innovation
to achieve higher economic performances.

Focusing on technological change as the innovation paradigm to be studied, this
paper separates knowledge from innovation by drawing on the Schumpeterian distinction
between invention (i.e., a new idea, a new piece of knowledge) and commercialization of
a new idea (i.e., innovation) (Schumpeter, 1934, 1942). With this distinction in mind,
the paper conceptually treats “R&D and patents” as sources of new (formal) knowledge
that may lead to innovation when commercially exploited. Empirically, this distinction is
made possible by a rich database on the share of firms developing product and/or process
innovation at the regional level, where innovation is conceived as the result of either
formal or informal knowledge embedded in human capital, if not of knowledge spillovers.
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This paper aims to demonstrate that, on average, both knowledge and innovation
are crucial, albeit different, drivers of economic growth. However, since knowledge and
innovation may mix in space in a variety of ways, this paper seeks to show that the growth
benefits accruing from innovation do not always match the strength of the formal local
knowledge base. In so doing, this paper adds to the literature on knowledge, innovation,
and regional growth in three main directions.

First, at the conceptual level, the paper separates out the impact of knowledge on eco-
nomic growth from the impact of innovation; regions may in fact benefit from innovation
without being knowledge-intensive creators, or they may take advantage of knowledge
creation, without fully exploiting their knowledge capacity to innovate. In this way, the
paper contributes to research on the conceptualization of innovative processes at the local
level. In fact, by distinguishing invention (i.e., knowledge creation) from commercializa-
tion (i.e., innovation), our approach directly challenges the view that locally created formal
knowledge unavoidably leads to local innovation and, more importantly, that local inno-
vation takes place only because of local formal knowledge availability. While the crucial
role of creative efforts, learning processes, interactive and cooperative atmospheres, that
is, knowledge creation activities, in achieving productivity gains and enhanced economic
performance is almost indisputable, the paper argues that, at the spatial level, the knowl-
edge/innovation nexus is far from straightforward. Although lacking strong local formal
knowledge creation capabilities, several regions may achieve not negligible innovation
and economic performances by exploiting knowledge externalities and/or local informal
knowledge.

Second, at the empirical level, the paper provides brand new data on knowledge,
innovation, and growth patterns for 262 regions of 27 European Union member states.
The paucity and/or low quality of regional innovation data may be the reason for the
scarcity of approaches separating invention from innovation at the local level, especially
in the European case (Hollanders, Tarantola, and Loschky, 2009).

Finally, our conceptual hypotheses and empirical results are of high importance for
current efforts to design research and innovation policies within the frame of the Europe
2020 strategy for the smart growth of the European Union and its regions (EC, 2010a,
2010b, 2010c). Whereas previous policy efforts have mostly concentrated on supporting
knowledge creation activities as the chief enablers of higher economic performance, and
implicitly on knowledge-intensive regions as prominent players in this regard, our results
suggest that innovative regions should not be neglected, because they show comparable
growth potential. Targeting these regions with dedicated innovation policies therefore
seems crucial to have them fully contributing to the achievement of the Europe 2020
strategy goals.

The rest of the paper is organized as follows. Section 2 comments on the relevant
literature about knowledge, innovation, and regional growth and, accordingly, formulates
the research hypotheses. Section 3 sets out the empirical framework and describes knowl-
edge and innovation patterns in European regions. Section 4 reports and discusses our
empirical findings. Section 5 provides a possible explanation for the lack of the knowledge-
innovation nexus in some regions. Section 6 concludes by outlining important policy im-
plications deriving from this work.

2. REFLECTIONS FROM THE LITERATURE AND TESTABLE HYPOTHESES
Knowledge, Innovation and Regional Growth Nexus: State of the Art in the Existing
Literature

Over time, a large body of theoretical and empirical studies have considerably
expanded and augmented the scientific understanding of knowledge and innovation



processes in space, and they have been highly successful in identifying the territorial
preconditions and local elements that can support them.

The advance and diffusion of endogenous growth theory (Grossman and Helpman,
1990; Romer, 1990; Aghion and Howitt, 1998; Howitt, 2000; Acemoglu, Aghion, and
Zilibotti, 2006; Ertur and Koch, 2011) and New Economic Geography (NEG) (following the
seminal contribution by Krugman in 1991) since the early-1990s have certainly generated
renewed interest in the theoretical and empirical literature on regional growth in the past
two decades. The emphasis placed on the role of knowledge and innovation as sources
of increasing returns and, possibly, divergent (club) growth patterns, as earlier high-
lighted in evolutionary Schumpeterian contributions (for a review see Fagerberg, 2003),
has in fact led to fertile and extensive contributions to the debate of regional convergence,
especially in the European context (Rodriguez-Pose and Fratesi, 2004; Ramajo et al.,
2008).

In parallel, since the influential papers by Jaffe (1986, 1989) and Griliches (1990),
empirical tests of knowledge production functions, implemented at the national, re-
gional, and firm levels, have provided robust evidence of the key role of knowledge
inputs (namely, R&D expenditures) in generating knowledge outputs (namely, patent
intensity) at all levels of analysis (for a regional approach, see among the many others
Crescenzi, 2005; Rodriguez-Pose and Crescenzi, 2008; Sterlacchini, 2008; Marrocu, Paci,
and Usai, 2013). Importantly, they have confirmed the unbalanced spatial distribution
of knowledge production and they have opened the debate on the geographical reach of
knowledge flows, as well as on the main mechanisms and channels directing them (Jaffe,
Trajtenberg, and Henderson, 1993; Acs, Audretsch, and Feldman, 1994; Audretsch and
Feldman, 1996; Anselin, Varga, and Acs, 2000; Autant-Bernard, 2001; Moreno, Paci, and
Usali, 2005; Fritsch and Slavetch, 2007; Breschi and Lissoni, 2009; Capello and Caragliu,
2012).

The capacity of generating local knowledge, and of turning knowledge into growth,
has long been identified with the presence of territorial conditions in the area: the
role of soft elements like interaction, synergy, and cooperation among local actors has
been highlighted as fundamental source of collective learning processes and, hence, new
knowledge creation at the local level, eventually leading to innovation. Local “milieux”—
consisting of network relations (long-distance and selective relationships), interaction,
creativity, and recombination capability nourished by trust, social capital, and agglom-
eration effects—have been indicated as primary loci for the creation of knowledge
(Camagni, 1991; Perrin, 1995; Capello, 1999; Keeble and Wilkinson, 1999, 2000). Sim-
ilarly, the “learning” region, that is, a region able to combine existing but dispersed
know-how, interpretations of market needs, information flows with intellectual arti-
facts such as theories and models, has been identified as the place where such cogni-
tive processes play a vital role (Lundvall and Johnson, 1994). Likewise, the regional
innovation system approach has highlighted the importance of an efficient combina-
tion of a subsystem of knowledge generation and diffusion (knowledge infrastructure
dimension) with a subsystem of knowledge application and exploitation (business di-
mension), which is made up of the companies located in the region, and where intense
interactions and the circulation of knowledge, human capital, and resources within
and between the subsystems are the success conditions for local innovation (Trippl,
2010). Also, in specific streams of literature, such as the “milieux innovateurs” theory
(Camagni, 1991), innovative areas by definition are expected to register higher
productivity increases.

Interestingly, all these contributions consistently emphasize the crucial role of knowl-
edge in regional growth and share the idea that the higher the local (formal) knowledge en-
dowment the better the local economic performance. Consistently with the Schumpeterian



tradition, innovation is viewed as the outcome of investments in very costly and risky re-
search activities. Accordingly, the empirical tests are mostly based on the use of R&D
statistics (or patent counts) as proxies for innovation outcomes, returning a highly con-
centrated picture of knowledge creation (and thus innovation) activities in space (see
among many others Acs et al., 1994; Anselin et al., 2000; Howitt, 2000; Acemoglu et al.,
2006; Fritsch and Slavetch, 2007; Rodriguez-Pose and Crescenzi, 2008; Sterlacchini, 2008;
Ertur and Koch, 2011; Marrocu et al., 2013).

If the relationship among knowledge, innovation, productivity increases, and eco-
nomic growth is largely undisputable, it is nevertheless true that some regions may be
more able than others to grasp the advantages stemming from knowledge and innovation.
From an evolutionary perspective, in fact, knowledge creation and innovation are highly
cumulative processes leading to a markedly differentiated cognitive base, absorptive ca-
pacity and potential for learning across actors and regions (Iammarino and McCann,
2006), explaining the agglomeration of firms in high-tech clusters (among others, see
Keeble, 1990; Sternberg, 1996a). Therefore, the capacity to exploit knowledge and inno-
vation for strategic purposes is not equally distributed among firms, institutions, and, in
general, regions (Capello, 1994), suggesting that the link between formal knowledge and
innovation, and their impact on economic growth, may be much complex and heteroge-
neous at the regional level (and more than at the national level), and regions may succeed
in innovating and growing although they lack strong local (formal) knowledge creation
capabilities (Capello and Lenzi, 2013a). Sternberg (1996b), for example, suggests that the
link between formal knowledge (in the form of public R&D expenditures) and innovative
performance is somewhat weaker in countries adopting a diffusion-oriented approach to
technology policies (Ergas, 1987) than in countries adopting a mission-oriented approach
to technology policy.

In some cases, regions can innovate on the basis of external knowledge, acquired
through networking with leading regions, and of specific know-how in local application
sectors. The history of technology and innovation is rich with examples: the fax machine,
first developed in Germany, was turned into a product successful worldwide by Japanese
companies. Similarly, the antilock brake system (ABS) was invented by U.S. car mak-
ers but became prominent primarily due to German automotive suppliers (Licht, 2009).
More in general, there may be regions with weak internal formal knowledge creation
capacity but which are able to leverage on external knowledge sources or on internal in-
formal knowledge sources and to develop innovation so to achieve higher economic growth
rates.

On the one hand, R&D investments are indicators of what can be termed “analyt-
ical” and “formal” knowledge (Asheim and Coenen, 2005; Asheim and Hansen, 2009),
and thus provide a highly selective, and possibly unbalanced, description of the knowl-
edge sources. Innovation processes increasingly rely upon a mix of differentiated knowl-
edge sources that tend to vary with specific characteristics of innovative agents. Conte
and Vivarelli (2005) and Piergiovanni, Santarelli, and Vivarelli (1997) specifically show
that the importance of formal knowledge tends to decrease for smaller firms and in
more traditional sectors, which instead rely more on technologies embodied in machin-
ery and equipment on the one hand, and informal knowledge embedded in profession-
als on the other. Moreover, R&D and patents are indicators of specific innovation ef-
forts stemming from formal knowledge. They neglect all innovative efforts that can be
developed either in the form of process, marketing, and organizational innovations or
in the form of product innovation not necessary obtained via research and patenting
activities (for a review on the limits of these indicators as proxies for innovation see
Griliches, 1990), as earlier highlighted in the debate on development and catching-up
achieved through social capabilities (Abramovitz, 1986), absorptive capacity (Cohen and



Levinthal, 1990), technological capabilities (Kim, 1980, 1997), and more recently reju-
venated, among many others, in Archibugi and Coco (2005); Fagerberg, Shrolec, and
Knell (2007); Fagerberg and Srholec (2008); and Fagerberg, Srholec; and Verspagen
(2010).

On the other, when one moves from the national level to the regional level of analysis,
these considerations become even more compelling because of the highly concentrated
spatial profile of research activities (as widely documented for both the European and the
U.S. cases; see among the many others Rodriguez-Pose and Crescenzi (2008) for Europe
and Feldman (1994) for the U.S.) and the paramount importance of knowledge spillovers
selectively diffusing across geographical (Jaffe, 1989; Jaffe et al., 1993; Moreno et al., 2005)
and cognitive spaces (Breschi and Lissoni, 2009; Boschma, 2005; Capello and Caragliu,
2012). Since the contributions of Jaffe (1989) and Jaffe et al. (1993), the literature has
in fact largely documented the importance of knowledge spillovers and has identified
specific mechanisms directing knowledge flows such as localized specialized labor markets
(Almeida and Kogut, 1999; Breschi and Lissoni, 2009), socioprofessional networks (Sing,
2005; Giuliani, 2007; Breschi and Lissoni, 2009), entrepreneurial dynamism (Armington
and Acs, 2002; Acs and Armington, 2004, 2006; Storey and Acs, 2004; Acs and Varga, 2005;
Fritsch and Falck, 2007), the structure of the local knowledge base and its specialization
profile as summarized in the related variety debate (see among the many others Frenken,
van Oort, and Verburg, 2007; Boschma and Iammarino, 2009), and the intensity and
quality of university—industry relationship (Zucker, Darby, and Brewer, 1998; Varga, 2000
and 2009).

What can be grasped from the literature is that there is a wide consensus on the
importance of some territorial preconditions to create knowledge and innovation and
to turn them into growth; in general, it is given for granted that if a region produces
knowledge, it is able to turn it into innovation. However, the literature implicitly provides
explanations for a situation in which the local knowledge—innovation nexus does not hold,
and innovation takes place without a strong formal local knowledge creation process;
these explanations rest in the existence in some areas of informal knowledge and/or in
knowledge spillovers processes from knowledge-intensive regions.

Moreover, in the literature the linkage between knowledge, innovation, and regional
growth is indisputable. Our claim is that nothing in the literature suggests that, if we
assume the existence of different innovation modes—based on formal knowledge, informal
knowledge, or external knowledge—we have to expect these modes to have different
growth benefits. This is something that is worth testing empirically, and it is the subject
matter of the next sections.

Testable Hypotheses

Better to understand the knowledge—innovation—growth nexus at the regional level,
this paper builds on the distinction between formal knowledge and innovation to assess
their (spatially differentiated) impacts on regional growth. Similar efforts have been
hampered to date by the paucity and/or low quality of innovation data (an especially
major barrier in the European case: Hollanders, 2009), although with some exceptions for
the U.S. case (Feldman, 1994; Anselin, Varga, and Acs, 1997; Varga, 2000; Acs, Anselin,
and Varga, 2002).2

2Tn this regard, it is worth remarking that innovation data have been used in the frame of “innovation
production function” and not to assess the impact of innovation on economic growth (Feldman, 1994,
Anselin et al., 1997; Acs et al., 2002).



By looking at the differentiated mix of knowledge and innovation across regions,
this approach also emphasizes the importance of accounting for spatial heterogeneity
in order to fully grasp the differentiated pathways from knowledge and innovation to
higher economic performance (Varga, 2000, 2006; Capello and Lenzi, 2013a). In so doing,
it departs from most previous studies on the impact of knowledge on regional growth,
which have mostly focused on the “average impact for the average region,” and it comple-
ments recent studies that propose differentiated impacts of formal knowledge on growth
according to distinctions such as socioeconomic definitions (politically decided), for ex-
ample, advanced versus disadvantaged regions defined as Objective 13 regions (Sterlac-
chini, 2008; Charlot, Crescenzi, and Musolesi, 2012), or to institutional distinctions (e.g.,
EU15-non-EU15 regions), which ultimately capture different stages of socioeconomic de-
velopment (Marrocu et al., 2013). However, these socioeconomic and institutional distinc-
tions do not make it possible to capture important heterogeneity sources across regions
in the types of knowledge needed for innovating and in the propensity toward innova-
tion, which mostly depend upon specific and systemic context conditions and tend to be
highly cumulative and persistent over time (Iammarino, 2005; lammarino and McCann,
2006).

Besides confirming the importance of knowledge inputs (namely, the share of R&D
expenditures over GDP) and innovation as drivers of regional growth, as consistently
shown in previous research, this paper aims to demonstrate that the growth advantages
stemming from knowledge and innovation are spatially heterogeneous and do not always
match.

To this end, the paper acknowledges the possibility that knowledge and innovation
do not necessarily overlap at the spatial level so their effects are expected not to offset one
another. The first hypothesis, then, posits that knowledge and innovation have statistically
different effects on regional growth.

Second, while the link between (formal) knowledge intensity and regional growth on
the one hand, and the link between (formal) knowledge intensity and innovation are on
average indisputable, regions may be differently positioned and show different advan-
tages in terms of formal knowledge creation potential and innovation creation potential,
as innovation can derive from other sources than formal knowledge (namely, knowledge
spillovers and informal knowledge), as thoroughly documented by the literature reviewed
earlier. This suggests that the highly selective and concentrated spatial profile of formal
knowledge and its effects on growth does not necessarily apply also to innovation. The
second hypothesis then posits that the growth advantages stemming from formal knowl-
edge are likely to be spatially more selective and concentrated than the growth advantages
stemming from innovation.

Third, if one admits the fact that regions may be highly innovative by exploiting
informal knowledge and knowledge spillovers and not exclusively by exploiting formal
knowledge resources, formal knowledge and innovation not only may manifest with dif-
ferent intensities and penetration across space but also, and more interestingly, their
interplay may have heterogeneous effect on GDP growth. As the debate on innovation
and catching-up mentioned earlier suggests, especially in developing economies with lim-
ited technological and scientific bases, development trajectories rely more on learning,
innovation, diffusion, if not proactive and creative imitation, than on the expansion of
R&D expenditures.

30bjectivel regions are regions with a per capita gross domestic product (GDP) lower than 75 percent
of the European Union average.



The third hypothesis, then, posits that the growth benefits accruing from innovation
do not necessarily maich the strength of the formal local knowledge base. In particular,
innovation is expected to generate relatively higher growth advantages in regions with a
relatively more limited formal knowledge base.

The next section develops the econometric regression framework to support these
hypotheses empirically.

3. THE EMPIRICAL FRAMEWORK

The Conceptual Logic

The empirical model tested was designed to assess the importance of knowledge and
innovation for regional growth while controlling for additional determinants of regional
growth (i.e., those elements that enable a region to find a position in the international divi-
sion of labor and maintain that position over time) suggested in the literature. Therefore,
our empirical model has to explain regional growth by including:

(1) indicators capturing knowledge and innovation intensity;

(2) territorially embedded elements that facilitate their creation (i.e., socioeconomic local
factors that enable knowledge and innovation to take place); and

(8) region’s economic dynamics and development stage controls.

(1) Knowledge and Innovation Intensity

Consistently with the literature on regional growth and with endogenous growth
theory (e.g., Crescenzi, 2005; Ertur and Koch, 2011; Marrocu et al., 2013), an indicator of
formal and basic knowledge, measured through R&D expenditures on GDP, was included
in order to capture knowledge inputs. This was complemented with an indicator of infor-
mal knowledge embedded in human capital, labeled “capabilities,” in order to control for
different types of knowledge base locally available (Asheim and Coenen, 2005; Asheim
and Hansen, 2009; Fagerberg and Srholec, 2008). Moreover, differently from previous
studies (e.g., Acemoglu et al., 2006; Rodriguez-Pose and Crescenzi, 2008), innovation was
distinguished from R&D expenditures, the expectation being that this variable has an
additional explanatory power with respect to knowledge; this variable directly accounts
for the impact of new products and/or processes introduced in the market on the GDP
growth rate. Empirically, the presence of both R&D expenditure and innovation may be
problematic. First, because the R&D variable includes both commercialized and noncom-
mercialized knowledge, one cannot rule out that it already captures innovative efforts by
firms. This possibility was excluded by checking for multicollinearity between knowledge
and innovation. This turned out to be limited, since, as shown in the next sections, the
introduction of the innovation variable added explanatory power to the regional growth
model. Second, there may be not only a simultaneous effect of both R&D and innovation
on growth; it may also be the case that knowledge generates innovation, which leads
to higher economic performance. This logical path would require a structural equation
modeling approach; in this case, the results of such a modeling strategy turned out to be
similar to those of the OLS model, showing that innovation has an impact on GDP growth
regardless of the input that it receives from R&D.*

“The results are available from the authors upon request.



(2) Knowledge and Innovation Territorial Enabling Factors

Innovation is a territorially embedded process, and it cannot be fully understood
independently of the social and institutional conditions (Rodriguez-Pose and Crescenzi,
2008). For this reason, the second group of variables considered in the empirical frame-
work included socioeconomic local factors that make the presence of favorable systems of
innovation more likely.

Several contributions from the milieu innovateur theory (Camagni 1991) to institu-
tional economics (Tabellini, 2008) stress the importance of a cooperative and trustworthy
economic environment for enhancing local knowledge creation, innovation, and more gen-
erally the business atmosphere and economic performance. For this reason, an indicator of
social capital was introduced as a measure of trust, cooperative propensity, and collective
actions within a region. Higher cooperation should promote knowledge and innovation
circulation and socialization, thus enhancing local growth potentials.

An indicator for agglomeration economies was also added. This was meant to cap-
ture the synergic effects, complementarities, collective learning effects, and local knowl-
edge spillovers arising in the dense agglomerations of economic activities at the base
of knowledge and innovation creation, and local growth.? The importance of agglomera-
tion economies has in fact been consistently documented in the literature (see Beaudry
and Schiffauerova, 2009, for a review) on innovative and regional performance, as well
as in the NEG debate (Krugman, 1991); ceteris paribus, an agglomerated region grows
more because of synergic effects and complementarities arising in densely populated
areas.

Moreover, a control for value-added functional specialization was inserted, since the
literature has widely debated its role as an element stimulating innovation (Beaudry
and Schiffauerova, 2009). High-level functional specialization was captured as the share
of upper-level occupations, with the expectation that upper-level occupations are more
skill-intensive and more inclined to stimulate knowledge and innovation, and therefore
the growth rate, than lower-level occupations (Duranton and Puga, 2000).

Furthermore, a measure of accessibility to the region was introduced, the expec-
tation being that the greater the accessibility, the higher the probability of acquiring
new knowledge, new ideas, and new information, and therefore the higher the growth
rate. The role of accessibility and infrastructure has always been central in studies of
regional growth, and it has been more recently relaunched in the NEG debate (Krugman,
1991).

Finally, an important element that can explain GDP growth is the presence of en-
trepreneurship (Parker, 2005). New businesses creation rate would be the best indicator
to account for entrepreneurship. Differently from the U.S. case (see among the many
others Armington and Acs, 2002; Acs and Armington, 2004, 2006; Storey and Acs, 2004;
Acs and Varga, 2005), there is not a comparable indicator of entrepreneurship for the
whole population of regions of the EU27 member states. More in general, entrepreneur-
ship measurement is highly problematic in the European context and severely impaired
by the availability of good indicators, self-employment being the most common indica-
tor used in empirical research despite it being highly controversial and likely to provide

5This variable also makes it to control indirectly for the relevance of knowledge-intensive (business)
services and creative industries in general, whose knowledge and innovative efforts might be underes-
timated by the present indicators for R&D and innovation. In fact, the location quotient of knowledge-
intensive services is statistically significantly higher in denser and agglomerated regions with respect to
the others.



ambiguous results IAREG 2010; Marrocu et al., 2013).6 Therefore, given data constraints,
in the analysis reported here we calculated the regional share of self-employment on total
employment, with the exclusion of the whole sale and retail sector, which tends to inflate
this ratio.

(3) Economic Dynamics and Socioeconomic Development Stage

A last group of variables is necessary to control for a region’s economic dynamism.
In order to assess whether GDP growth was the outcome of employment or productivity
increases, the dynamics of the regional labor market were taken into consideration and
measured through an indicator of employment growth rate.

To control for a region’s economic attractiveness and the relevance of trade (consis-
tently with the literature on trade and integration theory, e.g., Grossman and Helpman,
1990; Badinger and Tondl, 2002), an indicator of foreign direct investments (FDIs) pene-
tration rate was introduced. This was expected to affect the GDP growth rate positively,
and it was supposed to generate a push effect on the local economy.

As originally highlighted by Perloff (1957) and Perloff et al. (1960), also the sec-
toral specialization of the regional economy can affect regional growth potentials through
proportional mix and shift effects. Its inclusion was therefore important, also because it
might explain the innovation capacity of a region regardless of its knowledge intensity. In
fact, for example, knowledge-intensive services (KIS) and creative industries are highly
dynamic sectors and can act as drivers of growth, even if R&D expenditures in this sector
are almost null (EC, 2012). Accordingly, the regional specialization in KIS was inserted.

Finally and consistently with the literature on regional growth and convergence
(showing possible divergent club-like growth patterns [Ramajo et al., 2008]), two addi-
tional controls were added: a dummy variable for regions located in New Member States
(NMS), which showed a remarkable distinctive growth behavior with respect to EU15
regions in the early-2000s (Capello et al., 2008) and structural funds expenditures in
order to account for the likely positive impact of public expenditures aimed at stimulating
growth in developing regions.

We acknowledge that this empirical framework might overlook specific elements that
have been found to be closely correlated with regional growth. For example, the availability
of financial resources like venture capital is certainly crucial for engaging in highly risky
and costly activities such as research and innovation. Moreover, the availability of finan-
cial services such as venture capital shows a prominent tendency to cluster in space and an
uneven distribution at the regional level. Similarly, the estimation framework would have
benefited from the inclusion of an indicator of the presence of universities and research
centers. However, the lack of consistent, comparable, and detailed data at the NUTS2 level
for all EU countries prevented us from including these elements in the analysis. We tried
to overcome the lack of these data by inserting a dummy variable, which captures the pres-
ence in the region of a dynamic large metropolitan area; this variable indirectly controls for
the presence of financial capital, of universities, and research centers because both finan-
cial and higher education and research activities are prominently located in metropolitan
settings.

Table 1 reports the description of the variables and their sources, and Table 2 their
descriptive statistics. The correlation matrix is available in Appendix A.

6Self-employment may be in fact not only the outcome of innovation- and market-related opportu-
nities but also of high unemployment and uncertain career prospects or, as largely in underdeveloped
economies, of necessity (Buenstorf, 2009).
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TABLE 2: Descriptive Statistics

Variable Obs. Mean Std. Dev. Min. Max.

GDP growth rate 262 3.64 2.05 -1.33 12.41
(2005-2007)

Employment growth 262 —-2.01 3.41 —21.32 13.41

rate in manufacturing
(2002-2004)

Trust (2000) 262 30.97 15.77 0 82
Accessibility 262 27.03 39.48 0 453.51
(infrastructure
endowment) (2000)
FDI (2003-2005) 262 0.19 0.40 0 4.29
Structural funds 262 33,454,030 56,140,880 0 434,866,600
expenditures
(1994-1999)
Share of blue collar 262 33.3 7.1 16.33 58.73
occupations
(2002-2004)
Capabilities 262 0.40 0.16 0 1
(1997-2001)
LQ KIS (2002) 262 1.02 0.30 0.32 2.01
Self-employment 262 12.11 6.22 1.55 38.37
(1999-2004)
R&D (2000-2002) 262 1.37 1.21 0.10 6.60
Innovation (2002-2004) 262 35.54 13.27 7.97 87.10

The Model and the Estimation Procedure

The model to be estimated was a regional growth model, made dependent on knowl-
edge and innovation intensity, and controlled for the territorial enabling factors and the
economic dynamics and socioeconomic development stage, as follows:

(@)
AGDP, = oy + B1AEmpl, + BoNMS. + BsSocialCapital,. + BsInfrastructure, +
+ BsF DI, + B¢ Structural Funds, + B7 Functional Specialization,
+ BsAgglomerationEconomies, + BoCapabilities + B1oR& D,
+ BiiInnnovation, + Bis Sel femployment,. + B13 SpecializationinKIS. + ¢,

where AGDP. is the regional annual GDP growth rate of regions in the period 2005-2007.7
Estimation of the model presented in (1) enabled to test the first and the second hypotheses
elaborated in Section 2, that is, that knowledge and innovation have distinctive impacts

"The regional annual GDP growth rate has been computed in the years 2005-2007 to exclude possible
cofounding effects due the explosion of the global financial crisis started in 2008 in Europe. Previous years
could not be exploited because of simultaneity with the innovation variable. Still, better to understand the
potential asynchronous business cycles effects across EU regions, we also modified the dependent variable
and computed the regional annual GDP growth rate in the period 2005-2009. This new set of estimates,
available upon request, provides interesting information on local assets affecting regional resilience to
deep macroeconomic shocks. In particular, whereas the importance of local knowledge assets seems to
vanish, innovation preserves its strategic relevance, despite with a reduced magnitude.



on regional growth and do not offset one other and that the growth benefits stemming
from innovation are spatially more diffused than that arising from R&D.

To unravel the heterogeneity of knowledge and innovation impacts across regions, the
R&D and innovation variables were interacted (2). The enlarged models to be estimated
therefore became as follows:

(2)

AGDP, = ap + B1AEmpl, + BoNMS, + BsSocialCapital,. + BsInfrastructure, +
+B5F DI, + BeStructural Funds, + B7 Functionsal Specialization,
+BsAgglomerationeconomies, + BgCapabilities + B1o x R& D, +B11Innovation,
+B12R&D, x Innovation, + Bi3Sel femployment, + B14SpecializationinKI1S, + €,.

Estimation of this model enabled to test the third hypothesis elaborated in Section 2,
that is, that the growth advantages stemming from innovation do not always match the
strength of the local formal knowledge base.

Moreover, controls for spatial dependency with appropriate econometric techniques
(namely, spatial lag and spatial error models, indicated as SAR and SEM) were im-
plemented when statistically relevant. As a final robustness check, 2SLS instrumental
variable regressions were performed to control for endogeneity that might occur so as to
boost our confidence in causal sequence. Importantly, the Durbin—-Wu-Hausman test did
not allow rejection of the null hypothesis that regressors are exogenous, suggesting that
OLS estimates are preferable to 2SLS estimates. Still, results remained robust to this
control, as described in Appendix B.

Some Hints on the Knowledge-Innovation Nexus at the Regional Level

Some interesting observations can be drawn in terms of knowledge and innova-
tion patterns. As described in Table 1, we rely on two crucial indicators to capture the
knowledge and innovation intensity of European regions. As to the former, we mea-
sure it as the share of R&D expenditures (both private and public) on GDP (covering
the 2000-2002 period), as is customary in the literature (see on the European case:
Crescenzi, 2005; Rodriguez-Pose and Crescenzi, 2008; Sterlacchini, 2008; and on the U.S.
case, among the many others Jaffe, 1989). As to the latter, innovation data have been
compiled by the authors on the basis of data from the Community Innovation Survey
(CIS) EUROSTAT database. In particular, these data are based on national CIS4 wave
figures (covering the 2002-2004 period), next estimated at the NUTS2 level,® and they
capture the share of firms introducing product and/or process innovations in a region.
Whereas innovation data on European regions have been quite recently used to develop
a taxonomy of regional innovative performances (Hollanders et al., 2009), to the best
of our knowledge, innovation data have not yet been used to explain regional growth
potentials.

The Lisbon Agenda, reinforced by the Europe 2020 Strategy, has declared the im-
portance of research and innovation to guarantee competitive and smart growth in
Europe, and it has set a specific target for domestic R&D expenditures, which should
be increased to 3 percent of national GDP. As of 2002, R&D spending on GDP in Eu-
rope exhibited a strong variation across regions, ranging from values lower than 0.5
percent to values of more than 6 percent (Figure 1). A very small number of regions

8The database on innovative firms at NUTS2 level is a novelty of this work. For an in-depth expla-
nation of the estimation strategy, see Capello et al. (2012) and Capello and Lenzi (2013b).
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Source: Capello and Lenzi (2013b).
FIGURE 1: R&D Expenditures on GDP (Average Value 2000-2002).

(i.e., 30 representing 12 percent of NUTS2 European regions) in Europe achieved (and
exceeded) the 3 percent R&D expenditures on GDP target, thus testifying that the
achievement of this threshold at the regional level is still an ambitious goal.® More-
over, its spatial distribution seems strongly concentrated: more R&D-intensive regions
are located in Scandinavian countries, the Southern UK., and Central Europe, with
the exception of the French region of Midi-Pyréneées. Eight European countries host

9These figures are highly persistent. Only two regions were able to exceed the 3 percent R&D on
GDP threshold in the period 2000-2007 (namely, the Dutch Noord-Brabant and North-Eastern Scotland
in the UK.) and a few regions lost this status (namely, the French ile de France, the Dutch Flevoland, the
German Koln and Miinster). On the other hand, the share of R&D expenditures on GDP is lower than 1
percent in most regions (respectively, 130 regions out of 262 in the period 2000-2002, and 114 regions out
of 262 in the period 2006-2007), attesting to a positive trend in the years 2000-2007.
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FIGURE 2: Share of Firms with Product and/or Process Innovation (2002—2004).

the most R&D-intensive regions, namely Austria, Belgium, Germany, Denmark, Fin-
land, France, The Netherlands, Sweden, and the UK. Importantly, a very large num-
ber of regions belong to the lowest class, with R&D on GDP lower than 0.5 percent.
Last but not least, there is a clear East—West dichotomy: Eastern regions in fact
show a capacity for R&D spending which is much more limited than that of Western
countries.

By contrast, the map displaying the share of firms with product and/or process in-
novations (Figure 2) is more scattered, and innovation patterns are more pervasive than
R&D expenditures on GDP. However, product and/or process innovation still display re-
markable levels of concentration, with the bulk of innovative activities taking place in
the strongest portion of Europe (Germany, the UK. and Ireland, Scandinavian countries)
with a few but relevant exceptions represented by some capital or metropolitan regions



and single-region countries outside the core (Madrid, Lisbon, Ile-de-France, Lombardy,
Athens, Estonia, and Cyprus).

Importantly, comparison between the two maps (i.e., Figures 1 and 2) suggests that
the ranking of R&D expenditures on GDP and the ranking of the share of firms with prod-
uct and/or process innovation do not always coincide. Although the correlation coefficient
between R&D and innovation is slightly above 0.5 (as shown in the correlation matrix in
Appendix A), and statistically significant at conventional levels, there are several regions
with innovation performances higher than the European average but R&D expenditures
lower than the European average, or the other way round, that is, formal knowledge and
innovation do not always match at the regional level.

4. THE KNOWLEDGE-INNOVATION NEXUS AT THE EMPIRICAL LEVEL

Table 3 reports the estimates of (1) and (2).1° The results for the variables capturing
knowledge and innovation territorial enabling factors and the variables capturing the
region’s economic dynamism, as well as those for the nature and pattern of development,
are overall statistically significant and with the expected sign.

In particular, as regards a region’s economic dynamism, GDP growth positively reacts
to the FDI penetration rate, relatively more weakly to structural funds expenditures,
and it is higher in Eastern European regions. Among all possible employment growth
measures, only the manufacturing employment growth rate turned out to be significant.

As regards socioeconomic local enablers of knowledge and innovation, GDP growth
is positively influenced by the synergic effects deriving from agglomeration economies, by
trust and social capital, and by informal knowledge embedded in technical and manage-
rial competences. On the other hand, GDP growth is moderately (but not significantly)
hampered by a region’s functional specialization in lower-level functions (i.e., blue-collar
occupations) and, more significantly, by the accessibility level, suggesting that density
and congestion effects prevail. Unfortunately, the self-employment variable does not turn
out to be significant; this result may be due to an inadequate proxy to capture the ac-
tual impact of entrepreneurship and industrial dynamics on regional growth, which is
unfortunately the only one available.

More interestingly, our results indicate that both knowledge and innovation play
a crucial role in explaining growth patterns in European regions, thus supporting the
efforts to enlarge and strengthen the European knowledge base proposed in the Lisbon
agenda and relaunched by the Europe 2020 strategy. However, our findings also highlight
a greater heterogeneity across European regions in the way regions exploit knowledge
and innovation for growing. In what follows, we comment on our results in relation to
each of the hypotheses formulated in Section 2 in turn.

Hypothesis 1: The importance of knowledge and innovation for growth.

Increasing the average R&D spending at the EU level is certainly beneficial for
achieving superior GDP growth rates, also after controlling for spatial interdependencies
across regions (Table 3, Model 1). By computing GDP growth rate elasticity to R&D,!! on
average, a 1 percentage point increase in R&D spending yields a 0.15 percent increase in

10For reasons of space, we report only estimates based on SAR/SEM. Following Anselin (1988), we
used Lagrange multiplier tests to decide on the model specification, that is, SAR versus SEM. OLS are
available from the authors upon request.

1 The regional elasticity of GDP growth rate to R&D (EgpP_gr,reD) is obtained by multiplying the
R&D estimated coefficient (Brgn gu) by the ratio between the EU average R&D level and the EU average
GDP growth rate, as the formula below summarizes: Egpp_gr,r&D = Br&D,EU X (R&Dgy/GDP_grgy)



TABLE 3: Determinants of Regional GDP Growth Rate (2005—2007)

Dependent Variable (1) (2) 3) (4) (5) (6)
GDP growth rate (2005-2007) SEM SAR SEM SAR SEM LAG
NMS 0.049""  0.049™" 0.058™" 0.051"" 0.062"" 0.045""
(0.019) (0.019) (0.020) (0.019) (0.020) (0.018)
Trust (2000) 0.016™" 0.017 0.018" 0.017" 0.018" 0.015"
(0.009) (0.008) (0.009) (0.008) (0.009) (0.008)
Employment growth rate in 0.069” 0.053°  0.061" 0.055" 0.067 0.062°
manufacturing (2002-2004) (0.032) (0.032) (0.032) (0.031) (0.032) (0.031)
Accessibility (infrastructure —0.006"™ —0.006™ —0.007" —0.006" —0.006" —0.006"
endowment) (2000)
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
FDI (2001-2003) 0.009™"  0.005™  0.008"" 0.005 0.009"" 0.006"
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Structural funds expenditures 0.002 0.001 0.002 0.001 0.002"  0.001
(1994-1999)
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Share of blue collar occupations -0.012 -0.034 -0.028 —-0.028 -0.016 —0.023
(2002-2004)
(0.029) (0.026) (0.028) (0.026) (0.028) (0.026)
Mega (2000) 0.007"*  0.006™* 0.007° 0.005 0.007"* 0.006"
(0.002) (0.002) (0.003) (0.002) (0.003) (0.002)
Capabilities (1997-2001) 0.036™*  0.030"° 0.032" 0.031"" 0.036" 0.030""
(0.010)  (0.008)  (0.010) (0.008) (0.010) (0.008)
LQ KIS (2000) -0.014 -0.003 —-0.009 -0.004 -0.011 —-0.005
(0.009) (0.008) (0.009) (0.008) (0.009) (0.007)
Self-employment (1999-2004) 0.026 0.011 0.026 0.013 0.032 0.026
(0.029) (0.027) (0.029) (0.027) (0.028) (0.027)
R&D (2000-2002) 0.349™ 0.220"  0.274™ 0.951""
(0.100) (0.106) (0.105) (0.284)
Innovation (2002-2004) 0.040™" 0.036"" 0.034" 0.026™ 0.062""
(0.010) (0.011) (0.011) (0.011) (0.015)—
R&D x Innovation 1.676™"
(0.604)
Constant 0.000 -0.014 -0.010 -0.017 -0.018 -0.024
(0.025) (0.022) (0.025) (0.022) (0.025) (0.21)
Lagrange multiplier (error lag) 14.446™" 2.857° 2.857"  3.968™ 3.968" 1.944
Robust Lagrange multiplier (spatial 6.366™" 0.592 0.592 1.401 1.401 0.050
error)
Lagrange multiplier (spatial lag) 8.202° 2.809° 2.809° 2.796° 2.796°  3.419"
Robust Lagrange multiplier (spatial 122 .544 .544 .229 0.229 1.526
lag)
Lambda (SEM)/Rho (SAR) 0.756™"  0.254" 0.617"" 0.253" 0.686™" 0.272"
(0.115)  (0.154) (0.181) (0.153) (0.151) (0.151)
Sq. Corr. 0.35 0.42 0.39 0.43 0.39 0.45
Observations 262 262 262 262 262 262

Note: SEM and SAR estimates are based on a row-standardized continuous distance matrix; the diagonal
elements are set at zero whereas the off-diagonal elements represent the distance between centroids of each pairs

of regions.
*P < 0.10, **P < 0.05, ***P < 0.01.

Robust standard errors in parentheses. OLS estimates available upon request.



TABLE 4: Elasticity of GDP Growth to R&D in EU and at Different Quartile Values of

R&D
Elasticity of GDP Growth to R&D (EGDP_gr,R&D)
EU average 0.15
R&D = 1st quartile 0.04
R&D = 2nd quartile 0.08
R&D = 3rd quartile 0.15
R&D = 4th quartile 0.34

Note: Elasticity values are computed according to the estimated coefficients reported in Table 3, model 1.

the GDP growth rate (Table 4). This result is therefore largely consistent with previous
findings in the literature and confirms that knowledge is a crucial ingredient for faster
regional growth.

Similarly, increasing innovation at the EU level has a positive effect on GDP growth
rates, also after controlling for spatial interdependencies across regions (Table 3, Models
2 and 3. By computing GDP growth rate elasticity to innovation,!? on average, a 1 per-
centage point increase in innovation yields a 0.35 percent increase in the GDP growth
rate, a more than double elasticity than that of R&D (Table 6).

By jointly introducing R&D and innovation as explanatory variables (Table 3, Mod-
els 4 and 5), the results show that they both retain their significance and explanatory
power. Given their relatively high correlation (more than 0.5), both R&D and innova-
tion coefficients are lower (and so their elasticity). However, especially R&D is penalized
because the magnitude of its coefficient almost halves and its significance shrinks from
1 percent to 10 percent, whereas innovation preserves its significance albeit with a smaller
reduction of the magnitude of its coefficient. This suggests that innovation is likely to have
greater explanatory power than knowledge, possibly because of its larger variance and
spatial dispersion.'?

Importantly, chi? tests (implemented on Model 5) did not allow acceptance of the null
hypothesis that the effect of innovation and R&D are jointly equal to zero (chi® = 20.89,
P < 0.001) and that their coefficients are equal (chi® = 2.87, P < 0.10). This once again
highlights the importance of both variables in a regional growth model, and it supports
our first hypothesis: that knowledge and innovation have considerable effects on their
own. As highlighted by the descriptive analysis (Figures 1 and 2), they do not necessarily
overlap in space and their effects do not offset one another.

Hypothesis 2: R&D growth advantages are spatially more selective than innovation growth
advantages.

Further, to explore the heterogeneity and selectivity across space in the use of knowl-
edge and innovation for growth, we computed the elasticity of GDP growth rate to R&D
and innovation at different quartile values of R&D and innovation, and assessed their
statistical difference by means of pairwise ¢-tests (Tables 4-7).

12The regional elasticity of GDP growth rate to innovation (EGDP_gr,Innovation) is obtained by multi-
plying the innovation estimated coefficient (Binovation,EU) by the ratio between the EU average innova-
tion level and the EU average GDP growth rate, as the formula below summarizes: Egpp_gr,Innovation =
Bnnovation,EU X (Innovationgy/GDP_grguy)]

13Because the R&D variable includes both private and public expenditures, one cannot exclude that
the innovation variable partly captures the R&D efforts of innovative firms.



TABLE 5: Pairwise ¢-Tests on the Difference between the Elasticity Values of GDP
Growth to R&D by R&D Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile
R&D = 1st quartile —
R&D = 2nd quartile < -
R&D = 3rd quartile < < -
R&D = 4th quartile < < < -

Note: n.s. = not statistically significant.
“P < 0.10, P < 0.05, P < 0.01.

TABLE 6: Elasticity of GDP Growth to Innovation in EU and at Different Quartile
Values of Innovation

Elasticity of GDP Growth to Innovation (EGDP_gr,inno)

EU average 0.35
Innovation = 1st quartile 0.21
Innovation = 2nd quartile 0.27
Innovation = 3rd quartile 0.46
Innovation = 4th quartile 0.47

Note: Elasticity values are computed according to the estimated coefficients reported in Table 3, model 5.

TABLE 7: Pairwise ¢-Tests on the Difference between the Elasticity Values of GDP
Growth to Innovation by Innovation Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile
Innovation = 1st quartile —
Innovation = 2nd quartile <
Innovation = 3rd quartile < —
Innovation = 4th quartile < n.s -

Note: n.s. = not statistically significant.
‘P <0.10, P < 0.05, P < 0.01.

Much information emerges from these tables that deserves additional explanation.
First and quite interestingly, both R&D and innovation appear to show some sort of
scale advantages and require a certain critical mass in order to achieve their maximum
potential. However, some interesting differences stand out. By looking at GDP growth
elasticity to R&D, the comparison of values in the bottom and top quartiles show sharp
disparities (Table 4). Differences in GDP elasticity to R&D across the R&D distribution
quartiles are all statistically significant suggesting a markedly spatially concentrated
and selective distribution of R&D growth benefits (Table 5). By moving from the first
to the third and fourth quartile of R&D, the elasticity of GDP growth to R&D is almost
four and ten times greater, respectively. The growth benefits accruing from R&D are
highly selective in space and subject to agglomeration effects, consistently with early
observations by Varga (2000) on the relationship between R&D public expenditures and
innovation. Further investments in new formal knowledge creation do not generate the
same positive effects on growth in all regions and regions showing greater R&D spending
seem to be better equipped to obtain the greatest advantages from its expansion.
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FIGURE 3: Marginal Effect of Innovation on GDP Growth Rate at Different Levels of
R&D (Interaction Effect between Innovation and R&D).

By contrast, Table 6 shows that the elasticity of GDP growth to innovation is more
evenly distributed in the different quartiles of the innovation variable distribution: by
moving from the first to the fourth quartile of the innovation variable distribution, the
elasticity of GDP growth to innovation is barely double. Overall, the differences in the
elasticity of GDP growth rate to innovation are smoother (albeit they are statistically
significant), signaling that innovation advantages are more distributed in space than
R&D advantages.

Therefore, the effects of innovation on GDP growth rate appear to be not only of
larger magnitude but also, and more importantly, spatially more distributed than those
stemming from formal knowledge, thus supporting Hypothesis 2.

Hypothesis 3: The growth advantages stemming from innovation do not always match the
strength of the formal knowledge base.

The ways in which knowledge and innovation impact on regional growth, however,
manifest with different intensities across European regions. To gain better understanding
of the spatial heterogeneity in GDP growth rate responses to R&D spending and innova-
tion and their interplay, we interacted R&D and innovation variables (Table 3, Model 6)
and computed the impact of innovation on GDP growth rate at a different level of R&D
expenditures (Figure 3).

Results from Table 3 indicate a significant negative sign for the interaction variable,
supporting the idea of a substitution effect between R&D and innovation. Figure 3 clari-
fies further this point. The “low R&D” line shows the slope of the effect of innovation on
GDP growth rate when R&D is set at the one standard deviation point below its mean
value; the “high R&D” line illustrates the same effect when R&D is set at the one standard
deviation point above its mean value. The end points of each line are calculated by setting
innovation, respectively, at one standard deviation point below its mean value and at one
standard deviation point above its mean value. Figure 3 shows two interesting results.
First, and consistent with the literature, GDP growth rate is systematically higher in more
knowledge-intensive regions. However, and more interestingly, the impact of innovation
on GDP growth sharply increases at low value of R&D, that is, in regions with a limited



TABLE 8: Capabilities and Knowledge Spillovers Values at Different R&D Quartile

Values
Capabilities Knowledge Spillovers
EU average 0.40 0.41
R&D = 1st quartile 0.47 0.52
R&D = 2nd quartile 0.44 0.39
R&D = 3rd quartile 0.37 0.34
R&D = 4th quartile 0.33 0.34

R&D intensity, whereas the impact of innovation on GDP growth remains relatively more
stable at high level of R&D, that is, in more R&D- and formal knowledge-intensive regions.
In fact, an increase in innovation at low levels of R&D allows to double GDP growth rate,
whereas an increase in innovation at high levels of R&D yields only a 7 percent increase
in GDP growth rate. This result therefore supports our Hypothesis 3 that the growth ben-
efits accruing from innovation do not always match the strength of the formal knowledge
base: regions innovating in the absence of a strong local knowledge base can be as suc-
cessful as more knowledge-intensive regions in turning innovation into a higher growth
rate.

5. INFORMAL KNOWLEDGE AND KNOWLEDGE SPILLOVERS AS CONDUIT FOR
INNOVATION AND GROWTH

These findings however raise the intriguing question of how regions can achieve in-
novation and exploit it for growing when lacking local sources of formal knowledge. As
discussed in Section 2, the literature suggests that informal knowledge and knowledge
spillovers can represent important, if not the main, ingredients for innovative activities
especially in absence of endogenous formal knowledge creation capabilities, as it is fre-
quently the case in developing economies. As supporting evidence of this “substitutability”
effect between different types of knowledge sources, Table 8 presents the value of two in-
dicators of capabilities and knowledge spillovers at different quartile values of the R&D
variable distribution.

The capabilities indicator is the one presented in Table 1 and accounts for knowledge
embedded in technical and managerial competencies.

The spillover indicator captures the potential benefits that may accrue to each re-
gion i from the pool of knowledge developed by other regions (i.e., knowledge potential),
and it is computed as the sum of the R&D expenditures on GDP in all the N-i regions
weighted by a measure of cognitive proximity between each pair of regions. In fact, the
flows of basic knowledge are influenced to a limited extent by gravity-type behaviors,
proxied by geographical proximity, and much more by similar backgrounds, cognitive
maps, and common basic knowledge shared by two regions (Boschma, 2005; Breschi and
Lissoni, 2009; Capello, 2009). For this reason, the potential acquisition of knowledge from
other regions was weighted by the degree of cognitive proximity between pairs of regions.
Cognitive proximity within a region was defined in terms of related variety, that is, the
presence of complementary knowledge within a set of shared and common knowledge
(Boschma, 2005; Basile, Capello, and Caragliu, 2012). This idea was transferred to the
interregional level, and it was measured as the interregional knowledge similarity in a
specific technological macrofield i multiplied by the interregional knowledge variety in
the technological subfields of macrofield i among each pair of regions, as summarized in



TABLE 9: Pairwise ¢-Tests on the Difference between Capabilities by R&D Quartiles

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile
R&D = 1st quartile -
R&D = 2nd quartile n.s. -
R&D = 3rd quartile < < -
R&D = 4th quartile < < < -

Note: n.s. = not statistically significant.
*P < 0.10, **P < 0.05, ***P < 0.01.

TABLE 10: Pairwise ¢-Tests on the Difference between Knowledge Spillovers by R&D

Quartiles
1st Quartile 2nd Quartile 3rd Quartile 4th Quartile
R&D = 1st quartile -
R&D = 2nd quartile < —
R&D = 3rd quartile < < —
R&D = 4th quartile < < n.s.

Note: n.s. = not statistically significant.
*P < 0.10, **P < 0.05, ***P < 0.01.

the following formula:'4

3)

n m
Cross — regional cognitive proximity = Z M X Z (Ipia2 — pjaz)) | |
= L Upiar — pjar)  \ 52

where n represents the number of one-digit technological classes, m the number of two-
digit technological subclasses within each n digit-1 class, p;s2 the share of region i’s patents
in digit-2 subclass d2, p;q2 share of region j’s patents in digit-2 subclass d2, p;q1 the share
of region i’s patents in digit-1 class d1, pj;1 share of region j’s patents in digit-1 class d1.1°

Table 8 indicates that capabilities and knowledge spillovers are considerably higher
in less R&D-intensive regions and, significantly so, as pairwise ¢-tests in Tables 9 and
10 show. This evidence supports the conjecture that these alternative knowledge sources
can represent a reasonable and sufficient base for endogenous innovative activities at the
local level.

In conclusion, formal knowledge intensity per se is not a universal predictor of higher
economic growth for all types of regions but it seems to be so only for a relatively smaller
group of regions. These results therefore strongly enter the current policy debate on how to
make Europe become a knowledge-based economy and achieve smart growth, as discussed
in the next section.

6. CONCLUSIONS: POLICY IMPLICATIONS

Interesting policy implications can be drawn from this empirical analysis. The results
do not gainsay the importance of R&D activities for regional growth, and therefore the

14Because of the high skewness of the distribution of this variable, data were transformed using a
square root transformation, a methodology largely applied in the literature (Hollanders et al., 2009).
15A richer discussion of this indicator is available in Capello and Caragliu (2012).



correctness of Europe 2020’s focus on a “smart growth” based on knowledge and innovation
(EC, 2010a, 2010b, 2010c, 2011). However, they call for particular attention when the
Europe 2020 goal is translated into a regional setting.

In particular, our results suggest that “one-size-fits-all” policy goals are neither con-
vincing nor efficient when applied at the regional level. In fact, R&D investments are
not the only channels through which regions grow. Our results show that the elasticity of
GDP growth to innovation is much higher and less strongly differentiated among groups
of regions than in the case of GDP growth elasticity to R&D, and less formal knowledge-
intensive regions can achieve GDP growth elasticity to innovation comparable with that
of more knowledge-intensive regions.

In normative terms, these results are closely in line with the current debate on
smart specialization (Foray, 2009; McCann and Ortega-Argilés, 2011; Barca, McCann,
and Rodriguez-Pose, 2012; Camagni and Capello, 2013) calling for ad hoc, themati-
cally/regionally focused innovation policies. This debate strongly emphasizes that policies
must be embedded in the local reality, in local assets, and strategic design capabilities,
and that they must ensure the achievement of external knowledge through strong and
virtuous linkages with the external world (McCann and Ortega-Argilés, 2011). How-
ever, this is not enough: a “smart innovation” strategy must take a step forward by
taking the R&D element into consideration but adapting the two concepts of “embed-
dedness” and “connectedness” to the specificities of each “mode (pattern) of innova-
tion,” some of them not necessarily linked to the invention—innovation—-growth logical
path.

In this regard, smart innovation policies have recently been proposed (Camagni and
Capello, 2013). These are defined as those policies able to increase the innovation capabil-
ity of an area and to enhance local expertise in knowledge production and use. Such policies
should not only act on local specificities and on the characteristics, strengths, and weak-
nesses of already established innovation patterns in each region; they should also look for
targeted interventions—appropriate to each single territorial innovation pattern—with
the aim of reinforcing regional innovation processes and the virtuous aspects that char-
acterize each pattern, and of upgrading the local specialization and diversifying it into
related technological fields.

“Smart innovation policies” designed according to these principles and guidelines
could be conceptually and operationally sound responses to the need for renewed policy
tools able to attain the goals of smart growth and Innovation Union (EC, 2010a, 2010b,
2010c, 2011), doing so consistently with the “smart specialization strategy” proposed by
DG Research and the necessary place-based reform of the EU regional policy advocated
by the Barca Report and the recent documents of DG Regio.
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APPENDIX B: ROBUSTNESS CHECK

2SLS instrumental variable techniques were used to control for potential sources
of endogeneity. In accordance with the focus of the paper, this empirical strategy was
applied to the R&D variable, but it could not be pursued for the innovation variable owing
to the lack of data. Therefore, only models 1 of Table 3 was estimated by 2SLS; R&D
was instrumented by using lagged values, as is customary in the growth literature in the
absence of adequate instruments correlated to the explanatory variables but indirectly
correlated to the dependent variable (Temple, 1999).

Table B1 reports the estimates of the second stage. The results are qualitatively
unchanged. Interestingly, the Durbin—-Wu—Hausman test does not allow rejection of the
null hypothesis that the regressor is exogenous, suggesting that endogeneity is not a major
concern in the estimates of Table 3, and therefore that OLS estimates are preferable to
2SLS.

TABLE B1: Determinants of GDP Growth Rate (2005-2007): 2SLS Estimates

Dependent Variable: (1)
GDP growth rate (2005-2007) 2SLS
Employment growth rate in manufacturing (2002—2004) 0.062"
(0.032)
NMS 0.041"
(0.016)
Trust (2000) 0.021""
(0.07)
Accessibility (infrastructure endowment) (2000) —0.005"
(0.002)
FDI (2001-2003) 0.006™"
(0.002)
Structural funds expenditures (1994-1999) 0.001
(0.001)
Share of blue collar occupations (2002—2004) —0.041
(0.032)
Capabilities (1997-2001) 0.029""
(0.007)
Mega (2000) 0.006™"
(0.002)
LQ KIS (2002) —0.011
(0.009)
Self-employment (1999-2004) 0.001
(0.033)
R&D (2000-2002) 0.253"
(0.106)
Constant —0.022
(0.020)
R? 0.39
Durbin—-Wu-Hausman Test 2.40
P-value 0.12
Observations 262

‘P <0.10, P < 0.05, P < 0.01.
Robust standard errors in parentheses.
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