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“Locus corpora dirimit, non animos.” 1

1  “The distance separates the persons of men, but not their minds” (Erasmus of Rotterdam– The Com-
plaint of Peace [58], 1517)
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Spatial and network relations in Europe

June 23, 2016 — the date of the referendum on “Brexit” — marked a watershed in the 
history of the EU and the UK. Lively and widespread debates took place in the months 
and weeks preceding that day, mostly revolving around the political and economic 
consequences of Britain leaving the EU. 

From an economic point of view, Brexit mainly entails the exclusion of UK firms, 
workers and people from the system of rules, relations and production networks 
represented by the EU Single Market. This will undoubtedly be a significant economic 
shock for both sides of the Channel, but particularly for Britain. The effects of such a 
shock will, however, not be homogeneous across the different regions of the UK. The 
regional disparities existing there — clearly highlighted in Figure 1 at page 6 — will 
probably be reflected in the economic impact of Brexit (Springford 2015). London 
and the South of England, which are wealthy and less dependent on EU markets, will 
likely not suffer much from the consequences of the referendum. However, the impact 
will be stronger for regions such as North Yorkshire, Dorset or Lancashire, which have 
lower levels of income, less resilient industrial structures and greatly rely on the EU for 
exports (Eurostat 2016, Springford et al. 2016). In other words, the effects of Brexit — 
in terms of reduced exports, lower capital inflow and less funding for research, among 
other things — will affect the less dynamic and less advanced regions of Britain more 
significantly (Springford et al., 2016).

This PhD thesis does not directly study the effect of Brexit, nor does it specifically 
address regional disparities in the UK. However, some of the arguments used in the 
debate between “Leave” and “Remain” are closely related to the subject of this thesis. In a 
letter to UK students, Jo Johnson, the then-British minister for Education, stated, “Our 
success as a prosperous knowledge economy requires us to continue to build academic 
partnerships and trading relations” (Johnson 2016). The knowledge and trade networks 
to which Johnson refers, in addition to investment linkages and spatial relations and the 
effects they have on regional economies in Europe, are the subject of this PhD thesis. 
As events in Britain will likely teach us, participating in knowledge, trade, investment 
and spatial relations, although not sufficient for leveling disparities, counts as among 
the essential factors for engendering growth and prosperity, both at the regional and 
national levels.
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Theoretical background

Throughout history, the world has been characterized by an uneven distribution of 
economic activities and wealth, with some areas enjoying much higher standards of 
living, while others lag behind and remain mired in poverty. The question of why 
some countries or regions experience higher growth rates and levels of development 
than others has been debated and studied for long time and remains one of the most 
important issues in political and economic debates. 

In the early 1990s, the field of economics witnessed the emergence of the so-called 
endogenous growth theory. This theory has its roots in the dissatisfaction with the 
neoclassical model of growth, and in the empirical evidence showing that around the 
world, less developed economies were unable to sustain a convergence process, contrary 
to what neo-classical theory predicted (Lucas 1988). The marked difference between 
this new theory and traditional theories is the emphasis on the role of the accumulation 
of knowledge in generating growth (Romer 1986, Lucas 1988). By considering 
technological progress an endogenous variable, which depends on research and 
development investments (R&D) and human capital, endogenous growth theory relates 
disparities in economic performances to the differences in knowledge and innovation 
capabilities and the increasing returns they generate.

Different abilities in acquiring and making use of knowledge assets — and thus 
enabling or preventing innovation and growth — also explain the regional differences 
in economic performance (Acs and Sanders 2014). Within the traditional discourse in 
urban and regional economics, agglomeration economies take the lion’s share among 
the factors explaining disparities across localities. Broadly speaking, agglomeration 
economies refer to the benefits that accrue for firms and economic actors when they 
are in close spatial proximity. These externalities can be further distinguished between 
localization and urbanization externalities. The former type, which is sector-specific, is 
believed to favor efficiency and productivity due to, among other elements, valuable 
knowledge spilling over between firms (e.g., through labor mobility). The latter instead 
emerges from a diverse and dense urban environment, which has the effect of fostering 
knowledge recombination and innovation (Beaudry and Schiffauerova 2009). 

The mechanics underpinning agglomeration externalities and the incrementing or 
lowering of regional disparities are thus closely related to the local level of knowledge 
assets (Capello 2009a, 2009b, Camagni 1991). However, creating new knowledge, 
recombining new and old skills, and effectively putting them to use is far from 
straightforward. Understanding the channels through which knowledge can flow and 
be exchanged is therefore critical for both the political and academic debate.
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The study of the conditions allowing knowledge to flow and be recombined is not new 
in economics and economic geography. Recently, evolutionary economic geography has 
significantly contributed to this field, in particular, by investigating the relationship 
between geography, innovation and development (Boschma and Martin 2010). With 
respect to knowledge transfer, Boschma (2005) proposes a typology of five forms of 
proximity that enable knowledge to be exchanged between actors. Although spatial 
proximity facilitates learning and knowledge flows, other forms of proximity are also 
necessary for spillovers to occur; cognitive, social, organizational and institutional 
proximity strongly affect the ability to absorb, learn from and make use of external 
knowledge assets.

In this context, the traditional agglomeration externality literature stressed the role of 
geographical proximity in the transmission of knowledge. As explained by Combes 
and Gobillon (2015, p. 294), “knowledge spillovers, human capital externalities, 
and matching effects should be the most prevalent agglomeration forces at short 
distances”. In a highly influential paper, Frenken et al. (2007a) renewed the discussion 
of agglomeration economies, highlighting the importance of cognitive proximity and 
introducing the concept of related variety. Firms from related branches of an industry 
make use of similar and overlapping knowledge sets, which can make space for mutual 
learning. In fact, firms within similar yet different industries are likely to face common 
issues and challenges; because of these similarities, firms also share understandings and 
language, which allow them to communicate and cooperate more easily. Thus, at a 
more aggregate level, the presence of a high volume of related economic activities in a 
region facilitates the generation of new combinations of existing technologies, products 
and production processes. Only by considering the effects of geographical closeness 
and cognitive proximity it is possible to understand in depth the relationship between 
industrial composition, knowledge assets and development.

Although geographical proximity was identified as a critical factor from the inception 
of the agglomeration economies literature (Marshall 1920), regional economies are 
embedded in a complex set of spatial and non-spatial relations, connecting them through 
different types of linkages (Huggins and Thompson 2014). Migration2, financial flows 
and trade relations are, in this sense, channels through which humans have exchanged 
innovative ideas for centuries. Spatial as well as functional relations that connect actors, 
firms and places are — especially nowadays — essential sources of skills, knowledge, ideas 
and resources for territories to grow and prosper. Therefore, both spatial and a-spatial 

2  As stated by a famous Italian historian, “Through the ages, the main channel for the diffusion of in-
novations has been the migration of people” (Cipolla, 1972, p. 48). It is particularly worth recalling these 
words in a period when migration flows generate social distress and rank high in the political debate.
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linkages should be carefully considered when investigating growth and development at 
the regional level (Van Oort and Lambooy 2014).

These considerations also motivate the geographical scope of the analyses included in 
this thesis. Although Europe is undoubtedly one of the wealthiest parts of the world, 
significant differences still divide its countries and regions, as shown in Figure 1 
(European Commission, 2015). At the same time, the remarkable achievements in terms 
of economic integration that have been observed in the last 60 years allowed European 
regions to become highly interconnected (Dinan 2007). The European Single Market 
— based on the free movement of people, goods and capital — and common policies 
— ranging from innovation and research to transportation, mobility and trade — have 
contributed to create an area with a high density of spatial and network relations. The 
combination of high levels of heterogeneity across regions and favorable opportunities 
for interactions between them makes Europe an exceptionally interesting laboratory for 
regional economists. Finally, given the emphasis on Smart Specialization (Foray 2015) 
and the place-based approach (Barca et al. 2012, McCann 2015) of the Cohesion Policy, 
an analysis that focuses on characteristics of regions, their industrial composition and 
spatial-network effects may provide timely and relevant insights to policy-makers.

 
Figure 1: Regional disparities in Europe in GDP (PPS) per inhabitant in 2013 (EU28=100) 
(Source: Eurostat, 2016)
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In conclusion, despite the significant progresses made in the theory and methods in 
regional economics, many questions remain. These questions particularly concern the 
intersection between the literature on agglomeration externalities, the characteristics 
of the local economy and the study of spatial and network relations of regions. Do 
agglomeration economies have the same effect in more developed urban areas, such 
Barcelona or Munich, as in less advanced ones, such as Naples or Bucharest? Are the 
possibilities of knowledge recombination that are offered by cognitive and technological 
proximities affected by local institutional characteristics? Is only spatial proximity 
important for knowledge to flow, or can financial, trade and social linkages overcome 
geographical distance? Taking stock of the debates presented above, this PhD thesis 
attempts to address some of these questions by studying how agglomeration externalities, 
local features and different spatial and a-spatial linkages shape the development of 
regional economies in Europe.

 
Figure 2: Thesis overview
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Outline and research questions

This PhD thesis revolves around four main chapters, for which Figure 2 provides an 
overview. The four chapters can be framed within two dimensions, one based on a 
thematic distinction and the other on the level of observation. The first dimension 
(on the horizontal axis) refers to two of the main concepts mentioned in the previous 
paragraphs: the agglomeration and relatedness externalities within individual regions 
(studied more specifically in Chapters 1 and 3) and the external relations through spatial 
and network effects (in Chapter 2 and 4). The second dimension (on the vertical axis) 
instead considers the distinction between the macro-level and meso-level of observation. 
In this dimension, the former uses the region as a unit of analysis, whereas the latter 
examines industries within regions. This second dimension defines the ordering of the 
chapters.

The introduction of these two conceptual axes makes emerge the overall objective of 
this PhD thesis. The aim of this work is to study regional development by merging 
the perspectives of its internal and external determinants and by studying these at a 
more aggregated regional level, as well as at a more fine-grained industrial level. More 
explicitly, the overarching research question that this thesis tackles is the following:

How do regional internal factors — such as industrial relatedness and agglomeration 
economies — and external forces — in the form of spatial and network relations — interact 
and affect regional economic development in Europe?

On the basis of this conceptual framework, this introduction presents an overview of the 
remaining chapters of this PhD thesis.

Chapter 1
Although the theoretical framework on agglomeration externalities and the channels 
through which they influence the regional economy appear well established, the 
empirical evidence for their magnitude and impact has been rather ambiguous and 
inconclusive. The application of concepts of related and unrelated variety has significantly 
contributed to the debate, showing how a more nuanced treatment of agglomeration 
economies — based on greater or less cognitive proximity — can help disentangle the 
effects of industries’ co-location. In the literature, related variety is usually found to 
enhance employment growth, whereas unrelated variety tends to limit unemployment 
upsurges (Frenken et al. 2007a, Bishop and Gripaios 2011, Hartog et al. 2012). With 
only few exceptions (Van Oort et al. 2014, Dogaru et al. 2011), most studies on variety 
externalities focus on individual advanced economies. It can be argued that such a choice 
does not allow for the generalization of results for less advanced regions. In particular, 
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explicitly accounting for the different levels of technological capabilities in European 
regions is essential to isolating the effects of knowledge externalities.

Taking advantage of an interregional European dataset, the first chapter of this thesis 
addresses the following research question:

Are the effects of variety externalities uniform across regions with different levels of knowledge 
resources?

Using a spatial panel analysis, this paper provides critical information on the type 
and function of agglomeration externalities in relation to regional heterogeneity for 
knowledge intensity and innovation capabilities. The analysis in this chapter shows that 
modelling this regional heterogeneity in a spatial panel setting is crucial for identifying 
the positive agglomeration effects of variety externalities on regional growth. Our results 
indicate that related variety exerts positive effects in only regions characterized by 
higher technological and knowledge capabilities, whereas no significant effect is found 
for average or less advanced areas. More generally, we conclude that different levels of 
knowledge endowment may condition the way knowledge-related externalities affect 
the local economy.

Chapter 2
As discussed above, regional economies are connected across space, but they are also 
embedded in different types of network relations. These considerations have spurred 
different research lines in both geography and economics. Geographers have particularly 
stressed the existence of a system of global pipelines for knowledge: financial and trade 
flows or collaborative opportunities allow actors in a given location to access knowledge 
resources that have originated in other parts of the world (Bathlelt et al. 2004, Boschma, 
2005, Iammarino and McCann 2013). Similarly, endogenous growth theorists have 
studied the way in which trade linkages, particularly importing, allow countries and 
regions to bring in not only goods and services but also new knowledge. As R&D 
expenditures are embodied in a region’s exports, other economies buying those goods 
have access — at least to some extent — to the knowledge contained in those exports 
(Fagerberg 1988, Coe and Helpman 1995, Coe et al. 2009, Ertur and Koch 2011). 
Similar reasoning applies to other channels, such as cooperative relations for patenting 
(Maggioni et al. 2007, Hoekman et al. 2009, Ponds et al. 2010). Based on the relevance 
of non-spatial relations, some scholars have developed the concept of “network capital” 
to formally model the impact of network linkages on regional growth (Huggins and 
Thompson 2014).
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In spite of the significant theoretical debate and the emergence of empirical evidence on 
the relevance of spatial, trade and co-patenting relations (Dall’Erba and Le Gallo 2008, 
Caragliu and Nijkamp 2015, Hoekman et al. 2009, Basile et al. 2012), a joint analysis at 
the regional level of spatial and non-spatial relations is still missing. Additionally, most 
of the previous literature did not consider whether linkages to specific types of territories 
(such as the most innovative regions) are particularly beneficial for regional economies. 
The second chapter of this thesis fills in these gaps by investigating two main research 
questions:

Do spatial, trade and co-patenting relations all affect regional productivity, and if so, which 
relationship has the strongest influence?

Do relationships with the most advanced regions provide particular advantages with regard 
to their effects on regional productivity, and if so, under what conditions are these advantages 
found?

The empirical analysis presented in this chapter shows that although spatial relations 
have the strongest impact on regional productivity, trade linkages also have a positive 
and significant effect. On the contrary, the impact of co-patenting relations is not robust. 
Additionally, connections to the most innovative regions exert a positive influence only 
in interactions with the local human capital: in other words, trade and co-patenting 
relations with the best pupils in the class tend to increase the level of productivity, but 
only when the region has a relatively strong knowledge base. 

Chapter 3
Since the understanding of the trajectory of economic development cannot proceed 
without the study of industrial dynamics, in the third chapter of the thesis the focus 
of the analysis moves to sectors within regions. Recent research has shown that the 
process through which an economy evolves and renews itself is strongly path-dependent 
(Hidalgo et al. 2007, Neffke et al. 2011), with the current sectoral structure affecting the 
future sectoral composition of the economy. This implies that renewal, diversification 
and development occur through a gradual “branching” process, in which new industries 
emerge from old, related industries (Boschma and Frenken 2011).

The relatedness literature provides significant insights on the processes of diversification 
and development. However, it remains unclear whether some characteristics of the 
economy can facilitate or harm this relatedness-driven process. Institutions are one of 
factors that may influence the dynamics of relatedness at the local and national level 
(Boschma and Capone 2015). The study of institutions as factors that enable or constrain 
development is certainly not new in the social sciences (North, 1990, 2005, Putnam et 
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al. 1993, Banfield, 1958). Different strands of literature show how the rules of the 
game within the society, not only when formally codified but also when remaining 
informal (e.g., social capital), have the ability to shape the function and performance of 
the economy (Acemoglu and Robinson 2005, Knack and Keefer 1997, Beugelsdijk et 
al. 2005, Rodriguez-Pose, 2013).

This chapter combines these two fields of research. By exploring the relationship between 
relatedness, institutions and diversification, the chapter considers the following research 
question:

Do relatedness and institutional factors, both individually and in interaction, influence 
regional economic diversification?

Studying a sample of 118 European regions in the period of 2004-2012, the analysis 
presented in the chapter shows that institutions are important for regions that diversify 
into new industries, with relatedness and bridging social capital being key drivers of 
regional diversification. Surprisingly, formal institutions do not directly affect regional 
branching, though some evidence suggests that they contribute to limiting the potentially 
negative effects of bonding social capital.

Chapter 4
Multinational enterprises (MNEs) are some of the most notable actors in the 
contemporary economy, not only in terms of size but also with respect to the knowledge 
assets and resources that they can mobilize. According to Iammarino and McCann 
(2013), as much as 46% of total R&D expenditure in the world for MNEs in 2005 was 
accounted by the top 1% of multinational enterprises. It is thus not entirely surprising 
that a burgeoning literature has emerged studying the effect of MNEs on the hosting 
economy (Crespo et al. 2007, Fu et al. 2011).

The impact of MNEs on the local firms and economy depends on different factors. 
Foreign companies may in fact provide significant advantages but also have detrimental 
effects on the local economy. First, opportunities for learning from highly advanced 
foreign firms and streamlining domestic firms’ production processes may emerge as 
a consequence of foreign entry. At the same time, the presence of MNEs in a given 
sector can dramatically increase the level of competition, pushing domestic firms out 
of the market or forcing them to operate on a smaller and less efficient scale. Second, 
cross-sector externalities of MNEs are usually stronger than within-sector ones, making 
the embeddedness of foreign companies in the hosting economy essential for positive 
externalities to materialize. More specifically, vertical linkages — especially backwards 
ones — to MNEs are important channels for local firms to benefit from knowledge and 
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productivity spillovers. However, no channel other than the input-output relations to 
MNEs has been considered for cross-industry externalities. In this respect, the literature 
of industrial relatedness (Hidalgo et al. 2007) suggests that vertical relations are only one 
type of channel through which knowledge spills over. Last, preconditions exist for positive 
externalities to take place. These are mostly related to local knowledge endowments 
and absorptive capacity and the solidity and quality of the financial and institutional 
systems. The differences across regions and industries in terms of these characteristics 
induce significant heterogeneity in the effects that MNEs have. Full attention should 
thus be given to the significant differences in knowledge assets, technologies and levels 
of development in Europe when studying the impact of MNEs on European regions.

Based on these considerations, Chapter 4 focuses on the following research questions:

Do MNE spillovers affect cognitively related industries?

Do MNE spillovers have different effects across different types of regions and industries?

Applying a methodology similar to that of Hidalgo et al. (2007), we construct a 
similarity index based on the co-occurrence of industrial specializations to capture 
cognitive relatedness (Van Eck and Waltman 2009) and we interact it with our measures 
of MNE presence. We find that the number of MNEs in related sectors has significant 
effects on industrial employment only in knowledge-intensive industries in advanced 
regions. Additionally, the positive relation between employment level and proximity 
to industries attracting foreign companies provides supportive evidence of short-term 
knowledge spillovers. However, both intra- and inter-industry spillovers of MNEs 
are heterogeneous across industries and regions. Positive MNE externalities appear to 
be stronger in advanced sectors and, more surprisingly, in Eastern EU regions. These 
regions, however, are also those that suffer the most in the case of MNE exits.

Conclusions
The final chapter of this thesis concludes with a short summary of the main findings 
and highlights some policy implications based on the analyses in this thesis. Next, the 
limitations of the thesis are discussed, in particular, focusing on theoretical issues and 
methodological shortcomings. In the final section, extensions to be considered by future 
studies are presented.
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Introduction

Since the work of Marshall (1920), scholars have devoted significant attention 
to agglomeration economies. While the theoretical framework on agglomeration 
externalities and the channels through which they influence the overall economy are well 
established (McCann and Van Oort 2009), the empirical evidence has been ambiguous 
and inconclusive. As the empirical debate seems to have reached a standstill, the 
introduction of the concepts of related and unrelated variety has resulted in a promising 
conceptual and empirical renewal in agglomeration studies (Van Oort 2015). The main 
raison d’être for these two new concepts is that the dichotomy between specialization 
and diversification, as used predominantly in the literature (Beaudry and Schiffauerova 
2009), cannot fully capture the complexity of agglomeration externalities. By giving a 
closer look at the sectoral composition of the economy and at the functional relatedness of 
various sectors, related and unrelated variety provide additional and critical information 
on the type and functioning of agglomeration externalities. 

Frenken et al. (2007a) first introduced this typology, in which sectoral diversity is split 
into related variety and unrelated variety in order to discriminate between sectors where 
proximity allows knowledge to move from one sector to another (related variety) and 
sectors in where ideas and skills are unlikely to spill over (unrelated variety). Following 
Frenken et al. (2007a), in this paper within-sector related variety and between-sector 
unrelated variety are measured by sectoral decomposition (using entropy measurement), 
where employment in detailed 4 digit industries is considered to be functionally related 
to their 1-digit aggregates, while 1-digit sectors themselves are mutually unrelated. In 
its basic meaning, related variety is conceptually related to innovative renewal, new 
market exploration and employment growth, while unrelated variety is linked to a 
portfolio effect that protects a region against unemployment spillovers across sectors. 
This breaks down the usual diversity conceptualization in two distinctive elements 
that have marked different outcomes. Regional specialization and clustering remain 
traditionally hypothesized to be attached to productivity growth (Kemeny and Storper 
2014, Frenken et al. 2014). 

Among the aspects that are not properly addressed in this burgeoning discussion are 
two that we take up in this paper. The first aspect concerns the divergent functioning 
of (un)related variety agglomeration externalities across European countries. European 
regional economic policy becomes increasingly place-based in character, fuelling the 
need for comparative information on agglomeration externalities in European regions 
(Barca et al. 2012, McCann and Ortega-Argiles 2013, McCann 2015). As highlighted 
by Van Oort and Bosma (2013), contrary to place-neutral strategies (that rely on the 
agglomerative forces of the largest cities and metropolitan regions to attract talent and 
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growth potential), place-based development strategists claim that the polycentric nature 
of European city-regions, each with its own peculiar characteristics and specialization 
in the activities to which it is best suited, creates fruitful urban variety, which optimises 
economic development. This perspective implies that medium-sized European city-
regions have not declined in importance relative to larger urban ones, a proposition 
that has indeed been indicated in monitoring publications (Dijkstra et al. 2013). Until 
now, however, there has been little empirical support for explanations of European 
city-region growth based on the concepts of related and unrelated variety and sectoral 
specialization (the exception being the study by Van Oort et al. 2014). Arguably, the 
260 NUTS2 regions, as applied in this paper, capture the regional-urban economy of 
Europe (Combes and Overman 2004, p.2848-2850). Many quantitative studies on 
(un)related variety have focused on regions within a fixed number of countries3. Van 
Oort et al. (2014) conducted a first informative cross-sectional analysis of the impact of 
related and unrelated variety on economic growth in a selection of European regions. 
The advantages of a longitudinal analysis using panel data were clearly missed in that 
analysis, as was a full treatment of spatial dependence in the processes studied.

The second innovative aspect of our paper is therefore that it deals explicitly with 
important spatial dependence and spatial heterogeneity issues. Spatial heterogeneity 
of European regions becomes theoretically and policy-wise ever more important when 
looking at regions through the lenses of innovation policy and Smart Specialization 
(Foray 2015). The regionally varying degrees of industrial organization and institutional 
development are crucially related to different levels of technological progress (Rodriguez-
Pose 2013). The effects of specialization and (un)related variety on regional economic 
growth will therefore be assessed in the light of different levels of technological progress 
of European regions. The paper will resort to spatial panel data models. This relatively 
new econometric methodology, which at the best of our knowledge has not been used 
in this field yet, allows us to estimate not only the coefficients for each variable in the 
model, but also to account for spatial effects in the data.

We conclude that confirmation of the hypotheses concerning related variety, unrelated 
variety and specialization in relation to regional economic growth, is strongly dependent 
on the technological progress and (general) degree of innovativeness of regions. Without 
controlling for this spatial heterogeneity, our models do not provide convincing 
evidence for the hypotheses, as we find a statistically significant negative coefficient 

3  Studies using the conceptualization of related and unrelated variety are reported for The Netherlands 
(Frenken et al. 2007), Great Britain (Bishop and Gripaios 2010, Essletzbichler 2015), Italy (Boschma and 
Iammarino 2009, Quatraro 2010, Antonietti and Cainelli 2011, Cainelli and Iacobucci 2012, Mameli et al 
2012), Germany (Brachert et al. 2011), Finland (Hartog et al. 2012), Spain (Boschma et al. 2012, 2013), 
and the US (Castaldi et al 2015).
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for related variety (regressed on employment growth), and non-significant coefficients 
for specialization (on productivity growth) and unrelated variety (on employment 
growth and unemployment growth). After introducing the technological regional 
regimes however, we find that related variety externalities do have a positive effect on 
the economic performance of a region, but only for areas that are more technologically 
advanced and are better endowed with knowledge and innovation. On the contrary, the 
portfolio effects of unrelated variety externalities do have no effect, or have a negative 
impact on performance of a region. In line with Hartog et al. (2012), this paper 
indicates that the mechanisms of related and unrelated variety are relevant, but that 
embedding in innovative regions ranking high in terms of knowledge and technological 
resources is crucial. This means that less knowledge-endowed regions in Europe have less 
chances for growth – questioning the strategic vision that those regions can catch-up via 
diversification of their economies (Foray 2015, p.66, Dogaru et al. 2011). 

The paper is further organized as follows. Section 2 will provide a selective overview of 
the literature on agglomeration economies, working towards the introduction of the 
concepts of related variety and unrelated variety on an interregional, European scale. 
Section 3 describes the hypotheses to be tested, the models and the methods that will be 
used. This is followed by a presentation of the variables and data in section 4. Section 
5 is devoted to the discussion of the estimations we obtained from our models. In 
our conclusions (section 6) we summarise our main findings and use those insights to 
highlight policy implications and to suggest important areas to be explored in future 
research.

Agglomeration economies and the concepts of (un)related variety

Agglomeration economies can be defined as externalities, either positive or negative, 
emerging from the context in which an economic actor is located. Regarded as one 
of the most relevant factors explaining the differences in the performance of regional 
economies, agglomeration economies have been subject to extensive debate both 
in academia (McCann and van Oort 2009) and in policy (Barca et al. 2012). The 
potentially beneficial effects of such externalities play an important role in shaping the 
location choices of economic actors and their interaction opportunities (Desrochers 
and Leppala 2011). Agglomeration economies represent a complex and multifaceted 
phenomenon, which is difficult to treat both in theoretical discussions and in empirical 
research (Rosenthal and Strange 2004).

Traditionally, agglomeration externalities have been conceived as either sector-related 
or urban-related economies of scale. Both of these conceptions can be further divided 
into static and dynamic externalities. As in our empirical analysis we look at dynamic 

cortinovis-layout.indd   24 10/11/2016   11:51



Variety, economic growth and knowledge-intensity of European regions

Ch
ap

te
r 1

25

externalities, we will not theoretically discuss in detail the static interpretation of 
agglomeration economies. Sector related externalities are typically named localization 
externalities, as opposed to urban-related ones, which are referred to as urbanization 
externalities. Localization externalities derive from the concentration of a sector in a 
certain area. Theory suggests that, as firms belonging to the same sector locate near 
one another, they accrue important benefits. Using common suppliers and taking 
advantage of pooled human capital allow these firms to reduce their production and 
transaction costs, increase their productivity and become more competitive (Kemeny 
and Storper 2014). These effects are often named static externalities, as the externalities 
and their impact on the location choice and productivity are temporarily co-occurrent. 
There is also a dynamic side of the localization economies: firms belonging to the same 
sectors are also part of the same “cognitive” community, and hence, they can profit 
from exchanging knowledge and mutual learning opportunities. These knowledge and 
imitation effects develop over time and mostly affect the growth performance of firms. 
However, on a more aggregate level, these dynamics would prove to be beneficial also for 
the regional economy, fostering growth and development.

Differently, the effects of urbanization externalities emerge from the variety and diversity 
of the economic environment (Jacobs 1969). A diverse and densely inhabited setting, 
such as a metropolitan area, allows knowledge to be recombined substantially more than 
in specialized areas, thus spurring cross-fertilization of ideas and innovation. Thanks 
to the geographical proximity of firms from different sectors, cities can innovate more 
and experience higher growth rates. Beneficial effects associated with urbanization also 
emerge from cities’ wider variety of goods and consumption preferences (Glaeser and 
Maré 2001) and from their ability to attract better educated, more industrious and 
creative individuals (Rosenthal and Strange 2004). From a policy perspective, dynamic 
urbanization externalities allow a region to benefit and improve its performance by 
attracting different sectors, fostering diversity and promoting knowledge recombination 
within its economy.

The striking contrast between these two lines of argument has fostered a large discussion 
on the question of whether specialization or diversity is the dominant driving force for 
regional growth. Despite the numerous empirical studies focused on this issue, the results 
are indecisive and open to discussion. There are two primary reasons for this plurality of 
results. First, from a conceptual perspective, while theory sharply distinguishes between 
localization and urbanization externalities, the reality is much more blurred. As various 
scholars have observed, specialization and diversity can coexist (Duranton and Puga 
2000) and cities can also evolve and develop in both respects (O’Huallachain and Lee 
2011). Second, from an empirical perspective, Beaudry and Shiffauerova (2009) suggest 
that varying methodologies, levels of aggregation and measurement lead to dissimilar 
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results. This point has also been confirmed by the meta-analyses by Melo et al. (2009) 
and De Groot et al. (2009).

Given the lack of conclusive results in the debate over specialization and diversification, 
scholars have sought new conceptual frameworks (Van Oort et al. 2014). The ideas 
and arguments of the evolutionary economic geography (EEG) approach have gained 
particular attention, especially in light of the importance they attach to knowledge and 
innovation dynamics as drivers of the evolution of economic systems (Boschma and 
Martin 2010). Directly referring to a Schumpeterian view of capitalism as a restless 
system continuously moving and changing itself, scholars of the EEG school consider 
economies to be subject to constant, endogenous transformation. The evolutionary 
trajectory of an economy is defined on the basis of its internal features and characteristics. 
Precisely because of such endogenous change, the intangible assets and characteristics 
of the economy, such as knowledge and institutions, are crucial in driving its evolution 
(McCann and van Oort 2009). Moreover, different forms of proximity are important 
in shaping the evolutionary process of an economy. In this sense, while geographical 
proximity is essential for collective learning (Boschma and Lambooy 1999), cognitive 
and cultural proximity are equally important for defining opportunities for knowledge 
to flow, be recombined, spur innovation and be used in productive processes (Boschma 
2005). 

The discussion of proximity has clarified that not all knowledge is equal. More “proximate” 
knowledge, from a cognitive rather than geographical perspective, is important, as it can 
move and can be recombined more easily across the economy. In this sense, in a highly 
specialized economy, knowledge will not naturally be recombined, as firms have access 
to the same pool of technical expertise. This might even lead to a situation of cognitive 
lock-in. Alternatively, when the cognitive distance between two sectors in a diversified 
economy is substantial, it is less likely that knowledge and ideas will be exchanged, as 
actors in the two sectors will not “speak the same language” (Breschi et al. 2003).

Reconsidering urbanization externalities on the basis of this understanding, Frenken et 
al. (2007a) pointed out that complementarities have to be there in order for knowledge 
flows and recombination to bring about positive results. In their study, sectoral diversity 
is split into related variety and unrelated variety in order to discriminate between 
sectors where proximity allows knowledge to move from one sector to another (related 
variety) and sectors in where ideas and skills are unlikely to spill over (unrelated variety). 
Each of the two sides of variety has its advantages. Related variety allows for firms and 
organizations to access knowledge from complementary sectors and to recombine it into 
new products or process (Boschma 2005). As the level of knowledge-relatedness influences 
the opportunities for firms to innovate (Breschi et al. 2003), high levels of related variety 
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are likely to have a positive effect on employment, as new goods and products will come 
into production. On the other hand, an economy with highly unrelated sectors will 
benefit from such diversification, in particular by being better protected against sectoral 
shocks (Frenken et al. 2007a). At least in the short run, a high level of unrelated variety 
is thus likely to be associated with lower unemployment growth. Besides, unrelated 
variety can also be linked to higher employment growth. While unemployment growth 
is not necessarily the inverse of employment growth (the employment rate may change 
due to people entering or leaving the labor market, and growth may also differ over 
regions and sectors), we consider the relation between unrelated variety and employment 
growth an important hypothesis to explore which was not explicitly considered in the 
theoretical framework set up by Frenken and al. (2007a). Nonetheless, their framework 
proved to be very useful and it was applied in many empirical settings, in particular in 
regional analyses in European countries. In many cases the results match the hypotheses, 
especially in terms of related variety, confirming that employment growth increases with 
high relatedness across sectors. Also at a wider pan-European level, the positive relation 
between related variety and employment growth was shown in a cross-sectional research 
setting (Van Oort et al. 2014).

Certain important issues were not fully addressed in these studies on related and 
unrelated variety. First, as nearly all of these papers focus on agglomeration economies 
within specific countries in Europe, the evidence and usefulness for European-wide 
regional development policies is limited. Typically advanced economies, such as those of 
the United Kingdom, Italy or the Netherlands, are used to test the variety hypotheses. 
As these are all knowledge-intensive economies, these studies may be biased with 
respect to where policies may be effective. Moreover, an aspect that is often neglected 
is the relationship between agglomeration economies and the overall level of economic 
development (De Groot et al. 2009). This paper assesses the relationship among variety, 
specialization and regional growth in a sample of European regions to test whether 
the hypotheses of Frenken et al. (2007a) hold in a much more heterogeneous set of 
economically integrated regions, some of which are more technologically advanced than 
others. 

Second, in their study of Finnish regions, Hartog et al. (2012) note that the impact 
of related variety on growth depends on the type of sectors considered. While, at an 
aggregate level, they do not find any effect of related variety on employment growth, 
focusing on (localized) high-tech sectors results in a positive effect. Building on this, we 
will investigate whether related variety and unrelated variety are important for growth, 
depending on the level of innovativeness and technological progress of the regional 
economy. The intuition is that externalities associated with knowledge spillovers and the 
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introduction of innovative ideas are much more relevant in regions characterized by a 
knowledge-intensive economy.

Third, from the point of view of innovation and knowledge flows, related and unrelated 
variety should not be understood as opposed one to the other. In other words, while 
cognitive proximity clearly facilitates knowledge spillovers and new product development, 
it has been argued that it is through the recombination of knowledge from unrelated 
sectors that radical innovation occurs (Castaldi et al. 2015). Building on this, it should 
be expected that unrelated variety can have a positive effect on employment growth, 
and not only a negative effect on unemployment growth as suggested by Frenken et al. 
(2007a).

Finally, while most of the research on agglomeration economies explicitly mentions 
spatial spillovers (Ciccone 2000, Martin et al. 2011, Boschma et al. 2011), few studies 
resort to spatial econometric models to fully account for spatial dependence in the data 
(Van Oort et al. 2014, Bishop and Gripaios 2010). In our analysis, we will use full 
spatial panel modeling, assessing whether spatial dynamics are present and controlling 
for spatial dependence that would otherwise make our estimates biased and inconsistent 
(LeSage 2008).

Hypotheses and econometric models 

To address these three issues, we will apply and extend the framework of hypotheses 
advanced by Frenken et al. (2007a) on a European level and employ a spatial panel 
approach. Specifically, the hypotheses we test are the following:

• Hypothesis 1: related variety and employment growth are positively related due to 
knowledge spillovers across sectors and innovation dynamics induced by knowledge 
recombination;

• Hypothesis 2a: unrelated variety and unemployment growth are negatively related, 
owing to portfolio effects associated with a diversified economy and dampened 
effects of sector-specific shocks;

• Hypothesis 2b: unrelated variety and employment growth are positively related 
because of the technological breakthrough following the recombination of unrelated 
knowledge; 
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• Hypothesis 3: specialization and productivity growth are positively related due to 
the cost-reduction and efficiency gains achieved through localization externalities in 
specialized regions.

Further, following Hartog et al. (2012), we investigate another hypothesis:

• Hypothesis 4: the effects of related and unrelated variety are more pronounced in 
economies more intensely exploiting knowledge and high technology, due to the 
greater availability of skills, know-how and human capital in these areas.

These five hypotheses will be tested applying spatial panel data models using NUTS-
2 regions in Europe as observations. The first model tests hypotheses 1 and 2b, and 
hence it uses employment growth as the dependent variable. The second model tests 
hypothesis 2a and uses unemployment growth as the dependent variable. The third 
model tests hypothesis 3 and uses productivity growth as the dependent variable. The 
formal structure of the models is the following:

, (1)

where  is the growth of the employment rate, unemployment rate or productivity 
between time t and t+1 and  is the same variable expressed in levels at time t4. 
Each of these models contains both individual fixed effects ( ) and time dummies 
( ). Additionally, all models include the three explanatory variables (related variety 
( ), unrelated variety ( ) and specialization ( ) and control variables 
( ). 

The specification proposed in equation (1) does not include any spatial term. In order 
to directly account for geographical proximity, a spatial structure has to be imposed. We 
achieved this by specifying the spatial weight matrix . Among the different methods 
that can be used to construct such a matrix (LeSage and Pace 2009), we opt for an 
inverse distance matrix with a critical cut-off. With  being the chosen cut-off, two 
regions are considered neighbors if the distance between them ( ) is lower than ; in 
this case, the inverse of  is used as the entry in the spatial matrix. If two regions are 
not neighbors, the value in the weight matrix will be zero.

4  The equation thus represents a simultaneous model. While this might make the estimation problema-
tic, we also estimate a lagged version of the model. As the results do not change between the two specifica-
tions and the time dimension is not long, we decided to use the simultaneous version.
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In mathematical notation:

(2)

As is customary in spatial econometrics (Elhorst 2014), the spatial matrix is row-
standardized. The choice of weight matrix was made following the suggestions by 
LeSage (2014), namely to use a sparse connectivity structure and avoid complex 
decaying functions. With respect to the former suggestion, we introduce a cut-off at 
500 kilometers to ensure a distance range sufficiently wide to reflect the dynamics of 
highly integrated regional economies. Ertur and Le Gallo (2003) construct European 
weight matrices with similar ranges using k-nearest definitions of 10, 15, 20 and 25. 
Concerning the decay function, we take the inverse of the distance between two regions, 
such that a close neighbor (  close to 0) has a greater weight than one located farther 
away (  close to ).

As the spatial dimension of the data can be included in the model in different ways, 
we choose the appropriate spatial specification performing the likelihood ratio tests 
devised by Debarsy and Ertur (2010). The aim of these tests is to select the most suitable 
spatial specification given the data and the spatial weight matrix. Excluding the spatial 
Durbin specification5, the most general specification we consider contains two spatial 
terms: one accounting for the spatial autoregressive process (i.e., spatial correlation in 
the dependent variable) and the other to control for spatial autocorrelation (i.e., spatial 
correlation in the residuals). In formal terms, a generic representation of this model is: 

, (3)

where  represents the spatial autoregressive term, while  captures the 
autoregressive disturbances. In the spatial econometrics literature, this model is referred 
to as a SARAR model. When one of the spatial terms is not significant, the model can 
accordingly be reduced to a spatial error (SEM), which only includes the autoregressive 
error term, or a spatial lag (SAR) specification, which contains only the spatially lagged 
dependent variable (LeSage and Pace 2009).

5  The spatial Durbin model includes terms in which the W matrix interacts with the regressors. As our 
measures of related and unrelated variety do not provide information on the specific sectors making up each 
regional score (so that to similar values might be due to totally different sectoral structures), it would be 
unwise to use a spatial Durbin specification.
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With the same notation as in equation (3), we perform likelihood ratio (LR) tests on the 
following null hypotheses6:

• Joint test: LR1 tests whether both = =0;
• Marginal tests: LR2 (and LR3) tests whether, assuming =0 ( =0), =0 ( =0);
• Conditional tests: LR4 (and LR5) considers whether, given ≠0 ( ≠0), =0 ( =0). 

Table 1 - Spatial specification tests

 
(1) Employment growth (2) Unemployment growth (3) GVA per hour growth

Statistic P-Value Statistic P-Value Statistic P-Value

LR 1 48.402 0.000 *** 20.738 0.000 *** 5.285 0.071 .

LR 2 33.950 0.000 *** 1.055 0.590   0.557 0.756  

LR 3 47.332 0.000 *** 9.054 0.010 * 0.279 0.869  

LR 4 14.054 0.000 *** - -   - -  

LR 5 0.672 0.714 - -   - -  

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1

The results from the tests, reported in Table 1, indicate that for the three models the SEM 
specification is the most appropriate. The conditional test on ≠0 is never significant, so 
that be the existence of a spatial lag effect can be rejected7.

The model represented in equation (1) has thus to be extended as follows:

. (4)

With respect to Hypothesis 4, the same three models used for the first four hypotheses 
are re-estimated, but here, the sample is divided into different groups according to the 
level of technological progress in each region. To create these different regimes, we 
exploit the categorization of European regions made by Wintjes and Hollanders (2011), 
as discussed in the following section. The technological regimes are interacted with the 

6  These tests are performed sequentially from LR1 to LR5. Using the joint test, we assess whether any 
significant spatial effect is present, against the hypothesis that both  and  are 0. Through the marginal 
tests, we consider whether the spatial effects captured by the joint test are due to only one of the spatial 
terms, under the assumption that the other is not statistically different from 0. Finally, when the marginal 
tests indicate that at least one of the spatial terms is different from 0, we assess whether the other also has a 
non-zero coefficient using the conditional tests. 
7  As a robustness check, we estimated the model on employment growth as SARAR, but the  was not 
statistically different from zero.
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variables in the models to assess how the variables of interest behave in regions belonging 
to different regimes. The regressions for each of the technological regimes are estimated 
simultaneously and the spatial coefficients are common and jointly estimated (Bivand 
and Brunstad 2006). In contrast to the first three models, the cross-sectional fixed effects 
are replaced by the technological regime constants because both individual fixed effects 
and the regime variable are time invariant. Including both of them would then create 
collinearity problems.

Variables and data 

In calculating related and unrelated variety, we applied the same approach as Frenken 
et al. (2007a), using two entropy measures calculated on employment shares in 260 
regions for 9 years in a panel setting (N=2,340). Detailed sectoral information on 
the regions is needed to calculate these measures (obtained and aggregated from the 
firm-level ORBIS database collected by Bureau Van Dijk and discussed below). Using 
the progressive structure of the NACE classification of these employment data, from 
broader to finer groupings, we consider unrelated those sectors that belong to each of the 
21 different sections of the classification (variation between sections). Detailed sectors 
within each of these sections are considered related to one another, precisely because 
they belong to the same section (and presumably share consumer and producer markets 
and production technologies)8. The choice of using sections as cut-off for between and 
within level variation is made to capture the greatest amount of relatedness among 
sub-sectors as possible. For instance, firms manufacturing textile products and firms 
producing apparel belong to the same section (“C”) but to different NACE sub-sectors 
(divisions 13 and 14, respectively). An approach using divisions to compute related and 
unrelated variety would have considered these two sub-sectors to be unrelated, while 
they are actually rather similar. 

The method introduced by Frenken et al. (2007a) accounts for the entropy in the 
distribution of employment shares within each level of the industrial classification. 

8  There are various ways to measure relatedness across regions and sectors. The method employed in 
this paper uses complementarities of sectors, administered within broader and refined sectors (Frenken 
et al. 2007a). Other methods use co-occurrence and functional linkages between sectors (Hausmann 
and Hidalgo 2010) or relatedness flows, e.g., labor mobility (Neffke et al. 2011). More detailed data are 
required for the latter methods than is currently available at a European regional scale. 

cortinovis-layout.indd   32 10/11/2016   11:51



Variety, economic growth and knowledge-intensity of European regions

Ch
ap

te
r 1

33

Unrelated variety ( ) is therefore the measure of entropy among the 21 NACE 
sections and can be calculated as:

where  represents the share of employment in section  over total employment in region 
 at time . In a similar fashion, related variety ( ) is measured as the weighted sum 

of entropy within each of the  sections in the classification. Specifically:

with

where  represents the employment share of division  over the total. Figure 1 depicts 
the spatial distribution of related and unrelated variety across the sample in 2004. 
As the maps clearly indicate, variety at high levels of aggregation exhibits no strong 
resemblance to variety at low levels, which strongly suggests that the choice of sector 
aggregation is not trivial. Unrelated variety appears to be a more urban regional feature 
than related variety with higher scores in London, Madrid, Paris, and Eastern-European 
urban regions.

To measure specialization ( ), we followed Cutrini (2010) and computed the Theil 
index. This measure is an entropy index for measuring dissimilarity, which we can 
interpret as an overall indication of regional relative specialization. In formal terms:

where  represents the number of employees in sector , in region , at time , while 
stands for the number of employees in sector , across all the regions in the sample, 

at time .
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Figure 1: Related and unrelated variety in European NUTS-2 regions (2004)
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Ranging between 0, when location quotients are equally distributed across all sectors, 
and 1, denoting total concentration of employment in one sector, the  variable 
accounts for the deviations from the European average in the sectoral distribution of 
employment. The main drawback of using this specialization indicator is that, being a 
relative measure, it cannot account for the absolute size, which is arguably important 
in localization externalities (Kemeny and Storper 2014). In these regards, while there 
are many ways to measure specialization (Nakamura and Morrison Paul 2009, Cutrini 
2010), this global measure was proved to be a robust estimator in Van Oort et al. (2014)9 
and Thissen et al. (2013c).

9  While we attempted to ensure comparability between our paper and Van Oort et al. (2014), marked 
differences exist. In particular, while we use employment shares to weight firms in regions and sectors (and 
controlling for the large-firm bias in the ORBIS data), Van Oort et al. use firm turnover stemming from a 
related but different database than ORBIS. Further, our sample of regions is considerably larger than that 
in Van Oort et al. (2014).   
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Figure 2: Sectoral specialization and technological regimes in European NUTS-2 regions
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Figure 2 depicts the spatial distribution of the specialization variable across European 
NUTS-2 regions in 2004. As mentioned above, we followed Wintjes and Hollanders 
(2011) to define the technological regimes in our sample. In their analysis, different 
indicators of employment, human resources, technology, activity rates and the overall 
economic situation are used to divide EU regions into seven types of knowledge 
economies10. High-technology regional profiles are present in Southern Germany, 
London and the surrounding area, Paris, Toulouse, Scandinavian urban regions and 
Eastern European capital regions.

Following this approach, regions are ranked according to their capacities in terms of 
knowledge accessibility, knowledge absorption and knowledge diffusion. Building 
on this, we assign the regions in our sample into three technological regimes (“High 
technological regime”, “Medium technological regime” and “Low technological regime”), 
as shown in Table 2. The right-hand panel in Figure 2 depicts the spatial distribution 
of the regime variable in our sample. As the study by Wintjes and Hollanders (2011) 
did not include Norway, we also excluded the Norwegian regions from our econometric 
analysis. Missing data for Switzerland, Norway, Scotland and parts of Finland also 
forced us to exclude these regions.

10  See Appendix 1.A for additional details on the typology and indicators introduced by Wintijes and 
Hollanders (2011).
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Table 2: Technological regimes and types of regions (Wintjes and Hollanders 2011)

Technological 

Regimes
Type of Region Features

High 
technological 

regime

Metropolitan knowledge-intensive 
services regions

High absorption capacity

Public knowledge centers High accessibility

High-tech regions
High diffusion, accessibility and 

absorption capacity

Medium 
technological 

regime

Knowledge-absorbing regions
Average performance in diffusion, 

accessibility and absorption capacity
Skilled technology regions

Low 
technological 

regime

Traditional Southern regions
Below average in diffusion, accessibility 

and absorption capacity

Skilled industrial Eastern EU regions
Below average in diffusion and 

absorption capacity

In addition to the explanatory agglomeration (variety and specialization) variables and 
the regime variable, we also include the level ( ) of the growth variable as regressor. 
For the model of related variety, this concerns the employment rate of region  at time 
, while for the models of specialization and unrelated variety, gross value added (GVA) 
per hour and the unemployment rate will be used, respectively. While the use of the 
employment rate and unemployment rate is rather straightforward, we decided to 
use GVA per hour, as it represents a more precise measure of productivity that is not 
influenced by part-time jobs.

The model equation also contains , a term that gathers the five control variables 
we include in our regressions. As for the other regressors, the control variables have 
values for every year from 2004 to 2012. The wage per employee (wage p.e.) is included in 
the regression to account for the level of individual income in the region. Following the 
literature on agglomeration externalities (e.g., Puga 2002), we introduce a variable for 
population density (Pop. dens.) to control for the economic size of a region, which might 
affect regional growth. In a similar fashion, the market potential (Mrkt Pot.) variable 
is intended to capture the effects of demand from outside the region. The measure is 
calculated as the sum of per capita income in all the other regions inversely weighted by 
the geographical distance. As supply-side controls, we include variables for the level and 
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quality of human capital (HC) among workers, measured as the percentage of the labor 
force over 25 having completed tertiary education and the share of population having 
attained upper secondary education (Sec. Ed.).

Table 3: Descriptive Statistics

Statistic N Mean St. Dev. Min Max

Empl. growth 2,340 0.005 0.023 -0.132 0.098

Unem. growth 2,340 0.041 0.203 -0.452 1.477

GVA p.h. growth 2,340 0.013 0.031 -0.127 0.194

Empl. R. 2,340 0.653 0.075 0.394 0.802

Unem. R. 2,340 0.08 0.043 0.017 0.341

GVA p.h. 2,340 27.432 13.799 2.529 89.387

RVar 2,340 2.989 0.636 1.151 4.202

UVar 2,340 3.4 0.22 2.559 3.903

Spec 2,340 0.183 0.123 0.000 1

HC 2,340 0.259 0.086 0.08 0.627

Sec. Ed. 2,340 0.481 0.146 0.095 0.803

Wage p.e. 2,340 24.636 11.573 1.711 58.584

Pop. Dens. 2,340 4.985 1.171 1.121 9.19

Mrkt Pot. 2,340 2.165 0.466 0.897 4.130
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Table 4: Correlation table

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Empl. R. 1

Unem. R. -0.717 1

GVA p.h. 0.521 -0.323 1

RVar -0.275 0.160 -0.416 1

UVar 0.044 -0.016 0.298 0.111 1

Spec -0.034 -0.028 -0.461 0.068 -0.617 1

Wage p.e. 0.555 -0.342 0.923 -0.406 0.228 -0.337 1

Sec. Ed. 0.041 -0.081 -0.391 0.338 -0.210 0.211 -0.340 1

HK 0.329 -0.014 0.458 -0.295 0.231 -0.244 0.521 -0.324 1

Mrkt Pot. 0.368 -0.270 0.439 -0.316 -0.015 -0.053 0.454 0.129 0.261 1

Pop. Dens. 0.113 -0.060 0.211 -0.126 0.197 0.007 0.262 -0.079 0.197 0.547 1

Tables 3 and 4 report descriptive statistics. In Table 4, it is important to notice the high 
correlation between wage and GVA per hour. For this reason, we decide to only include 
the latter in the model of specialization to avoid collinearity problems11. With respect to 
the data, our sample gathers information on 260 NUTS-2 regions for the period from 
2004 to 2012, inclusive. These regions belong to the first 27 member states of the EU 
and Norway. Some of the regions must be excluded due to either a systematic lack of 
data (Scottish regions) or changes in the borders of the regions (Finnish regions). 

We primarily gather our data from three sources. GVA, the number of hours worked 
and most of the control variables are taken from Cambridge Econometrics regional 
databases. Human capital and the share of people with upper secondary education 
are instead taken from Eurostat. To calculate related variety, unrelated variety and 
specialization, we used the detailed firm-level information available from the ORBIS 
database compiled by Bureau Van Dijk. Finally, the employment rate, unemployment 
rate, human capital and the data on the geographical position of the regions come from 
Eurostat.

Intensive data cleaning and checking was necessary, especially concerning the 
(aggregation of ) ORBIS data. Although these data have wide coverage, the ORBIS 
database does not contain information on all firms in Europe – only those reporting 
annually in yearly reports and it does not include entry and exit dynamics. As smaller 

11  Further checks on multicollinearity have been performed using variance inflation factors. 

cortinovis-layout.indd   38 10/11/2016   11:52



Variety, economic growth and knowledge-intensity of European regions

Ch
ap

te
r 1

39

firms are often omitted and simple aggregation of the data would lead to bias. For this 
reason, we rescaled the values for employment aggregated from the ORBIS data in line 
with regional employment rates from Eurostat. While this re-addressed the value of the 
data, it left the proportion of employment across different sectors unchanged, and hence 
the measures calculated from the data still mirror the sectoral distribution in the ORBIS 
database. In addition, we used linear interpolation to fill gaps in the data (in particular, 
those on human capital) – which is necessary to ensure a perfectly balanced panel (Millo 
and Piras 2012).

Estimation and tests

The first part of this section addresses the results concerning the hypotheses on 
specialization and variety. The estimations concerning the first four hypotheses are 
reported in Table 5. The second part focuses on Hypothesis 4, stating that agglomeration 
externalities have different effects across the three technological regimes.

Fixed effects spatial panel models
Model 1 – (Un)Related variety and employment growth The estimates for the first model 
are reported in the second column of Table 5. We hypothesize that related variety and 
employment growth are positively related. The results of our model contradict this 
hypothesis, as the coefficient of related variety is negative and significant. This implies 
that higher scores on related variety are associated with lower rather than higher 
employment growth. Also the positive effect of unrelated variety theorized in hypothesis 
2a does not find evidence in our estimates, since the UVar coefficient is not significant. 
Among the other variables, employment rate has positive and significant coefficient, 
implying that regions with higher employment and levels of income tend to experience 
higher employment growth. Surprisingly, both education-related variables and market 
potential variable have significant but negative coefficients.
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Table 5: Estimation of the models

Model 1 

Employment growth

Model 2

Unemployment growth

Model 3

GVA per hour growth

Variables Coefficient P-Value Coefficient P-Value Coefficient P-Value

rho 0.617 < 2e-16 *** 0.787 < 2e-16 *** 0.605 < 2e-16 ***

Empl. r. 0.176 < 2e-16 ***      

Unem. r.     0.381 < 2e-16 ***  

GVA p.h.         0.296 < 2e-16 ***

Pop. Dens. 0.004 0.872   0.234 0.276   -0.016 0.667  

Secondary Ed. -0.114 0.000 *** -0.541 0.007 ** 0.095 0.006 *

HC -0.176 0.000 *** -0.803 0.000 *** 0.196 0.579  

Markt pot. -0.221 0.037 * 2.277 0.032 *  -0.105 0.475

Wage p.e. -0.001 0.204 0.008 0.000 ***  

RVar -0.026 0.000 *** 0.067 0.292   -0.006 0.615  

UVar -0.020 0.207   0.067 0. 600   -0.032 0.160  

Spec -0.030 0.239   0.101 0.635   -0.069 0.069 .

Log-Lik 676.7422 -4278.713 -233.995

R-squared 0.488 0.470 0.409

Obs. 2340 2340 2340

Time FE YES YES YES

Individual FE YES YES YES

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1

Model 2 – Unrelated variety and unemployment growth. The second model focuses on 
the relationship between unrelated variety and unemployment growth. In line with the 
reasoning of Frenken et al. (2007a), we would expect a negative coefficient on unrelated 
variety, as higher unrelatedness should reduce the effects of sector-specific shocks. As 
reported in the third column of Table 5, the coefficient on UVar is positive but highly 
insignificant. The model yields a positive and insignificant coefficient also for RVar. 
Variables associated with economic conditions, such as unemployment rate and wages, 
reveal that regions with higher unemployment and higher wages tend to experience 
higher unemployment growth. It is also worth noting that variables linked to regional 
knowledge endowment have a negative and significant impact on unemployment 
growth: regions with higher level of educated workforce and population tend to suffer 
less from unemployment growth.
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Model 3 – Specialization and productivity growth. The third model, in the last column 
of Table 5, is intended to investigate the relationship between specialization and 
productivity growth, which is expected to be positive. Our estimations indicate that the 
main explanatory variable has a negative significant coefficient. Both the coefficients of 
our measures of variety are instead insignificant. Nonetheless, GVA per hour is positive 
and significant, which implies that regions with higher levels of productivity tend to 
experience higher productivity growth. With respect to the control variables, the share 
of people having attained upper-secondary education presents a positive significant 
coefficient.

Spatial panel models with technological regimes
The failure to confirm the hypotheses of the first three models may be explained by 
spatial heterogeneity within the sample. Introducing technological regimes might help 
to control for such heterogeneity and allows us to test hypothesis 4. However, this implies 
certain changes to the sample, specification and tests. As mentioned above, Norwegian 
regions are excluded from these analyses, and rather than regional fixed effects we now 
apply regime fixed effects. With respect to the spatial specification, we retain those 
identified in the previous paragraphs, as the data-generating process did not change. 
Instead of testing the spatial form of the models, we use a Chow-Wald test to determine 
whether the coefficients in the models with regimes are different from a simple “pooled” 
model (Bivand and Brunstad 2006).

Model 4 – Related variety and employment growth in a regime setting. Table 6 reports the 
results of the estimates from the model on related variety and employment growth. 
The Wald test applied to the model with the three regimes yields a significant result, 
suggesting that the inclusion of the regimes captures heterogeneity in the sample. With 
respect to the three variables of interest, the model captures significant differences 
across the three regimes. We note that the coefficient of related variety is positive 
and significantly related to employment growth in the regions belonging to the high 
technological regime, while it is not significant for the medium and low-technology 
regions. Besides, unrelated variety has a significant negative coefficient in the low regime, 
contradicting our hypothesis. This model clearly highlights how the effects of related 
variety differ according to regional level of technological progress: high levels of related 
variety in regions not well endowed with knowledge and technology may fail to produce 
effects. In contrast, regional economies with a strong focus on knowledge-intensive and 
innovative sectors benefit from sectoral relatedness in the form of employment growth.
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Model 5 – Unrelated variety and unemployment growth in a regime setting. The results 
from the model of unrelated variety’s effects on unemployment growth are presented 
in Table 7. The Wald test also supports the statistical significance of the regimes in this 
case. Regarding the estimated coefficients for the variables of interest, unrelated variety 
is statistically insignificant in the high- and low-technology regimes, while it is positive 
and significant for the medium-technology regime. This effect seems to be partially 
counterbalanced by the negative and significant coefficient for related variety. Besides, 
also the high-tech regions have a negative and significant coefficient in RVar. Again, 
these results indicate that differences in the level of technological development are 
associated with different effects of agglomeration externalities, though their dynamics 
are less clear-cut in this model.

Model 6 – Specialization and productivity growth in a regime setting. In model 6 (Table 8), 
we study the impact of specialization on productivity growth across the three different 
regimes. The Wald test again suggests that the model with technological regimes is 
significantly different from a model with no regime. The main variable of interest, 
specialization, has a mildly significant relationship with productivity growth for the 
medium-tech regime. A marginally insignificant relation between specialization and 
productivity growth is found also in the low-tech group. Besides, the coefficients for 
related and unrelated variety exhibit remarkable significance. The former has a positive 
effect on productivity in low-tech regions, while the latter is associated with productivity 
growth in the high technological regime.
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Table 6: Model 4 Employment growth and related variety across different regimes

LOW REGIME MEDIUM REGIME HIGH REGIME

Variables Coefficient P-Value Coefficient P-Value Coefficient P-Value

rho 0.784 < 2.2e-16 ***

Empl. r. 0.025 0.001 *** 0.016 0.065 . 0.028 0.014 ** 

Pop. Dens. 0.003 0.003 ** 0.000 0.538   0.001 0.082 .

Sec. Ed. 0.022 0.004 ** -0.002 0.854   -0.047 0.002 **

HC 0.017 0.176 0.001 0.902   0.009 0.451  

Markt pot. -0.004 0.252   0.004 0.177   -0.001 0.755  

Wage p.e. 0.001 0.004 ** 0.003 0.020 * -0.001 0.043 * 

RVar -0.001 0.372   0.001 0.407   0.004 0.042 *

UVar -0.012 0.047 * 0.004 0.203   0.005 0.365  

Spec -0.016 0.065 . 0.001 0.899   -0.005 0.630  

Constant 0.040 0.052 . -0.019 0.315 0.019 0.497  

Likelihood 5874.656

R-Squared 0.248

Observations 2277

Wald-test 136.27 - ***

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1
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Table 7: Model 5 Unemployment growth and unrelated variety across different regimes

LOW REGIME MEDIUM REGIME HIGH REGIME

Variables Coefficient P-Value  Coefficient P-Value  Coefficient P-Value 

rho 0.822 < 2.2e-16 ***

Unem. r. 0.060 0.000 *** 0.085 0.000 *** 0.044 0.006 **

Pop. Dens. -0.011 0.168 -0.011 0.078 . -0.015 0.019 *

Sec. Ed. -0.202 0.001 ** -0.378 0.000 *** -0.419 0.000 ***

HC 0.143 0.167 -0.403 0.000 *** -0.174 0.082 .

Markt pot. -0.001 0.979 0.014 0.567 -0.004 0.884

Wage p.e. -0.001 0.435 -0.003 0.046 * -0.001 0.262

RVar -0.003 0.800 -0.041 0.000 *** -0.042 0.011 *

UVar -0.005 0.925 0.072 0.018 * 0.068 0.147

Spec -0.012 0.861 0.011 0.860 0.111 0.169

Constant 0.327 0.0642 . 0.511 0.000 *** 0.365 0.073 .

Likelihood 1084.431

R-Squared 0.342

Observations 2277

Wald-test 164.98 - ***

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1
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Table 8: Model 6 GVA per hour growth and specialization across different regimes

LOW REGIME MEDIUM REGIME HIGH REGIME

Variables Coefficient P-Value Coefficient P-Value  Coefficient P-Value 

rho 0.615 < 2.2e-16 ***

GVA p.h. 0.008 0.015 * 0.008 0.102 0.002 0.581

Pop. Dens. 0.000 0.878 0.000 0.965 0.001 0.577

Sec. Ed. 0.047 0.000 *** 0.034 0.002 ** 0.042 0.022 *

HC 0.019 0.265 0.043 0.003 ** 0.034 0.049 *

Markt pot. -0.018 0.000 *** -0.006 0.121 -0.005 0.307

Wage p.e.

RVar 0.006 0.003 ** 0.001 0.433 0.002 0.530

UVar 0.005 0.558 0.004 0.463 0.019 0.017 *

Spec 0.020 0.115 0.018 0.095 . 0.013 0.331

Constant -0.024 0.401   -0.039 0.175   -0.076 0.028 *

Likelihood 5078.741

R-Squared 0.253

Observations 2277

Wald-test 138.73 - ***

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1

cortinovis-layout.indd   45 10/11/2016   11:52



Chapter 1

46

Conclusions

This paper investigated the effects of different types of dynamic agglomeration economies 
in relation to regional economic growth. We devoted particular attention to hypotheses 
introduced by Frenken et al. (2007a) concerning related variety, unrelated variety and 
specialization. This study is the first to apply such an analysis to European regions using a 
spatial panel estimation approach. We are interested in the questions of whether empirical 
evidence previously obtained at the country level holds on a European scale and whether 
the endowment of technological and knowledge resources in the economy influence 
the functioning of agglomeration economies, as suggested by prior research (Hartog 
et al. 2012). To determine this, we introduced variety and specialization hypotheses 
that are tested using a panel of 260 NUTS-2 regions in Europe, including both highly 
developed economies (Germany, Sweden, the UK) and less advanced ones (Bulgaria, 
Romania, Greece, Southern Italy). Second, the impact of variety and specialization is 
studied in three technological regimes, defined according to the levels of technological 
progress and knowledge intensity of each region. Finally, the models are estimated using 
advanced spatial panel data models to capture and control for spatial dynamics in the 
data. Table 9 provides an overview of the six models presented in this paper.

Table 9: Overview of the estimation results 

Fixed-effects models Model 1 Model 2 Model 3

Related Variety - NS NS

Unrelated Variety NS NS NS

Specialization NS NS -

Models with technological 

regimes
Model 4 Model 5 Model 6

Tech. Regimes Low Med High Low Med High Low Med High

Related Variety NS NS + NS - - + NS NS

Unrelated Variety - NS NS NS NS NS NS NS +

Specialization - NS NS NS + NS NS + NS

In the table, “+” denotes a positive and significant coefficient, “-”a negative and significant coefficient, and “NS” 
refers to non-significant coefficients.
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As the top panel of Table 9 indicates, in the first three models we found no empirical 
evidence to support the hypotheses concerning related variety, unrelated variety and 
specialization. Unrelated variety did not produce any significant results, neither in 
model 1 nor in model 2. Instead, we found that related variety is inversely related to 
employment growth (Model 1) and, in a similar fashion, specialization is negatively 
related to productivity growth (Model 3). However, once we introduced technological 
regimes, the relationships changed drastically. For regions in the top technological 
regime, higher related variety is associated with higher employment growth (Model 4) 
and lower unemployment growth (Model 5). For these same regions, unrelated variety 
is also positively related to productivity growth (Model 6). In the other two regimes, 
the results are less clear: low-tech regions only benefit from related variety in terms 
of productivity growth (Model 6); conversely, for the medium-technology regime, we 
obtained generally insignificant results, apart from specialization (Model 6) and related 
variety (Model 5).

These outcomes add important insights to the growing European diversification, 
specialization and economic growth debates – in both academia and policy. Diversity, 
and especially related variety, can have a positive effect on growth, but predominantly 
when the technological and knowledge endowment of the region is high. In other words, 
agglomeration economies have differential effects across regions in different regimes. 
The reason may be obvious: externalities associated with knowledge flows only “pay off” 
in economies that have a high stock of knowledge and technology. Prior research on the 
impact of related and unrelated variety was unable to longitudinally analyze this on a 
pan-European scale. 

This conclusion bears important policy implications, suggesting that diversification by 
itself is not enough to reap the benefits of so-called Jacobs externalities. Investments in 
human capital, technological upgrading and R&D (the variables that define the high-
technology regime) are preconditions for related and unrelated variety to have beneficial 
effects on the economy. Our results support the idea that, in order to be effective, policies 
have to consider the context and the features, such as the knowledge and technological 
endowment, in any (targeted) region. As agglomeration economies work differently in 
different areas, a one-size-fits-all plea for diversification and/or (smart) specialization 
alone is unlikely to work everywhere. This may be in contrast with beliefs that Smart 
Specialization and diversification strategies12 may work out positive for growth in all 
European regions. As Foray (2015, p.65-66) formulates: “The smart specialization 
strategy seeks to avoid hindering relative positions between followers and leaders 
with the less advanced regions being locked into the development of applications and 

12  Related variety is a key component of Smart Specialization strategies, see Foray (2015, p.29).
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incremental innovations. (…) At the very least, a smart specialization strategy transforms 
less advanced regions to good followers (…) or even leaders, not in inventing the generic 
technology but in co-inventing applications. (…) Smart specialization is definitely not 
only for the best regions; just the opposite. It is a unique stairway to excellence for less 
developed and transition regions”. Our outcomes suggest that for less developed regions, 
the lack of high-tech preconditions may hamper its long term development. Obviously, 
functional and economic network relations between transition and leading regions are 
much more complex than our spatial econometric panel modeling setup can capture 
(Thissen et al. 2013c). “Grand” conclusions concerning the development opportunities 
of regions in relation to Smart Specialization and smart diversification may therefore be 
speculative when this complexity is not addressed. 

Therefore, we believe that further investigation is required on several aspects in this field. 
The hypothesized relationship between unemployment growth and unrelated variety 
is not confirmed in our analyses. This finding suggests that national regulations and 
institutions in Europe cause the pan-European model to deviate from national models. 
Also, the hypothesis on the correlation of unrelated variety with employment growth does 
not hold in any of our specifications. More research is needed on the issue of resilience, 
portfolio effects and unrelated variety, which especially important in the current decade 
of economic crisis and recovery. In addition, future work should pay more attention 
to causality (i.e., whether variety induces development or whether developing regions 
create more variety), the testing of other types of spatial heterogeneity (e.g., university 
regions, capital regions), and the modeling of firm-level data to avoid spatial scale and 
selection processes. Recall that our analyses (also) do not address many of the critiques 
formulated in the meta-analyses on measurement and selection issues. Other important 
questions arise from our research. While we used spatial econometrics to control for 
spatial effects, we could not include spatially lagged covariates in our models. The values 
of our variety and specialization measures are aggregated at regional level and do not 
provide an indication of what sectors are actually driving the scores. These measures 
can therefore not be used as spatial regressors, as two similar scores in two neighboring 
regions might be due to highly different sectoral structures. Related to this is the 
notice that employment shares as a weight in our entropy measures may not estimate 
productive diversification opportunities adequately. As we conclude from our analyses, 
high-tech production environments may inhibit more value-added opportunities than 
employment-rich ones per se. Dealing with these issues might be methodologically 
challenging but it could clarify the exact role of spatial proximity in agglomeration 
externalities. A second line of research is to consider other important sources of 
heterogeneity, such as differences in the level of institutional quality (Rodriguez-Pose 
2013). Thirdly, incorporating functional and economic network structures in the panel 
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estimations can shed light on productive unilateral and crisscross relations between 
leading and lagging regions.  

Appendix 1.A: the data on technological regimes of regions

The variables used by Wintjes and Hollanders (2011) are grouped into five sets, described 
below:

• Employment: including shares in specific NACE classes for high-tech manufacturing, 
medium-high tech manufacturing, high-tech services and market services, as well as 
employment shares in Industry sectors (NACE from C to E), Service sectors (from 
G to K) and Government sectors (from L to P);

• Human resources: including the share of employment in science and technology 
occupations and the share of the workforce with secondary and tertiary education;

• Activity rates: activity rates for females, activity rates for individuals with tertiary 
education, and the share of long-term unemployed over total employment;

• Technology: R&D as percentage of GDP, share of university R&D over total R&D, 
share of government R&D over total R&D, and EPO applications per million 
population;

• Economy: capital formation as a percentage of GDP, labor productivity in Industry 
sectors and labor productivity in Service sectors.

These indicators are then used in a factor analysis and reduced to eight factors related to 
knowledge-economies. The two authors studied these factors through a cluster analysis, 
allowing them to identify the seven typologies of knowledge-economies into which they 
classify European regions.
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Appendix 1.B: Regressions without controls variables

Table 1 – Appendix 1.B: Estimation of the models without control variables

Model 1

Employment growth

Model 2

Unemployment growth

Model 3

GVA per hour growth

Variables Coefficient P-Value  Coefficient P-Value Coefficient P-Value

rho 0.716 < 2e-16 *** 0.749 < 2e-16 *** 0.532 < 2e-16 ***

RVar -0.018 0.021 * -0.042 0.558   -0.003 0.784

UVar -0.025 0.109   0.067 0. 633   0.005 0.824

Spec -0.028 0.296   0.427 0.067 . -0.094 0.020 *

Log-Lik 562.083 -4530.661 -409.068

R-squared 0.384 0.378 0.321

Obs. 2340 2340 2340

Time FE YES YES YES

Individual FE YES YES YES

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1

 
Table 2 – Appendix 1.B: Model 4 Employment growth and (un)related variety across differ-
ent regimes without controls variables

LOW REGIME MEDIUM REGIME HIGH REGIME

Variables Coefficient P-Value Coefficient P-Value Coefficient P-Value

rho 0.788 < 2.2e-16 ***

RVar 0.000 0.897 -0.001 0.664 0.000 0.954

UVar -0.010 0.052 . 0.001 0.676 0.014 0.006 **

Spec -0.022 0.009 ** 0.000 0.958 0.009 0.343

Constant 0.043 0.018 * 0.005 0.707 -0.036 0.053 .

Likelihood 5836.930

R-Squared 0.212

Observations 2277

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1
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Table 3 – Appendix 1.B: Model 5 Unemployment growth and unrelated variety across dif-
ferent regimes without controls variables

LOW REGIME MEDIUM REGIME HIGH REGIME

Variables Coefficient P-Value Coefficient P-Value Coefficient P-Value

rho 0.846 < 2.2e-16 ***

RVar -0.020 0.066 . -0.027 0.012 * -0.053 0.000 ***

UVar 0.062 0.164 0.079 0.006 ** 0.048 0.247

Spec 0.013 0.851 -0.032 0.586 0.085 0.257

Constant -0.120 0.447 0.165 0.185 -0.020 0.900 .

Likelihood 1017.496

R-Squared 0.262

Observations 2277

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1

 
Table 4 – Appendix 1.B: Model 6 GVA per hour growth and specialization across different 
regimes without controls variables

LOW REGIME MEDIUM REGIME HIGH REGIME

Variables Coefficient P-Value Coefficient P-Value  Coefficient P-Value 

rho 0.667 < 2.2e-16 ***

RVar 0.008 0.000 *** 0.001 0.893 0.004 0.063 .

UVar 0.003 0.710 0.001 0.869 0.019 0.007 **

Spec 0.008 0.517 0.013 0.199 0.008 0.521

Constant -0.011 0.668 0.018 0.325 -0.052 0.045 *

Likelihood 5056.694

R-Squared 0.225

Observations 2277

*** < 0.001; ** < 0.01; * < 0.05; . < 0.1
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Appendix 1.C: Major European cities

Cities in Europe
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73
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National capitals

City with over 500,000 inhabitants
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Introduction

Linkages between different peoples and countries, through trade, capital and cultural 
ties, have had large economic effects since the beginning of human civilization. Over 
the past few decades, the opportunities for exchanging goods, services, technologies 
and knowledge have dramatically increased, bringing the concepts of networks, 
interaction, and diffusion to the forefront of academic and political debates. In the still 
burgeoning, geographically embedded proximities literature, there is large heterogeneity 
in conceptualized (and, with varying success, empirically tested) types of relatedness 
that mold knowledge interaction, learning and innovation (Torre et al. 1999, Boschma 
2005). The proximities literature builds on older literature of industrial districts 
(Becattini et al. 2009) that conceptualizes lower transaction costs due to co-location 
of firms and the possibility to overcome the limits of firms’ small size due to common 
social and cultural characteristics in a geographically bound and historically determined 
area. Other strands of research focusing on proximities are the innovative milieus and 
regions approach (Ratti et al. 1997, Camagni 1991), where value-chain relations profit 
from localization advantages and the key driver of interaction is relational proximity 
(Caragliu and Nijkamp 2015), the learning region approach, in which institutional 
proximity is central (Morgan 1997), the spatial knowledge spillover and knowledge 
production function approaches (Jaffe 1986, Ertur and Koch 2007), and, more 
recently, the evolutionary economic geography approach, in which cognitive proximity 
determines relatedness and knowledge diffusion (Nooteboom 1992, Frenken et al. 
2007a). Cognitive and technological proximities also play a crucial role in the recent 
approach of geography of innovation (Scherngell 2013, Massard and Autant-Bernard 
2015). A scan of the literature reveals that proximities come in many forms— social, 
relational, institutional, cognitive and technological relatedness. Many of these interact 
conceptually and empirically with each other, and each of them interacts with physical 
proximity (Caragliu and Nijkamp 2015). This poses serious empirical problems with the 
identification and testing of these theories.

More surprisingly, the link of various proximities to regional economic growth appears 
not yet fully established. In spite of the long-known relevance of knowledge and trade 
network relations for economic growth (Jones 1995, Grossman and Helpman 1991), the 
number of empirical studies focused on comparing the relative importance of different 
types of linkages (proximities) for growth on the regional level is limited. However, there is 
a body of mature, economically embedded growth literature that conceptualizes research 
and development (R&D) and trade networks as mediating economic (productivity) 
growth (Jones 1995, Durlauf et al. 2001). Grossman and Helpman (1991), Coe and 
Helpman (1995), Coe et al. (1997) and Ertur and Koch (2011), among others, suggest 
that international trade may be considered a major diffusion vector of technological 
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progress so that trade flows may proxy multi-country technological interactions. 
Indeed, as emphasized by Coe and Helpman (1995, p. 860), the benefits from foreign 
R&D can be both direct and indirect: “direct benefits consist of learning about new 
technologies and materials, production processes, or organizational methods. Indirect 
benefits emanate from imports of goods and services that have been developed by trade 
partners”. Although there is substantial evidence of this thesis on the country level, 
there is not much evidence on the regional level, often due to data restrictions on trade 
flow and R&D stocks on that level. Notably, Thissen et al. (2016) present economic 
growth analyses based on European interregional trade patterns (at the NUTS 2 level 
in a selection of European regions). Capello and Lenzi (2015) investigate productivity 
gains across European regions; they omit trade relations as mediating networks but 
stress the role of interaction between knowledge intensities and absorptive capacities 
with the productivity of regional economies. Ponds et al. (2007, 2010) and Hoekman 
et al. (2009) show that international knowledge relations may not be symmetrical in 
character. Less knowledge-endowed regions may profit from linking to better endowed 
regions (by cooperation, student exchange or subcontracting relations), while better 
endowed (also called elite regions) will benefit from linking with other elite regions for 
learning opportunities. Nonetheless, the consequences for productivity growth of all 
this suggested evidence on knowledge relations is not unambiguously clear.

Our research adds to the empirical literature on regional economic growth by combining 
several of these conceptualizations. This is the first paper to directly study the impact of 
trade, co-patenting and spatial relations vis-à-vis each other on regional productivity in 
Europe. Given the unequal distribution of knowledge assets and innovating capabilities 
across regions, it can be expected that not all linkages are equally important for each and 
every region (Hoekman et al. 2009). Based on these intuitions, we test whether linkages 
to most advanced regions provide a significant benefit for recipient13 regions. 

More specifically, the paper

1. aims to determine what causes productivity across European regions in a panel 
setting of observations, 

2. uses trade patterns as network mediators of knowledge diffusion (primarily from 
localized R&D stocks), 

13  In the paper, we use the terms “linking-in”, “connecting” and “recipient” regions as synonyms. These 
simply refer to regions which are “in touch”, either via import or via co-patenting, with most innovative 
regions. These terms do not attribute any characteristic to the regions. For instance, a “recipient region” can 
be either a lagging region, an innovative follower or an innovation leader.
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3. uses this vis-à-vis other relatedness definitions across regions, being either physical 
proximity (distance) or cognitive and technological proximity (knowledge 
relatedness from co-patenting), and 

4. determines whether the stocks of absorptive capabilities of regions (on an educational 
level) act as preconditions for regions to profit (take in) from network relations, 
especially for regions linked with top (R&D) performing regions. 

Interesting results emerge from our regional analysis. First, our results highlight that 
both spatial proximity and trade relations systematically affect local productivity directly, 
much more so than co-patenting knowledge relations (which are so prominently 
stressed in the geography of innovation literature). This importantly suggests that 
international trade may be considered a major diffusion vector of technological progress 
so that trade flows may proxy multi-country technological interactions, resulting in 
higher productivity. Second, relations with top innovating regions provide productivity 
advantages to recipient regions only when conditions of absorptive capacity are met. The 
analysis of local preconditions demonstrates that only regions with a significant amount 
of knowledge assets actually profit from relations with top innovators. While this is 
true for both trade and patent networks, our estimates highlight how the requirements 
in terms of human capital for profiting from network-mediated spillovers are much 
higher for co-patenting than for trade. This may be due to the ready-to-market nature 
of R&D-knowledge, which is much higher in already traded goods than in patented 
(niche) technologies. However, we find robust evidence that positions in knowledge 
networks also serve indirect localized spillovers to productivity, though in a different 
way and with a greater magnitude than trade and proximity relatedness do. Without 
interregional network linkages and strong absorptive capacity, spillovers will not occur. 
Instead, productivity advantages will boil down in only the most advanced and well-
connected regions. This questions policy efforts to link catching-up European regions 
in terms of productivity (with currently low starting values in Eastern Europe and low 
growth rates in Southern Europe) by the introduction of a European Research Area 
(Frenken et al. 2007b) and smart specialization strategies (Foray 2015).

To reach these conclusions, we structure our paper as follows. The theoretical 
underpinnings of spatial and network spillovers are discussed and related to absorptive 
capacity and knowledge capabilities in advanced and linking regions in the second 
section of the paper. Based on the theoretical discussion, we pose two research questions 
and four testable hypotheses, followed by a discussion on the models, methods and data 
sources used in the empirical analysis in the third part of the paper. The results of our 
econometric exercises are reviewed and interpreted in the fourth section of the paper. 
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The final section is devoted to the discussion of policy and research implications related 
to our findings.

Knowledge spillovers, absorptive capacity and linkages to advanced regi-
ons

Localized knowledge and spatial spillovers
Since the emergence of endogenous growth theory (Romer 1986, Lucas 1988), the 
role of knowledge resources has been at the center of the process of economic growth. 
As noted by Grossman and Helpman (1994), the accumulation of both physical 
(technology and machinery) and human capital (knowledge and skills) by an individual 
contributes to improving the productivity of other individuals in the economy. In other 
words, investment and resources in part spill over to other actors.

The idea of spillovers has been widely studied by economists and geographers, especially 
in relation to agglomeration economies and knowledge flows across space. Since the 
work by Marshall (1920), it has been well accepted that firms benefit in different ways 
from being located close to other firms. Some of the positive effects deriving from firm 
agglomeration are, according to Marshall’s agglomeration theory, caused by the fact 
that “knowledge is in the air” — or, put it differently, the knowledge produced and 
used by a firm is not fully controlled and internalized. This spillover of knowledge then 
possibly benefits other firms that are in the same sector and located in close proximity 
(in industrial districts). While Marshall-type knowledge spillovers are intra-sectoral — 
i.e. they can be exploited only by firms in the same industry — Jane Jacobs (1969) 
suggests that knowledge externalities mostly emerge from the cross-fertilization of ideas 
and competences from different sectors. In her original work (1969), built on by Glaeser 
et al. (1992), a recombination of knowledge is the key behind the higher prosperity 
and faster growth of cities. In spite of the significant differences in terms of both 
conceptualization and implications, a common element of Jacobian and Marshallian 
spillovers is that knowledge externalities are spatially bound. Regardless of whether they 
come from a firm in the same sector or emerge from knowledge recombination in a 
diversified urban environment, these spillovers are inherently localized, not spanning 
further than what face-to-face interactions allow (Breschi and Lissoni 2001). Precisely 
because of their localized nature, knowledge externalities can explain the emergence and 
persistence of spatial disparities in development and economic performance (Capello 
2009a, Lissoni and Miguelez 2014). 

It is thus not surprising that the spatial dimension of knowledge spillovers has received 
significant attention in economic geography and regional studies. In their seminal 
work, Jaffe et al. (1993) demonstrate the geographically bound character of knowledge, 
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showing that patent citations occur more likely within the same state and metropolitan 
area of the original patent. However, especially since the development of spatial 
econometric tools, different studies have demonstrated that spillovers do not stop at the 
administrative borders of a country or region (Dall’Erba and Le Gallo 2008, Arbia et al. 
2010, Caragliu and Nijkamp 2015). In this sense, knowledge exchanges occur across the 
borders of cities and clusters, even though they are facilitated by geographical proximity 
and subject to distance decay. The further an actor is away from a knowledge source, 
the higher are the costs  and the lower are the chances of knowledge being fruitfully 
exchanged (Lissoni and Miguelez 2014). Empirical research has provided significant 
evidence in these respects, even estimating the range within which spillovers can be 
expected. Bottazzi and Peri (2002) show that within Europe, knowledge externalities 
have a significant impact within a range of 200-300 km, dying out once this distance 
threshold is crossed. Similarly, Crescenzi and Rodriguez-Pose (2011) find evidence of 
knowledge exchange within a range of a three-hour drive but not further than that. 
Works by Greunz (2003) and Moreno et al. (2005) find significant effects of knowledge 
spillover within comparable distance ranges.

Due to the lower costs and the greater probability of meeting and having face-to-face 
interactions, spatial proximity is generally considered a critical element in facilitating 
knowledge transmission. In spite of such solid evidence, the role of geographical 
proximity with respect to knowledge flows has also been subject to different criticism 
(Capello 2009a, 2009b, Boschma 2005).

Network-mediated knowledge spillovers
Even if the process of knowledge diffusion across space is negatively affected by geography 
(distance decay), it is possible to exchange knowledge assets across longer distances. 
In these respects, different studies have highlighted how trade (Hausman et al. 2007, 
Coe and Helpman 1995, 2009), investment flows (Iammarino and McCann 2013), 
co-patenting (Maggioni et al. 2007, Breschi and Lissoni 2009) and migration (Lissoni 
2016) networks work as channels for knowledge diffusion. Contrary to what traditional 
agglomeration theories suggest, knowledge can travel longer — at least when embodied 
in flows of people, capital or objects within certain networks.

The idea of socio-economic linkages as infrastructure allowing knowledge diffusion 
within localities, among specific actors or in the broader community is certainly not 
new (Granovetter 1973, Conley et al. 2002, Akerlof 1997, Camagni, 1991, Morrison 
and Rabelotti 2009, Bathelt et al. 2004). Within an evolutionary economic geography 
framework, Boschma (2005) offers a general critique of the role of spatial proximity as 
the major catalyst for knowledge spillovers, suggesting that along with spatial closeness, 
other forms of proximity may facilitate knowledge spillovers. In this sense, cognitive, 
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social, organizational and institutional proximity strongly affect the possibility to learn, 
absorb and make use of external knowledge assets. Connections with cognitively similar 
actors, even if located far away, can provide access to valuable information (Nooteboom 
1992, Frenken et al. 2007a).

Similarly, Bathelt et al. (2004) suggest the existence of global pipelines through which 
knowledge can flow from one place to the other. Combining a good quality of local 
“buzz” with many outward directed pipelines, some firms and clusters may acquire 
important resources and advantages over competitors. More recently, Huggins et al. 
(2012) and Huggins and Thompson (2014) have developed the concept of “network 
capital” to account for the effect of inter-organizational relations within an endogenous 
growth framework. The concept of network capital then establishes a tight conceptual 
link between local economic performance and the ability to access economically valuable 
knowledge through network relations. While conceptualizing the potential impact of 
networks in terms of growth, these contributions are agnostic with respect to what type 
of relations network capital can be built on. However, empirical research has already 
highlighted potential channels for network-mediated spillovers.

The links among international trade, innovation and growth have long been studied 
(Fagerberg 1988, Romer 1986). While technological and knowledge transfers are not 
automatic in trade relations, international economists have realized how trade connections 
can give access to relevant cognitive resources (Grossman and Helpman 1994). Coe 
and Helpman (1995) provide theoretical arguments establishing the link between 
international trade and R&D spillovers. Based on the idea that most international trade 
is in intermediate goods, the importing economy can increase its production thanks to 
the technological progress and innovation from trading partners. As foreign R&D is 
incorporated into foreign goods, imports can complement local R&D expenditures, so 
local productivity is positively affected by foreign R&D. Empirical evidence on these 
mechanisms has confirmed the beneficial effect of import-mediated foreign R&D across 
countries (Coe and Helpman 1995, Coe et al. 2009, Fracasso and Vitucci Marzetti 
2015): expenditures in research and development by trading partners contribute to 
local productivity. Within a regional perspective, Thissen et al. (2016) have recently 
demonstrated the relevance of trade networks for European regions, showing that trade 
relations can explain sectoral growth in productivity across EU regions.

Following Boschma (2005), different empirical studies have investigated the role of 
knowledge diffusion of different proximities. While geographical closeness facilitates 
the acquisition of new knowledge, other forms of proximity seem to act as conditioning 
factors (Caragliu and Nijkamp 2015, Paci et al. 2014, Morrison and Rabellotti 2009). 
Among the different sources of proximity, co-patenting and collaborative relations 
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among inventors—used as a proxy for relational closeness—are of large hypothesized 
importance (Maggioni et al. 2007, Maggioni and Uberti 2009). The conceptual link 
between co-patenting networks and knowledge spillovers is rather straightforward. Co-
patenting is a process that involves a substantial and successful exchange of knowledge 
between individuals, which leads to the acquisition of a patent. By taking part in 
processes of collective learning based on knowledge sharing, local actors have the 
opportunity to acquire fresh knowledge that has originated elsewhere and bring it to the 
local context. While this has a direct effect on the local performance through innovation 
and eventually growth (Caragliu and Nijkamp 2015), connections to external sources of 
knowledge might increase the quality and value of the “local buzz” (Bathelt et al. 2004). 
The importance of being part of a collaboration network has mostly been assessed with 
respect to local innovation performance. Maggioni et al. (2007), Ponds et al. (2010) and 
Hoekman et al. (2009) indicate that while social network relations in terms of scientific 
collaborations matter, they might have a smaller effect than spatial proximity. Basile et 
al. (2012) reach similar conclusions, demonstrating the synergic effects between spatial 
and relational/social proximities. In their analysis, using microdata on inventors in 
the UK, Crescenzi et al. (2016) stress the role of social networks and organizational 
proximity, suggesting a more indirect role for spatial closeness. Generally speaking, 
empirical evidence shows that firms and regions engaging in cooperation are usually 
better able to access and benefit from new sources of knowledge, thus becoming more 
innovative and competitive (Ozman 2009, Hoekman et al. 2009).

In this short discussion of the literature on spillovers, three main channels for the 
transmission of knowledge have been identified. The literature on agglomeration 
economies strongly focuses on the spatial dimension of knowledge spillovers, stressing 
their localized nature (Lissoni and Miguelez 2014). Alternatively, studies on growth and 
international trade suggest that through imports, local actors can acquire and capitalize 
on knowledge that has originated elsewhere (Coe and Helpman 1995). Finally, regional 
scientists claim that along with geographical proximity, knowledge spillovers also require 
other forms of proximities, among which relational proximity, institutional proximity 
and cognitive proximity (Boschma, 2005). Supportive, but sometimes suggestive, 
empirical evidence has been produced for each of these channels individually. However, 
only a few attempts have been made to analyze these contributions vis-à-vis one another. 
As the influence of space and network affect the regional economy concurrently, we 
formulate the first research question that we will address in this paper:

RQ 1: Do localized spatial, networked trade and networked co-patenting relations affect 
regional productivity simultaneously, and is any of these three channels more relevant 
than the others?
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Origin of knowledge and absorptive capacity of the recipient
While significant attention has been devoted to understanding whether knowledge 
externalities really exist, less attention has been paid to the characteristics of the parties 
involved in the knowledge exchange and especially to the features of organization or 
the place from which the knowledge originates. Most country-level (Grossman and 
Helpman 1991, Coe and Helpman 1995, 2009) and regional studies (Caragliu and 
Nijkamp 2015, Basile et al. 2012, Paci et al. 2014, Greunz 2003) assume that regardless 
of whether knowledge spillovers originate from a highly advanced economy or a more 
backward one, the inflow of knowledge outside-in will be equally beneficial. A potential 
reason for this is the focus on redundancy of information. Because knowledge is, at 
least to a certain extent, spatially bound, knowledge that has originated elsewhere is 
by definition not redundant and thus is new and potentially useful for local actors. In 
these respects, the proximity literature stresses the importance of the cognitive closeness 
between the origin and receiver (Boschma 2005). The burgeoning literature on related 
variety and relatedness (Frenken et al. 2007a, Hidalgo et al. 2007) has confirmed that 
cognitive proximity facilitates the exchange and use of knowledge. However, while 
these studies highlight the tradeoff between redundancy and cognitive distance, it 
is still unclear whether connections to actors and organizations at the technological 
frontier are more beneficial than relations with technological followers or laggards. This 
concern is partially addressed by the concept of network capital, which is directly linked 
to the ability to “access and subsequently utilize appropriate economically beneficial 
knowledge” (Huggings and Thompson, 2014, p. 532). The links among economically 
valuable knowledge, network relations and local performance suggest that linkages to 
most advanced economies, which embody most valuable knowledge, should provide 
access to potentially groundbreaking know-how and thus imply particular benefits for 
the recipient (firms and sectors in) regions. The international business literature has also 
addressed this issue, showing that whereas spillovers to domestic firms are influenced by 
certain factors on the “input” side (origin of the multinational, type of industry, mode 
and reason for entry), the positive, neutral or negative nature of the externalities largely 
depends on local conditions, especially absorptive capacity (Crespo and Fontoura 2007, 
Fu et al. 2011, Morrison et al. 2013).

Unlike the discussion of the source of knowledge, different contributions have shown 
that some preconditions are necessary for the recipient to benefit from knowledge 
externalities (Abreu et al. 2004, 2008). In their seminal paper, Cohen and Levinthal 
(1990) introduce the concept of the absorptive capacity of firms. The main intuition 
behind this concept is that to make use and take advantage of new knowledge, firms 
must have the ability to access, evaluate and assimilate it. This ability, in turn, mostly 
depends on the amount of prior related knowledge that the firm has (Cohen and 
Levinthal 1990). In other words, only firms with a high stock of knowledge, cognitively 
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similar to the content of the spillovers, are able to internalize and take advantage of 
such externalities (Knoben et al. 2016). Similar to firms, for regions and countries, 
preconditions determine whether knowledge spillovers can translate into innovation 
and growth (Abreu et al. 2008, Benhabib and Spiegel 2005, Nelson and Phelps 1966, 
Caragliu and Nijkamp, 2008). If larger stocks of knowledge and human capital improve 
the possibility to learn and absorb new information, a good endowment of these 
resources is necessary to profit from spillovers. While this is the case for agglomeration 
externalities within the boundaries of the local economy (Cortinovis and van Oort, 
2015), similar arguments also hold for cross-border spillovers and knowledge exchanges 
(Caragliu and Nijkamp 2008, Fu et al. 2011). 

Bringing together the issues concerning the characteristics of the source of knowledge 
spillovers and the absorptive capacity of the potential recipient, it can be argued that 
different knowledge sources produce knowledge spillovers of different qualities. Assuming 
that most valuable knowledge is present in most advanced regions, connections to top 
innovators may provide substantial advantages to regions vis-à-vis their competitors. At 
the same time, as most advanced knowledge may be particularly complex and require 
specific skills and competences (Balland and Rigby 2015), a larger absorptive capacity is 
needed to assimilate knowledge spillovers. On these bases, we put forward our second 
research question:

RQ 2: Do relations to most advanced regions provide a particular advantage for linking-
in regions for regional productivity, and is absorptive capacity necessary to substantiate 
these benefits? 

Research hypotheses
The relationship between knowledge spillovers and economic performance has been 
studied in different streams of economic research. Analyses in regional economics 
have the merit of highlighting the importance of spatial proximity (Gleaser et al. 
1992, Henderson et al. 1995, Frenken et al. 2007a) and, more recently, of assessing 
the role of various other forms of proximity (Greunz 2003, Paci et al. 2014, Caragliu 
and Nijkamp 2015). However, these studies have largely overlooked the role of trade 
linkages as channels for knowledge spillovers, with the notable exceptions of Boschma 
and Iammarino (2009) and Thissen et al. (2016). On the other side, studies in the 
international R&D spillover literature ignore the sub-national territorial dimension 
and almost exclusively focus on spillovers mediated by trade (Coe and Helpman 1995, 
Coe et al. 2009, Fracasso and Vitucci Marzetti 2015) and FDI relations (Cipollina 
et al. 2012, Beugelsdijk et al. 2008, Gorodnichenko et al. 2014). In addition, while 
different studies discuss the importance of absorptive capacity for an economy to benefit 
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from knowledge spillovers, the effect of spillovers from particularly advanced regions to 
recipient regions has received little attention. 

Based on the two research questions presented above, we set up the following four 
research hypotheses. First, following the literature on spatial spillovers, we test whether 
R&D stocks from neighboring regions have an impact on local productivity.

Hypothesis 1: The level of productivity in region R is positively related to the level of 
R&D in spatially proximate regions.

However, as we discussed in the theoretical section, spatial proximity might not be the 
only relevant dimension through which knowledge spillovers may occur. Following Coe 
and Helpman (1995, 2009), we theorize that regions can access new knowledge assets 
through trade relations, especially via the import of goods. Similarly, in light of the 
debate on different sources of proximity (Boschma 2005, Breschi and Lissoni 2009, 
Maggioni and Uberti 2009, Maggioni et al. 2007), we expect that intense co-patenting 
cooperation, as a proxy for relational proximity, will lead to substantial knowledge 
spillovers, thus having a positive effect on regional productivity.

Hypothesis 2a: The level of productivity in region R is positively related to the level of 
R&D in the regions from which R imports.

Hypothesis 2b: The level of productivity in region R is positively related to the level of 
R&D in regions with which R patents.

To address our second research question, a third set of hypotheses specifically takes into 
account the relations with regions that are at the forefront in terms of innovation. Given 
the great amount of knowledge resources that most advanced regions are bound to have, 
being connected via import or co-patenting relations with top innovators may provide 
privileged access to highly valuable knowledge regardless of the type of connecting 
regions (innovation laggard, follower or leader).

Hypothesis 3a: The positive relation between the level of productivity in region R — be 
it an innovation laggard, follower or leader — and the level of R&D in regions from 
which R imports is stronger if the partner regions are innovation leaders.

Hypothesis 3b: The positive relation between the level of productivity in region R — 
be it an innovation laggard, follower or leader — and the level of R&D in regions with 
which R patents is stronger if the partner regions are innovation leaders.
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Finally, given the potential conditioning role of absorptive capacity (Cohen and 
Levinthal, 1990), we expect that regions with higher levels of human capital will be 
better able to profit from highly advanced knowledge spilling over through trade and 
co-patenting networks.

Hypothesis 4a: The effect of R&D spillovers from top innovating trade partners on 
region R’s productivity is larger when region R has a higher stock of human capital.

Hypothesis 4b: The effect of R&D spillovers from top innovating co-patenting partners 
on region R’s productivity is larger when region R has a higher stock of human capital.

Modeling, methodology and data sources

We model the level of productivity14 in region r as a function of its own R&D expenses 
and the R&D of its neighbors and partners, weighted by spatial distance, import and 
co-patenting intensity. Most of the previous studies in the field consider only one or 
two channels of spillovers and test for the impact of each of them individually (Coe and 
Helpman 1995, 2009, Maggioni et al. 2007, Hoekman et al. 2009). Alternatively, we 
study the effects of spillovers more thoroughly, looking at three different transmission 
channels, both individually and simultaneously. To test the four hypotheses put forward 
in the previous section, the relation between the dependent variable and our variables of 
interest is expressed through four panel data model specifications.

The baseline model, reported in Equation 1, is used to estimate the impact of spatial 
spillovers on the level of regional productivity (Hypothesis 1):

, (1)

where  represents the level of productivity in region r at time t (in logs), measured 
as gross value added per employee,  is the per capita R&D expenditure in 
region r at time t-1 (in logs), and  is the distance-weighted per capita R&D. 
Finally,  and  represent the cross-sectional and time fixed effects.

To assess simultaneously the role of space, trade and co-patenting, we extend the 
previous model by including the import-weighted ( ) and co-patenting-

14  The choice of studying regional productivity levels rather than growth is made in consideration of the 
economic recession characterizing the period of analysis and the limited number of years available in our 
sample. This choice is not uncommon in the literature, as in the case of Coe and Helpman (1995), Coe et 
al. (2009), and Fracasso and Vitucci-Marzetti (2015).
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weighted measures of R&D ( ), while controlling for the spatially lagged level 
of R&D (Equation 2).

,
(2)

To capture the potential spillovers deriving from network relations with innovation 
leaders, we compute two new variables,  and , which account 
for only the directional trade and co-patenting linkages from the most advanced regions 
to linking-in regions15. To guarantee some degree of heterogeneity, we decide not to 
apply the same transformation to . In Equation 3, the terms  
and  are substituted by the newly computed variables (  and  

).

,
(3)

In the last specification, we introduce a term interacting the import-weighted (or co-
patenting-weighted16) level of R&D from innovation leaders, with the level of human 
capital in the region . In this way, we can consider whether stronger capabilities 
are required to profit from relations to most innovative regions, as we theorize in 
Hypotheses 4a and 4b. However, the concurrent presence of the two interaction terms 
and of their components ( ,  and ) suggests caution 
in proceeding with a joint estimation due to collinearity issues. We therefore decide 
to estimate the models for import-mediated and co-patenting-mediated externalities 
individually.

,
(4)

Construction of the weight matrices
To perform our analysis, the crucial step is to construct the weight matrices to track 
the intensity of the relations between regional economies. Based on the review of the 
literature, we identify three main channels of interest, i.e., space, trade and co-patenting. 
As Ertur and Koch (2011, p.236) state, “various weights matrices based on geographical 
space have thus been used in the spatial econometric literature, such as contiguity, 
nearest neighbors and geographical distance-based matrices. However the definition is 

15  As mentioned above, linking-in regions may of any type, i.e., other advanced regions, innovation 
followers, or less developed areas.
16  For sake of brevity, only the model referring to import relations is reported in Equation 4.
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in fact much broader and can be generalized to any network structure to reflect any kind 
of interactions between observations”.

For geographical relations, the literature on spatial knowledge spillovers suggests that 
knowledge exchanges usually take place within boundaries of 200-300 km (Bottazzi 
and Peri 2002, Crescenzi and Rodriguez-Pose 2011). To ensure the capture of most 
knowledge flows across space, we follow the spatial econometrics literature (Elhorst 
2014, LeSage 2014) and construct spatial matrix W, using Eurostat geographical data, 
on the basis of the following rule:

(5)

In Equation 5,  represents the distance between the centroids of regions i and j, 
while  represents the threshold of maximum distance we allow for (300 km). In other 
words, for every region, we define as spatially related and thus potentially as source of 
knowledge spillovers regions located within a 300 km radius. Additionally, to account 
for the fact that greater distances reduce knowledge exchanges, the entries in the spatial 
matrix will take the value of the inverse of the distance between the neighboring regional 
centroids (Elhorst, 2014). Finally, as is customary in spatial econometrics (LeSage and 
Pace 2009), the spatial matrix is row-standardized.

While a significant amount of work has been performed using spatial weight matrices, 
a number of concerns emerge when addressing a-spatial relational matrices, despite 
the citation of Ertur and Koch (2011). First, while spatial distances are fixed in time 
and clearly exogenous with respect to economic dynamics, non-spatial relations 
based on trade and co-patenting are not. It can be argued, for instance, that two well-
performing economies are able to engage and cooperate more in trade and patenting so 
that an increasing intensity of network relations is brought about by better economic 
performance, rather than the other way around. In other words, there is a significant risk 
of running into reverse causality and endogeneity problems. Second, one of the main 
reasons why geographical distance has been successfully used in the literature is that 
greater distances are associated with higher costs. For this reason, trade, co-patenting 
and virtually all types of human interactions are to some extent subject to distance decay, 
so it can be expected that geographically proximate regions will also trade and co-patent 
more with one another, strengthening the spatial dimension of technological diffusion 
(Abreu et al. 2004). We construct our import and co-patenting matrices bearing in 
mind these two concerns.
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Following Coe and Helpman (1995), we want to use the intensity of import relations 
between each pair of European regions to account for import-related knowledge 
spillovers. To this aim, we use the data provided by Planbureau voor de Leefomgeving 
(PBL) and used by Thissen et al. (2016). This dataset provides information on the value 
of trade flows between most European regions in the 2000-2010 period for six main 
sectors (for a technical description, see Thissen et al. 2013a, 2013b). When building 
our import intensity matrix, we limit the concerns for potential endogeneity between 
trade intensity and economic performance in the following ways. First, we consider only 
import data on years that are antecedent to the period considered in our study to ensure 
that the intensity in trade is not driven by regional performance. Second, as single-year 
trade flows may not offer an accurate picture as for import intensity, we approximate a 
measure of import stock by summing different yearly import flows. The import matrix 
used in our analysis is thus based on the pairwise sum of total imports for the 2000-
2003 period. As for the W matrix, we row-standardize the trade matrix.

As is customary in the literature studying different types of proximities, we use patent 
collaboration as a way to track relational proximity across regions. For this matrix, we 
also use data by PBL. The co-patenting matrix constructed by PBL is based on the 
regional database of patents of the OECD. This source provides information on the 
location of inventors that cooperated on European patents granted in the 1978-2011 
period. The rather long time dimension of the data should reduce the concern regarding 
reverse causality. It should be noted that given the focus on inventors’ collaboration, 
unlike the import matrix, our co-patenting matrix is symmetric. Finally, as for the 
spatial and import matrices, the co-patenting matrix is row-standardized.

In addition to concerns regarding endogeneity, a second issue we consider is the overlap 
between spatial proximity and other channels of knowledge transmission, due to 
the fact that trade and co-patenting relations are facilitated when actors are located 
physically close to one another (Caragliu and Nijkamp 2015). Figure 1 (below) provides 
a graphical representation of the problem at stake. In the case of region R, the spatial 
matrix captures the regions falling within a 300-km threshold (shaded in orange). At the 
same time, some of the regions are also linked to R through networks (e.g., × -network 
or ☐-network). Such overlap between the different matrices creates two main problems: 
(i) including spatially proximate regions in the a-spatial matrices would not reflect the 
“pure” effects of R&D spillovers, and (ii) the spatial and a-spatial matrices would then 
be correlated, making the simultaneous inclusion of spatially and network-weighted 
variables problematic from a statistical point of view.
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Figure 1: Spatial (orange) and a-spatial (×, ☐) linkages to region R

While combining the different matrices would be an option from a methodological 
point of view (Hazir et al. 2014), we follow Maggioni et al. (2007) and set to zero the 
entries for the cells in the a-spatial matrices that have non-zero values in the spatial 
matrix. In this way, assuming that spatial spillovers can occur within a range of 300 
km, we exclude non-zero entries in the network matrices when they are located within 
the span of spatial spillovers. In the case shown in Figure 1, the area shaded orange 
would only be considered in our W matrix, and, for instance, regions on the eastern 
(right-hand side, for the reader) border of R will receive a 0 entry in the two network 
matrices P and T. This methodology implies a potential overestimation of the spatial 
spillovers. However, it is probably true that within short geographical distances, spatial 
and network-mediated spillovers are indistinguishable, without highly detailed micro-
level or qualitative data (Morrison and Rabelotti, 2009).
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Figure 2: Classification of EU regions in terms of innovation performance (Source: Euro-
pean Commission 2012)

Finally, our last two sets of hypotheses consider the case of relations with top regions, 
from which we hypothesize a greater quantity and better quality of spillovers can be 
obtained. To identify the top innovating regions, we use the information provided by the 
European Commission though the Regional Innovation Scoreboard (RIS) (European 
Commission 2014b). Throughout the 2004-2014 period, the innovative performance 
of European regions was studied and categorized as either “innovation leader”, 
“innovation follower”, “moderate innovator” or “modest innovator”. Considering only 
the information for the 2004-2010 period (see Appendix 2 of the Regional Innovation 
Scoreboard 2014 (European Commission 2014b)), we construct network matrices PI 
and TI by including only the relations to regions that were considered at least once 
as “innovation leaders” in the abovementioned time span. Figure 2 represents the 
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geographical distribution of innovation performance at the regional level in Europe 
in 2012 (European Commission 2012), with innovation leaders in blue, innovation 
followers in green, and lower innovative performers in yellow and orange. Differences 
in innovation performance closely mirror regional disparities in income. Top innovating 
regions are concentrated in the core of Europe, between Southeast England and German 
Bayern, and in Scandinavian countries. The least innovating areas are located in the 
Southern and Eastern periphery.

Data and sources
In addition to the data provided Eurostat for the spatial matrix and PBL for co-
patenting and trade flows, we construct our database using information from Cambridge 
Econometrics (CE) and Eurostat. More precisely, our dependent variable (GVA pe (ln)), 
which we use as a proxy for regional productivity, is the log value of gross value added 
(GVA) per employee, computed from the CE Regional database.

Our main variables of interest are the level of R&D of each region as well as the 
spatially and network-weighted levels of R&D. As for the former, Eurostat provides 
information the level of R&D in each region. We therefore use the log of R&D per 
capita in PPS (R&D pc (ln)) to construct our other main explanatory variables. More 
precisely, as spatially and network-weighted measures of R&D, which we use as a proxy 
for knowledge spillovers, we interact the row-standardized weight matrices with the 
vector of R&D pc (ln). Equation 6 shows the formula for the spatially weighted R&D 
level, and we apply the same procedure for matrices T, P, TI and PI.

 * . (6)

In addition to these explanatory variables, we include different control variables 
(  in Equation 1-4). Based on data from Eurostat, Sec HK and Ter HK measure 
the share of the workforce with upper-secondary and tertiary education to control for 
the levels and quality of human capital endowment within each region. Additionally, 
when testing Hypotheses 4a and 4b, Ter HK interacts with TIlogR&D and PIlogR&D17. 
We include in all specifications three more control variables computed from the CE 
database. As is customary in the literature on agglomeration economies, we include 
a measure of population density (Popd (ln)) to control for the heterogeneity between 
highly urbanized and rural areas. Following Beugelsdijk et al. (2015), we estimate the 
stock of capital, starting from gross fixed capital formation and applying the permanent 
inventory method. We then compute a measure of the capital-labor ratio (K-L ratio 
(ln)) to account for different levels of capital endowment across the EU regions. Finally, 

17 Both Ter HK and the weighted measures of R&D are mean-centered before estimating Equation 4.
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to explicitly account for regions with a less advanced sectoral structure, we include the 
share of employment in the agricultural sector (Agr. Empl).

In conclusion, our dataset contains information on 240 European regions at the NUTS 
2 level, for a period of 9 years (2004-2012). Because our dataset has been built using 
different data sources, some regions and countries cannot be included in the analysis. 
While most of EU-27 regions and Norwegian regions are included, a lack of data 
on trade flows and co-patenting forces us to exclude Danish, Finnish, Bulgarian and 
Romanian regions. Additionally, because network data are not regionalized for Slovenia, 
we must use information on the whole country. As the 2013 version of CE data does not 
provide information for 2012, we extrapolate information for that year using the nearest 
value. Finally, before entering the regression, all variables in the model are standardized 
to facilitate a comparison among coefficients.

Table 1: Summary statistics

VARIABLES N Mean St. Dev Min Max

GVA pe (ln) 1,920 10.67 0.480 9.109 11.56

Pop. Density (ln) 1,920 5.027 1.192 1.128 9.168

Agr. Empl. (share) 1,920 0.0518 0.0574 0 0.357

Sec. HK (share) 1,920 0.443 0.130 0.103 0.775

Ter. HK (share) 1,920 0.242 0.0804 0.0730 0.698

K-L Ratio (ln) 1,920 4.501 0.521 2.415 5.550

R&D pc (ln) 1,920 5.573 1.016 1.917 8.140

W-R&D pc (ln) 1,920 5.574 0.853 0 7.245

T-R&D pc (ln) 1,920 6.009 0.203 5.330 6.524

P- R&D pc (ln) 1,920 6.276 0.789 0 7.178

TI-R&D pc (ln) 1,920 6.567 0.137 6.098 6.930

PI- R&D pc (ln) 1,920 6.541 1.159 0 7.390

Number of regions 240 240 240 240 240

Tables 1 and 2 report the summary statistics and the correlation across the variable 
included in the models. While most of the cells in Table 2 have the expected magnitude 
and size, some of the correlation scores are especially interesting. In particular, 
the correlation between the levels of R&D at local, space-mediated and network-
mediated levels are relatively strong. This suggests that regions investing in research 
and development tend to be proximate, in a geographical and network sense, with 
other innovation-oriented regions. The exception in these respects is represented by 
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TI-R&D, which is uncorrelated with the local level of R&D expenditures; this suggests 
that not only advanced regions but also less developed areas are connected via trade to 
top innovators, allowing the acquisition of top-notch knowledge.

Table 2: Correlation Table

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

GVA pe (1) 1

Pop. Density (2) 0.21 1

Agr. Empl. (3) -0.62 -0.44 1

Sec. HK (4) -0.36 -0.04 -0.07 1

Ter. HK (5) 0.43 0.31 -0.4 -0.31 1

K-L Ratio (6) 0.88 0.02 -0.45 -0.46 0.29 1

R&D pc (7) 0.69 0.35 -0.6 -0.08 0.5 0.57 1

W-R&D pc (8) 0.59 0.14 -0.58 0.03 0.3 0.49 0.56 1

T-R&D pc (9) 0.27 -0.07 -0.22 -0.04 0.34 0.29 0.23 0.3 1

P-R&D pc (10) 0.14 0.02 -0.25 0.1 0.19 0.11 0.24 0.25 0.28 1

TI-R&D pc (11) -0.1 -0.15 0.12 -0.03 0.21 0.02 -0.08 -0.1 0.5 0.08 1

PI-R&D pc (12) 0.12 0.11 -0.27 0.1 0.12 0.1 0.22 0.17 0.13 0.68 0.09 1

Econometric analysis

Table 3 and Table 4 report the estimated coefficients for our four models. Each column 
of each table refers to a different specification, for which the weight matrix used and the 
equation of reference are indicated in the header of the column.

In the first column of Table 3, we report the estimates for a standard panel model without 
any spatial or network relation included. It is interesting to see how human capital and 
R&D have the expected sign and are all significant, confirming once more the critical 
role of knowledge stock and knowledge creation for ensuring a high level of regional 
productivity. The second column of Table 3 addresses Hypothesis 1, as it includes the 
spatially weighted measure of R&D. As indicated by spatial econometric literature and 
in line with what we have theorized, the R&D expenditures in neighboring regions 
have a strong and significant effect on regional productivity. An increase by 1 standard 
deviation in W-R&D pc increases the level of productivity by almost 0.2 standard 
deviations. In contrast, once the spatially lagged term is included, the coefficient for the 
local expenditure of R&D becomes insignificant.
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Table 3: Space and network mediate R&D spillovers

Eq. 1 Eq. 1 Eq. 2 Eq. 2 Eq. 2

VARIABLES No-W W W+T W+P W+T+P

Pop. Density
0.184

(0.373)
0.348

(0.349)
0.438

(0.347)
0.341

(0.349)
0.408

(0.350)

Agr. Empl.
-0.0779***
(0.0292)

-0.0357
(0.0282)

-0.0384
(0.0279)

-0.0403
(0.0274)

-0.0401
(0.0275)

Sec. HK
0.0794***
(0.0197)

0.0697***
(0.0185)

0.0598***
(0.0175)

0.0612***
(0.0182)

0.0580***
(0.0176)

Ter. HK
0.0380*
(0.0194)

0.0414**
(0.0182)

0.0336*
(0.0174)

0.0335*
(0.0180)

0.0315*
(0.0175)

K-L Ratio
0.0548

(0.0376)
0.0434

(0.0339)
0.0424

(0.0330)
0.0430

(0.0321)
0.0425

(0.0322)

R&D pc
0.0725***
(0.0198)

0.0279
(0.0175)

0.0102
(0.0164)

0.0203
(0.0176)

0.0111
(0.0167)

W-R&D pc
0.196***
(0.0325)

0.150***
(0.0346)

0.162***
(0.0334)

0.144***
(0.0344)

T-R&D pc
0.101***
(0.0271)

0.0724**
(0.0342)

P-R&D pc
0.221***
(0.0632)

0.121
(0.0811)

Constant
0.0194

(0.0160)
0.0386**
(0.0156)

0.0877***
(0.0207)

0.0543***
(0.0149)

0.0823***
(0.0216)

Observations 1,920 1,920 1,920 1,920 1,920

R-squared 0.303 0.352 0.370 0.367 0.373

Number of reg1 240 240 240 240 240

Region FE YES YES YES YES YES

Year FE YES YES YES YES YES

W = spatially weighted variable; T = import-weighted variable; P = co-patenting-weighted variable; TI = im-
port-weighted variable from top innovators; PI = co-patenting-weighted variable from top innovators.

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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The last three columns of Table 3 consider the impact of import- and co-patenting-
related R&D spillovers, both individually and jointly, and control for spatial spillovers. 
Our estimates indicate that along with spatially lagged R&D, which remains significant, 
import-weighted R&D has a positive and significant effect on the level of local 
productivity. In terms of magnitudes, however, spatial proximity prevails, with an impact 
approximately 50% larger than trade-mediated spillovers18. Similarly, the fourth column 
of Table 3 shows that knowledge flows via co-patenting affect the level of productivity 
in a positive and significant way. Unlike R&D spillovers from import, the coefficient for 
P-R&D pc is approximately 35% larger than the coefficient of W-R&D pc. Surprisingly, 
however, when all the three measures of R&D are included in our model (5th column of 
Table 3), only space- and import-mediated spillover effects have a significant direct effect 
on local productivity. Additionally, considering the magnitudes of the two significant 
coefficients, the effect of R&D spillovers through space is considerably larger than that 
of import-related externalities, even if possibly slightly inflated. This confirms previous 
results that compare spatial and co-patenting network influences in European regions in 
knowledge-production functions (Ponds et al. 2010, Hoekman et al. 2009).

With respect to the hypotheses put forward, our expectations concerning space- and 
network-mediated externalities are empirically confirmed. In particular, the coefficient 
for W-R&D pc, capturing the effects of spatial R&D spillovers, is consistently positive 
and significant, thus providing confirmation for Hypothesis 1. This clearly indicates 
the importance of geographical proximity in knowledge and economic dynamics of 
European regions. Similarly, T-R&D pc, which we use to account for the effect of 
import-mediated knowledge spillovers on top of geographical proximity, supports 
Hypothesis 2a. As international trade appears to be beneficial for countries’ productivity 
level (Coe and Helpman, 1995), via imports, European regions can gain access to 
knowledge, which in turn benefits regional productivity. Both these results are robust to 
the inclusion of externalities from other networks, as shown in the last column of Table 
3. In contrast, despite the initial positive significant effect of P-R&D pc, Hypothesis 2b 
is not fully supported.

In Table 4, we address our second research question, looking exclusively at network 
relations with top-performing regions in terms of innovation. Our hypotheses are that 
connections to these regions can be particularly beneficial due to the high quality and 
quantity of knowledge resources they have accumulated. The first three columns of Table 
4 relate to Hypotheses 3a and 3b. When we include only observations from innovation 
leaders, mediated either via imports (TI-R&D pc) or via co-patenting (PI-R&D pc) or 
jointly, no significant effect is found.

18  This effect may be slightly inflated because we cannot disentangle short-distance trade and co-paten-
ting effects from “pure” spatial effects.
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Table 4: Space and network mediate R&D spillovers from top innovators

Eq. 3 Eq. 3 Eq. 3 Eq. 4 Eq. 4

VARIABLES W+ TI W+ PI W+ TI+PI W+ TI W+ PI

Pop. Density
0.359

(0.351)
0.361

(0.349)
0.384

(0.350)
0.139

(0.343)
0.344

(0.345)

Agr. Empl.
-0.0363
(0.0285)

-0.0391
(0.0281)

-0.0411
(0.0286)

-0.0292
(0.0277)

-0.0491*
(0.0273)

Sec. HK
0.0702***
(0.0186)

0.0677***
(0.0185)

0.0681***
(0.0186)

0.0803***
(0.0178)

0.0695***
(0.0185)

Ter. HK
0.0410**
(0.0183)

0.0411**
(0.0183)

0.0404**
(0.0184)

0.0278
(0.0176)

0.0429**
(0.0188)

K-L Ratio
0.0447

(0.0336)
0.0432

(0.0336)
0.0455

(0.0331)
0.0357

(0.0318)
0.0417

(0.0333)

R&D pc
0.0281

(0.0176)
0.0273

(0.0174)
0.0273

(0.0176)
0.0359**
(0.0174)

0.0322*
(0.0177)

W-R&D pc
0.198***
(0.0322)

0.194***
(0.0322)

0.198***
(0.0322)

0.217***
(0.0325)

0.191***
(0.0324)

TI-R&D pc
-0.00820
(0.0187)

-0.0151
(0.0189)

0.0131
(0.0190)

PI-R&D pc
0.0890

(0.0990)
0.113

(0.101)
0.0808

(0.0975)

TI-R&D pc X Ter. HK
0.0302***
(0.00623)

PI-R&D pc X Ter. HK
0.0179**
(0.00707)

Constant
0.0350*
(0.0185)

0.0438***
(0.0164)

0.0385**
(0.0187)

0.0279*
(0.0165)

0.0399**
(0.0157)

Observations 1,920 1,920 1,920 1,920 1,920

R-squared 0.353 0.354 0.354 0.384 0.359

Number of reg1 240 240 240 240 240

Region FE YES YES YES YES YES

Year FE YES YES YES YES YES

W = spatially weighted variable; T = import-weighted variable; P = co-patenting-weighted variable; TI = im-
port-weighted variable from top innovators; PI = co-patenting-weighted variable from top innovators.
Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Contrarily to what we expected, relations to highly advanced regions do not seem to 
bring any direct benefit to the local economy of connecting regions. Two arguments 
can potentially explain these results: first, given the great economic value of knowledge 
in top innovating regions, firms and actors may be particularly attentive to preventing 
knowledge leakage to competitors. Second, as theorized in Hypotheses 4a and 4b, the 
recipient region may have a lack of necessary preconditions, particularly in terms of 
human capital and absorptive capacity, so potential knowledge spillovers cannot be 
assimilated.

While our first potential explanation cannot be tested, Equation 4 and the results 
presented in the last two columns of Table 4 offer a formal test of our second explanation. 
More precisely, while a non-significant coefficient is obtained for TI-R&D pc, once 
this variable is interacted with human capital, the effect turns positive and significant. 
This result indicates that for higher values of human capital, R&D spillovers through 
imports have a positive, significant effect on regional productivity. More precisely, the 
marginal effect of imports from innovation leaders is not different from 0, when the 
importing region has an average level of human capital19. For regions that are 1 standard 
deviation above the average in terms of human capital endowment, import-mediated 
R&D spillovers have a positive, significant effect on regional productivity, as indicated 
by TI-R&D pc X Ter. HK20.

A similar situation applies for the case of R&D spillovers obtained through co-patenting 
relations with top innovators. In this case, the interaction term PI-R&D pc X Ter. HK is 
positive significant, suggesting that if the level of human capital is sufficiently high, the 
non-significant effect of PI-R&D pc can become positive and significant. However, the 
small magnitude of the interaction term suggests that only regions with very high levels 
of human capital (almost 5 standard deviations above the mean) can benefit, in terms of 
productivity, from relations with innovation leaders21.

The extension of our analysis, to include the effects of cross-regional interactions with 
innovation leaders, has provided us interesting insights. First, contrarily to what we 
theorized in Hypothesis 3a and 3b, trade and co-patenting linkages to the most advanced 

19  Because we mean-center Ter. HK, the average value of the mean-centered Ter. HK is 0. As the margi-
nal effect on GVA pe is equal to , at the average level of 
Ter. HK, the marginal effect coincides with the coefficient of TI-R&D pc reported in Table 4.
20  To obtain the coefficient and confidence interval for the value of Ter. HK at 1 standard deviation 
above the mean, we center a Ter. HK at the desired level and re-estimate the model (Wooldridge, 2010). 
For a level of human capital 1 standard deviation above the mean, the coefficient of TI-R&D pc is 0.043, 
with a p-value of 0.044.
21  For a level of human capital 4.7 standard deviation above the mean, the coefficient of PI-R&D pc is 
0.163, with a p-value of 0.10.
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regions do not have a direct significant effect on regional productivity. However, once 
we introduce the interaction term between network-mediated R&D spillovers and 
human capital, we obtain significant results. Hypotheses 4a and 4b are shown to be 
accurate, as regions with higher levels of human capital do profit from interactions 
with top innovators. In these respects, it is interesting to note the differences in pre-
conditions required to have a positive effect from imports and co-patenting. While one 
standard deviation above the average value of human capital appears to be enough for 
profiting from import-related knowledge spillovers, a remarkably higher level of Ter. 
HK is required for co-patenting-mediated externalities. A tentative explanation for this 
difference might be related to the fact that in the case of imports, external R&D is 
already embodied in ready-to-use goods and technologies, while co-patenting relations 
bring about knowledge spillovers in a format that is cruder and more difficult to apply 
in actual market situations.

Conclusions

The aim of this paper is to contribute to the debate on knowledge spillover, which 
involves different sub-disciplines of economics and geography. In doing this, we adopt 
a regional perspective, and we assess how the regional level of productivity is affected 
by R&D externalities deriving from spatial, trade and co-patenting relations with other 
regions on a European regional scale. The attention devoted to import-mediated R&D 
spillover is particularly innovative for the regional economic literature, as a comparison 
of this trade network vis-à-vis other networks (spatial and co-inventorship) has not been 
previously examined, mainly because of lack of interregional trade data at the EU level. 
A second, more qualitative contribution of this work relates to the study of the direction 
of network relations, i.e., import- and co-patenting-mediated relations to regions that 
are innovation leaders. 

After a short review of the extensive literature on knowledge spillovers, we put forward 
our research questions and hypotheses. First, based on the empirical research on 
agglomeration economies, we expect R&D spillovers deriving from spatial proximity to 
have a strong impact on local productivity (Hypothesis 1). Our estimates consistently 
confirm this hypothesis and provide further evidence of the high relevance of 
geographical factors in explaining regional economic performance. Second, building on 
the literature on international R&D spillovers and on economic geographical studies of 
different forms of proximities, we investigate the effect of import-mediated (Hypothesis 
2a) and co-patenting-mediated (Hypothesis 2b) spillovers, expecting positive relations 
between each of them and regional productivity. While individual regressions confirm 
Hypotheses 2a and 2b, the estimation of the joint model indicates that spatial- and 
import-mediated R&D spillovers significantly affect regional productivity directly, 
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while externalities related to co-patenting do not appear to have a direct effect. Similarly, 
our expectations on the role of R&D spillovers from innovation leaders, expressed in 
Hypotheses 3a for import-related networks and 3b for co-patenting related networks, 
are not confirmed. According to our estimates, the superior knowledge endowment 
that top innovating regions have does not automatically spill over to trade partners and 
co-inventors. A potential explanation for this, generally conceptualized in Hypotheses 
4a and 4b, is related to a possible lack of absorptive capacity in recipient regions. After 
including a term interacting the network-mediated spillovers with human capital 
endowments of recipient regions, our analysis indeed suggests that preconditions have 
to be met for regions to profit from connections with most advanced areas. Interestingly, 
knowledge embodied in goods and technologies and diffused via trade seems to be more 
easily assimilated by recipients, whereas spillovers related to co-patenting require a 
substantially larger absorptive capacity.

Different insights in terms of policy implications can be drawn from the results of our 
analysis. Our results show that network relations have the potential to complement 
localized knowledge endowments of regions and to contribute to a higher level 
of prosperity. At the same time, two important caveats have to be mentioned. First, 
while network-mediated externalities can have a positive effect, geography is far from 
dead, and spatial knowledge spillovers still have the most substantial impact on local 
productivity. Second, for knowledge spillovers to be beneficial, an endowment of human 
capital is necessary; for knowledge relations in co-patenting networks, this needs to be 
substantial. This questions the applicability of recent European policy initiatives, such 
as smart specialization opportunities for all regions in Europe, and the creation of an 
open Research Area in which all regions can participate. Our results suggest that lagging 
regions (Eastern Europe, with low income, and Southern Europe, with low growth in 
the last decade) may have substantial difficulties in linking-in in both processes, as they 
lack the necessary and dedicated skills and human capital to absorb the knowledge 
embedded in the networks and put it to use in local productive economies. Instead of 
regionally spilling over in the networks, valuable knowledge may boil down in some 
(i.e., elite) regions in a closed “old boys” network (Desdoigts 1999, Hoekman et al. 
2009).

With respect to future research, two main aspects are particularly worth stressing. 
First, in spite of the growing attention towards a-spatial relations and some very useful 
developments (Huggins and Thompson, 2014) in bridging economic growth models 
with the concept of networks, further effort from the theoretical point of view is required. 
Second, we believe that the aspect of the origin of network-mediated knowledge spillovers 
deserves particular attention. As our estimates indicate, for example, a significant amount 
of spillover might come through imports, but only a minor part of it seems to be related 
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to innovation leaders. Investigating in greater detail what other factors may account for 
such differences stands out as a particularly valid line of research.
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Appendix 2.A: Regions included in the sample

TABLE 1 – Appendix 2.A: Regions included in the analysis (Innovation leader regions are 
in bold)

AT11 DE13 DED2 FR30 HU22 LV00 PL42 UKD6

AT12 DE14 DED4 FR41 HU23 MT00 PL43 UKD7

AT13 DE21 DED5 FR42 HU31 NL11 PL51 UKE1

AT21 DE22 DEE1 FR43 HU32 NL12 PL52 UKE2

AT22 DE23 DEF0 FR51 HU33 NL13 PL61 UKE3

AT31 DE24 DEG0 FR52 IE01 NL21 PL62 UKE4

AT32 DE25 EE00 FR53 IE02 NL22 PL63 UKF1

AT33 DE26 ES11 FR61 ITC1 NL23 PT11 UKF2

AT34 DE27 ES12 FR62 ITC2 NL31 PT15 UKF3

BE10 DE30 ES13 FR63 ITC3 NL32 PT16 UKG1

BE21 DE41 ES21 FR71 ITC4 NL33 PT17 UKG2

BE22 DE50 ES22 FR72 ITF1 NL34 PT18 UKG3

BE23 DE60 ES23 FR81 ITF2 NL41 SE11 UKH1

BE24 DE71 ES24 FR82 ITF3 NL42 SE12 UKH2

BE25 DE72 ES30 FR83 ITF4 NO01 SE21 UKH3

BE31 DE73 ES41 GR11 ITF5 NO02 SE22 UKI1

BE32 DE80 ES42 GR12 ITF6 NO03 SE23 UKI2

BE33 DE91 ES43 GR13 ITG1 NO04 SE31 UKJ1

BE34 DE92 ES51 GR14 ITG2 NO05 SE32 UKJ2

BE35 DE93 ES52 GR21 ITH1 NO06 SE33 UKJ3

CZ01 DE94 ES53 GR22 ITH2 NO07 SI00 UKJ4

CZ02 DEA1 ES61 GR23 ITH3 PL11 SK01 UKK1

CZ03 DEA2 ES62 GR24 ITH4 PL12 SK02 UKK2

CZ04 DEA3 FR10 GR25 ITH5 PL21 SK03 UKK3

CZ05 DEA4 FR21 GR30 ITI1 PL22 SK04 UKK4

CZ06 DEA5 FR22 GR41 ITI2 PL31 UKC1 UKL1

CZ07 DEB1 FR23 GR42 ITI3 PL32 UKC2 UKL2

CZ08 DEB2 FR24 GR43 ITI4 PL33 UKD1 UKM2

DE11 DEB3 FR25 HU10 LT00 PL34 UKD3 UKM3

DE12 DEC0 FR26 HU21 LU00 PL41 UKD4 UKN0

The distinction between regions that are innovation leaders and those that are not is based on the Appendix 2 of the 
Regional Innovation Scoreboard (European Commission 2014b). In there, some regions which in our analysis are 
considered at NUTS2 level, are instead evaluated at NUTS1 level.
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Introduction

Institutions are increasingly recognized as important drivers of economic development. 
Scholars have highlighted how a well-functioning set of institutions fosters knowledge 
creation, innovation and economic growth (Acemoglu and Robinson, 2012, Crescenzi 
and Rodriguez-Pose 2013, Rodriguez-Pose and Di Cataldo 2014). Some scholars 
consider the quality of institutions even more important than factors such as geography 
and trade integration, or the endowment of economic resources (Rodrik et al., 2004). 

Limited attention has yet been paid to the effects of institutions on the process of 
diversification and structural change in regions. We believe the role of both formal 
and informal institutions22 is particularly relevant with respect to structural change 
and diversification, as institutions can help properly nudging these processes, with 
significant payoffs in terms of growth and development (MacMillan and Rodrik 2011). 
There is no study yet to date that has investigated systematically the impact of both 
formal and informal institutions on regional diversification. Rather, studies on industrial 
diversification focused almost entirely on the importance of relatedness in driving 
changes in the industrial composition of an economy, both at the national (Hausman 
and Klinger 2007) and regional scale (Neffke et al. 2011). Boschma and Capone (2015) 
has been the only study so far that has assessed whether the probability of countries to 
develop a comparative advantage in new export products was depending on their national 
formal institutions (as embodied in regulations that govern labor relations, corporate 
governance relations, product markets and inter-firm collaborations). However, it 
remains unclear what the role of regional institutions is for regional diversification.

The objective of the paper is to fill this gap by presenting a study on industrial diversification 
of 118 European regions in the period 2004-2012. First, we test whether European 
regions are more likely to develop new specializations in industries that are strongly 
related to other industries in the region. Our study finds strong support for this thesis, 
confirming the results of other studies that investigated regional diversification within 
one country (Neffke et al. 2011, Boschma et al. 2013). Second, we test whether regional 
diversification is influenced by formal and informal institutions, as they show significant 
differences across European regions (Rodriguez-Pose 2013). Formal institutions at the 
regional scale are measured by means of quality of government (Charron et al. 2014). 
Informal regional institutions will be proxied by social capital, accounting for both the 
bright and dark sight of social capital by making a distinction between bridging and 

22  The concept of institution is divided into formal (also called hard) institutions and informal (soft) 
institutions. The former refers to rules and bodies hinging upon codified arrangements, such as government 
policy or competition regulations, while the latter includes more loosely defined sets of incentives and con-
straints associated with social values, culture and religion.
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bonding social capital (Knack and Keefer 1997, Putnam 2001). We find that bridging 
social capital increases the probability of developing new specializations in European 
regions, while quality of government and bonding social capital show no effect. 
Moreover, we test the claim that informal institutions have a greater impact in regions 
where formal institutions are weak (Woodruff 2006, Parker and Kirkpatrick 2012). We 
find indeed that the positive effect of bridging social capital on acquiring new industry 
specializations is stronger in regions with a poor quality of government, while bonding 
social capital has a negative effect when the quality of government in a region is low. 

The paper is organized as follows. The next section introduces the theoretical framework, 
in which regional diversification is presented as a path-dependent evolutionary process, 
and which explains how formal and informal institutions can be linked to regional 
diversification. The third section presents the data and methodology employed. The 
fourth section presents the main results, while section 5 concludes.

Regional diversification, relatedness and institutions

Relatedness and regional branching
Theoretical contributions in economics have given a central role to knowledge in relation 
to growth. From endogenous growth theory (Romer 1994), to the agglomeration 
literature (Marshall 1920) and evolutionary economics (Nelson and Winter 1982), the 
performance of national and regional economies has been proven to critically hinge 
upon the ability to create, absorb, adapt and make use of knowledge. Research underlines 
that knowledge is neither equally accessible nor equally relevant for economic actors 
(Nooteboom 2000). Scholars have focused on the importance of cognitive proximity, 
among other forms of proximity (Boschma 2005), for the transmission of knowledge 
across an economy. In this sense, the more related the knowledge bases of different 
actors are, the easier it is for ideas, capabilities and knowledge to be profitably exchanged 
and applied. In contrast, when the cognitive distance is significant and actors do not 
“speak the same language”, knowledge spillovers are less likely to take place (Breschi et 
al. 2003).

This idea of relatedness between local actors has been tested in studies on agglomeration 
economies (Frenken et al. 2007a, Bishop and Gripaios 2010, Boschma et al. 2011, 
Cainelli et al. 2015, Cortinovis and van Oort 2015). Moreover, there is an emerging body 
of literature that focuses on the implications of relatedness for the process of regional 
diversification (Boschma 2016). Incumbent firms are more likely to enter industries that 
are relatively close to the one they are already operating in (Teece et al. 1994). Similarly, 
new firms are more likely to start off and be successful in a sector that is closely related 
to other sectors in the region, as they can benefit from relevant local capabilities (like 
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related knowledge and skills), or what has been referred to as ‘local related externalities’ 
(Neffke et al. 2015, Boschma and Frenken 2016). Jumping into a completely unrelated 
sector, though still possible, would increase fundamental uncertainty and make firms 
face higher costs and higher risks of failure, due to the lack of required capabilities both 
at the firm and the regional level.

The consequences of these dynamics at the micro-level is that regions tend to diversify 
into new industries that are closely related to their existing industrial base. This implies 
that regional diversification can be considered a path-dependent process, in which the 
industrial history of regions provides opportunities but also sets limits to diversification. 
This process of relatedness-driven diversification has been referred to as regional 
branching, since new activities draw upon and combine capabilities from existing 
local activities (Boschma and Frenken 2011). Empirical studies have confirmed the 
predominance of this process of related diversification both at the national (Hausmann 
and Klinger 2007) and regional scale (Neffke et al. 2011, Boschma et al. 2013). Based 
on these theoretical considerations, we formulate the following hypothesis:

Hypothesis 1: the probability that a region specializes in a new industry is positively 
affected by the degree of relatedness with existing industries in the region.

Formal institutions and regional diversification
While the theoretical arguments and empirical evidence supporting the thesis of related 
diversification are solid, the insights they offer with respect to the heterogeneity in 
diversification trajectories of economies are still limited. This may be attributed to the 
fact that that national and regional institutions may matter for diversification but are 
still relatively unexplored in the diversification literature (Boschma and Capone 2015).

Institutions are recognized as playing an important role in shaping economic performance 
(Rodrik et al. 2004, North 2005). As discussed by Acemoglu and Robinson (2012), the 
type of political and economic institutions, and more generally whether institutions are 
inclusive or exclusive, opens up or reduces opportunities for growth and development. 
Institutions like property rights, rule of law, competition monitoring and contractual 
agreements are essential for economic growth (Acemoglu and Johnson 2005) and 
innovation (Crescenzi and Rodriguez-Pose 2013). The mechanisms explaining the link 
between the quality of formal institutions and better economic performance mostly 
refer to the coordination and uncertainty-reduction effects of formal institutions. 
When political authorities set clear rules, are prevented from taking advantage of 
their positions (like unduly extracting benefits from economic activities), and provide 
incentives stimulating the activity of economic actors, they can contribute to the growth 
and dynamism of an economy (Acemoglu and Robinson 2012).
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Against this background, it can be argued that, besides growth and innovation, good 
governance can also facilitate the development of new specializations in a region. Within 
a set of clear and inclusive rights and rules, individuals are able to pursue their economic 
interests. In such an environment of lower risks and uncertainties, local actors are 
expected to be more entrepreneurial, more innovative and in a better position to invest in 
new activities. While this holds for indigenous actors, it is also relevant for foreign ones. 
In particular, the capacity of an economy to attract and benefit from foreign investment 
critically hinges upon its institutional settings (Alguacil et al. 2011, Cipollina et al., 
2012). Besides, well functioning governments may implement policies making local 
actors better able to take advantage of the inflow of ideas, products and knowledge 
(Sterlacchini 2008, Charron et al. 2014). This implies that formal institutions can 
provide critical resources for an economy to diversify and enlarge its industrial portfolio.

While research on formal institutions is conducted primarily at the country level 
(Acemoglu and Robinson 2012), similar arguments apply to the regional level 
(Rodriguez-Pose 2013). Significant within-country variations in the quality of formal 
institutions exist in Europe (Charron et al. 2014). Regions characterized by quality 
government institutions are found to perform better in terms of socio-economic 
development (Charron et al. 2014), growth and convergence (Ederveen et al. 2006, 
Arbia et al. 2010) and innovation (Crescenzi and Rodriguez-Pose 2013, Rodriguez-
Pose and Di Cataldo 2014). However, no study has yet assessed the impact of quality 
of regional government on diversification. Therefore, we test the following hypothesis:

Hypothesis 2: the probability that a region specializes in a new industry is positively 
related to the quality of the government in the region.

Informal institutions and regional diversification
Like formal institutions, the incentives and constraints set by culture, religion and 
social norms – i.e. informal institutions – impact on human actions in an economy 
(North 1990, 2005). While there are many types of informal institutions (Nahapiet and 
Ghoshal 1998), social capital has attracted most attention. Putnam et al. (1993) defines 
social capital as “those features of social organizations, such as trust, norms and networks 
that can improve the efficiency of society by facilitating coordinated actions” (p. 167). 
In this definition, social capital is regarded as a beneficial social feature that enhances 
economic performance. First, trust among actors reduces information and transaction 
costs (Fukuyama 1995). Second, trust and involvement in the social community 
enable the achievement of collective action through cooperation, solidarity and public-
spiritedness (Putnam et al. 1993). Third, the social infrastructure and network relations 
associated with high levels of social capital make it easier to mobilize local resources. This 
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is particularly true for knowledge that circulates more easily when actors are embedded 
in a system of social relations (Echebarria and Barrutia 2013).

However, the literature has long acknowledged that social capital can also have detrimental 
effects (Coleman 1988, Portes and Landolt 1996). First, there is the conformity bias 
that pressure from close social relations may induce. Homogeneous and tightly knitted 
communities are considered to be less exposed to new information, and less prone to 
create innovations and accept new ideas (Uzzi 1996, North 2005, De Vaan et al. 2012). 
Second, tight networks of established groups may lead to opportunistic behavior. Olson 
(1982) referred to ‘distributional coalitions’ that hinder economic growth by engaging 
in rent-seeking activities and fighting over the distribution of existing output rather than 
the production of new wealth. Examples of such distributional coalitions are lobbies, 
interest groups, professional associations, and other groups and organizations which 
impose costs to society as a whole (Knack and Keefer 1997, Coates and Heckman 2003, 
Yamamura 2011). A review by Westlund and Adam (2010) showed that the empirical 
literature on social capital and regional development is inconclusive. Some studies found 
a positive effect (Beugelsdijk and van Schaik 2005, Dincer and Uslaner 2007, Akçomak 
and ter Weel 2009, Tabellini 2010, Crescenzi et al. 2013), while other studies found no 
effect or even a negative effect (Casey and Christ 2003, Miguel et al. 2005).

To distinguish the positive effects from the negative effects of social capital, the literature 
has proposed a distinction between bonding and bridging dimensions of social capital 
(Knack and Keefer 1997, Putnam 2001). Bonding social capital refers to dense social 
structures characterized by strong links between like-minded people. It helps mobilizing 
support and solidarity, but only to the benefit of those who belong to such close groups, 
like nuclear families (Banfield 1958) and distributional coalitions (Olson 1982). Unlike, 
bridging social capital refers to associations that are more inclusive and consist of 
individuals with different socio-economic characteristics. Because of their inclusiveness 
and cross-cutting nature, bridging-type of relations facilitate diffusion of non-redundant 
knowledge and trust building between heterogeneous groups. Movements for civil 
rights, youth associations or ecumenical religious groups are considered typical examples 
of bridging social capital (Putnam 2001).

Following this line of argumentation, we propose that trust and bridging social capital 
are crucial for regional diversification because they function as a bridge between 
disconnected activities. By making the local economy more interconnected and better 
able to coordinate actions and mobilize resources, higher levels of trust, and especially 
the presence of bridging-type of social relations, are expected to facilitate the circulation 
of non-redundant knowledge and other resources among different activities as well 
as to enable the creation of new combinations of different strands of knowledge and 
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capabilities. These dynamics, in turn, boost regional diversification. A mirroring 
reasoning applies in the case of bonding social capital. We consider strong bonding 
relations as potentially detrimental for the ability of regions to adapt and introduce 
new products. When inward-looking groups are strongly embedded in a local economy, 
local activities will have a harder time to make crossovers and mobilize and combine the 
different sorts of skills and knowledge necessary to diversify. Based on these theoretical 
considerations, we derive the following hypotheses:

Hypothesis 3a: the probability that a region specializes in a new industry is positively 
related to the level of trust and bridging social capital in the region.

Hypothesis 3b: the probability that a region specializes in a new industry is negatively 
related to the level of bonding social capital in the region.

We also test whether the role of relatedness changes according to the regional endowment 
of institutions. We have no a priori expectations concerning the question whether a 
higher quality of local government will strengthen or weaken the effect of relatedness on 
regional diversification. The same applies to the interaction effect between relatedness 
and bonding social capital, also given the fact that we expected a negative relationship 
between bonding social capital and regional diversification in hypothesis 3b. However, 
what we do expect is that high levels of trust and bridging social capital may relax the 
effect of relatedness, in the sense that such social capital may facilitate regions to move 
into more unrelated activities. Due to their combinatory potential, these two types 
of informal institutions enable regions to make a jump in their industrial evolution, 
allowing regions to stay less close to their existing activities when diversifying in new 
industries, following Boschma and Capone (2015). This idea is tested in the following 
hypothesis:

Hypothesis 4: relatedness has a weaker effect on the probability that a region specializes 
in a new industry when the levels of trust and bridging social capital are high.

Finally, some scholars have argued that, once a good regulatory framework is in place, 
the economic need for informal institutions is strongly reduced (Rodriguez-Pose 2013). 
As quality of government and social capital perform similar functions, once uncertainty 
is reduced and cooperation is achieved via formal institutions, informal institutions 
become less relevant. Unlike, when red tape and inefficiencies in the local governance 
system make them costly to use or ineffective, informal relations and rules within the 
community provide a more efficient way to coordinate actions and curb uncertainty. On 
these bases, scholars have theorized a substitution effect between formal and informal 
institutions, with social capital being relevant only when formal institutions are weak 
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(Ahlerup et al. 2009). However, we expect this only to be the case with bridging social 
capital: when the quality of government is low, we expect that bridging social capital in 
a region has a stronger positive effect on regional diversification. By contrast, we expect 
the combination of low quality of government and bonding social capital in a region 
to be the worst case scenario for a region. In other words, we expect a stronger negative 
effect of bonding social capital on regional diversification when the local governance 
system is weak.

Hypothesis 5a: bridging social capital has a stronger positive effect on the probability 
that a region specializes in a new industry when quality of government is low.

Hypothesis 5b: bonding social capital has a stronger negative effect on the probability 
that a region specializes in a new industry when quality of government is low.

Methodology and data

Relatedness
Following Boschma et al. (2013) among others, we employ the proximity index developed 
by Hidalgo et al. (2007) to measure industry relatedness. In their approach, relatedness 
between two industries is reflected by the likelihood that countries have revealed 
comparative advantage in the two industries simultaneously, given the assumption that 
industries are more likely to be jointly present if they share similar productive inputs or 
capabilities, such as factor inputs, infrastructure or institutions. Hidalgo et al. (2007) 
use the definition of revealed comparative advantage by Balassa (1965), considering 
country c to have a comparative advantage in product i if the share of product i in the 
total export of country c is larger than the share of product i in the total export of all 
countries. Due to data availability at the EU regional level, we base our analysis on 
employment instead of trade data. We employ the location quotient (LQ) as a measure 
of the level of specialization of industry i in region c relative to the overall specialization 
of that industry in all regions in our sample. In more formal terms:

(1)

where i  and c denote industry i and region c respectively;  refers to employment of 
industry i in region c;  is total employment of all industries in region c;  is total 
employment of industry i in all regions;  represents total employment of all industries 
in all regions.

A higher value of LQ indicates a higher level of specialization of industry i in region 
c relative to the overall specialization of that industry in all regions. However, a main 
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criticism in terms of the application of the LQ is that there is no widely accepted cut-off 
value that can explicitly delimit the specialization of an industry in a region (O’Donoghue 
and Gleave 2004). Tian (2013) developed a method to obtain a statistically significant 
cut-off value of the LQ to identify industry specialization in a region. The advantage of 
this method is that it does not impose any assumptions in terms of the distribution of 
LQ. Following Tian (2013), we calculate the critical value of LQ as follows. First, we 
calculate the Standardized Location Quotient (SLQ), as in Equation (2)

(2)

where  is the mean value of the LQ for industry i, and  is the standard 
deviation of the LQ for industry i. Second, we divide the SLQ into samples for each 
industry. Third, we carry out the procedure of re-sampling with replacement 1,000 
times for each industry to obtain 1,000 bootstrap samples, each having exactly the same 
length as the original sample of each industry. Fourth, we calculate the 95th percentile 
of each bootstrap sample. By calculating the mean value of the 95th percentile of 1,000 
bootstrap samples, we get the estimate of the critical value of SLQ at 5% level for each 
industry.

After obtaining the cut-off values of SLQ for each industry, we calculate the proximity 
index between each pair of industries. Following Hidalgo et al. (2007), we assume co-
occurrence of specialization in industry i and j in region c, if the SLQs of the two 
industries in that region are both higher than their respective statistically significant cut-
off values. After that, we calculate the conditional probability of a region specializing in 
one industry given it specializes in another. We compute the proximity index between 
industry i and j by taking the minimum between the conditional probability of a region 
specializing in industry i given it specializes in industry j, and the conditional probability 
of a region specializing in industry j given it specializes in industry i, as follows:

(3)

As we have 323 industries in total in our dataset, we obtain a 323-by-323 matrix of 
proximities, which is common to all regions included in the analysis. In order to test 
the first hypothesis on the positive relationship between industrial diversification and 
the current industrial structure of a region, we follow Hausmann and Klinger (2007) to 
construct a density indicator, as shown in Equation (4):
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(4)

where k refers to industry k and t refers to year t;  refers to the proximity between 
industry k and i at year t;  is a dummy variable and takes the value of 1 if region c 
specializes in industry k at year t. In this way,  measures the density around industry 
i in region c at year t, equaling the sum of proximities between industry i to all industries 
that region c is specialized in at year t, divided by the sum of proximities between 
industry i to all industries. The density indicator ranges from 0 to 1: a value of 0 means 
region c has no specialization in any industry related to industry i at year t; when  is 
equal to 1, region c is specialized in all industries that are related to industry i at year t. 

Modeling framework
As our focus is on diversification, we opt for an entry model, i.e. we look at what 
factors can be statistically associated with a region becoming specialized in a sector it 
was previously not. To this end, we include only industries that each region was not 
specialized in at the beginning of each time interval and observe over time whether 
regions have acquired new specializations at the end of each period23. The dependent 
variables is , a dummy variable taking value 1 if region c specializes in industry i at 
year t+524. With respect to the independent variables,  refers to the density around 
industry i in region c at year t, accounting for the relatedness of the industry with respect 
to the others;  is a vector gathering the scores of our institutional variables in region 
c (these scores are time invariant due to data constraints); captures the effect 
of the interaction between density and the level of formal and informal institutions 
on developing a new industry specialization; and  is a vector of control variables in 
region c at year t. In addition, we include  to control for fixed effects of each industry 
for each five-year interval, while  is the error term. More specifically, our baseline 
model (Model 1 – Equation 5) is:

. (5)

We extend this specification in order to account for the direct effects of institutions 
(Model 2 – Equation 6) and the interaction effects (Model 3 – Equation 7) on 
diversification.

23  In order to maximize the number of observations given the short time span we have data for, we esti-
mate our models on four overlapping intervals of 5 years (i.e. 2004-2009, 2005-2010, etc). As a robustness 
check (see Appendix 3.B), we also estimated our models on a single 9-year interval obtaining comparable 
results to those presented here.
24  We considered 5-year intervals as the minimum length in order to properly capture diversification 
dynamics,. This is in line with the average business cycle length in advanced economies (NBER, 2012).

cortinovis-layout.indd   90 10/11/2016   11:52



Quality of government and social capital as drivers of regional diversification in Europe

Ch
ap

te
r 3

91

(6)

(7)

The models are estimated by OLS with heteroskedasticity-robust standard errors25. 
It should be noticed that beside a linear probability OLS model, a logit or probit 
specification can be used for a binary outcome regression. However, the large number 
of dummy variables included in our regressions may lead to biased and inconsistent 
results for logit or probit models (Greene 2012). For facilitating interpretation and 
ensuring numerical precision, we standardize the predictor variables before estimating 
our models.

Variables and data sources
The data for constructing the dependent variable and the density indicator were obtained 
from the Orbis database by Bureau Van Dijk. This database offers unique information 
at firm level for a significant number of countries. For our analyses, we aggregated firm-
level employment weighted data into region-industry combinations at NUTS2-level 
(and sometimes NUTS-1), proportionally fitted into more aggregated region-sector data 
stemming from Cambridge Econometrics (Cortinovis and van Oort 2015). Selecting 
firms in EU countries in Orbis, we were able to retrieve data for about 10 million firms. 
For each of these entries, we had information on the location, the 4-digit NACE sector 
and the number of employees. Data on sales and turnover were also available but not 
used due to too any missing values. Of the 615 NACE sectors, we only considered 323 
tradable industries26 given our focus on diversification. The choice of the period is based 
on data availability. Such a limited time span of 9 years only represents a significant 
limitation compared to previous studies on regional diversification. To maximize the 
number of observations, we analyze regional diversification for four overlapping five-
year intervals: 2004-2009, 2005-2010, 2006-2011 and 2007-201227.

While the data are unique in Europe in terms of geographical and industry breakdown, 
they are not without difficulties (Kalemli-Ozcan et al. 2015). Firstly, small firms are 
underrepresented in the data. Weighting by employment in broader sectors mitigates this, 

25  We decided not to include clustered errors at regional level, as including these would significantly 
reduce the number of independent observations in our sample. This would in turn make it impossible to 
include industry-year fixed effects in the regressions.
26  Tradable industries are defined according to the third version of Standard International Trade Classi-
fication (SITC3). In other words, we matched our NACE classes with SITC3 ones, in order to include in 
the analysis only sectors listed in SITC3.
27  As robustness check we also used a single 9-year time interval, as reported in Appendix 3.B. The 
result do not change significantly.
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but the lack of small firms influences the degree of new firm formation and branching 
into related specializations. Therefore, our observed diversification is conservative by 
definition. Secondly, missing values at firm level were present in all countries, but their 
amount was particularly high and constant over the years in some areas. For this reason, 
we excluded Austria, Czech Republic, Hungary, Slovenia, Slovakia, Ireland and the UK. 
For some areas, most notably Sweden, regulations prevented full disclosure of the data, 
further, reducing the sample. Thirdly, small countries for which NUTS0 and NUTS2 
levels coincide were also left out from our sample, such as the Baltic states, Cyprus, Malta 
and Luxembourg28. Finally, to avoid variability in employment levels within sectors due 
to missing values, we interpolated data at firm level using the nearest available year. 

To measure formal institutions, we use the European Quality of Government Index 
(EQI) by Charron et al. (2014). This index includes 16 indicators derived from 
respondents that had to rate public services (education, healthcare and law enforcement) 
with respect to three dimensions of government performance: quality of governance, 
impartiality, and level of corruption. As the index was firstly computed in 2010, we 
can only include it as time invariant variable, under the assumption that its score did 
not change significantly between 2004 and 2012 (see Rodriguez-Pose and Di Cataldo 
2014). While the Quality of Government dataset offers data on a finer geographical 
level (NUTS2) than other sources like the European Value Study, for some countries 
we estimated the value of EQI at the broader NUTS1 level, as the NUTS2 average 
weighted by the population weight included in the Quality of Government dataset29.

With respect to social capital, a variety of measures has been proposed, ranging from 
political participation to blood donation (Ahlerup et al. 2009). In order to include 
as many regions as possible in our analysis, we follow Knack and Keefer (1997) and 
Beugelsdijk and van Schaik (2005) among others, and compute common indicators like 
level of trust and the active involvement of people in associational life. Similar to the 
latter study, we resort to the European Values Study 1999 database that contains survey 
data on the social attitude and values of people at regional level. As we only use data 
from the 1999 survey, our social capital variables are time invariant. Trust is computed 
by the share of respondents affirming that most people can be trusted over total number 
of respondents30. 

28  We excluded 72 regions (6 small countries and 8 Swedish regions) due to missing values. Due to the 
integration with other datasets, we also had to re-aggregate the data for some countries (Poland, France, 
Greece and Germany) at the  NUTS1 level.
29  As a robustness check, we also used the scores for each of the three dimensions in order to test whether 
it is through one or more specific dimensions that formal institutions affect regional diversification. The role 
of formal institutions remains mostly insignificant.
30  The question that was asked in the survey is “Generally speaking, would you say that most people can 
be trusted, or that you cannot be too careful in dealing with people?”
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Clearly, capturing the bridging and bonding dimension of social capital is far from 
easy and straightforward (Beugelsdijk and Smulders 2009, Geys and Murdoch 2010, 
Crescenzi et al. 2013). We follow the seminal contribution of Knack and Keefer (1997) 
and look at group membership in different types of associations that are divided according 
to their potential rent-seeking behavior. Groups with inclusive and heterogeneous 
membership (referred to as “Putnam groups”) are supposed to act as cooperation- 
and trust-enhancers rather than reflecting rent-seeking conduct. Organizations being 
exclusive and homogeneous in terms of membership (named “Olson-groups”) are 
instead considered more likely to act as distributional coalitions. Following Knack 
and Keefer (1997), we link the bridging dimension of social capital to associations like 
cultural activities (e.g. art, music, education), youth work (like scouting groups) and 
ecumenical religions, while professional associations, political parties/groups and trade 
unions represent the bonding type of social capital. Rather than simply looking at group 
membership, we consider whether respondents are directly involved in voluntary work. 
We argue, in line with Beugelsdijk and van Schaik (2005), that this is a more accurate 
way to assess the participation of people in associational life. We calculated for each of 
type of association the share of people that work as volunteer in at least one organization 
belonging to each set of associations, over the total respondents in a region. 

In order to control for regional characteristics, we include other variables in our 
regressions. When investigating the role of density only, we include region-year fixed 
effects in our model. When including the time-invariant institutional variables, we can 
rely on some control variables. To control for economic conditions in each region, we 
use the log of Gross Domestic Product (GDP), the log of gross capital formation on real 
gross value added (Physical K), the share of employee having attained upper secondary 
(HK Sec) and tertiary education (HK Tert) in log scale, and the average rate of economic 
growth for each five year period31 (Growth Rate). Additionally, we computed the log of 
population density (Pop. Density) to control for the level of urbanization of European 
regions. All these variables have been taken from the Cambridge Econometrics regional 
database32,while  part from our human capital measures was obtained from Eurostat. 

A potential issue with our modeling strategy is the existence of endogeneity. While the 
inclusion of control variables can be considered sufficient for reducing the potential 
omitted variable bias, the issue of reverse causality requires attention. It might be the case 

31  As we do not have data for GDP in 2012, in the last period the growth rate is computed over four 
years.
32  To recap: dummy_xt+5, Density, Growth Rate, Pop. Density, GDP and Capital Formation are measu-
red in every year between 2004 and 2012. EQI is measured in 2010, while the three social capital variables 
are measured in 1999. In our models, we look at NACE4 sector level dynamics: the number of observations 
is determined by sectors times regions for each period. As we exclude sectors in which regions have already a 
comparative advantage at time t (dummy_xt=1), the number of sectors included changes from year to year. 
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that diversifying into a growing sector triggers changes in the amount and type of social 
capital in a region (e.g. due to firms in new successful sectors sponsoring local associations 
or events). However, the computation of the social capital indicators from data gathered 
in 1999 should normally prevent any bias emerging from reverse causality. The EQI 
variable – measured for the first time at regional level in 2010 - could theoretically be 
affected by diversification dynamics in previous years. However, the use of instrumental 
variable techniques to partial out endogenous effects is not less problematic, given the 
complexity of the variable to be instrumented, the regional dimension of the data, and 
the multi-country setting of the study. Moreover, the EQI variable is unlikely to change 
significantly in a short time-span, as institutions tend to be inherently stable (Tabellini 
2010, Rodriguez-Pose 2013). Therefore, it is safe to assume that diversification hardly 
has any important short-term effects on the quality of government in European regions.

Table 1: Descriptive Statistics

VARIABLES N Mean Std. D. Min Max

dummy_xt+5 99,037 0.00993 0.0991 0 1

Density 99,037 0.0287 0.0318 0 0.629

EQI 99,037 -0.148 0.986 -2.735 1.753

Trust 97,768 -0.144 0.906 -1.646 2.919

Bonding SK 97,768 -0.106 0.887 -1.224 4.358

Bridging SK 97,768 -0.180 0.780 -1.382 4.527

Growth rate 99,037 0.00318 0.0180 -0.0604 0.0723

Pop. Density 99,037 -1.803 1.020 -4.254 1.863

GDP 99,037 3.745 1.227 0.745 6.255

Physical K 99,037 -1.39428 .234 -2.241 -.542

HK Sec (log) 99,026 -.916 .426 -2.265 -.307

HK Ter (log) 99,026 -1.54 .410 -2.516 -.545

Table 1 and 2 report descriptive statistics and the correlation matrix for variables. The 
acquisition of a new specialization by a region occurs in roughly 1% of the cases (Table 
1, dummy_xt+5). The short time interval at stake and the severe recession affecting some 
areas of Europe may explain such a relatively low level. None of the correlation scores of 
the variables shown in Table 2 are worryingly high. Quality of government is generally 
positively related to trust, bridging social capital and tertiary educational attainment, 
but negatively related to bonding social capital. Trust is also correlated with bridging 
social capital, but basically uncorrelated with bonding social capital. The signs and 
correlations among these variables are as expected (Charron et al. 2014).
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Table 2: Correlation matrix
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

dummy_xt+5 (1) 1
Density (2) 0.12 1
EQI (3) 0.01 0.09 1
Trust (4) 0.02 0.05 0.53 1
Bonding SK (5) 0.02 0.11 0.29 0.37 1
Bridging SK (6) 0.01 0.06 -0.23 0.03 0.37 1
Growth rate (7) 0.01 -0.06 -0.02 -0.12 -0.26 -0.08 1
Pop. Density (8) 0.01 0.00 0.21 0.25 0.29 -0.08 0.05 1
GDP (9) -0.02 -0.07 0.38 0.24 0.26 -0.31 -0.16 0.42 1
Physical K (10) 0.00 -0.04 -0.17 0.01 -0.17 0.07 -0.16 -0.33 -0.3 1
HK Sec (11) 0.02 0.05 -0.11 -0.06 -0.03 0.08 0.43 0.00 -0.04 -0.45 1
HK Ter (12) 0.00 -0.01 0.46 0.42 0.11 -0.12 0.13 0.22 0.26 0.09 -0.13 1

Table 3: The effects of density

VARIABLES Model 1 Model 1 (Control var.) Model 1 (FE)

density
0.0208***
(0.00127)

0.0208***
(0.00129)

0.0219***
(0.00137)

growth rate
0.0425*
(0.0247)

Pop. density
0.00118***
(0.000367)

GDP
-0.000533
(0.000325)

HK Sec
0.00261***
(0.000921)

HK Ter
0.000400

(0.000822)

Physical K
0.00545***
(0.00194)

Constant
0.0126***
(0.000418)

0.0272***
(0.00382)

0.0221***
(0.00422)

Observations 99,037 99,026 99,037

R-squared 0.025 0.025 0.033

Industry_year FE YES YES YES

Region_year FE NO NO YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Results

We first focus on the effect of density. As shown in Table 3, we find that a high density 
around an industry i at year t significantly increases the probability of a region to acquire 
a new specialization in industry i five years later. This confirms our hypothesis 1 on 
the importance of related diversification, and replicates other studies. Of the control 
variables, we find that the average annual growth rate of GDP per capita within each 
five-year interval has a positive and significant effect on regional diversification at year 
t+5. As expected, high regional growth is associated with the acquisition of new industry 
specializations. Similarly, highly urbanized areas and regions with higher investment 
rates are more likely to diversify into new sectors, as shown by the positive significant 
coefficient of Pop. Density and Physical K. Remarkably, the positive effect of human 
capital is mostly captured by HK Sec, rather than HK Tert..

Table 4 reports the results on the direct effects of different types of institutions. 
Quality of government does not show any effect on regional diversification: hypothesis 
2 is therefore rejected. However, trust and bridging social capital are positively and 
significantly related to diversification: regions with higher trust levels and a higher 
participation level in bridging type of associations have a higher probability of acquiring 
new industry specializations. These results confirm hypothesis 3a. Bonding social capital 
has a negative coefficient, as expected, but it is not significant. Also note that the density 
effect remains strong and positive after including the institutional variables.

In Table 5, we add interaction terms to capture the effects of density on developing 
new industries, depending on the type of institutions in a region. We find that only the 
coefficient Density*EQI is positive and moderately significant. This suggests that the 
effect of density on diversification increases with the quality of government in a region. 
We found no confirmation of hypothesis 4 that high levels of trust and bridging social 
capital weaken the effect of density on regional diversification: bridging social capital 
does not enhance the ability of regions to diversify in more unrelated activities. Note that 
the inclusion of the interaction terms does not produce changes in the significance of 
other variables, with trust and bridging social capital still being positive and significant.
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Table 4: The direct effects of institutions

Model 2 Model 2 Model 2 Model 2 Model 2

VARIABLES EQI Trust Associational 
groups EQI - Trust

EQI -
Associational

groups

density
0.0207***
(0.00130)

0.0205***
(0.00130)

0.0203***
(0.00130)

0.0205***
(0.00130)

0.0203***
(0.00131)

EQI
0.000445

(0.000430)
-0.000233
(0.000465)

-0.000201
(0.000454)

Trust
0.00117***
(0.000446)

0.00126***
(0.000474)

Brid. SK
0.00238***
(0.000663)

0.00245***
(0.000680)

Bond. SK
-0.000553
(0.000459)

-0.000602
(0.000475)

growth rate
0.0423*
(0.0247)

0.0623**
(0.0253)

0.0769***
(0.0254)

0.0638**
(0.0257)

0.0776***
(0.0255)

Pop. density
0.00120***
(0.000370)

0.000969***
(0.000367)

0.000793**
(0.000373)

0.000942**
(0.000372)

0.000774**
(0.000378)

GDP
-0.000617*
(0.000341)

-0.000575*
(0.000327)

-0.000778**
(0.000356)

-0.000536
(0.000341)

-0.000756**
(0.000361)

HK Sec
0.00277***
(0.000944)

0.00194**
(0.000930)

0.00208**
(0.000929)

0.00181*
(0.000978)

0.00201**
(0.000949)

HK Ter
-3.99e-05

(0.000908)
-0.000542
(0.000912)

2.18e-05
(0.000831)

-0.000379
(0.000957)

0.000225
(0.000921)

Physical K
0.00585***
(0.00199)

0.00441**
(0.00197)

0.00553***
(0.00198)

0.00413**
(0.00207)

0.00535***
(0.00202)

Constant
0.0276***
(0.00388)

0.0234***
(0.00394)

0.0266***
(0.00391)

0.0229***
(0.00412)

0.0264***
(0.00394)

Observations 99,026 97,757 97,757 97,757 97,757

R-squared 0.025 0.026 0.026 0.026 0.026

Industry_year FE YES YES YES YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 5: The interaction effects between density and institutions

VARIABLES

Model 3

EQI

Model 3

Trust

Model 3

Associational 

groups

Model 3

EQI - Trust

Model 3

EQI - 

Associational 

groups

density
0.0209*** 0.0204*** 0.0204*** 0.0205*** 0.0206***

(0.00132) (0.00134) (0.00133) (0.00136) (0.00136)

EQI
0.000703 0.000282 5.03e-06

(0.000501) (0.000586) (0.000530)

Trust
0.00116** 0.000962*

(0.000478) (0.000546)

Brid. SK
0.00241*** 0.00243***

(0.000659) (0.000680)

Bond. SK
-0.000683 -0.000707

(0.000506) (0.000519)

density*EQI
0.00229* 0.00303** 0.00160

(0.00139) (0.00140) (0.00151)

density*Trust
-0.000247 -0.00193

(0.00163) (0.00169)

density*Brid. SK
0.00238 0.00170

(0.00172) (0.00178)

density*Bond. SK
-0.00155 -0.000858

(0.00141) (0.00151)

growth rate
0.0399 0.0626** 0.0721*** 0.0603** 0.0720***

(0.0247) (0.0254) (0.0254) (0.0256) (0.0256)

Pop. density
0.00105*** 0.000973*** 0.000800** 0.000810** 0.000690*

(0.000380) (0.000368) (0.000375) (0.000381) (0.000387)

GDP
-0.000581* -0.000583* -0.000760** -0.000566* -0.000732**

(0.000341) (0.000328) (0.000356) (0.000344) (0.000361)

HK Sec
0.00255*** 0.00194** 0.00193** 0.00168* 0.00178*

(0.000959) (0.000931) (0.000943) (0.000989) (0.000965)

HK Ter
0.000151 -0.000571 0.000197 -0.000351 0.000440

(0.000911) (0.000931) (0.000834) (0.000987) (0.000923)
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Table 5: (continued)

VARIABLES

Model 3

EQI

Model 3

Trust

Model 3

Associational 

groups

Model 3

EQI - Trust

Model 3

EQI - 

Associational 

groups

Physical K
0.00509** 0.00439** 0.00505** 0.00325 0.00451**

(0.00207) (0.00196) (0.00200) (0.00212) (0.00209)

Constant
0.0262*** 0.0234*** 0.0259*** 0.0215*** 0.0250***

(0.00401) (0.00394) (0.00392) (0.00421) (0.00403)

Observations 99,026 97,757 97,757 97,757 97,757

R-squared 0.025 0.026 0.026 0.026 0.026

Industry_year FE YES YES YES YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

To test our hypotheses on substitution effects between formal and informal institutions, 
we divided the full sample into a sub-sample of low EQI and a sub-sample of high 
EQI. The former contains industries located in regions below the 25th percentile of EQI 
variable, while the latter includes industries in regions above the 75th percentile of same 
variable33. As shown in Table 6, trust does not show any direct relation to diversification, 
neither in the low nor in the high EQI sub-samples. Differently, bridging social capital 
is positive and significant in the sub-sample of low EQI and with a larger coefficient 
in terms of magnitude that in the full sample. In the sub-sample of high EQI, instead, 
the coefficient of bridging social capital is only marginally significant. This confirms 
hypothesis 5a: the positive effect of bridging social capital is stronger in regions with 
a low quality of government. We find that the coefficient of bonding social capital is 
significantly negative in the sub-sample of low EQI, while it is not significant in the high 
counterpart. This confirms hypothesis 5b: bonding social capital has a negative effect 
on diversification, but only in regions with a lower quality of government. So, poor 
institutions will be less able to properly function when facing strong vested interests 
and cohesive distributional coalitions. Once the quality of government increases, the 
negative effect of bonding social capital disappears. In sum, these findings suggest the 
existence of a substitution effect between informal and formal institutions on regional 
diversification.

33  In our robustness checks, we used also the median score and the top and bottom decile as cutoffs for 
defining the two subsamples. The results are robust for the decile cutoffs, though splitting the sample on the 
median value of EQI gives less clear-cut results, with bridging social capital being positive and significant 
and bonding social capital being insignificant in both subsamples.
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Table 7 reports the results including the interaction effects in the two sub-samples. 
Because splitting the sample reduces the heterogeneity across the data, this specification 
may suffer from collinearity problems. Inspecting the correlations among variables 
and interaction terms, we find that only the models on associational life and quality of 
government can be properly estimated34. Our findings on the effects of bonding and 
bridging social capital changing according to the quality of government hold also when 
looking at the interaction terms. In the low EQI regime, the interaction coefficient 
for bonding social capital is negative and significant, while the coefficient for bridging 
social capital is positive and significant. In other words, bridging (bonding) social capital 
enhances (reduces) the effect of density on regional diversification. These effects cannot 
be found for the high EQI subsample.

34  For the high and low EQI regimes, the interaction terms Density*Trust and Density*EQI exhibit cor-
relation scores with respect to Density and to each other from around 70% up to 90%. Unlike, when the 
full sample is used, the correlations among interaction terms are not higher than 54%. 
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Table 6: The substitution effect between quality of government and social capital

VARIABLES

Model 2

Low EQI - Trust

Model 2

Low EQI - 

Associational 

groups

Model 2

High EQI - Trust

Model 2

High EQI - 

Associational 

groups

density
0.0212*** 0.0207*** 0.0273*** 0.0273***

(0.00257) (0.00256) (0.00387) (0.00388)

EQI
-0.000194 0.000153 -0.00419 -0.00636

(0.00108) (0.00107) (0.00653) (0.00667)

Trust
0.000659 0.000541

(0.00120) (0.00123)

Brid. SK
0.00560*** 0.00269**

(0.00145) (0.00123)

Bond. SK
-0.00207** 0.00284

(0.000835) (0.00234)

growth rate
-0.0108 0.0263 -0.0242 0.158

(0.0473) (0.0481) (0.171) (0.181)

Pop. density
0.000387 0.000275 0.00327** 0.00396**

(0.00105) (0.000986) (0.00157) (0.00160)

GDP
0.000733 -0.000541 -0.00158 0.000222

(0.000759) (0.000766) (0.00189) (0.00187)

HK Sec
0.00313 0.00410 0.0119 0.0169*

(0.00357) (0.00349) (0.0101) (0.00993)

HK Ter
0.00420* 0.00430** 0.0102* 0.00276

(0.00233) (0.00208) (0.00552) (0.00669)

Physical K
0.00601* 0.00798** 0.00483 0.0130

(0.00310) (0.00332) (0.00843) (0.00800)

Constant
0.0306*** 0.0409*** 0.0583*** 0.0599***

(0.00864) (0.00936) (0.0213) (0.0207)

Observations 28,419 28,419 15,944 15,944

R-squared 0.067 0.068 0.089 0.090

Industry_year FE YES YES YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 7: The substitution effect between quality of government and social capital with 
interaction terms

VARIABLES

Model 3

Low EQI - Associational 

groups

Model 3

High EQI - Associational 

groups

density
0.0274*** 0.0283***

(0.00364) (0.00428)

EQI
-0.000301 -0.00579

(0.00107) (0.00673)

Brid. SK
0.00768*** 0.00262**

(0.00175) (0.00119)

Bond. SK
-0.00332*** 0.00254

(0.00101) (0.00232)

density*Brid. SK
0.0168*** -0.000157

(0.00409) (0.00419)

density*Bond. SK
-0.00545* 0.00388

(0.00306) (0.00518)

growth rate
0.0240 0.173

(0.0476) (0.191)

Pop. density
0.000785 0.00394**

(0.000997) (0.00161)

GDP
-0.000192 0.000468

(0.000798) (0.00197)

HK Sec
0.00559 0.0153

(0.00346) (0.0101)

HK Ter
0.00447** 0.00316

(0.00208) (0.00665)

Physical K
0.00335 0.0127

(0.00311) (0.00812)

Constant
0.0361*** 0.0568***

(0.00911) (0.0213)

Observations 28,419 15,944

R-squared 0.072 0.090

Industry_year FE YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Conclusions

An institutional framework of good quality is considered crucial for regions to achieve 
and sustain high levels of growth and innovation. However, the influence of various 
types of formal and informal institutions on the process of regional diversification is 
still rather unexplored in the literature. This paper contributes to this field by looking 
at the relation between quality of government and social capital on the one hand, and 
the development of new sector specializations in European regions on the other hand.

Our study shows that regional institutions matter for future industry specialization, 
both directly and through the mediation of density. Trust and active participation in 
bridging type of groups increase the probability of regions to diversify into new sectors. 
By contrast, participation in bonding type of associations has an insignificant impact 
on regional diversification in general. The direct effects of quality of government on 
developing new industrial specializations in European regions turn out to be negligible. 
However, bridging and bonding social capital have different effects for different levels of 
quality of government: bridging social capital has a stronger positive effect on acquiring 
new specializations when the quality of regional government is low, while bonding social 
capital has a negative effect in regions with weaker government institutions.

Our study also shows that industry relatedness is a key and persistent determinant 
of acquiring specializations in new industries in European regions. This confirms the 
predominance of related diversification found in other studies in other countries and 
regions. Regional institutions do not tend to enhance or weaken the effect of relatedness 
on regional diversification. Having said that, bridging social capital reinforces the 
positive effect of density on diversification in regions with low quality of government, 
while high involvement in groups of the bonding type of social capital increases the 
negative effect of density in regions with lower quality of government. These effects 
become insignificant for regions characterized by high quality of government. 

These results suggest some policy implications. Firstly, as relatedness is one of the main 
drivers for regional diversification, taking advantage of the density around stronger 
sectors could be a point of departure for policy to enlarge the industrial portfolio of 
regions (Boschma and Gianelle 2013). Secondly, with respect to institutions, we argue 
that formal institutions and social capital play a somewhat different role in the process 
of diversification. An important contribution of our work is the recognition given to 
informal institutions, which are shown to have a positive impact on diversification. Since 
this impact is stronger where formal institutions are poor and it reduces when the quality 
of government increases, our results suggest that regions with lower formal institutional 
capabilities but high levels of social capital might still be able to successfully diversify 
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into new industries. At the same time, a word of caution is in order, as soft institutions 
are unlikely to represent a perfect substitute for a well-functioning government.

From our results, some potential avenues for further research also emerge. First, 
our results suggest that micro- and sector-level dynamics might be strongly affected 
by informal institutions. However, more solid confirmation in additional research is 
needed. Second, this also requires a full treatment of the concepts, interactions and 
mechanisms related to informal institutions. Defining a clear conceptual toolbox for 
studying informal institutions represents an important next step for unveiling the 
complex dynamics behind regional diversification. Third, the institutional literature has 
focused almost entirely on the structure of institutions at the national and regional 
level as enabling or constraining factors of regional diversification. This has led to 
new insights, but it also takes the role of institutions as given, as if institutions do not 
change, and it ignores the role of agents at the micro-level (Boschma 2016). This violates 
insights from the evolutionary literature that points to the need of institutional change 
to enable the emergence and growth of new industries (Nelson 1994), and the need to 
take a micro-perspective to see how local agents engage in collective action to mobilize 
knowledge, resources and public opinion to create new or adapt existing institutions 
to enable new industry formation (Battilana et al. 2009, Strambach 2010, Sotarauta 
and Pulkkinen 2011). There is still little understanding of which institutional actors 
make a difference, what types of institutional change can be identified and work best 
under what conditions, and which regions are better capable of making the required 
institutional transformation. Fourth, a more detailed analysis on the role of relatedness 
across different types of regions might provide some key insights. In particular, we 
suppose that the effect of relatedness for regional diversification, besides changing across 
different institutional settings, may differ between sectors (e.g. high-tech vs. low-tech), 
the degree of regional openness (trade networks, presence of multinational corporations), 
or the level of absorptive capacity (Trippl et al. 2015). Relevant new insights could be 
obtained by future research focusing on these issues.
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Appendix 3.A: Regions included in the analysis

Table 1 – Appendix 3.A: List of regions (NUTS 2010 classification)

BE10 DEE FR7 NL21

BE21 DEF FR8 NL22

BE22 DEG EL1 NL23

BE23 DK01 EL2 NL31

BE24 DK02 EL3 NL32

BE25 DK03 EL4 NL33

BE31 DK04 ITC1 NL34

BE32 DK05 ITC2 NL41

BE33 ES11 ITC3 NL42

BE34 ES12 ITC4 PL1

BE35 ES13 ITF1 PL2

BG31 ES21 ITF2 PL3

BG32 ES22 ITF3 PL4

BG33 ES23 ITF4 PL5

BG34 ES24 ITF5 PL6

BG41 ES30 ITF6 PT11

BG42 ES41 ITG1 PT15

DE1 ES42 ITG2 PT16

DE2 ES43 ITH1 PT17

DE3 ES51 ITH2 PT18

DE4 ES52 ITH3 RO11

DE5 ES53 ITH4 RO12

DE6 ES61 ITH5 RO21

DE7 ES62 ITI1 RO22

DE8 FR1 ITI2 RO31

DE9 FR2 ITI3 RO32

DEA FR3 ITI4 RO41

DEB FR4 NL11 RO42

DEC FR5 NL12

DED FR6 NL13
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Appendix 3.B: Regression on the whole period 2004 – 2012

Table 1 – Appendix 3.B

VARIABLES

Model 2
Trust

Model 2
EQI - 

Associational 
groups

Model 2
Low EQI

- Trust

Model 2
Low EQI - 

Associational 
groups

Model 2
High EQI

- Trust

Model 2
High EQI -

Associational 
groups

density
0.0213*** 0.0211*** 0.0306*** 0.0303*** 0.0231*** 0.0229***

(0.00267) (0.00268) (0.00587) (0.00589) (0.00609) (0.00602)

EQI
-0.000275 -0.000416 -0.00222 -0.00172 0.0200 0.0160

(0.00104) (0.00108) (0.00253) (0.00250) (0.0197) (0.0196)

Trust
0.00124 0.00149 -0.00354

(0.00111) (0.00293) (0.00310)

Brid. SK
0.00297* 0.00547* 0.000987

(0.00158) (0.00316) (0.00409)

Bond. SK
-1.74e-05 -0.00421** 0.0101*

(0.00115) (0.00187) (0.00573)

growth rate
-0.0862 -0.0412 -0.0956 -0.0195 -0.649 1.032

(0.0627) (0.0640) (0.128) (0.128) (0.726) (0.991)

Pop. density
0.00192** 0.00154* 0.000923 0.000353 0.00257 0.00722

(0.000835) (0.000884) (0.00273) (0.00246) (0.00465) (0.00527)

GDP
-0.00222*** -0.00224*** -0.000743 -0.00171 -0.00135 0.00624

(0.000762) (0.000785) (0.00210) (0.00195) (0.00490) (0.00555)

HK Sec
0.00598*** 0.00518** 0.00404 0.00270 -0.00884 0.000199

(0.00226) (0.00222) (0.00845) (0.00792) (0.0307) (0.0302)

HK Ter
0.000460 0.000806 0.00837* 0.00777* 0.00796 -0.0232

(0.00214) (0.00200) (0.00481) (0.00445) (0.0153) (0.0198)

Physical K
0.00698* 0.00751* 0.0109 0.0109 0.0294 0.0404*

(0.00422) (0.00411) (0.00695) (0.00696) (0.0208) (0.0219)

Constant
0.0442*** 0.0440*** 0.0561** 0.0585** 0.0688 0.00487

(0.0103) (0.00975) (0.0259) (0.0251) (0.0633) (0.0591)

Observations 23,293 23,293 7,105 7,105 3,344 3,344

R-squared 0.025 0.026 0.086 0.087 0.105 0.106

Industry_year FE YES YES YES YES YES YES

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table 2 – Appendix 3.B

VARIABLES

Model 3

EQI – 

Trust

Model 3

EQI – 

Associational 

groups

Model 3

Low EQI – 

Trust

Model 3

Low EQI – 

Associational 

groups

Model 3

High 

EQI –

Trust

Model 3

High EQI –

Associational 

groups

density
0.0203*** 0.0204*** 0.0321*** 0.0458*** 0.0315*** 0.0280***

(0.00255) (0.00271) (0.00677) (0.00889) (0.00882) (0.00850)

EQI
-0.000300 -0.000968 -0.00219 -0.00178 0.0204 0.0170

(0.00143) (0.00139) (0.00251) (0.00251) (0.0197) (0.0199)

Trust
0.00102 0.00184 -0.00394

(0.00127) (0.00326) (0.00319)

Brid. SK
0.00322** 0.00734* 0.00184

(0.00162) (0.00394) (0.00395)

Bond. SK
-0.000234 -0.00687*** 0.0114**

(0.00127) (0.00230) (0.00565)

density*EQI
-0.000960 -0.00360

(0.00320) (0.00324)

density*Trust
-0.00332 0.00241 -0.0106

(0.00303) (0.00572) (0.00734)

density*Brid. SK
0.00189 0.0238** -0.0113

(0.00357) (0.00959) (0.00789)

density*Bond. 

SK

-0.00274 -0.0188** 0.00684

(0.00314) (0.00732) (0.0104)

growth rate
-0.0771 -0.0371 -0.0887 0.0295 -0.657 1.334

(0.0626) (0.0639) (0.130) (0.126) (0.727) (1.042)

Pop. density
0.00207** 0.00174* 0.000674 -0.000544 0.00241 0.00858

(0.000849) (0.000893) (0.00281) (0.00253) (0.00467) (0.00542)

GDP
-0.00236*** -0.00225*** -0.000576 0.000510 -0.00214 0.00775

(0.000755) (0.000785) (0.00211) (0.00206) (0.00487) (0.00574)

HK Sec
0.00601*** 0.00516** 0.00326 0.00112 -0.00668 0.00488

(0.00228) (0.00224) (0.00891) (0.00808) (0.0307) (0.0303)

HK Ter
-5.98e-05 0.000719 0.00873* 0.00800* 0.00604 -0.0279

(0.00213) (0.00198) (0.00466) (0.00444) (0.0153) (0.0203)
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Table 2 – (continued)

VARIABLES

Model 3

EQI – 

Trust

Model 3

EQI – 

Associational 

groups

Model 3

Low EQI – 

Trust

Model 3

Low EQI – 

Associational 

groups

Model 3

High 

EQI –

Trust

Model 3

High EQI –

Associational 

groups

Physical K
0.00687 0.00808* 0.0107 0.00117 0.0290 0.0487**

(0.00440) (0.00423) (0.00699) (0.00674) (0.0209) (0.0230)

Constant
0.0440*** 0.0450*** 0.0552** 0.0362 0.0710 0.00570

(0.0106) (0.00997) (0.0263) (0.0249) (0.0632) (0.0596)

Observations 23,293 23,293 7,105 7,105 3,344 3,344

R-squared 0.026 0.026 0.086 0.094 0.106 0.107

Industry_year 

FE
YES YES YES YES YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Introduction

The upsurge of international investments and the ability of firms to move in space are 
two of the main features of the contemporary economic system, and as such, they have 
been subject to significant debate and research. Much of the discussion has focused on 
multinational enterprises (MNEs), their ability to take advantage of specific locations 
and their effects on the hosting economy (Narula and Dunning 2000, Fu et al. 2011, 
Javorkic 2015). Unlike what public opinion typically perceives, the economic and 
geographical theoretical literature argues that hosting MNEs may have a beneficial 
impact on domestic firms. For this reason, throughout the world, countries and regions 
have started competing with each other to attract foreign investors (Narula and Pineli 
2016, Bitzer et al. 2008, Blomström and Kokko 2003). More recently, empirical research 
has highlighted various ambiguities and has stressed the existence of preconditions for 
such positive effects to materialize (Crespo and Fontoura, 2007, Görg and Greenaway 
2004).

One of the most solid findings of empirical analyses has concerned the scope of these 
MNE spillovers. It has been shown that the presence and entry of foreign companies affect 
not only the very sector in which they operate but also the industries that are vertically 
related to it. These inter-industry spillovers are also often found to be larger and more 
significant than intra-industry spillovers (Crespo and Fontoura 2007, Javorkic 2015). 
Although theoretical justifications for the existence of inter-industry spillovers have been 
provided, they have all been based on input-output relations. No contribution, either 
in theoretical or in empirical studies, has considered channels other than backward and 
forward linkages as mediation channels through which MNE externalities may diffuse 
to the hosting economy (Narula and Pineli 2016). Instead, this issue has been treated 
at length in studies on agglomeration economies, innovation and economic geography 
that have successfully shown how knowledge and productivity spillovers occur even 
across different but related sectors (Glaeser et al. 1992, Frenken et al. 2007a). 

The aim of the present paper is to contribute to the debate on MNE externalities by 
bridging it with the burgeoning literature on industrial relatedness (Hidalgo et al. 
2007). We suggest that adopting a relatedness perspective, which is broader than simple 
input-output relations, allows the researcher to capture other types of similarities across 
industries, in addition to vertical linkages. The literature on proximity (Boschma 2005, 
Nooteboom 2000) has convincingly argued that interactive learning occurs more easily 
when the two parties exhibit some degree of cognitive or technological relatedness. The 
implication is that firms may learn from each other even when operating in sectors that are 
different and separated in terms of input-output relations. In this sense, Toyota’s “Just in 
time” management system may represent an example because it has been widely applied 
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outside the automotive industry, where it initially originated (Kugler 2006, Iammarino 
and McCann 2013). Although the international business literature uses arguments that 
are similar to those of Boschma (2005) in relation to the technological gap between 
domestic and foreign firms (Kokko 1994, Fu et al. 2011), to date, their implications in 
terms of cross-sectoral knowledge spillovers have not been fully addressed.

Against this backdrop, our analysis shows the existence of cross-sectoral MNE spillovers 
among related co-occurring industries, providing a first important contribution to the 
literature. Although the use of relatively aggregated sectors does not allow us to capture 
relatedness at a fine-grained level, the significant effects of MNE presence and especially 
MNE entries on cognitively related industries across second-digit NACE sectors 
confirm the importance of looking beyond mere vertical linkages. However, these results 
are contingent on the modeling of both regional and industrial heterogeneity. The 
explicit consideration given to regional and industrial differences represents a second 
contribution of this paper. Positive inter-industry MNE externalities are indeed found 
in the case of MNE entries in sectors related to knowledge-intensive industries in most 
advanced regions. Differently but in line with previous studies (Fu et al.2011, Bitzer et 
al. 2008), we find that intra-industry effects tend to be stronger in Central-Eastern EU 
regions rather than in more developed areas.

The paper is organized as follows. In the first section, the relevant literature on MNE 
externalities, their preconditions and their intra- and inter-industrial scope is reviewed, 
underlining the limitations of exclusively focusing on vertical inter-industry spillovers 
and the potential contributions from cognitive industrial relatedness. Based on these 
considerations, we develop six testable hypotheses in the second section of our paper. 
Then, the modeling choices, the methodology applied and the data for testing these 
hypotheses are presented, followed by a discussion of our econometric results. In the last 
section, we summarize the contributions of our work, also stressing its limitations and 
highlighting some avenues for further research and policy implications.

Literature review

Multinational enterprises (MNEs) are one of the most important types of actors in 
the process of knowledge creation and diffusion. Owing to their superior technology 
and knowledge and their multinational nature, MNEs can leverage on their network 
of subsidiaries and exploit local knowledge resources in different places (Narula and 
Dunning 2000, Ernst and Kim 2002, Iammarino and McCann 2013, Crescenzi et 
al. 2015). On this basis, the entry, exit and presence of foreign subsidiaries can affect 
domestic firms through externalities, some of which may lead to higher employment 
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and productivity whereas others may have a detrimental impact on the local economy 
(Javorkic 2015). 

MNE spillovers 
In recent decades, a significant amount of research has studied the impact of MNE 
subsidiaries on the hosting economy (Perri and Peruffo 2016, Burger et al. 2013, 
Karreman et al. 2016). The literature in this field has contributed to revealing the set 
of mechanisms, dynamics and preconditions that link the presence of international 
companies with potential beneficial effects for the local economy.

Theoretical and empirical contributions have established the different channels through 
which multinational companies can affect, either positively or negatively, the hosting 
economy. First, local companies can learn and imitate the technologies and procedures 
used by MNEs (Crespo and Fontoura 2007, Ernst and Kim 2002). Similarly, the MNE 
network abroad can also provide insights into foreign tastes and relational channels, 
facilitating the internationalization of domestic firms (Görg and Greenaway 2004). 
Second, the increase in competition due to the entry of an MNE can force domestic 
companies to become more efficient and make better use of existing technologies and 
resources. However, competitive pressure may also be harmful: the entry of an MNE may 
push competitors out of the market or induce local companies to operate on a smaller 
and less efficient scale (Fu et al. 2011). Third, domestic firms can acquire specialized 
knowledge by hiring workers who were previously employed in an MNE. However, 
labor mobility can also work in the opposite direction. MNEs tend to offer higher wages 
than domestic enterprises, making them more attractive to the most talented workers in 
the market (Javorkic 2015).

The expected effects from MNE presence and MNE entries are considered to be relatively 
similar and to operate via the channels outlined above. However, some differences may 
emerge in the specific case of entry through a merger or acquisition (M&A). Oberhofer 
(2013) argues that, in these cases, the employment effects of a foreign entry may be 
ambivalent: in the case of efficiency gains and elastic demand, production may increase 
and new workers may be hired; the acquired company may as well take advantage of 
short-term economies of scale and reduce employment. However, Javorkic (2015) 
suggests that the entry of MNEs is typically beneficial for local workers and the hosting 
economy.

The effects of MNE exits are relatively less researched and are typically perceived to 
be negative. Some research (Alvarez and Görg 2007) suggests that multinational 
corporations do not behave differently from domestic firms in the event of a local crisis. 
However, the level of embeddedness of the foreign firm induces some differences. If 

cortinovis-layout.indd   112 10/11/2016   11:52



Multinational enterprises, cognitive relatedness and employment in European regions

Ch
ap

te
r 4

113

an MNE is strongly oriented toward the domestic market, then it may be more likely 
to exit from the unstable economy, possibly deepening the negative effect; conversely, 
foreign companies that are oriented toward international markets would be less affected 
by local unrest, thus acting as a shock absorber (Alvarez and Görg 2009). However, less 
locally embedded MNEs provide less, if any, externalities to domestic firms (Kokko 
1994, Beugelsdijk, 2008). More recently, Kleinert et al. (2015) confirm that large 
MNEs tend to propagate and induce shocks by linking the regional business cycle to 
that of the parent country.

Preconditions for MNE spillovers
In the study of MNE spillovers, different contributions have highlighted how local 
conditions and MNE characteristics may importantly affect the ability of domestic firms 
to benefit from the presence of foreign companies (Ernst and Kim 2002, Perri and 
Peruffo 2016).

Productivity and knowledge spillovers are found to be more marked in economies with 
higher levels of development (Crespo and Fontoura 2007, Meyer and Sinani 2009), 
whereas the picture is more mixed for transition and developing economies (Görg and 
Greenaway 2004, Bitzer et al. 2008, Javorkic, 2015).

This relationship between development and MNE spillovers can be linked to deeper 
factors that affect the ability of local firms to benefit from MNE presence (Fu et al. 
2011). Burger et al. (2013), Head et al. (1995) and Cantwell and Iammarino (2003) 
distinguish (vertical and horizontal) market-driven, (horizontal) efficiency-driven, 
(vertical) resource-driven, and (horizontal, cognitive) knowledge-driven investments, 
respectively. One of the most relevant elements in the latter category is the technological 
gap between local firms and multinationals. Although the greater difference in terms 
of technological endowment between domestic and foreign firms entails greater room 
for learning, a larger gap is also more difficult to close (Kokko 1994, Boschma 2005). 
Spillovers and the technological gap have an inverse U-shaped relationship: on the one 
hand, no transfer can occur if there is no difference in technology and knowledge; on the 
other hand, if the gap is too wide, then local firms will not be able to learn from their 
foreign counterpart (Fu et al. 2011).

A second critical factor is the local “absorptive capacity” (Narula and Dunning 2000, 
Blomström and Kokko 2003), which, in turn, depends on the levels of R&D and human 
capital at both the firm and local levels (Cohen and Levinthal, 1990). The fact that firms 
and regions with greater absorptive capacity are in better position to benefit from MNE 
spillovers bears some implications regarding what types of industries have better chances 
to profit from MNEs. Given the greater availability of knowledge resources in advanced 
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industries, both theory and practice indicate that MNEs have stronger impacts in more 
knowledge-intensive sectors (Crespo and Fontoura 2007, Fu et al. 2011).

Various other factors may determine the effects of foreign firms on domestic firms. 
Institutional features, such as the trade policy, tax incentives, intellectual property rights 
and the solidity of the financial system, influence the location choices of MNEs and 
thus those of their spillovers (Blomström and Kokko, 2003, Alfaro et al. 2004, Cipollina 
et al. 2012). Similarly, the origin (Narula and Dunning 2000, Crespo and Fontoura 
2007), the mode of entry (via greenfield or M&A) and the reason for entry (efficiency-
seeking or market-seeking) of foreign companies have also been associated with a greater 
or lesser ability to generate spillovers (Neto et al. 2008, Beugelsdijk et al. 2008). In 
addition, the effects of MNEs may decrease in sectors that already host a significant 
number of foreign firms (Altomonte and Pennings 2009).

Intra-industry and inter-industry spillovers
The ambiguous results on intra-industry effects have been linked to MNE strategies for 
avoiding knowledge leakages. If the survival of a foreign subsidiary strongly depends 
on its knowledge assets and its ability to internalize the benefits that derive therefrom, 
preventing knowledge from spilling to local competitors is of paramount importance 
(Görg and Greenaway 2004, Javorkic 2004). The strong incentive to minimize 
knowledge spillovers would thus curb the positive externalities emerging from MNE 
presence. However, in inter-sectoral relations, MNEs may face different incentives. 
To ensure efficient and positive cooperation with local firms when needed, foreign 
companies may be more prone to sharing part of their knowledge. The presence of 
MNEs in a given industry may thus have implications outside the sector to which they 
belong (Ernst and Kim 2002, Kugler 2006).

In the quest for cross-sectoral MNE spillovers, most of the literature has identified 
input-output relations as the main channel through which such externalities may occur 
(Perri and Peruffo 2016). Vertical linkages to MNEs engender productivity-enhancing 
spillovers, for instance, through the increased demand for local goods or greater 
competition for supplying multinationals (Javorkic 2004, 2015, Crespo et al. 2009). 
In addition, to guarantee a certain quality or technical standards, foreign companies 
have the incentive to share valuable knowledge with local producers (Ernst and Kim 
2002) through visits and periodic inspections (Javorkic 2004) or training programs (Fu 
et al. 2011). Similar dynamics apply to forward linkages. By sourcing from MNEs, 
local firms may benefit from goods that are of greater quality or more technologically 
advanced, which, in turn, may streamline their production process, fostering efficiency 
and productivity (Crespo and Fontoura 2007, Javorkic 2004). Specific knowledge may 
also be supplied along with the good, for instance, via after-sale or support services. 

cortinovis-layout.indd   114 10/11/2016   11:52



Multinational enterprises, cognitive relatedness and employment in European regions

Ch
ap

te
r 4

115

Although studies on within-industry spillovers all in all provide inconclusive results (Fu 
et al. 2011), significant evidence that confirms the relevance of inter-industry effects 
has been produced (Kugler 2006, Crespo et al. 2009, Javorkic, 2015). In general, these 
analyses suggest that backward linkages positively contribute to the increase in the level 
of productivity within the local economy (Javorkic, 2004, Bitzer et al. 2008, Crespo et 
al. 2009), with few exceptions (Damijan et al. 2003). By contrast, forward linkages do 
not seem to have any significant effect on local productivity, in some cases even having 
a negative impact on domestic firms (Crespo and Fontoura, 2007).

Within the debate on inter- and intra-sectoral MNE spillovers, the types of linkages 
different from input-output relations have received scarce if any attention. This 
situation contrasts with other literatures, which consider a broader set of dimensions 
through which knowledge can flow across industries. In the economic geography and 
agglomeration literature, externalities occur from the recombination of both proximate 
(Boschma 2005, Frenken et al. 2007a) and highly different types of knowledge (Jacobs 
1969, Glaeser et al. 1992). 

Similarly, the concept of relatedness aims to capture how knowledge, technologies and 
assets that are already present in the economy influence the possibility to diversify over 
time (Hidalgo et al. 2007). In other words, an economy’s opportunities to diversify and 
operate in a new sector depend on the industries that are already present in the economy: 
the more closely two sectors are related, the easier it is for firms to re-deploy their assets, 
acquire new capabilities, and move from one sector to the other (Hidalgo et al. 2007, 
Hausmann and Klinger 2007, Cortinovis et al. 2016, Boschma and Capone 2015, 
Boschma et al. 2013). The concept of relatedness synthesizes the different dimensions 
in which two sectors can be proximate, due to similar technologies, skills or production 
processes, due to the input-output relations, or due to similar institutional arrangements 
(Hidalgo et al. 2007).

Against this backdrop, the presence and entry of foreign-owned companies, with their 
ability to gather and use knowledge and technologies from different locations (Narula 
and Dunning 2000, Iammarino and McCann 2013, Crescenzi et al. 2015), may give 
rise to significant cross-industrial knowledge flows outside of their value chains. For 
instance, knowledge spillovers concerning management practices or the organization 
of production – such as “lean production” systems – are a set of general capabilities, 
initially applied in the automotive sector but now diffuse in the manufacturing of a 
variety of goods as well as in retail and distribution (Iammarino and McCann 2013). 
Although the redeployment of more specialized knowledge is more difficult, it can still 
occur. Technical expertise may provide valuable knowledge and abilities to successfully 
operate in similar industries, as in the case of spin-off dynamics (Boschma and Frenken 
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2011). For instance, Boschma and Wenting (2007) show how the chances of survival 
for entrepreneurs in car manufacturing in Great Britain were higher if they had previous 
experience in technically similar but vertically unrelated industries, such as mechanical 
engineering or bicycle production. On this basis, confining the impacts of MNEs within 
the boundaries of backward and forward linkages may offer, at best, a partial picture of 
the cross-sectoral spillovers.

In line with MNE presence and entry, it can be argued that the negative impact that is 
associated with MNE exit may also span outside the specific sector. As discussed above, 
foreign companies are likely to propagate shocks (Alvarez and Görg 2009, Kleinert et 
al. 2015). When strong economic relations tie foreign and domestic firms, the exit of 
an MNE both lowers the demand for local goods and reduces the opportunities for 
knowledge externalities, thus deepening the effect of the shock. Although MNE exits 
and plant closures negatively impact the local economy, they may also be occasions for 
knowledge transfers (Holm et al. 2013). Laid-off employees tend to seek jobs based 
on their skills and cognitive relatedness (Neffke and Henning, 2013, Diodato and 
Weterings, 2015). The implication is that a foreign company’s departure from a sector 
may translate into higher employment and knowledge acquisition opportunities for 
firms in related industries. However, these effects are likely to be stimulated by specific 
circumstances (such as government interventions) and to unfold only in the medium-
long term (Holm et al. 2013).

From this perspective, contributions in industrial relatedness and variety externalities 
can complement the literature on the inter-industry spillovers of MNEs. To date, the 
international business literature has mostly argued that the cross-sectoral effects of MNEs 
are mediated by vertical linkages. Following the relatedness literature, we propose that 
knowledge in one sector can also find useful applications in different but cognitively 
related sectors. Although this idea of cognitive relatedness may also encompass vertical 
linkages (Hidalgo et al. 2007), it specifically entails the possibility that knowledge will 
spill over horizontally to proximate sectors. The channels for knowledge spillovers 
already identified in the literature, such as labor mobility, demonstration effects or other 
informal linkages (Ernst and Kim 2002, Perri and Peruffo 2016), can thus be expected 
to work not only within vertical relations but also horizontally, connecting different but 
technologically or cognitively similar sectors.

Research Setting

The literature on multinational corporations and their effects on the local economy 
has witnessed an upsurge in recent years. Such great attention has contributed to 
establishing some stylized facts on MNEs, particularly with respect to their ability to 
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diffuse knowledge and to generate positive externalities for domestic firms and regarding 
the local preconditions for these beneficial effects to materialize (Ernst and Kim 2002, 
Crespo and Fontoura 2007). Nonetheless, our review of the literature highlights some 
aspects that require further investigation.

First, theoretical and empirical research suggests the existence of both intra- and inter-
sectoral spillovers. The former derive from the presence of an MNE in the same sector 
in which domestic firms operate. The weak empirical support that has been found 
for these types of effects has been linked to the attention of foreign companies on 
limiting positive externalities to competitors and the existence of negative externalities 
that potentially counterbalance the positive effects (Javorkic 2015, Meyer and Sinani 
2009). By contrast, the latter emerge from cross-sectoral relations to MNEs and have 
found stronger support (Crespo and Fontoura 2007, Javorkic 2015). However, most of 
research has viewed input-output relations as the only channel for knowledge spillovers. 
Following the literature on agglomeration externalities, we argue that MNE spillovers 
may also flow to industries that are not connected via vertical linkages but are related 
in terms of products, technologies and knowledge assets. To the best of our knowledge, 
no previous paper has considered the role of cognitive relatedness in relation to MNE 
spillovers.

Second, the effects of MNEs on domestic firms are clearly mediated and influenced 
by local characteristics (Ernst and Kim 2002, Görg and Greenaway 2004, Meyer and 
Sinani, 2009). In areas that lack essential assets, in terms of human capital, knowledge or 
institutional conditions, the impact of an MNE is likely to be negligible. The same holds 
true for regions where the technological divide between domestic and foreign firms is 
minimal, with domestic firms having little to learn from foreign firms. However, when 
local endowments of knowledge, technology and institutions are adequate, the presence 
of foreign companies can have positive and economically meaningful effects (Fu et al. 
2011). The focus of the present study is on the effect of MNEs in European regions. 
Considering the remarkable differences in terms of knowledge, the sectoral composition 
and the overall level of development in our sample, our work aims to disentangle the 
heterogeneity of the effects of foreign companies on the domestic regional economy.

Based on these considerations, we develop six sets of hypotheses on the effects of 
multinational corporations on industries in European regions. In our baseline models, 
we want to study the intra-industry impact of MNE presence and MNE entry and exit 
on local sectoral employment. Although the previous literature has provided ambiguous 
results, in theory, we can expect sectors with a higher presence of foreign companies to 
perform better due to knowledge spillovers and competitive pressure.
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Hypothesis 1: The economic performance of sectors in a region is positively impacted 
by the presence of MNEs in the same sector-region.

Similarly, we hypothesize that MNE entry has positive employment effects but suspect 
that the exit of foreign companies from a sector negatively impacts on local jobs in the 
industry. More precisely, we hypothesize the following:

Hypothesis 2a: The entry of an MNE in sectors in a region has a positive effect on the 
economic performance of the same sector-region.

Hypothesis 2b: The exit of an MNE from sectors in a region has a negative effect on the 
economic performance of the same sector-region.

As argued above, the main focus of this paper is on the study of industrial relatedness 
and its ability to mediate MNE spillovers across sectors. Combining the literature on 
inter-industry MNE spillovers, diversity externalities (Jacob 1969, Glaeser et al. 1992) 
and relatedness (Hidalgo 2007, Boschma 2005), we theorize that knowledge spillovers 
from foreign companies may have an impact on related sectors. In Hypotheses 3 and 
4(a), we expect that the presence and entries of MNEs in cognitively (horizontally) 
related industries positively influence the focal industry owing to greater possibilities for 
knowledge spillovers, lower competitive pressures and the lower risk that the MNE will 
enact strategies for reducing externalities. However, industrial cognitive relatedness does 
not mediate only positive effects. In Hypothesis 4(b), we propose that the MNE may 
induce a negative effect on employment in local industries when exiting from related 
industries (Alvarez and Görg, 2007, 2009, Kleinert et al. 2015).

Hypothesis 3: The economic performance of sectors in regions is positively related to 
the presence of MNEs in cognitively related industries.

Hypothesis 4a: The entry of an MNE in sectors in regions has a positive effect on the 
economic performance of cognitively related industries.

Hypothesis 4b: The exit of an MNE from sectors in regions has a negative effect on the 
economic performance of cognitively related industries.

Our last two hypotheses address heterogeneity in the sample of regions used. Knowledge 
assets and absorptive capacity are necessary for benefitting from foreign companies 
(Görg and Greenaway 2004, Crespo and Fontoura 2007, Fu et al. 2011). Against 
this backdrop, we expect that relations to MNEs, both within the same industry and 
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in related sectors, will have a stronger effect in more knowledge-intensive industries 
because they are better equipped in terms of human capital and R&D resources.

Hypothesis 5: The positive effects of MNE presence and entry, both within-industry 
and across-industry, are stronger for knowledge-intensive industries in the target region.

Finally, the effects of MNEs have been shown to depend on the level of development 
of the target area, with firms in less developed regions benefitting less from foreign 
companies (Crespo and Fontoura 2007, Javorkic 2015). Although the countries in our 
sample gather relatively developed economies, significant regional differences persist in 
the EU, with Central-Eastern European regions being on average less prosperous than 
Western European regions. Simultaneously, Central-Eastern Europe is characterized by 
a skilled workforce, low wages, and a stable institutional system and is part of the EU 
Common Market (Dogaru et al. 2015). Despite its relatively lower level of development, 
we argue that these factors mean that Central-Eastern EU regions are in the best position 
to attract MNEs, absorb knowledge and stimulate growth and development (Protsenko 
2003, Bitzer et al, 2008, Damijan et al. 2003, Javorkic, 2004, 2015). On these bases, we 
hypothesize the following:

Hypothesis 6: The positive effects of MNE presence and entry, both within-industry 
and across-industry, are stronger in Central-Eastern European regions than in more 
advanced EU regions.

Models, methods and data

Modeling framework
Investigating the relationship between MNEs and the local economy poses a number of 
issues from an econometric perspective. The analysis proposed in this paper considers 
the short-term effects on the domestic sectoral employment of MNE presence, entry 
and exit, both within the same industry and in cognitively related industry.

The first two models test Hypotheses 1, 2a and 2b. In Model 1, the economic performance 
within each sector-region is modeled as a function of the number of MNEs in the 
previous year. In formal terms:

, (1)
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where  stands for the employment rate35 (in logs) in sector i in region r at time t, 
 represents the log count of MNEs36 at time t-1, whereas  is a dummy 

variable that takes the value of 1 when no foreign company is present in sector i in region 
r at time t-1. Our model also includes control variables ( ) as well as sector-region 
( ) and yearly ( ) fixed effects. In addition to sector-region and yearly fixed effects, we 
control for within-region dependence in the error terms and potential heteroscedasticity 
by using robust and regionally clustered errors in all models.

Similarly, Equation 2 reports the testable model capturing the intra-industry effects of 
the entries and exits of MNEs:

(2)

Equation 2 includes two dummy variables, one for entry ( ) and one 
for exit ( ), both lagged once. These two variables take the value of 1 
when at least one entry (exit) occurs in sector i in region r in the previous year. We 
follow Altomonte and Pennings (2009) and use binary variables to study entry and exit 
dynamics. In this manner, we capture the average effect of the positive and negative 
changes in the number of MNEs in the sector rather than their sheer size effect. The 
latter would be more difficult to disentangle, given the high correlation between the 
size of entries and exits and the number of foreign companies that are already present 
in sector i. Finally, it should be observed that, with the inclusion of the two dummy 
variables, one extra lag is added to  and .

Testing for Hypotheses 3, 4a and 4b requires a further extension of the two baseline 
models discussed above to include the terms for capturing MNE presence, entries and 
exits in related industries. In the case of Model 3, the  variable is interacted 
with the proximity matrix W to generate  (see Equation 3). As explained 
below, this matrix captures the cognitive proximity between industries based on the co-
occurrence of pairwise specializations.

35  The choice of using the employment rate as the performance measure of the industries instead of 
wages is motivated by the fact that salaries adjust to the levels of productivity differently in different 
countries, which, in turn, may make wage a less reliable proxy for productivity and performance.
36  As discussed more thoroughly in the section on data and in Appendix 4.B, our dataset captures the 
presence, entry and exit of foreign firms, via both M&As and foreign direct investments.
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,
(3)

A similar approached is followed in Equation 4. However, given the binary nature of 
entry and exit variables, rather than simply interact our dummy variables with matrix 
W, we compute the density of entries and exits around the focal industry i (Hidalgo et 
al. 2007). In this manner, the  (and ) variables range between 
0 and 1, taking the value of 1 if all sectors related to industry i have experienced at 
least one MNE entry (or exit). By contrast, it takes the value of 0 if no entry (exit) has 
occurred in any of the related industries.

(4)

Finally, we test for Hypotheses 5 and 6 by dividing the sample into regimes according 
to different types of sectors and regions (cf. Ertur et al. 2006). In other words, the 
same models are estimated separately for advanced industries37, knowledge-intensive 
services and low-knowledge sectors as well as for more prosperous EU regions and for 
less developed Central-Eastern EU regions. 

Methodology
As underlined in the literature review, one of the main limitations in the study of MNE 
externalities has been the almost exclusive consideration given to vertical linkages as 
channels for inter-industry spillovers. In this paper, we explore whether MNE effects are 
perceived across cognitively proximate industries.

To that end, we apply the concept of relatedness proposed by Hidalgo et al. (2007), 
following a method proposed by Van Eck and Waltman (2009) and refined by Steijn 
(2016). These methods allow a measure of similarity across different types of objects, in 
our case, industries at the 2-digit of NACE classification, to be created. To perform these 
calculations, we use data on sectoral employment in 2006 from the Bureau Van Dijk 
Orbis database (cf. Variables and Data and Appendix 4.B). We choose to use only data 
from 2006 to reduce possible concerns over endogeneity.

As in the work by Hidalgo et al. (2007), we start by defining the sectors in which each 
region is specialized. We consider region r to be specialized in sector i when its location 

37  See Appendix 4.A for details on the subdivision of sectors and regions into different categories.
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quotient for that sector is larger than one. In more formal terms, this can be expressed 
as follows:

, (5)

and

(6)

Once the sectoral measure of specialization is computed, we count in how many regions 
specializations in sectors i and j co-occur. We then consider i and j to be related if 
they tend to systematically co-locate. Our measure of relatedness is thus calculated as 
the ratio between the observed co-occurrences and a random benchmark. Equation 7 
formally represents the computation performed:

,
(7)

where  is the co-occurrence count of specializations in sectors i and j,  and  are 
the total number of occurrence of i and j, respectively, and  is the total number of 
occurrences of any sector. In the equation, the nominator is equal to the number of 
times (i.e., in how many regions) specializations in i and j occur together, whereas the 
denominator computes the number of co-occurrences under the assumption that i and 
j are independent (Steijn 2016).

The result of Equation 7 is an n × n W matrix, with n being the number of sectors 
in our sample. Each cell in W contains the cognitive relatedness score between two 
sectors, with each value ranging between 0 and infinity and taking the value of 1 when 
the expected number of co-occurrences is the same as that expected under the random 
scenario. To capture the effects of strong relatedness across sectors, we exclude cells in 
the main diagonal of W, and we set the cells with relatedness less than or equal to 1 as 0. 
Finally, we rescale the values of the matrix to make them range between 0 and 1.

As noted in the description of the models, we use the W matrix to construct the three 
variables that capture, respectively, the number of MNEs, the density of MNE entry 
and the density of MNE exit around sector i. Regarding the former, the  
variable results from a simple matrix multiplication between the relatedness matrix W 
and the sectoral vectors of  in each region. However, the latter two variables 
are computed as densities, following Hidalgo et al. (2007). Recalling that  when 
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region r is specialized in sector i, we compute our density measures of entry (and exit) 
as follows:

.
(8)

Figure 1: Network representation of relatedness

Figure 1 provides a first-hand evaluation of the network of relatedness obtained and 
captured by W. Each node represents one of the 68 industries for which we collected 
data, and the position relative to the other nodes is based on the pairwise relatedness 
scores (Hidalgo et al. 2007). For purposes of clarity, the graph depicts only linkages 
with values that are higher than average. As shown in the legend, round nodes are 
low-knowledge industries, whereas square nodes represent the most advanced sectors, 
and each of the nodes is colored according to the first-digit NACE sector to which it 
belongs. As Figure 1 clearly highlights, the sectors are not homogeneously related to 
each other. Square nodes have sorted themselves in the left-hand side of the graph, 
where the network relations appear to be denser. This observation indicates that 
knowledge-intensive industries tend to be more closely related to each other, thus 
offering a greater probability for cross-industry knowledge exchanges. Thus, Figure 1 
offers some preliminary support to the idea that knowledge spillovers may be stronger 
in the knowledge-intensive part of the economy, which is to be tested in Hypothesis 5. 
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A mirroring pattern emerges on the right-hand part of the graph, where mostly low-
knowledge-intensive manufacturing industries locate. Also in this case, the configuration 
suggests the existence of opportunities for cross-sectoral spillovers, though to a lesser 
extent and mostly from other low-knowledge industries.

Finally, it may be argued that the use of only 68 sectors for performing our analysis 
certainly represents a limitation for this study. However, it should also be stressed that 
observing industries at such an aggregate level allows us to reduce potential concerns over 
capturing spillovers that are mediated by input-output relations rather than horizontal 
knowledge flows. Put differently, by examining relatively encompassing industries, we 
can more safely assume that we are capturing knowledge spillovers between horizontally 
related industries.

Variables and data
To construct the dataset, we resort to different data sources, namely, Eurostat, Cambridge 
Econometrics (CE) and Bureau Van Dijk (BVD). Table 1 reports the sources, period and 
descriptive statistics of the variables, whereas Table 2 shows the pairwise correlations. 
The reader will find greater details on the sectors and regions included in this study in 
Appendix 4.A and on the treatment of the data, especially from BVD, in Appendix 4.B.

As shown in Table 1, we resort to official data to compute our dependent variable, 
emp_rate. The Structural Business Survey (SBS) of Eurostat provides information on the 
characteristics of 68 2-digit sectors, including the number of employees per sector in 
each region. We compute the rate of employment in each sector by dividing the number 
of employees by the working-age population in the region.

Although most of the literature focuses on productivity as the dependent variable 
(Javorkic 2004, Altomonte and Pennings 2009, Beugelsdijk et al. 2008), there have 
been examples of analyses that study the employment effects of MNEs (Oberhofer 
2013). The policy relevance of the employment effects in a context of economic turmoil 
makes the use of the employment rate as the dependent variable particularly interesting.

There are seven main variables of interest in our paper. As a measure of the presence of 
an MNE in a given sector, we simply use a count variable (in logs) for the number of 
foreign companies38 operating in the sector (MNE_num (ln)). As explained above, by 
contrast, MNE_num_rel results from the interaction of MNE_num with the relatedness 
matrix W, and it aims to capture the effects due to the presence of foreign companies 
in related industries. MNE_entry  and MNE_exit are two binary variables that capture 

38  As discussed in Appendix 4.B, we define as MNE a company that has at least 10% of its shares owned 
by a foreign investor, or that possess at least 10% of a foreign company.
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Table 1: Variable overview and descriptive statistics

Variable Source Period N Mean Std. Dev. Min Max

Emp_rate (ln) Eurostat 2009-13 83,714 -1.442 1.652 -10.133 3.060

MNE_entry (dummy) BVD 2006-13 122,952 0.273 0.445 0 1

MNE_exit (dummy) BVD 2006-13 122,952 0.0480 0.214 0 1

MNE_entry_rel BVD 2006-13 122,952 0.252 0.271 0 1

MNE_exit_rel BVD 2006-13 122,952 0.0444 0.0950 0 0.973

MNE_num (ln) BVD 2006-13 122,952 1.665 1.763 0 9.147

MNE_num_rel (ln) BVD 2006-13 122,952 20.803 17.846 0 131.935

No_MNE (dummy) BVD 2006-13 122,944 0.249 0.432 0 1

HK_tert Eurostat 2006-13 121,392 0.183 0.0681 0 0.464

TotR&D Eurostat 2006-13 121,392 1.472 1.208 0 11.36

GDP (ln) CE 2006-13 121,392 3.344 1.000 0.0751 6.242

PhK (ln) CE 2006-13 121,392 5.270 0.655 0 7.029

Firm_num (ln) Eurostat 2009-13 122,352 3.930 3.011 0 11.81

MNE_num_sp (ln) BVD 2006-13 120,816 101.4 73.58 0 369.8

Table 2: Correlation matrix

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)

Emp_rate (ln) (1) 1

MNE_entry (dummy) (2) 0.22 1

MNE_exit (dummy) (3) 0.1 -0.14 1

MNE_entry_rel (4) 0.01 0.21 -0.02 1

MNE_exit_rel (5) -0.01 -0.02 0.15 -0.09 1

MNE_num (ln) (6) 0.4 0.61 0.11 0.12 0.04 1

MNE_num_rel (ln) (7) -0.02 0.13 -0.02 0.78 0.12 0.13 1

No_MNE (dummy) (8) -0.33 -0.35 -0.1 -0.04 -0.01 -0.54 -0.04 1

HK_tert (9) 0.08 0.19 0.01 0.04 0 0.23 -0.02 -0.15 1

TotR&D (10) 0.08 0.01 -0.01 -0.03 0.02 0.04 -0.02 -0.06 0.48 1

GDP (ln) (11) 0.07 0.15 0.05 -0.08 0.05 0.27 -0.07 -0.21 0.39 0.41 1

PhK (ln) (12) 0.01 -0.09 0 -0.07 -0.02 -0.09 -0.06 0.04 -0.21 -0.08 -0.11 1

Firm_num (ln) (13) 0.6 0.28 0.16 0.17 0.21 0.33 0.08 -0.22 0.12 0.07 0.12 -0.09 1

MNE_num_sp (ln) (14) -0.03 0.41 0.01 0.16 0.01 0.58 0.19 -0.31 0.21 -0.02 0.14 -0.15 0.13
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the impact of MNE entry and exit, respectively: to compute them, we take the first 
difference over the years in the number of MNEs in each sector, and MNE_entry takes 
the value of 1 if the difference is positive (i.e., there is at least one new MNE in the 
sector) and MNE_exit the value of 1 if the first difference is negative (i.e., there is at least 
one exit). The two variables take the value of 0 when there is no difference between the 
two years in the number of MNEs present39. These variables capture the average effect of 
entry and exit, regardless of their sheer size. This approach proves to be statistically more 
solid, given the higher correlation between the size of entry (exit) and the number of 
MNEs that are present in the sector. Similarly, MNE_entry_rel and MNE_entry_rel are 
computed following Equation 8. In this manner, we can estimate the impact of being 
more or less related to industries that experience MNE entries or exits. Finally, although 
no explicit hypothesis concerns No_MNE, the coefficient for this dummy variable can 
be considered to be of interest because it captures the average effect of hosting no foreign 
company in a given sector.

As noted in the presentation of Equations 1-4, our models include different control 
variables. HK_tert and TotR&D control for the knowledge endowment of each region 
(Crespo and Fontoura, 2007, Fu et al. 2011): the former is computed as the share of 
employees who have obtained tertiary education over the working-age population; the 
latter is the share of total R&D expenditure over regional GDP. Similarly, we include the 
level of local GDP (GDP (ln)) to control for the economic size of the region. Although 
these three variables are measured at the regional level, PhK – which measures the share 
of capital formation over Gross Value Added (GVA) – is measured for the six “macro” 
sectors available from Cambridge Econometrics. Through PhK, we are then able to 
control for the level of investment in these macro sectors (Basile et al. 2012). Finally, 
to control for local agglomeration economies and spatial effects, we include the log 
number of the local units sector (Firm_num (ln)) and the spatially lagged version of 
MNE_num (MNE_num_sp (ln)) (Alfaro and Chen 2014). This last variable is computed 
by multiplying the log number of MNEs in each of the sectors of a neighboring region 
Z by a measure of geographical proximity40 between Z and the focal region R.

Econometric analysis

The results from our baseline models are reported in Tables 3 and 4. For purposes of 
brevity, the estimates of the baseline models are compared only across the types of 
industries, and we introduce the different types of regions only in the part of the analysis 

39  Unfortunately, we are not able to distinguish the cases of no actual change in the presence of MNEs 
over time and those in which the number of entries and exits over the year are the same, thus cancelling 
each other out.
40  We use a queen contiguity matrix to capture spatial proximity.
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on relatedness. In the tables below, the heading of each column indicates whether 
the coefficients refer to the economy as a whole (WE), to low-knowledge industries 
(LKI), to high-knowledge industries (HKI) or to knowledge-intensive business services 
(KIBS). The co-location of KIBS, and KIBS and MNEs for either vertical or horizontal 
(cognitive) relatedness has been hypothesized and empirically tested by Jacobs et al. 
(2014) and Aslesen et al. (2006).

Table 3: Model 1 - Intra-industry effects of MNE presence

VARIABLES WE - All LKI - All HKI - All KIBS - All

MNE_num (ln)
0.0421*** 0.0263** 0.0647*** 0.0683***

(0.0102) (0.0120) (0.0152) (0.0179)

No_MNE (dummy)
-0.0167 -0.00882 -0.0301 -0.0264

(0.0132) (0.0183) (0.0187) (0.0219)

HK_tert
0.315 0.341 0.316 0.305

(0.228) (0.221) (0.315) (0.328)

TotR&D
0.0153 0.0146* 0.0164 0.0104

(0.0101) (0.00840) (0.0140) (0.0124)

GDP (ln)
0.0990 0.144 -0.0241 0.0769

(0.140) (0.125) (0.192) (0.195)

PhK (ln)
0.0699*** 0.0427* 0.123*** 0.171***

(0.0212) (0.0233) (0.0319) (0.0492)

Firm_num (ln)
0.0964*** 0.0766*** 0.142*** 0.180***

(0.00940) (0.00873) (0.0154) (0.0194)

MNE_emp_sp (ln)
-0.000604 -0.000477 -0.000722 -0.000207

(0.000686) (0.000669) (0.000932) (0.00103)

Constant
-2.761*** -2.451*** -3.210*** -4.223***

(0.507) (0.486) (0.631) (0.623)

Observations 70,027 43,394 26,633 19,005

R-squared 0.020 0.017 0.032 0.040

Number of id 14,387 8,939 5,448 3,884

Sector_region FE YES YES YES YES

Year FE YES YES YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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The estimates reported in Table 1 confirm Hypotheses 1 and 5. More specifically, a high 
presence of foreign companies at time t-1 is associated with a high level of employment 
at time t within the same sector. The coefficients for the MNE_num variable are indeed 
positive and significant across the different types of sectors. However, the size of the 
coefficients changes when the analysis is performed across different groups of industries: 
the effect of MNEs on local employment more than doubles when moving from less 
advanced industries (Table 3, Column 2) to high-knowledge industries and knowledge-
intensive services (Columns 3 and 4). As theorized in Hypothesis 5, the more knowledge-
intensive parts of the economy are more strongly influenced by the presence of foreign 
companies. At the same time, sectors that host no foreign company do not seem to 
perform significantly worse than the others. The coefficients for No_MNE are indeed 
negative, though none of them is significantly different from zero. Finally, although 
different control variables did not produce any significant coefficients, the levels of 
investments (PhK) and of sectoral-level agglomerations (Firm_num) are both strongly 
associated with a higher employment rate, as expected.

These results are largely confirmed, considering the effects of entry and exit dynamics, in 
Table 4. MNEs that enter a given sector in the previous year have a positive significant 
effect on the economy as a whole and in LKI only (Table 4, Columns 1 and 2), whereas 
no significant effect is found for more advanced industries (Columns 3 and 4). Therefore, 
Hypothesis 2(a) is only partially confirmed. A similar pattern is found for MNE_exit, 
with the columns for WE and LKI showing greater coefficients and stronger significance 
than the columns for HKI and KIBS. The consistent negative effect of MNE exits on 
local employment supports what we theorized in Hypothesis 2(b). It is also interesting 
to observe that, contrary to our expectations, both entry and exit dynamics appear to be 
more marked in less advanced industries.

Although the coefficients for MNE_num are similar in size to those reported in Table 
3, we observe that adding an extra lag to No_ MNE induces important changes. In 
particular, with the only exception of Column 2, sectors that host no MNE two years 
before tend to have a significantly lower employment rate. The fact that this result is 
stronger in the case of the HKI and KIBS sub-samples provides further confirmation 
on the importance of foreign companies for the most knowledge-intensive parts of the 
economy, as theorized in Hypothesis 5.

The main focus of this analysis is on the use of cognitive relatedness for studying MNE 
inter-industry spillovers, which are investigated through our last two models. Tables 5 
and 6 report the estimated coefficients for Equations 3 and 4, with both industrial and 
regional decompositions. In what follows, each column of the tables refers to one of 
the four sectoral categorizations used above (WE, LKI, HKI, and KIBS). In addition, 
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Table 4: Model 2 – Intra-industry effects of MNE presence, entry and exit

VARIABLES WE - All LKI - All HKI - All KIBS - All

MNE_entry (dummy)
0.00570* 0.00737* 0.00363 0.00390

(0.00321) (0.00426) (0.00513) (0.00683)

MNE_exit (dummy)
-0.0159*** -0.0177*** -0.0119* -0.0156*

(0.00501) (0.00557) (0.00693) (0.00908)

L2.MNE_num (ln)
0.0422*** 0.0259** 0.0655*** 0.0636***

(0.0118) (0.0121) (0.0190) (0.0213)

L2.No_MNE (dummy)
-0.0334*** -0.0231 -0.0485*** -0.0465**

(0.0122) (0.0161) (0.0182) (0.0214)

HK_tert
0.331 0.358 0.328 0.325

(0.227) (0.220) (0.316) (0.328)

TotR&D
0.0153 0.0145* 0.0166 0.0105

(0.0101) (0.00836) (0.0139) (0.0124)

GDP (ln)
0.101 0.148 -0.0281 0.0758

(0.140) (0.126) (0.192) (0.195)

PhK (ln)
0.0704*** 0.0429* 0.125*** 0.172***

(0.0211) (0.0232) (0.0319) (0.0494)

Firm_num (ln)
0.0962*** 0.0764*** 0.142*** 0.180***

(0.00927) (0.00871) (0.0150) (0.0190)

MNE_emp_sp (ln)
-0.000568 -0.000479 -0.000628 -2.58e-05

(0.000687) (0.000677) (0.000914) (0.00101)

Constant
-2.770*** -2.466*** -3.208*** -4.226***

(0.506) (0.485) (0.629) (0.621)

Observations 70,027 43,394 26,633 19,005

R-squared 0.021 0.017 0.033 0.040

Number of id 14,387 8,939 5,448 3,884

Sector_region FE YES YES YES YES

Year FE YES YES YES YES

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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when “All Reg.” is reported in the column header, the coefficients are estimated using all 
regions in the sample. By contrast, columns headed “Adv. Reg.” and “East. Reg.” refer 
to regions with GDP per capita that is at least 10% above the EU average and regions 
in Central-Eastern European countries with per capita income that is below 75% of the 
EU average, respectively.

The estimates reported in the twelve columns of Table 5 highlight some heterogeneity in 
the relationship between the presence of foreign companies and their employment effects 
on the domestic economy. Hypothesis 1 finds further support, with the intra-industry 
spillovers captured by MNE_num remaining positive and significant throughout most 
of the specifications. However, comparing the estimated coefficients for more and less 
advanced EU regions, remarkable differences emerge. In line with Hypothesis 6, the 
presence of MNEs gives rise to particularly strong effects in Central-Eastern Europe: in 
these regions, for almost all sectors, the impact of foreign companies on employment 
more than doubles in size compared to that in advanced EU regions. In this respect, an 
exception is represented by low-knowledge industries, for which a significant effect – in 
line with Table 3 – is found for the entire sample of regions (Column 4) but not for the 
two sub-samples (Columns 5 and 6).

The coefficients reported in Table 5 also test Hypothesis 3, which concerns the effect 
of MNE presence in related industries. Contrary to our expectations, the effects of 
foreign companies from related industries are mostly insignificant. The MNE_num_
rel variable produces a significant coefficient only for firms in HKI in most advanced 
regions. The small size and mild significance of the coefficient, however, prevent us 
from establishing a strong causal relationship between MNE presence in related sectors 
and employment. Nonetheless, this result provides some evidence of the existence of 
cross-sectoral knowledge spillovers and the importance of accounting for industrial and 
regional heterogeneity.

Finally, the coefficient of MNE_num_sp is negatively significant in the case of advanced 
EU regions. This finding can be interpreted as MNEs in nearby regions exerting an 
attraction effect on local employment. In other words, the presence of foreign companies 
in nearby areas may lead some workers to look for employment outside their region and 
to commute to a neighboring area.
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The results obtained from the estimation of Equation 4 are reported in Table 6. 
Additionally, in this case, the results present interesting differences across types of 
regions and sectors. The intra-industry effects of entry and exit dynamics reported in 
Table 6 are in line with those discussed above. However, it is interesting to observe how 
MNE_exit for developed regions is always insignificant, suggesting that employment 
levels in advanced areas may be less affected by the departure of foreign companies from 
an industry.

The results concerning Hypotheses 4(a) and 4(b) are mostly in line with our 
expectations, though less clear-cut. Generally speaking, the entry and exit densities are 
largely insignificant, though with some notable exceptions. First, MNE_entry_rel has a 
positive significant effect on the employment level in the focal sector, in the case of LKI 
in Central-Eastern European regions (Column 6) and in the case of KIBS in the entire 
sample and especially in advanced regions (Columns 10 and 11). These results provide 
support to Hypotheses 4(a) and 5, showing that cross-industrial spillovers indeed occur, 
particularly in knowledge-intensive industries. Additionally, broadly speaking, the 
positive effects of MNE_entry_rel are found in the industry category in which the two 
types of regions tend to be more specialized: knowledge-intensive services for advanced 
(urban) regions and low-knowledge manufacturing in low-income Central-Eastern 
regions. Second, in the case of LKI, a high density of exits from related industries 
(MNE_exit_rel) is positively related to the sectoral employment rate. This result is 
unexpected and at odds with Hypothesis 4(b). However, it may be explained as the result 
of employees who move from related industries, from which their foreign employer has 
left, to the focal industry. As argued by some studies, plant closure in a sector may bring 
employment and knowledge to related industries (Holm 2013, Diodato and Weterings 
2015). Finally, the other variables of interests, L2.MNE_num and L2.No_MNE, present 
coefficients that are in line with the previous results.

To summarize, our main interest in this analysis was to study the effect of MNE presence, 
entry and exit within and across industries as well as across different types of sectors 
and regions. Our baseline hypotheses find overall support. The intra-industry impact 
of MNE presence appears to be positive (Hypothesis 1), whereas entry dynamics are 
less strongly associated with positive employment effects (Hypothesis 2(a)). MNE exit 
impacts the level of employment in the industry in a significant and negative manner 
(Hypothesis 2(b)). In addition, Models 2 and 4 highlights how sectors that host no 
foreign firm in the previous two years have significantly lower employment rates.

With respect to our hypotheses on relatedness and MNE spillovers, they provide less 
clear-cut results. The presence of foreign firms in a related industry is mostly insignificant, 
with the exception of high-knowledge sectors in advanced regions (Hypothesis 3). In 

cortinovis-layout.indd   133 10/11/2016   11:52



Chapter 4

134

Ta
bl

e 
6:

 M
od

el
 4

 –
 In

te
r-

 a
nd

 in
tr

a-
in

du
st

ry
 e

ffe
ct

s o
f M

N
E 

pr
es

en
ce

, e
nt

ry
 a

nd
 e

xi
t

VA
R

IA
B

LE
S

A
ll 

Se
c 

–

A
ll 

R
eg

.

A
ll 

Se
c 

–

A
dv

. R
eg

.

A
ll 

Se
c 

–

Ea
st

 R
eg

.

LK
I 

– 

A
ll 

R
eg

.

LK
I 

– 

A
dv

. R
eg

.

LK
I 

– 

Ea
st

 R
eg

.

H
K

I 
–

A
ll 

R
eg

.

H
K

I 
–

A
dv

. R
eg

.

H
K

I 
–

Ea
st

 R
eg

.

K
IB

S 
–

A
ll 

re
g.

K
IB

S 
–

A
dv

. R
eg

.

K
IB

S 
–

Ea
st

 R
eg

.

M
N

E_
en

tr
y 

(d
um

m
y)

0.
00

58
6*

0.
00

11
7

0.
01

09
*

0.
00

76
1*

0.
00

05
53

0.
00

88
1

0.
00

36
6

0.
00

43
6

0.
01

36
0.

00
36

4
0.

00
74

6
0.

00
67

3

(0
.0

03
21

)
(0

.0
05

28
)

(0
.0

06
16

)
(0

.0
04

23
)

(0
.0

06
57

)
(0

.0
05

36
)

(0
.0

05
15

)
(0

.0
07

36
)

(0
.0

11
5)

(0
.0

06
83

)
(0

.0
09

35
)

(0
.0

16
0)

M
N

E_
ex

it 

(d
um

m
y)

-0
.0

16
**

*
-0

.0
07

48
-0

.0
21

**
*

-0
.0

18
**

*
-0

.0
08

64
-0

.0
22

**
*

-0
.0

12
0*

-0
.0

05
62

-0
.0

18
8*

*
-0

.0
16

1*
-0

.0
03

10
-0

.0
32

9*
*

(0
.0

05
02

)
(0

.0
06

97
)

(0
.0

05
86

)
(0

.0
05

58
)

(0
.0

07
60

)
(0

.0
07

18
)

(0
.0

06
91

)
(0

.0
09

90
)

(0
.0

09
06

)
(0

.0
09

11
)

(0
.0

13
3)

(0
.0

12
7)

M
N

E_
en

tr
y_

re
l

0.
00

58
8

-0
.0

00
43

6
0.

05
92

0.
00

01
82

-0
.0

15
9

0.
08

94
*

0.
01

81
0.

02
46

0.
00

43
7

0.
07

72
**

0.
12

1*
*

0.
00

04
06

(0
.0

22
2)

(0
.0

26
1)

(0
.0

40
2)

(0
.0

24
2)

(0
.0

32
5)

(0
.0

52
5)

(0
.0

34
3)

(0
.0

47
1)

(0
.0

63
8)

(0
.0

38
6)

(0
.0

50
3)

(0
.0

97
7)

M
N

E_
ex

it_
re

l
0.

04
70

-0
.0

27
1

0.
06

13
0.

05
37

*
0.

03
30

0.
06

75
0.

02
95

-0
.1

13
-0

.0
15

1
0.

04
49

-0
.0

74
4

-0
.0

56
4

(0
.0

29
6)

(0
.0

39
2)

(0
.0

75
4)

(0
.0

28
5)

(0
.0

44
4)

(0
.0

71
6)

(0
.0

47
0)

(0
.0

72
2)

(0
.0

86
4)

(0
.0

56
9)

(0
.0

89
5)

(0
.1

03
)

L2
.M

N
E_

nu
m

 

(ln
)

0.
04

24
**

*
0.

03
74

**
0.

06
65

**
0.

02
62

**
0.

03
41

*
0.

02
10

0.
06

55
**

*
0.

04
47

*
0.

13
4*

**
0.

06
31

**
*

0.
03

83
0.

14
2*

**

(0
.0

11
7)

(0
.0

14
7)

(0
.0

27
1)

(0
.0

12
1)

(0
.0

18
3)

(0
.0

21
9)

(0
.0

19
0)

(0
.0

25
8)

(0
.0

39
3)

(0
.0

21
3)

(0
.0

30
8)

(0
.0

44
1)

L2
.N

o_
M

N
E 

(d
um

m
y)

-0
.0

34
**

*
0.

00
89

3
-0

.0
31

6
-0

.0
23

4
0.

01
54

0.
01

29
-0

.0
49

**
*

-0
.0

05
75

-0
.0

76
0

-0
.0

46
2*

*
0.

00
71

5
-0

.1
04

*

(0
.0

12
2)

(0
.0

18
6)

(0
.0

23
9)

(0
.0

16
1)

(0
.0

23
1)

(0
.0

24
3)

(0
.0

18
3)

(0
.0

26
1)

(0
.0

53
2)

(0
.0

21
3)

(0
.0

33
6)

(0
.0

56
4)

H
K

_t
er

t
0.

32
1

0.
98

8*
**

-0
.0

90
6

0.
34

9
1.

01
9*

**
0.

09
68

0.
32

2
0.

97
3*

-0
.1

19
0.

32
5

0.
83

7
0.

43
5

(0
.2

29
)

(0
.3

64
)

(0
.4

63
)

(0
.2

22
)

(0
.3

63
)

(0
.5

74
)

(0
.3

16
)

(0
.5

07
)

(0
.5

23
)

(0
.3

28
)

(0
.5

06
)

(0
.7

62
)

To
tR

&
D

0.
01

52
0.

03
73

**
*

-0
.0

23
0

0.
01

44
*

0.
02

95
**

*
-0

.0
40

1
0.

01
67

0.
04

86
**

*
-0

.0
00

87
8

0.
01

10
0.

03
56

**
*

0.
02

63

(0
.0

10
1)

(0
.0

09
48

)
(0

.0
23

9)
(0

.0
08

43
)

(0
.0

08
09

)
(0

.0
27

0)
(0

.0
13

9)
(0

.0
14

3)
(0

.0
31

1)
(0

.0
12

2)
(0

.0
09

89
)

(0
.0

44
8)

G
D

P 
(ln

)
0.

10
1

0.
06

50
-0

.1
83

0.
14

9
0.

15
0

-0
.0

88
7

-0
.0

27
3

-0
.0

99
1

-0
.4

18
**

0.
07

82
-0

.0
61

2
-0

.5
71

*

(0
.1

41
)

(0
.1

34
)

(0
.1

22
)

(0
.1

26
)

(0
.1

59
)

(0
.1

22
)

(0
.1

92
)

(0
.1

76
)

(0
.1

66
)

(0
.1

94
)

(0
.2

20
)

(0
.3

01
)

cortinovis-layout.indd   134 10/11/2016   11:52



Multinational enterprises, cognitive relatedness and employment in European regions

Ch
ap

te
r 4

135

Ta
bl

e 
6:

 (c
on

ti
nu

ed
)

VA
R

IA
B

LE
S

A
ll 

Se
c 

–

A
ll 

R
eg

.

A
ll 

Se
c 

–

A
dv

. R
eg

.

A
ll 

Se
c 

–

Ea
st

 R
eg

.

LK
I 

– 

A
ll 

R
eg

.

LK
I 

– 

A
dv

. R
eg

.

LK
I 

– 

Ea
st

 R
eg

.

H
K

I 
–

A
ll 

R
eg

.

H
K

I 
–

A
dv

. R
eg

.

H
K

I 
–

Ea
st

 R
eg

.

K
IB

S 
–

A
ll 

re
g.

K
IB

S 
–

A
dv

. R
eg

.

K
IB

S 
–

Ea
st

 R
eg

.

Ph
K

 (l
n)

0.
07

02
**

*
0.

03
68

0.
12

3*
**

0.
04

30
*

0.
03

86
0.

08
73

**
0.

12
4*

**
0.

04
39

0.
15

1*
**

0.
17

0*
**

0.
05

67
0.

35
5*

**

(0
.0

21
1)

(0
.0

57
2)

(0
.0

31
6)

(0
.0

23
1)

(0
.0

63
9)

(0
.0

35
0)

(0
.0

31
8)

(0
.0

52
9)

(0
.0

45
1)

(0
.0

49
0)

(0
.0

55
2)

(0
.1

12
)

Fi
rm

_n
um

 (l
n)

0.
09

59
**

*
0.

06
54

**
*

0.
12

8*
**

0.
07

62
**

*
0.

05
03

**
*

0.
08

38
**

*
0.

14
2*

**
0.

10
5*

**
0.

22
1*

**
0.

18
0*

**
0.

15
4*

**
0.

23
8*

**

(0
.0

09
19

)
(0

.0
07

42
)

(0
.0

17
4)

(0
.0

08
71

)
(0

.0
07

32
)

(0
.0

14
6)

(0
.0

14
9)

(0
.0

12
2)

(0
.0

19
1)

(0
.0

18
8)

(0
.0

19
6)

(0
.0

21
5)

M
N

E_
nu

m
_s

p 

(ln
)

-0
.0

00
55

5
-0

.0
02

9*
**

0.
00

04
68

-0
.0

00
47

0
-0

.0
02

9*
*

0.
00

03
22

-0
.0

00
60

6
-0

.0
02

9*
*

0.
00

07
18

7.
27

e-
05

-0
.0

01
30

0.
00

08
55

(0
.0

00
68

5)
(0

.0
01

04
)

(0
.0

00
91

4)
(0

.0
00

67
7)

(0
.0

01
26

)
(0

.0
01

06
)

(0
.0

00
91

3)
(0

.0
01

15
)

(0
.0

00
95

4)
(0

.0
01

02
)

(0
.0

01
16

)
(0

.0
01

18
)

C
on

sta
nt

-2
.7

72
**

*
-2

.1
11

**
*

-2
.8

26
**

*
-2

.4
68

**
*

-2
.2

51
**

*
-2

.2
55

**
*

-3
.2

15
**

*
-1

.9
14

**
*

-3
.4

90
**

*
-4

.2
62

**
*

-2
.6

19
**

*
-4

.8
02

**
*

(0
.5

10
)

(0
.5

60
)

(0
.3

10
)

(0
.4

88
)

(0
.6

91
)

(0
.3

85
)

(0
.6

32
)

(0
.6

83
)

(0
.3

64
)

(0
.6

22
)

(0
.7

79
)

(0
.4

71
)

O
bs

er
va

tio
ns

70
,0

27
22

,5
36

14
,5

45
43

,3
94

13
,7

63
9,

22
3

26
,6

33
8,

77
3

5,
32

2
19

,0
05

6,
31

6
3,

76
7

R
-s

qu
ar

ed
0.

02
1

0.
02

4
0.

07
3

0.
01

7
0.

02
2

0.
04

4
0.

03
3

0.
03

6
0.

13
6

0.
04

0
0.

03
9

0.
15

7

N
um

be
r o

f i
d

14
,3

87
4,

55
9

2,
91

6
8,

93
9

2,
78

9
1,

85
0

5,
44

8
1,

77
0

1,
06

6
3,

88
4

1,
27

3
75

5

Se
ct

or
_r

eg
io

n 
FE

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

Ye
ar

 F
E

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

YE
S

Ro
bu

st 
sta

nd
ar

d 
er

ro
rs

 in
 p

ar
en

th
es

es
**

* 
p<

0.
01

, *
* 

p<
0.

05
, *

 p
<0

.1

cortinovis-layout.indd   135 10/11/2016   11:52



Chapter 4

136

line with the theoretical arguments on absorptive capacity and the level of development 
(Görg and Greeenaway 2004, Fu et al. 2011), this result provides some indication of 
the validity of our methodological approach. The study of MNE entries and exits in 
related sectors further confirms this conclusion. In the case of KIBS, the entry of MNEs 
in cognitively proximate industries has a positive effect (Hypothesis 4(a)), with the only 
exception of Central-Eastern European regions. Regarding LKI, the result is reversed: the 
entry of a foreign company in a related industry positively impacts sectoral employment 
only in Central-Eastern Europe. With respect to MNE exits from related industries 
(Hypothesis 4(b)), the results are insignificant in almost all cases. In this respect, the 
only exception is represented by LKI, where, somewhat surprisingly, a positive effect is 
associated with MNE exits from related sectors.

Finally, Hypotheses 5 and 6 theorize a stronger effect of MNEs for advanced industries 
and for Central-Eastern EU regions. Both hypotheses prove to be accurate. High-
knowledge sectors and knowledge-intensive services consistently show higher and more 
significant coefficients for MNE entry and presence, both within and across industries 
(Hypothesis 5). In this respect, the only exception is the intra-industry impact of MNE 
entry. Similarly, Central-Eastern EU regions seem to benefit more than other areas from 
both the presence and the entry of foreign companies (Hypothesis 6), especially in terms 
of intra-industry spillovers. As a counterpart, however, the negative effects of MNE exits 
are also more marked for Central-Eastern EU regions. In light of these results, although 
the potentially beneficial effects of MNE presence and entry are indeed confirmed, they 
should not be evaluated without considering the other side of the coin: MNE exits 
may have disruptive effects on the hosting economies, particularly for less advanced 
European regions.

Conclusions

The effect of foreign companies on the local economy has attracted significant research 
over time. The cross-sectoral effect of MNEs and the existence of preconditions for the 
local economy to benefit from foreign companies are currently well-established facts. 
The present paper contributes to this debate in two main ways. First, it shows that 
cross-sectoral externalities related to MNE presence transcend the vertical input-output 
linkages in which the current economic literature confines them (Javorkic, 2004, 2015). 
Although a limitation of this study is undoubtedly the use of relatively aggregated data 
at the second digit of the NACE classification, the positive results obtained by our 
relatedness-based measures at such an aggregate level provide a further confirmation that 
input-output relations are not the only channels through which knowledge spillovers 
occur. Second, in this paper, we attempt to disentangle the heterogeneous effects of 
MNEs by linking them to sectoral and regional differences. Our results suggest that 

cortinovis-layout.indd   136 10/11/2016   11:52



Multinational enterprises, cognitive relatedness and employment in European regions

Ch
ap

te
r 4

137

these sources of heterogeneity must be adequately taken into account to better grasp the 
mechanics of MNE externalities. In this respect, we can confirm that within- and cross-
sector linkages to a foreign company are particularly important for knowledge-intensive 
industries and for low-income Central-Eastern European regions.

Nonetheless, some limitations emerge from our study. The lack of more disaggregated 
data forced us to perform the analysis based on 68 second-digit NACE sectors, which 
implies different potential shortcomings. First, our intra-regional spillovers are by 
definition somewhat broad, potentially encompassing what other researchers have been 
able to capture as cross-sectoral linkages. As argued above, this represents a limitation for 
this study, though it also reinforces our critique of the use of mere input-output relations 
as channels for knowledge spillovers. Second, in this paper, we do not fully account 
for issues of endogeneity, which may affect our results. Although we did not perform 
any instrumental variable estimation or apply the GMM methodology, in this respect, 
the use of sector-region fixed effects and different types of control variables reduces 
our concerns. Although we refrain from ascribing a causal meaning to the relations 
estimated, the statistical correlations that were identified in our models still provide 
significant insights. Third, the use of employment as a dependent variable may also be 
considered a limitation because it reduces the comparability of our results with those 
of other studies in the literature. In this sense, although examining the employment 
effects of MNEs may be relevant in a period of economic turbulence, replicating our 
study by using more standard models that are focused on productivity will represent an 
important test for our conclusions.

Based on these insights, it is worth highlighting some avenues for further research. First, 
both theoretical and empirical investigations are necessary to understand the channels, 
other than input-output relations, through which MNE spillovers may occur. For 
instance, the relatedness literature tends to stress cognitive and technological similarity 
as media for knowledge externalities. These types of linkages have arguably found little 
attention in the international business literature. Second, industrial heterogeneity 
should also be explored more thoroughly, in particular analyzing with a greater level of 
detail what sectors are more prone to benefit from the presence of foreign firms. Future 
investigations should consider whether firms in less advanced sectors can also benefit 
from MNE spillovers, despite their relatively lower level of knowledge endowments, or 
the extent to which knowledge spillovers may occur across different types of industries. 
For instance, understanding if and under what conditions less advanced sectors can 
learn from knowledge-intensive sectors would offer significant insights to policy makers 
and researchers. We have shown that significant heterogeneity also exists at the regional 
level. Recent contributions in regional economics and economic geography have stressed 
the importance of institutions in affecting the behavior of actors and the functioning of 
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the local economy (Acemoglu and Robinson, 2012, Cortinovis et al. 2016, Rodriguez-
pose, 2013). Obtaining further insights into how different local conditions may affect 
the knowledge and productivity externalities of MNEs and help reduce the potentially 
disruptive effects of MNE exits would provide valuable elements to the discussion both 
in academia and in policy circles.
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Appendix 4.A: Sectors and regions in the sample

Table 1 – Appendix 4.A: List of sectors

High-knowledge=Advanced 

manufacturing +Knowledge-

intensive services

Low Knowledge

20 05 37

21 06 38

26 07 39

27 08 41

28 09 42

29 10 43

30 11 45

50 12 46

51 13 47

58 14 49

59 15 52

60 16 53

61 17 55

62 18 56

63 19 68

69 22 77

70 23 79

71 24 81

72 25 82

73 31 95

74 32

75 33

78 35

80 36

The list of sectors is based on the first two digits of the codes of NACE Revision 2.
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Table 2 – Appendix 4.A: List of regions

Eastern Regions Average Regions Advanced Regions

BG31 RO12 AT11 FI1D ITF6 UKF3 AT13 DEC0 SK01

BG32 RO21 AT12 FR21 ITG1 UKG1 AT22 DK01 UKD6

BG33 RO22 AT21 FR22 ITG2 UKG3 AT31 DK03 UKH2

BG34 RO31 BE22 FR23 ITH4 UKH1 AT32 DK04 UKI1

BG41 RO41 BE23 FR24 ITI1 UKH3 AT33 ES21 UKJ1

BG42 RO42 BE32 FR25 ITI2 UKI2 AT34 ES22 UKJ2

CZ02 SI01 BE33 FR26 ITI3 UKK2 BE10 ES30

CZ03 SK02 BE34 FR30 MT00 UKK3 BE21 ES51

CZ04 SK03 BE35 FR41 NL12 UKL2 BE24 FI1B

CZ05 SK04 CY00 FR42 NL13 UKM3 BE25 FI20

CZ07 CZ06 FR43 NL21 UKN0 BE31 FR10

CZ08 DE80 FR51 NL23 CZ01 IE02

EE00 DED2 FR52 NL34 DE13 ITC3

HU21 DED4 FR53 NL42 DE14 ITC4

HU22 DED5 FR61 NO02 DE21 ITH1

HU23 DEE0 FR62 PL12 DE22 ITH2

HU31 DEF0 FR63 PL51 DE23 ITH3

HU32 DEG0 FR71 PT11 DE25 ITH5

HU33 DK02 FR72 PT15 DE26 ITI4

LT00 DK05 FR81 PT16 DE27 LU00

LV00 ES11 FR82 PT17 DE30 NL22

PL11 ES12 FR83 PT18 DE50 NL31

PL21 ES13 GR12 SE12 DE60 NL32

PL22 ES23 GR21 SE21 DE71 NL33

PL31 ES24 GR22 SE22 DE72 NL41

PL32 ES41 GR23 SE31 DE73 NO01

PL33 ES42 GR30 SI02 DE91 NO03

PL34 ES43 GR43 UKD1 DE92 NO04

PL41 ES52 HU10 UKD3 DE93 NO05

PL42 ES53 IE01 UKD4 DE94 NO06

PL43 ES61 ITC1 UKD7 DEA1 NO07

PL52 ES62 ITF1 UKE1 DEA3 RO32

PL61 ES63 ITF2 UKE2 DEA4 SE11

PL62 ES64 ITF3 UKE3 DEA5 SE23

PL63 FI19 ITF4 UKE4 DEB1 SE32

RO11 FI1C ITF5 UKF2 DEB3 SE33

The categories have been defined as follows:
Eastern Regions: GDP per capita in PPS in 2013 < 75 (EU28 average=100);
Average Regions: 75 ≥ GDP per capita in PPS in 2013 <110 (EU28 average=100);
Advanced Regions: GDP per capita in PPS in 2013 ≥110 (EU28 average=100).
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Appendix 4.B: Construction of the dataset

The main sources used in this paper are the Eurostat Structural Business Survey, the 
Cambridge Econometrics Regional Database and the Bureau Van Dijk Orbis and 
Zephyr databases. Regarding the former two sources, no significant elaboration is 
performed. The only exception is the nearest neighbor interpolation order to fill in 
the gaps in the data, mostly on SBS employment data and Eurostat R&D and human 
capital information, and the extrapolation of 2012 values of the variables obtained from 
Cambridge Econometrics. In addition, although SBS provides data on employment 
from 2008, we have decided to exclude 2008 because, of the 15,369 observations for 
that year, approximately 4500 are flagged as potentially problematic.

By contrast, the treatment of BVD data was more complex. The Orbis database 
provides detailed information at the firm level on the sector of operation, the number of 
employees, the registration date and the last available year. On the other hand, Zephyr 
gathers information on merger and acquisition (M&A) deals, reporting the name and 
code of the firms involved, the stake of the deal, the date, etc. Data on 18 million firms 
in the 2006-2014 period (from Orbis) and on more than 17,000 M&A deals between 
1997 and 2014 (from Zephyr) were downloaded, cleaned and geo-coded41 (Kalemli-
Ozcan et al. 2015). Although Orbis provides information on whether a given firm is 
foreign-owned and with what share of ownership, only the most recent information is 
recorded, with no historical records concerning ownership. In other words, past data 
on ownership, such as whether a given firm was already foreign-owned and when it was 
acquired, are not provided. 

To overcome this obstacle, information on M&As from Zephyr was used to establish 
when a domestic firm acquired or was acquired by a foreign company. After merging the 
data from Zephyr and Orbis, we proceeded as follows:

We consider to be MNEs only those firms that are at least 10% owned by a foreign 
counterpart, or that hold at least 10% of shares of a foreign company.

Firms that are present in both Orbis and Zephyr are considered to be MNEs from the 
year in which the first M&A in which they were involved occurred. For instance, Firm 
A is acquired by MNE B in 2008: firm A becomes an MNE from 2008 on.

Firms that are recorded as foreign in Orbis but missing in Zephyr are assumed to be 
MNEs throughout the entire period. In this manner, our dataset is also able to capture, 

41  For our analysis, we included only information on firms with unconsolidated accounts to avoid intro-
ducing some bias (Kalemli-Ozcan et al. 2015, Oberhofer, 2013). 
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at least to some extent, greenfield investments, previous M&As or deals that were not 
reported in Zephyr.

We exclude each firm from the dataset for the years subsequent to the last available year 
that is recorded in Orbis. For example, firm A, which was acquired by MNE B in 2008, 
provided information to its local chamber of commerce only until 2011. Based on this 
information, firm A is considered a domestic firm in the years 2006 and 2007 (the 
period preceding its acquisition), is counted as an MNE between 2008 and 2011, and 
is excluded from the sample in 2012 and 2013.

As a last step, firm-level data from the dataset obtained after these operations have been 
collapsed to the second digit of NACE code to be compatible with the data obtained 
from Eurostat SBS. As a robustness check, we compute the correlation between the 
employment data constructed from Orbis and the data provided by SBS. The overall 
correlation between the two datasets is a re-assuring 75%. However, in line with what 
is reported by Kalemli-Ozcan et al. (2015), information on some countries is less 
consistent with the official data. More precisely, data on Germany, the Netherlands and 
the UK appear to be particularly poor. For this reason, we exclude regions that have a 
correlation score lower than 50% from the analysis.
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Main findings and contributions

The overall objective of this PhD thesis was to investigate how agglomeration externalities, 
regional characteristics and spatial and a-spatial relations affect the economic performance 
of regions in Europe. The introduction of this study presented an overarching research 
question about how internal (agglomeration externalities and relatedness) and external 
(spatial and network relations) factors interact and affect the development trajectory 
of European regions. Before moving to a more detailed discussion of the findings of 
this thesis, three main points can be highlighted as tentative answers to such a broad 
research question. First, both internal and external elements significantly affect the 
opportunities for the development of European regions, even though some (relatedness 
and related variety, space and trade relations) appear to be more relevant than others. 
Second, regional characteristics — for instance, in terms of social capital or knowledge 
assets — interact with internal and external factors conditioning their effects. Third, the 
empirical evidence gathered in this thesis strongly advocates place-based interventions 
while questioning the effectiveness of the smart specialization policy. In the context of 
these general conclusions, in the following sections, the main results and findings of the 
four chapters of this thesis are reviewed in greater detail.

The first chapter studies the effects of variety externalities in European regions in depth. 
Previous analyses had addressed similar questions (Boschma et al. 2013, Bishop and 
Gripaios 2010, Frenken et al., 2007a) without, however, considering how heterogeneity 
in technological and knowledge assets (Wintijes and Hollanders 2011) may impact the 
functioning of agglomeration economies. Chapter 1 sheds some light in these areas, 
showing how the positive effects of related variety are mostly present in the most 
advanced regions in terms of knowledge capabilities. In other words, the effects of 
related variety — which hinge upon the transmission and recombination of similar 
knowledge — are likely to be found in regions that host advanced industries, such as 
London, Utrecht or Stockholm, rather than in technologically less sophisticated areas, 
such as Northern Bulgaria or Calabria. The conclusions drawn from Chapter 1 suggest 
that improvements in the knowledge assets of less advanced regions, while contributing 
to long term growth themselves (Rodriguez-Pose and Fratesi, 2004), are critical to profit 
from variety externalities.

Chapter 2 addresses some issues that are highly complementary to the conclusion of the 
first chapter. If regions cannot host advanced industries and profit from the externalities 
that they may generate, spatial, trade and co-patenting relations may still provide them 
with the necessary knowledge resources. This may be even more true for linkages to the 
most innovative regions, where new and valuable knowledge is produced. Studies on 
international spillovers (Coe and Helpman 1995, Coe et al. 2009, Fracasso and Vitucci 
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Marzetti 2015) and on co-patenting and innovation (Ponds et al. 2010) have shown 
that both imports and patent collaboration can give local actors access to knowledge 
that is generated elsewhere. However, most of the literature in these fields study these 
phenomena at the national level or focus on only one or two channels of knowledge 
diffusion (Coe et al. 2009, Fracasso and Vitucci Marzetti 2015, Ponds et al. 2010, 
Maggioni et al., 2007). The analysis performed in the second chapter of this thesis fills 
in these gaps and indicates that knowledge mediated via spatial proximity and trade 
linkages has positive effects on regional productivity; by contrast, the impact of co-
patenting mediated spillovers is not robust. Generally speaking, even less advanced 
economies may be able to absorb knowledge from the outside, as also suggested by the 
previous literature (Coe and Helpman 1995). However, preconditions exist in the case 
of R&D spillovers from top innovators: our study indicates than only regions that are 
better equipped in terms of human capital are able to profit from network relations with 
advanced regions.

The third chapter of this thesis focuses on more fine-grained dynamics in European 
regions. Different studies have recently highlighted how the current industrial structure 
of an economy defines the opportunities and constraints for sectoral diversification 
(Hidalgo et al. 2007, Boschma et al. 2013). However, few studies specifically address 
the way in which local characteristics, such as institutions (Boschma and Capone 2015), 
may facilitate or limit this process of regional branching (Boschma and Frenken 2011). 
Following these insights, Chapter 3 is the first study to test a number of hypotheses 
concerning the role of industrial relatedness and its interactions with formal and 
informal institutions. Our analysis shows that, for European regions as well, relatedness 
drives the process of diversification. Additionally, the acquisition of new industrial 
specializations is positively related to higher levels of bridging social capital, both directly 
and in interactions with relatedness. Surprisingly, formal institutions do not significantly 
affect regional branching, even though they limit the negative effects of bonding social 
capital. We thus conclude that local characteristics, and in particular institutions, must 
be properly accounted for when studying processes related to knowledge transmission, 
such as diversification. 

In Chapter 4, the network perspective is combined with the industrial relatedness 
approach to study the effects of multinational enterprises (MNEs) on local employment. 
International business studies have long ago identified the entry and presence of 
multinationals as potentially beneficial factors for the hosting economy (Crespo et 
al., 2007, Görg and Greenaway 2004). More recently, it has been shown how MNE 
externalities are mostly advantageous for local firms outside the sector in which the 
MNEs operate (Javorkic 2004, 2015, Fu et al. 2011). However, the empirical literature 
has exclusively resorted to vertical linkages to test the extent of the cross-industry effects 

cortinovis-layout.indd   145 10/11/2016   11:52



Summary and conclusions

146

of MNEs. The analysis in Chapter 4 is the first to apply the concept of relatedness to 
this field by testing whether the externalities derived from MNEs are found in industries 
that are not necessarily related via input-output relations. In spite of some limitations, 
our study suggests that the knowledge spillovers from MNEs positively affect firms in 
cognitively related industries under certain conditions. More precisely, these effects are 
mostly found for knowledge intensive industries in advanced regions. Although Eastern 
EU regions benefit less from spillovers that originated in related sectors, we find evidence 
for stronger positive intra-industry effects in less advanced Eastern regions than in most 
developed EU territories. Overall, this analysis concludes that i) both intra- and inter-
industry spillovers from MNEs affect sectoral employment in EU regions; ii) input-
output relations may capture only some of the existing knowledge spillovers; and iii) 
significant heterogeneity exists in terms of the type of industries and regions that may 
be better able to benefit from the presence of foreign companies.

Policy implications

Reviewing the debate between place-based and spatially blind approaches to regional 
policy, Barca et al. (2012) highlight how globalization has made the relationship between 
development, local characteristics and the (spatial and network) interactions between 
different places more prominent. Agglomerations and interactions, knowledge and 
innovation, and local institutional features are recognized as critical factors in shaping 
the development trajectory of regional economies (Capello 2009a, 2009b, Burger et al. 
2009, Barca et al. 2012, Van Oort and Lambooy 2014). This PhD thesis has addressed, 
to different extents, the role and implications of these factors and their interplay.

In light of the analyses presented in the previous chapters, three broad policy implications 
can be drawn. First, the heterogeneity in the way different elements, from variety 
externalities to MNEs and trade, affect regional economies indicates the existence 
of thresholds, non-linearities and preconditions. Chapter 1 highlighted how variety 
externalities, which are often found to be positive in studies that focus on advanced 
economies (Frenken et al., 2007a, Bishop and Gripaios 2010, Hartog et al. 2012), do 
not produce positive effects when regions are poorly endowed with knowledge and 
technologies. The idea of non-linearity in the functioning of agglomeration externalities 
has already been highlighted in some studies (Cainelli et al. 2015). Similarly, Chapter 
2 shows how trade and co-patenting with top innovators offer no positive effects unless 
the region has a relatively high level of human capital. These conclusions, in line with 
Rodriguez-Pose and Fratesi (2004), indicate that investments in human capital and 
knowledge are important not only in spurring growth but also in equipping regions 
with resources that enable them to adapt and face future challenges.
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Second, in addition to regional knowledge capabilities, our analyses stress the importance 
of sectoral composition and institutional characteristics within each region. Chapter 3 
in particular highlights how industrial relatedness plays a significant role in shaping 
regional development and how institutional factors contribute in these respects. In line 
with the place-based approach to regional policy (Barca et al. 2012) and the concept 
of Smart Specialization (Foray 2015, McCann 2015), our results identify exploiting 
sectoral advantages and place-specific socio-economic characteristics as possible ways of 
bringing prosperity to lagging areas. This implication, however, should be considered 
in light of the previous point. In other words, the place-based approach — which takes 
into account regional characteristics and mobilizes local actors, knowledge and assets 
(McCann and Ortega-Argiles 2013) — is essential for resolving potential inconsistencies 
that emerge from regional heterogeneity. Otherwise, efforts that are aimed at spurring 
innovation-led development — such as Smart Specialization — in settings that are 
not yet adequately endowed with the necessary resources and knowledge assets may be 
thwarted.

Finally, one of the most relevant policy insights that emerge from this thesis is the role 
played by networks as (potential) enablers for regional development (Huggins and 
Thompson 2014). Chapters 2 and 4 inform policy makers in these respects. However, 
while improving the leveraging of trade, financial and collaborative networks may be 
important for regions, some caution is necessary. Networks can provide access to useful 
knowledge resources (Thissen et al. 2016, Cresenzi et al. 2015, Burger et al. 2009), but 
they may also have no effect (for regions with low levels of human capital in Chapter 2) 
or even have a negative impact (as in the case of MNE exits in Central Eastern Europe 
discussed in Chapter 4). Future research will need to investigate and resolve potential 
theoretical and empirical ambiguities with respect to the “ifs”, “whats” and “hows” 
networks may be fruitfully integrated in regional policies.

Limitations

In addition to summarizing the main contributions of this thesis, it is also important 
to specifically address some of its many limitations. We organize this discussion based 
on three main themes: theoretical issues, methodological problems and the scope of the 
analysis.

Theoretical issues
With respect to the theoretical limitations, the first element that should be mentioned 
is the potentially overly broad meaning of relatedness. The study by Hidalgo et al. 
(2007) has certainly highlighted the importance of similarities and relations between 
industries and provided a valuable method for measuring them. This has stimulated 
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significant debate in many areas of economics (Hausmann and Klinger 2007, Balland et 
al. 2015, Boschma et al. 2013, Neffke et al. 2011). At the same time, however, such an 
encompassing definition of relatedness may be problematic. The empirical research that 
has so far applied this concept and method — including Chapters 3 and 4 of this thesis 
— has mostly interpreted relatedness among sectors in cognitive terms (Boschma et 
al. 2013, Firgo and Mayerhofer 2015, Boschma and Capone 2015). Although such an 
interpretative perspective is certainly correct in the case of skill-relatedness (Neffke and 
Henning 2013, Diodato and Weterings, 2015) or technological relatedness (Balland et al. 
2015), the extent to which relatedness among industries capture cognitive components, 
and when other types of linkages (such as input-output relations, similarities in the 
production process, etc.) may instead be caught by the same indicator, is unclear. In 
other words, despite its relatively widespread and successful use, relatedness remains a 
black box from a theoretical standpoint.

A second issue, which deserves further attention from a theoretical point of view, is the 
treatment of institutions at the regional level. The concept of institutions broadly refers 
to the rules, and thus the incentives, according to which actors behave. These can be 
crystallized in written regulations (formal institutions) or can remain non-formalized 
but still binding via cultural traditions and social norms (informal institutions) (North 
1990, 2005). However, each of these two types of institutions has some problems, 
especially when applied to regions.

Formal institutions, although conceptually clearer than their informal counterparts, show 
theoretical ambiguities when applied at the regional level. If the role of good governance 
has been vastly recognized (Acemoglu and Robison, 2005), the system of the rule of 
law and procedural regulations upon which the idea of good governance rests tends not 
to vary significantly within the same country. This represents a potential inconsistency 
with the empirical evidence that shows how the quality of formal institutions varies 
within national borders (Charron et al. 2014). Theoretical inconsistencies also affect 
informal institutions. Although informal institutions have long been established as 
factors affecting growth, innovation and development (Banfield 1958, Putnam et al. 
1993, Morgan 1997), they are conceptually very broad and complex. Because of their 
multifaceted nature, different strands of research have proposed and applied a number 
of concepts and indicators, from untraded interdependencies (Storper 1995) and the 
milieu innovateur (Camagni 1991, Ratti et al. 1997) to social capital (Putnam et al. 
1993, Coleman 1988), institutional thickness (Amin and Thrift 1995) and social filter 
(Rodriguez-Pose 1999). All these concepts have contributed in different ways to the 
understanding of how cultural traits and social norms shape individual socio-economic 
behaviors and, at a more aggregated level, regional economic performance. However, 
the lack of coherent organization for these concepts, in addition to the weak association 
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with specific mechanisms of development for some of them, contributes to limiting 
their validity and successful application in empirical research.

Methodological problems
From a methodological perspective, two main limitations apply to the analyses presented 
in this thesis: the identification of causal relations and the lack of a multilevel approach. 

With respect to causal relations, the identification of direct causality is a long-debated 
issue in economics and econometrics (Angrist and Pischke 2009, Wooldridge 2010). 
Problems related to causality can emerge for a variety of reasons, from measurement 
errors to omitted variable bias, but they all imply that at least one of the regressors is 
correlated with the error term, thus producing an unreliable coefficient (Wooldridge 
2010). When this type of problem arises, it is impossible to interpret the relationship 
between the independent and the dependent variables in a causal sense but only in 
terms of correlation. Techniques such as GMM estimators and instrumental variables 
(IV) may offer a solution to these issues, but they are not always applicable, nor are their 
results always valid.

Allegedly, all chapters in this thesis may suffer from endogeneity issues. For instance, in 
the case of Chapter 3, successful diversification may foster changes in the endowment 
of social capital: workers in a growing industry may feel less of a need to be part of a 
trade union (reducing bonding social capital), or firms successfully entering a new sector 
may organize social events or fund the local church (increasing bridging social capital). 
In both cases, the results would suffer from reverse causality. Expressed differently, the 
direction of causality would move from the occurred diversification to the changes in 
social capital. Similarly, for Chapter 2, neighboring regions also tend to trade with one 
another. If spatial relations were not properly accounted for, a positive relationship 
between R&D expenditures for trade partners and the productivity of the importing 
region may simply be due to the omitted geographical proximity.

Although IV or GMM methods were not applied in the chapters of this thesis, the use 
of fixed effects panel data and specific choices for the regressors and control variables 
reduce some of the concerns for endogeneity. In the two specific examples above, the use 
of lagged variables (both bridging and bonding social capital were measured in 1999) 
and the inclusion of spatially lagged R&D, in addition to regional fixed effects (ruling 
out the risk of time-invariant omitted variables), contribute to making our estimates 
relatively robust against causality problems.

The second weakness from a methodological point of view mostly refers to Chapters 
3 and 4. Analyses that include variables measured at different levels (e.g., firm level, 
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industry level and regional level) can be performed using multilevel modeling. This 
method allows the researcher to better account for the effects of the hierarchical structure 
in the data (Gelman and Hill 2007). Following valuable examples in the literature 
(Van Oort et al. 2012, Stavropoulos and Skuras 2016), multilevel modeling may have 
been used in the two chapters combining information on sectors with data at regional 
level. This would have been informative, as multilevel estimations would have provided 
additional coefficients, explicitly estimating the specific level effects and the interactions 
between them. At the same time, it may be argued that the use of regionally clustered 
errors (in Chapter 4) alleviates the problem of not having fully exploited the hierarchical 
structure of the data.

Scope of the analysis
Last, one of the limitations in this thesis is the geographical scope of its analyses. Because 
of the specific focus on European regions, it may be argued that the conclusions of these 
studies would not apply to other areas in the world. Even when comparable to other 
countries and regions of the world with regard to the level of income or educational 
attainment (European Commission 2014a), being a member of the EU and EFTA 
may give less developed regions of Europe some advantages. The vast common market 
and the four freedoms upon which it rests, or the policy instruments targeting regional 
inequalities (Cohesion Policy), sectoral shocks (European Globalization Adjustment 
Fund) and promoting research cooperation (Horizon 2020) can offer significant 
resources to support growth and development that are not available in other parts of the 
globe (McCann 2015, European Commission 2014a). 

Directions for future research

Different avenues for further research have emerged from the discussion of the main 
findings and the limitations of this thesis. With respect to what has been named “internal 
factors” of development in the general research question, both the concept of relatedness 
and that of institutions can be somewhat clarified.

For what concerns relatedness, it has been argued in the previous paragraph that industrial 
relatedness remains, from a theoretical point of view, a black box. Future theoretical 
contributions should address this issue, defining the scope and content of this concept 
in a more systematic way. Some studies are already attempting to do this empirically by 
disentangling the components of relatedness in terms of similarity, complementarity and 
residual relatedness (Farinha Fernandes et al. 2016). Within an empirical perspective, 
future work may also contribute comparing and evaluating industrial relatedness vis-à-
vis other types of linkages.
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Similarly, the inconsistencies between the interpretation of formal institutions as rule 
of law and the measures of quality of government at regional level require a theoretical 
reconciliation. In this sense, a possible interpretative key of existing regional differences 
in formal institutions is offered by the concept of impartiality in the exercise of the 
public power proposed by Rothstein and Teorell (2008). A potential advantage of this 
interpretation is that, by decoupling the quality of government from its procedural-
regulatory conception and linking it to a socially shared “system of beliefs”, the idea 
of formal institutions can be more easily combined with existing regional differences 
as well as with informal institutions. In relation to the different conceptualizations of 
informal institutions mentioned above, future contributions should attempt to better 
explain and organize the different understandings of social norms and traits by resolving 
existing inconsistencies and creating a clear theoretical toolbox for regional scientists.

In examining the “external relations” of regions, we argued that the concept of network 
capital represents an interesting theoretical tool (Huggins and Thompson 2014). 
Empirical work is necessary, however, to test its validity and investigate its implications. 
In these respects, the increasing availability of detailed data at the micro level provides 
an exceptional number of possibilities. In relation to this, the use of multilevel modeling 
in regional and industrial economics may provide valuable scientific and policy insights. 
Such contributions would be highly valuable especially in light of the significant 
heterogeneity in regional and sectoral dynamics, which has emerged as one of the common 
threads in this thesis. For instance, the results from Chapter 4 can be complemented 
by analyses modeling firm-level productivity as a function of formal institutions (at the 
country level), informal institutions (at the regional level) and presence of MNEs (at 
the sectoral level). Additionally, the application of spatial multilevel modeling would 
be particularly interesting, as it would allow for the explicit treatment of both spatial 
relations and hierarchical structures of data (Corrado and Fingleton 2011).

Finally, one of the potential limitations of this thesis is its focus on European regions. 
Future research may extend the analyses that are presented here to other countries or 
areas of the world that are either at a similar stage of development (such as the US or 
other advanced OECD countries) or relatively less developed (such as BRIC countries). 
This would provide a valuable confirmation or highlight the relevant differences in the 
process of growth and development and allow the scientific community and policy-
makers a greater understanding of the complex relations between economic prosperity 
and local characteristics, space and network relations.
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De vraag waarom sommige regio’s meer ontwikkeld zijn of harder groeien dan andere 
is al lang onderwerp van debat en studie. Het staat centraal in veel beleidsmatige en 
economische discussies. De situatie in Europa vormt hierop geen uitzondering, waar 
regio’s met lage inkomens en structurele problemen, zoals Calabria in Italië of Noordwest 
Bulgarije, bestaan naast rijke en ontwikkelde regio’s als Barcelona München of Parijs 
(European Commission 2016).

Verschillende theorieën proberen het bestaan van dergelijke ongelijkheden te verklaren. 
Endogene groeitheorie ziet verschillen in de aanwezigheid van menselijk kapitaal, 
kenniskapitaal en de mogelijkheden om die te vertalen in innovatiegedreven groei als 
belangrijkste reden voor de verschillen in economische prestaties (Romer 1986, Lucas 
1988, Acs and Sanders 2014). Regionale en stedelijke economische disciplines benaderen 
lokale groeiverschillen vaak vanuit de theorie van agglomeratie voordelen (Marhsall 
1920, Glaeser et al. 1992, Henderson 1995). Dat zijn voordelen voor individuele 
bedrijven en economische agenten door locatie in elkaars nabijheid. Ze ontstaan door 
lokale sectorspecifieke, gespecialiseerde factoren en kennisuitwisseling, of door juist 
een diverse, aan stedelijke dichtheid gekoppelde omgeving  die hercombinatie van 
kennis en innovatie stimuleert (Beaudry and Schiffauerova 2009). Sommige gebieden 
groeien sneller en bereiken een hogere levensstandaard voor haar inwoners omdat ze 
beter in staat zijn om de voordelen van agglomeratie te kapitaliseren. Ook de recente 
stroming van de evolutionaire economische geografie zet kenniskapitaal vooraan in 
de lijst van verklarende factoren voor regionale verschillen en ongelijkheden. Terwijl 
ruimtelijke nabijheid leerprocessen en uitwisseling van kennis bevordert, zijn ook 
andere vormen van nabijheid nodig, zoals institutionele, cognitieve of sociale (netwerk) 
nabijheid, om kennis om te zetten in innovatie en economische groei (Boschma 2005). 
Dit inzicht heeft recentelijk geleid tot een nieuwe conceptuele en empirische focus in 
de agglomeratie discussie, waarin stedelijke schaalvoordelen en cognitieve nabijheid 
samenkomen in wat wordt genoemd “gerelateerde variëteit” (Frenken et al. 2007). 
Het belang van economische netwerk relaties wordt al langer onderkend (Coe and 
Helpman 1995, Narula and Dunning 2000, Bathelt et al. 2004), maar heeft recentelijk 
een plaats gevonden in de nabijheidsliteratuur in de conceptuele vorm van “netwerk 
kapitaal” (Huggins and Thompson 2014). Hierbij zijn niet alleen fysiek geconcentreerde 
relaties, maar ook functionele relaties tussen actoren, bedrijven en plaatsen een essentiële 
bron voor vaardigheden, kennis, ideeën en vernieuwing, die gezamenlijk verschillen in 
economische prestaties van regio’s kunnen verklaren. 

Deze dissertatie draagt bij aan deze theoretische inzichten door empirisch onderzoek 
waarin agglomeratievoordelen, sectorale en institutionele kenmerken, en verschillende 
ruimtelijke en functionele (a-ruimtelijke) netwerken de ontwikkeling van regionale 
economieën in Europa vormgeven. 
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Hoofdstuk 1
Het empirische bewijs van agglomeratievoordelen – de omvang ervan en de impact, 
is alles behalve eenduidig. De toepassing van de concepten van gerelateerde en 
ongerelateerde variëteit heeft bijgedragen aan het debat hierover. Het laat zien hoe 
een meer genuanceerde behandeling van agglomeratievoordelen – gebaseerd op meer 
of minder cognitieve nabijheid – bij kan dragen aan het identificeren van oorzaken 
en gevolgen van sectorale co-locatie. In de literatuur wordt gerelateerde variëteit vaak 
profijtelijk gevonden voor werkgelegenheidsgroei, terwijl ongerelateerde variëteit vaak 
bijdraagt aan het terugdringen van werkloosheid (Frenken et al. 2007a, Bishop and 
Gripaios 2011, Hartog et al. 2012, Van Oort et al. 2014). Doordat veel studies zich 
richten op nationale, vaak economische goed ontwikkelde economieën, kan er nog niet 
veel veralgemeniseerd worden uit deze studies naar minder ontwikkelde landen, of voor 
meerdere landen in vergelijking. Voor Europese regio’s ligt het voor de hand om rekening 
te houden met de verschillen in technologische vaardigheden en mogelijkheden bij het 
identificeren van kennis externaliteiten die verschillen tussen typen regio’s. 

Gebruik makend van en longitudinale, interregionale Europese dataset, beantwoordt 
het eerste empirische hoofdstuk van dit proefschrift de volgende onderzoeksvraag: 

Zijn de voordelen van economische variëteit hetzelfde in regio’s met verschillende niveaus van 
aanwezige kennis?

Gebruik makend van ruimtelijke panel analyse presenteert dit hoofdstuk nieuwe 
informatie over de typen en het functioneren van agglomeratievoordelen in relatie tot 
regionale heterogeniteit in kennisintensiteit en innovatie capaciteiten. De uitkomsten 
van de analyse tonen aan dat de positieve impact van gerelateerde variëteit op groei 
alleen opgeld doet in regio’s met veel en grote technologische capaciteiten, terwijl er 
geen significant verband wordt gevonden voor gemiddeld of laag ontwikkelde gebieden. 
Geconcludeerd wordt dat een voldoende niveau van aanwezige technologische kennis 
in een regio daarom een vooraarde is voor het profiteren van agglomeratievoordelen. 
Het hoofdstuk toont tevens aan dat de conceptualisering en werking van gerelateerde en 
ongerelateerde variëteit ook opgeld doet in een ruimtelijk systeem dat het schaalniveau 
van landen overstijgt (Europa).

Hoofdstuk 2
Regionale economieën zijn georganiseerd in regio’s en steden, maar vaak ook ingebed in 
verschillende soorten netwerken die de eigen regio overstijgen. Dit inzicht heeft geleid 
tot een onderzoekstraditie in zowel de geografie als de economie, waarin globalisering 
van economische kennisrelaties centraal staat (Bathlelt et al. 2004, Boschma 2005, 
Iammarino and McCann 2013). Een uitgebreide, economische literatuur benadrukt 
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hierin de rol van handelsverbanden, waardoor via importrelaties landen en regio’s naast 
goederen en diensten ook toegang verkregen wordt tot daaraan verbonden kennis 
(Fagerberg 1988, Coe and Helpman 1995, Coe et al. 2009, Ertur and Koch 2011). 
Een zelfde redenering past op andere kanalen waardoor kennis wordt verspreidt, zoals 
samenwerkingsrelaties in R&D en patenten (Maggioni et al. 2007, Hoekman et al. 
2009, Ponds et al. 2010). Ondanks een groeiend empirisch bewijs voor dit zich sterk 
ontwikkelende theoretische debat, onder andere in analyses van ruimtelijke, handels- 
en co-patent netwerken (Dall’Erba and Le Gallo 2008, Caragliu and Nijkamp 2015, 
Hoekman et al. 2009, Basile et al. 2012), is er nog geen overtuigende analyse waarbij 
de afweging tussen regionaal ingebedde versus verschillende vormen van netwerken 
simultaan wordt gemaakt. Veel bestaande literatuur betrekt ook niet de kennisintensiteit 
van regionale economieën in analyses, die kunnen zorgen voor leereffecten en innovatie 
van regio’s die via netwerken van handel of samenwerking aansluiting bij elkaar vinden. 
Het tweede hoofdstuk van dit proefschrift gaat in op deze omissies, en beantwoordt 
twee onderzoeksvragen: 

In welke mate beïnvloeden ruimtelijke, handels- en co-patent netwerken regionale 
productiviteit, en welke van deze netwerken kent het sterkste effect? 

Zijn netwerkrelaties met geavanceerde kennisregio’s profijtelijk voor regionale productiviteit, 
en wat is er voor nodig om dit profijt te verzilveren? 

De empirische analyse die gebruik maakt van paneldata in dit hoofdstuk toont aan dat 
ruimtelijke afhankelijkheid de sterkste impact heeft op productiviteit in Europese regio’s, 
maar dat ook handelsrelaties een direct positieve impact hebben op productiviteit. De 
impact van co-patent netwerken is veel minder robuust, en aansluiting bij de meest 
innovatieve regio’s leidt alleen tot een impact in interactie met de aanwezigheid van 
menselijk kapitaal: handels- en co-patent relaties met de beste leerlingen in de klas 
verhoogt lokaal de productiviteit, maar alleen als netwerkende regio’s een relatief 
sterke kennisbasis hebben en delen. Dit bevestigt eerder onderzoek, maar de afweging 
van netwerken onderling en in relatie tot ruimtelijke afhankelijkheid in Europa zijn 
belangrijk voor het aantonen van de robuustheid van deze uitkomsten.

Hoofdstuk 3
In het derde hoofdstuk van het proefschrift verbreedt de focus zich van de regionale 
economieën in Europa naar de industrietakken daarbinnen. De ontwikkeltrajecten van 
economieën laten zich niet verklaren zonder sectorale dynamiek daarin te betrekken. 
Recent onderzoek laat zien dat het proces dat er voor zorgt dat een economie zich 
ontwikkelt (evolueert) en vernieuwt sterk pad afhankelijk is (Hidalgo et al. 2007, Neffke 
et al. 2011), waarbij de sectorstuctuur van vandaag van invloed is op de compositie 
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van de economie van morgen door de gerelateerdheid van industrietakken. Het is in 
deze sterk groeiende literatuur echter nog niet duidelijk welke karakteristieken van 
de economie aan de gerelateerdheid-gedreven diversifiëring bijdragen,  of het juist 
tegenwerken. Instituties vormen mogelijk een belangrijke verklaring voor dynamiek 
in gerelateerdheid: verschillende disciplines laten zien hoe de maatschappelijke regels 
van het spel, vooral wanneer formeel gecodificeerd, maar ook als ze informeel blijven 
(bijvoorbeeld in sociaal kapitaal), een economie kunnen maken of breken (Acemoglu 
and Robinson 2005, Knack and Keefer, 1997, Beugelsdijk et al. 2005, Rodriguez-Pose 
2013).

Dit hoofdstuk slaat een brug tussen meerdere onderzoeksdisciplines door de relatie 
tussen gerelateerdheid, instituties en diversificatie te onderzoeken met de volgende 
onderzoeksvraag: 

Hebben gerelateerdheid en institutionele factoren, op zichzelf en in samenhang met elkaar, 
impact op regionaal economische diversifiëring? 

Door een groep van 118 Europese regio’s te analyseren voor de periode 2004-2012 
middels panel analyse, toont het hoofdstuk aan dat instituties belangrijk en vormend 
zijn voor regio’s om zich te ontwikkelen en specialiseren in nieuwe bedrijfstakken, 
waarbij gerelateerdheid en zogenaamd overbruggend sociaal kapitaal de kern elementen 
blijken te zijn voor regionale diversificatie. Opvallend genoeg dragen formele instituties 
niet direct bij aan regionale branchering, hoewel er wel duidelijk aanwijzingen zijn dat 
formele instituties potentieel negatieve effecten van bindend sociaal kapitaal tegengaan.

Hoofdstuk 4
Multinationale ondernemingen (MNOs) zijn belangrijke actoren in de hedendaagse 
economie, niet alleen door hun omvang en reikwijdte, maar ook door hun mogelijkheden 
tot het mobiliseren van kenniskapitaal (Iammarino and McCann 2013). De impact 
van MNOs op de lokale bedrijven en economie is een veel bediscussieerd onderwerp 
in internationale management studies (Crespo and Fontoura 2007, Fu et al. 2011). 
Verschillende bijdragen tonen aan dat de vestiging van MNOs voordelen met zich 
meebrengt, maar ook dat het nadelige impact kan hebben op een lokale economie. De 
balans van deze voor- en nadelen hangt van een aantal factoren af. Ten eerste kunnen er 
mogelijkheden tot lering en innovatie ontstaan doordat een technologisch geavanceerd 
buitenlands bedrijf inhaakt op bedrijfsprocessen van plaatselijke bedrijven. Tegelijkertijd 
kan de aanwezigheid van een MNO leiden tot een grotere mate van competitie, waarbij 
lokale bedrijven uit de markt kunnen worden gedrukt. Ten tweede zijn voordelen 
tussen bedrijfstakken vaak groter dan die binnen bedrijfstakken – vooral achterwaartse 
verbindingen in de bedrijfskolom – waar lokale bedrijven van kunnen profiteren in 
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termen van kennis en productiviteit. Ten der zijn er voorwaarden waardoor positieve 
lokale effecten optreden. Die zijn vrijwel alle verbonden met de lokale dichtheid en 
het absorberend vermogen van de lokale bedrijvenpopulatie, en de kwaliteit van het 
financiële en institutionele systeem. Verschillen tussen regio’s van deze karakteristieken 
veroorzaken vaak ook de heterogeniteit in effecten van MNOs op de lokale economie. 

Dit hoofdstuk draagt op twee manieren bij aan deze literatuur. Ten eerste zijn andere 
dan (verticale) input-output relaties tussen MNOs en lokale ondernemingen nauwelijks 
onderzocht. Cross-sectorale voordelen, zoals die voorgesteld in maatstaven voor sectorale 
gerelateerdheid (Hidalgo et al. 2007), kunnen ook sterk van invloed zijn, en dit hoofdstuk 
onderzoekt juist op deze manier of kennis spillovers van buitenlandse bedrijven door 
verticale relaties heen snijden. Ten tweede wordt in onze analyses, in tegenstelling tot 
de literatuur, veel aandacht besteed aan de sectorale compositie van groeiverschillen in 
Europa. Hoofdstuk 4 beantwoord daarmee de volgende onderzoeksvragen:

Hebben MNO spillovers effect op lokale, gerelateerde sectoren? Hebben MNO spillovers 
verschillende impact in verschillende typen regio’s en sectoren? 

Door toepassing van een methodologie die lijkt op die van Hidalgo et al. (2007), 
construeren we een overeenkomstenmatrix van regio’s gebaseerd op het gezamenlijk 
voorkomen van sectorale specialisaties (Van Eck and Waltman 2009) en interacteren deze 
met maten voor MNO aanwezigheid. Het aantal MNOs in gerelateerde sectoren blijkt 
alleen een significante impact te hebben op werkgelegenheid in kennisintensieve sectoren 
in technologisch meer ontwikkelde regio’s. Ook het gerelateerd zijn aan sectoren die 
buitenlandse ondernemingen aantrekken, draagt positief bij aan werkgelegenheidsgroei, 
wat bewijs lijkt te leveren voor korte-termijn spillovers. Zowel MNO spillovers tussen 
en binnen bedrijfstakken blijken echter heterogeen naar typen sectoren en regio’s: 
positieve externaliteiten treden vooral op in technologisch geavanceerde sectoren, en 
verrassend genoeg, vooral in Oost-Europese regio’s. Deze Oost-Europese regio’s lijden 
ook het meest indien MNOs de regio verlaten.

Conclusies
Het laatste hoofdstuk van de dissertatie sluit af met een korte samenvatting van de 
belangrijkste bevindingen en bediscussieerd beleidsimplicaties en tekortkomingen van 
het onderzoek.

De belangrijkste beleidsimplicatie van het empirische onderzoek betreft de ondersteuning 
van een transitie naar meer plaatsgebonden type regionaal beleid in Europa, rekening 
houdend met regionale karakteristieken, mobiele lokale actoren, kennis en kapitaal 
(Barca et al. 2012, McCann and Ortega-Argiles 2013). De heterogeniteit in de manier 
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waarop variëteit, MNOs en handel regionale economieën beïnvloedt is een indicatie van 
het bestaan van drempels, niet-lineariteiten en voorwaarden. In navolging van Rodriguez-
Pose en Fratesi (2004), concluderen we dat investeringen in menselijk kapitaal en kennis 
niet alleen belangrijk zijn voor het stimuleren van groei, maar ook in het wapenen van 
regio’s tegen toekomstige schokken en het faciliteren van veranderingen, zodat ze beter 
kunnen profiteren van innovatie-gedreven ontwikkeling, zoals Smart Specialization. 
Deze conclusie baseren we nu echter op nieuw en innovatief onderzoek, waarbij het 
begrip gerelateerdheid, en de impact daarvan op groei en ontwikkeling, centraal staat. 

De belangrijkste beperkingen van de dissertatie betreffen i) de theorievorming, ii) de 
onderzoeksmethoden, en iii) de reikwijdte van de analyses. De gehanteerde definitie 
van het begrip gerelateerdheid in de dissertatie leidt automatisch ook tot beperkingen 
in waar het begrip precies voor staat, en welke methoden gebruikt moeten worden om 
het basisidee van het begrip precies te pakken. Omdat theorieën waarin gerelateerdheid 
een rol speelt slechts grof zijn behandeld, blijft het begrip, ondanks de belangrijke 
empirische bijdragen, nog enigszins een black box. Evenzo leidt het gebruik van de 
begrippen formele en informele instituties tot onvolkomenheden, wat de interpretatie op 
regionaal niveau bemoeilijkt. De econometrische analyses in deze dissertatie controleren 
niet volledig voor problemen van endogeniteit, wat de interpretatie van robuuste causale 
relaties bemoeilijkt. De toepassing van multilevel modelleringstechnieken biedt wellicht 
een verdere controle voor de heterogeniteit binnen en tussen regio’s. Tenslotte is de 
focus op Europese regio’s zeer relevant vanuit beleidsoogpunt, maar de economische en 
institutionele specifieke eigenschappen die wij relevant vonden in onze analyses maakt 
ook dat eenduidig beleid of regulering moeilijk te formuleren of generaliseren is.
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